AP® CALCULUS AB/CALCULUS BC
2014 SCORING GUIDELINES

Question 1

Grass clippings are placed in a bin, where they decompose. For 0 < ¢ < 30, the amount of grass clippings
remaining in the bin is modeled by A(¢) = 6.687(0.931)", where A(¢) is measured in pounds and ¢ is measured
in days.

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

(b) Find the value of A'(15). Using correct units, interpret the meaning of the value in the context of the
problem.

(c) Find the time ¢ for which the amount of grass clippings in the bin is equal to the average amount of grass
clippings in the bin over the interval 0 < ¢ < 30.

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

A(30) — 4(0) _

(a) —0-0 - —0.197 (or —0.196) Ibs/day 1 : answer with units
(b) A'(15) = —0.164 (or —0.163) 5. 1:4'(15)
" | 1: interpretation

The amount of grass clippings in the bin is decreasing at a rate
0f 0.164 (or 0.163) lbs/day at time ¢ = 15 days.

1 30
30 1:——~| A(z)dt
(©) A(t) = %j A(t) dt = t =12.415 (or 12.414) 2: 30 jo ®
0 1 : answer
(d) L(t) = A(30)+ 4'(30)-(¢t —30) 2 : expression for L(t)
’ 4:91:L(t)=05
A'(30) = —0.055976 | answer

A(30) = 0.782928

L(1) = 0.5 = t = 35.054
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1. Grass clippings are placed in a bin, where they decompose. For 0 < < 30, the amount of grass clippings
remaining in the bin is modeled by A(z) = 6.687(0.931)°, where A(f) is measured in pounds and t is measured
in days.
(a) Find the average rate of change of A(f) over the interval 0 < ¢ < 30. Indicate units of measure.
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(b) Find the value of A’(15). Using correct units, interpret the meaning of the value in the context of the
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(c) Find the time ¢ for which the amount of grass clippings in the bin is equal to the average amount of grass
clippings in the bin over the interval 0 < r < 30.

?:o Qg.o Aty db = L1563

Ayerisg anoany=

A = 2 B R29=¢,.£27(,93)°
a6 ocnrs ar = \LU1Y yays

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

LD S A (\’dhﬂ’m llne 4 Alﬂ alb: Aol
A== 133 D (30,.78D= AL
KI(Z0)> = 0SG. \ek -.05 =M

Q%—g,}i/w(x—x\ﬁ < dor s frieom,

(D& -7T83) - — 656(£-30)

Wan Bt ore & (703s of gruss, f(H =S,

('5 - 783) = - 0S6 (L -30)
£= 29,059 days
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1. Grass clippings are placed in a bin, where they decompose. For 0 < 7 < 30, the amount of grass clippings
remaining in the bin is modeled by A(r) = 6.687(0.931)", where A(z) is measured in pounds and ¢ is measured
in days.

(a) Find the average rate of change of A(r) over the interval 0 < ¢ < 30. Indicate units of measure.
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(b) Find the value of A’(15). Using correct units, interpret the meaning of the value in the context of the

problem. nd?
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(c) Find the time ¢ for which the amount of grass clippings in the bin is equal to the average amount of grass
clippings in the bin over the interval 0 < ¢ < 30.

L P A 5 752
%of/)(é)éé 3, 192
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(d) For t > 30, L(t), the linear approximation to A at ¢ = 30, is a better model for the amount of grass
clippings remaining in the bin. Use L(¢) to predict the time at which there will be 0.5 pound of grass
clippings remaining in the bin. Show the work that leads to your answer.

ABo)=.753"
(30,.763)

A(30)=-. 171 (.93 °== 056
L(t)-.763= -, 056 (£-30)
% ol s
L= =.050¢+2. 403
5 =-.0566 +).H63
t=135.063
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1. Grass clippings are placed in a bin, whc:,:e they decompose. For 0 < ¢ < 30, the amount of grass clippings
n
remaining in the bin is modeled by \A?t) = 6.687(0.931)", where A() is measured in pounds and 7 is measured
in days. a“ - \na Q4 !
(a) Find the average rate of change of A(r) over the interval 0 < r < 30. Indicate units of measure.

.30 : Ed
T {A‘(t\dt = 3o Lo {0 antYoast 1) gk

= = \ALBOZAOAL o 6l Qrass /do

(b) Find the value of A’(15). Using correct units, interpret the meaning of the value in the context of the
problem.
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(c) Find the time ¢ for which the amount of grass clippings in the bin is equal to the average amount of grass
clippings in the bin over the interval 0 < ¢ < 30.

20
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(d) For t > 30, L(t), the linear approximation to A at t = 30, is a better model for the amount of grass
clippings remaining in the bin. Use L(t) to predict the time at which there will be 0.5 pound of grass
clippings remaining in the bin. Show the work that leads to your answer. ‘
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AP® CALCULUS AB/CALCULUS BC
2014 SCORING COMMENTARY

Question 1
Overview

In this problem students were given A(¢), a model for the amount of grass clippings, in pounds, contained in a

bin at time ¢ days for 0 < ¢ < 30. In part (a) students were asked to show the calculation of the average rate of
change of A(¢) over the interval 0 < ¢ < 30 and specify the units of the result — pounds per day. In part (b)

students were asked to calculate the derivative of A(¢) at ¢ = 15, either by using the calculator or by applying
basic derivative formulas to A(¢) to obtain A'(¢) and then evaluating A4'(¢) at ¢ = 15. This answer is negative.

Therefore, students needed to interpret the absolute value of this answer as the rate at which the amount of grass
clippings in the bin is decreasing, in pounds per day, at time ¢ = 15 days. In part (c) students were given two
tasks. First, students needed to set up and evaluate the integral expression for the average value of A(¢) over the

30
interval 0 < ¢ < 30, namely % .[0 A(t) dt. Second, students needed to set up and solve the equation

30
A(t) = %J.o A(t) dt for ¢ in the interval 0 < ¢ < 30. In part (d) students needed to compute A4(30), 4'(30),
and write L(z) = A(30) + 4'(30)(¢ — 30). Students were to then solve the equation L(¢) = 0.5.

Sample: 1A
Score: 9

The student earned all 9 points. In part (d) the student evidently stored more accurate intermediate values in the
calculator because the correct answer is presented.

Sample: 1B
Score: 6

The student earned 6 points: 1 point in part (a), 1 point in part (b), 1 point in part (¢), and 3 points in part (d). In
part (a) the student’s work is correct. In part (b) the student earned the first point for A'(15). The units are

incorrect, so the interpretation point was not earned. The student’s description seems to suggest that the student
thinks that A'(15) is a rate of a rate or that A'(15) suggests that 4 is decreasing at a negative rate at ¢ = 15. In

30
part (c) the student earned the first point for ﬁj}) A(t) dt. The student’s answer is not accurate to three

decimal places. In part (d) the student earned the first two points for Z(¢) and the point for setting L(z) = 0.5.
The student’s answer is not accurate to three decimal places.
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AP® CALCULUS AB/CALCULUS BC
2014 SCORING COMMENTARY

Question 1 (continued)

Sample: 1C
Score: 3

The student 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
part (a) the student’s work is correct. In part (b) the student earned the first point for A'(15). The interpretation
point was not earned because the student’s claim that the grass clippings decompose at a negative rate is incorrect.
The grass clippings are decreasing at the rate of | 4'(15)| pounds per day at ¢ = 15. In part (c) the student earned

30
the first point for % . A(t) dt. In part (d) the student is not eligible for the point for setting L(z) = 0.5 because

neither of the first 2 points was earned.
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2014 SCORING GUIDELINES

Question 2

Let R be the region enclosed by the graph of f(x) = x* —2.3x% + 4 and
the horizontal line y = 4, as shown in the figure above.

(a) Find the volume of the solid generated when R is rotated about the "

horizontal line y = -2.

(b) Region R is the base of a solid. For this solid, each cross section
perpendicular to the x-axis is an isosceles right triangle with a leg
in R. Find the volume of the solid.

(¢) The vertical line x = £ divides R into two regions with equal areas.

Write, but do not solve, an equation involving integral expressions

whose solution gives the value k. 0
(@ f(x)=4=x=0,23 2 : integrand
4: 4 1:limits
23 )
Volume = 7Z'I0 [(4 +2)* = (f(x)+ 2)2] dx 1: answer
= 98.868 (or 98.867)
2.3 1 5
(b) Volume = f 5(4 - f(x))" dx 3 { 2 : integrand
0 :
— 3.574 (or 3.573) I'-answer
k 23 1 : area of one region
4 — dx = 4 — d 2:
© Io (4= f(x)) ax Ik (4= f(x) ax { 1 : equation
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2. Let R be the region enclosed by the graph of f (x) = +4 233 + 4 and the horizontal line y = 4, as shown in

the figure above.

(a) Find the volume of the solid generated when R is rotated about the horizontal line y = —2.
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(b) Region R is the base of a solid. For this solid, each cross section perpendicular to the x-axis is an isosceles
right triangle with a leg in R. Find the volume of the solid.

h Awlj‘ah |
\
g4 |
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(c) The vertical line x = I divides R into two regions with equal areas. Write, but do not solve, an equation
involving integral expressions whose solution gives the value k.

N 2t.3
{ (u-pe)dx = L G- e

o

GO ON TO THE NEXT PAGE.
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2. Let R be the region enclosed by the grap
the figure above.

L. % K 4 and the horizontal line y = 4, as shown in

(a) Find the volume of the solid generated when R 18,10 Z about the horizontal line y = —2.

6.0, =441
I\R\:B(A‘Q\%xfbﬂ )

B
AR (a3t Jdx =303.910
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(b) Region R is the base of a solid. For this solid, each cross section perpendicular to the x-axis is an isosceles
right triangle with a leg in R. Find the volume of the solid.

)
Az (46830 v D)
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(c) The vertical line x = k divides R into two regions with equal areas. Write, but do not solve, an equation
involving integral expressions whose solution gives the value k.
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2. Let R be the region enclosed by the graph of f(x)

the figure above.

(a) Find the volume of the solid generated when

—X
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— 1% —2.3x® + 4 and the horizontal line y = 4, as shown in

R is rotated about the horizontal line y = —2.
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Do not write beyond this border.

(b) Region R is the base of a solid. For this solid, each cross section perpendicular to the x-axis is an isosceles
right triangle with a leg in R. Find the volume of the solid. 4
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(c) The vertical line x = k divides R into two regions with equal areas. Write, but do not solve, an equation
involving integral expressions whose solution gives the value k.
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AP® CALCULUS AB
2014 SCORING COMMENTARY

Question 2
Overview

In this problem a sketch of the boundary curves of a planar region R in the first quadrant was given. One
boundary is the graph of f(x) = x* = 2.3x> + 4, and the other boundary is the line y = 4. In part (a) students
were expected to compute the volume of the solid generated when R is rotated about the horizontal line y = -2,

using the method of washers. Both the integral setup and evaluation were required. Students needed to find the
limits of integration and the integrand. The limits of integration are the solutions of f(x) = 4. The solutions can

be found by algebra or using the calculator. By the method of washers, the integrand is 7[(62 -(f(x)+ 2)2)

because the outer radius of the washer centered at (x, 0) is 4 + 2 = 6 and the inner radius of that washer is
f(x) + 2. Students were expected to evaluate the resulting integral by using the calculator. In part (b) students
were expected to find the volume of the solid by integrating A(x), the area of the cross section of the solid at

(x,0), from x = 0 to x = 2.3. By geometry, A(x) = (%)(4 — f(x))*. In part (c) students were expected to
k
realize that the area inside R to the left of x = k can be written as .[0 (4 — f(x)) dx and the area inside R to the

23
right of x = k can be written as jk (4 — f(x)) dx. Thus, if the vertical line x = k divides R into two regions

. k 23
with equal areas, then .[0 (4-f(x))dx = .[k (4 - f(x))dx.

Sample: 2A
Score: 9

The student earned all 9 points.

Sample: 2B
Score: 6

The student earned 6 points: 2 points in part (a), 2 points in part (b), and 2 points in part (c). In part (a) the student
presents the correct square of the outer radius, but the student does not present the correct square of the inner
radius. The student earned 1 of the 2 integrand points and the limits point. The student is not eligible for the
answer point. In part (b) the student has a correct integrand for the cross-sectional area. The volume is not
calculated correctly. In part (¢) the student’s work is correct.

© 2014 The College Board.
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Question 2 (continued)

Sample: 2C
Score: 3

The student earned 3 points: 1 point in part (a), 1 point in part (b), and 1 point in part (c). In part (a) the student
has neither the square of the outer radius nor the square of the inner radius. The student did not earn any integrand
points, but the limits point was earned. The student is not eligible for the answer point. In part (b) the student
attempts to work with the area of a cross section involving an isosceles right triangle. The student presents a
correct expression for the length of one of the sides of the triangle, but presents an incorrect expression for the
length of the other side. The student earned 1 of the 2 integrand points and is not eligible for the answer point. In
part (c) the student has the parameter k as the upper limit in an integral expression for the area of a portion of the
region R. The student earned the point for the area of one region. Although the student writes an equation, the
equation is true for any value of k. The student did not earn the equation point.

© 2014 The College Board.
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Question 3

The function 1 is defined on the closed interval [—5, 4]. The graph

of f consists of three line segments and is shown in the figure above.

Let g be the function defined by g(x) = _[ x3 f(¢t) dt.

(a)

Find g(3).

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

(c)

(d)

of g both increasing and concave down? Give a reason for your

answer.

The function / is defined by A(x) = % Find 4'(3).

The function p is defined by p(x) = f (x2 - x). Find the slope

of the line tangent to the graph of p at the point where x = —1.

Graph of f

4, -4)

(a)

(b)

(c)

(d)

g(3):j_33f(t)dt=6+4—1:9

g'(x)=f(x)

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

(%) = Sxg'(x) — g(x)5 _ 5xg'(x) - Sg(x)

(5x) 25x7

") = (s>(3)g2'5<22— 5¢(3)
_ 15(-2)-5(09) -75 1

225 225 3

p'(x) = f'(x2 - x)(2x -1)

p'(=1)=f"(2)(-3) = (2)(-3) =6

© 2014 The College Board.
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NO CALCULATOR ALLOWED

'k (47 _4)

Graph of f

3. The function f is defined on the closed interval [~5,4]. The graph of f consists of three line segments and is

shown in the figure above. Let g be the function defined by g(x _[ £(r) ar.

(2) Find g(3).

6C3)f sz (Y J€
= (,6)((4> \XZ)
o-\ = @

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

9! (x).>0 & f(x) >O
5" (x)¢0 & £'(x) £0

W

("6)'3> ) LO’ 2>

Unauthorized copying or reuse of Continue problem 3 on page 15:

any part of this page is illegal. -14-
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NO CALCULATOR ALLOWED

(¢) The function & is defined by h(x) = ig-g—)- Find h'(3).

Yoy o

_ (x)
hb)r 2 n b)) = (58 Q)= 50)-5
"
: _u 5)(-((3))-/9(3)-5 Qﬁl‘@ -@Ys)
h ('5) %y 0 = e —t
9.25 4:2-3

(d) The function p is defined by p(x) = (x - x) Find the slope of the line tangent to the graph of p at the

pl)= #(x*~x)
£ (x) = £ (%)« (2x-1)
- £+ ) (-1-1) = $0)--3
a f'(i)/%@! = 'Hi:—g : Z_i—-, A CER)

- 2]
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NO CALCULATOR ALLOWED

- —t

Graph of f

3. The function f is defined on the closed interval [-5, 4]. The graph of f consists of three line segments and is
shown in the figure above. Let g be the function defined by g(x) = I—3 f(z) ar.

) Find g(3). E
SR CTT

- =20 /

D‘L‘“Z-, = (6 4 \(23
A S,
25 Z.

0

(b) On what open intervals contained in —5 < x < 4 1s the graph of g both increasing and concave down?

Give a reason for your answer. % ‘ ()(3 : 4 (XB

(0, D
\9&0&._92 CD\ .\':) bg;\/\ fog\){\‘ve ’J\’}é Aecv/fa;;&j(il?

\AJL\P/\ %\.‘5 ‘POB;l;VQ glgtﬂL(-
‘w\ﬁ&m‘ s dec g S (Ontove Qown
-
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")
(c) The function k is defined by h(x) = % Find A’(3).

%\(33:-7. L\‘(Q"SX (%‘ ("3\ _ ‘568'_2

e —
(9= 5 EGY) - 5(3):5
—25(2)
L\\ (Z)\: -2\ . (5—5

-
Lo

(d) The function p is defined by p(x) = (x - x) Find the slope of the line tangent to the graph of p at the

point where x = =1

PON=A(25) (2x-) [y (o)

() (3 o)
( ..——( 7 } (‘(o\}é
-ﬁ( DERL

*19p10Q SIY) PUOA2q 2ILIM 10U O]
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NO CALCULATOR ALLOWED

'{3/ 3 ‘ 0‘

Graph of f
3. The function f is defined on the closed interval [-5, 4]. The graph of f consists of three line segments and is

X
shown in the figure above. Let g be the function defined by g(x) = J:3 f(2) dr.

(a) Find g(3).
3 N

. - Lﬁ o i
5(3>: (O s 5-7_7(.»&1 d % ~¥2+'1z Iz_ - _‘jﬁ.\z) ( 1 Y)
1 = Zof -

ﬁ(s%—

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

("57’1) (O/Z> .

- o moSitre
Ta Hese x -pctuesS, L) is ot

|
{

rfu

o /'./\
G\‘Né’ Moo EX’J?QS = -’Q‘./

LT

— - -~ & r\ir\ > ,-\)“\ 7I
l;\‘\.Q_'Y e (oA CeVS— =~ : &
Yo
e B e N -
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(¢) The function h is defined by h(x) = g( ). Find 1'(3).
) 5 (v
i = A TR
x

25'
- A0 HD

, sl Ay - Fia) . e
APRL {OEELC

259

(d) The function p is defined by p(x) = (x - x) Find the slope of the line tangent to the graph of p at the

point where x = —1.
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AP® CALCULUS AB/CALCULUS BC
2014 SCORING COMMENTARY

Question 3
Overview

In this problem students were given the graph of a piecewise continuous function f defined on the closed interval
[-5, 4]. The graph of f consists of line segments whose slopes can be determined precisely. A second function g

x 3
is defined by g(x) = I 3f(t) dt. In part (a) students must calculate g(3) = I 3f(t) dt by using a decomposition

3 3 2 3
of I X f(t) dt, such as I X f()dt = J. X f(@) dt + L f(¢) dt, and by applying the relationship between the

definite integral of a continuous function and the area of the region between the graph of that function and the
x-axis. In part (b) students were expected to apply the Fundamental Theorem of Calculus to conclude that

g'(x) = f(x) onthe interval [-5, 4]. Students were to then conclude that g"(x) = f'(x) wherever f'(x) is
defined on [-5, 4]. Students needed to explain that the intervals (-5, —3) and (0, 2) are the only open intervals
where both g'(x) = f(x) is positive and decreasing. In part (c) students were expected to apply the quotient rule
to find /'(3) using the result from part (a) and the value g'(3) = f(3) from the graph of f. In part (d) students
were expected to apply the chain rule to find p'(—1). This required finding f”(2) from the graph of f.

Sample: 3A
Score: 9

The student earned all 9 points.

Sample: 3B
Score: 6

The student earned 6 points: no points in part (a), 1 point in part (b), 3 points in part (c), and 2 points in part (d).
In part (a) the student reports an incorrect value for g(3). In part (b) the student gives an incomplete answer, but
the student is eligible for and earned the reason point. In part (c) the student’s work is correct based on the
imported incorrect value for g(3). In part (d) the student earned both derivative points but reports an incorrect

value of p'(-1).

Sample: 3C
Score: 3

The student earned 3 points: 1 point in part (a), no points in part (b), 2 points in part (c), and no points in part (d).
In part (a) the student’s work is correct. In part (b) the student provides values outside of the given intervals, so
the student is not eligible for the reason point. In part (c) the student’s derivative is correct, but the answer is
incorrect. In part (d) the student presents an incorrect expression for p(x) near x = —1, so the student is not

eligible for any points.
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Train 4 runs back and forth on an east-west section of

AP® CALCULUS AB/CALCULUS BC
2014 SCORING GUIDELINES

Question 4

railroad track. Train A’s velocity, measured in meters per ¢ (minutes ) 0 2 5 8 12

minute, is given by a differentiable function v (¢), where

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

v4(t) (meters/minute)| 0 |100| 40 |-120|-150

are given in the table above.

(a)
(b)

(©)

(d)

Find the average acceleration of train 4 over the interval 2 <7 < 8.
Do the data in the table support the conclusion that train 4’s velocity is —100 meters per minute at some time ¢
with 5 < ¢ < 8 ? Give a reason for your answer.

At time ¢ = 2, train A4’s position is 300 meters east of the Origin Station, and the train is moving to the east.
Write an expression involving an integral that gives the position of train 4, in meters from the Origin Station, at

time ¢ = 12. Use a trapezoidal sum with three subintervals indicated by the table to approximate the position of
the train at time ¢ = 12.

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

vg(t) = —5¢2 + 60t + 25, and at time ¢ = 2 the train is 400 meters north of the station. Find the rate, in meters
per minute, at which the distance between train 4 and train B is changing at time ¢ = 2.

(a)

(b)

(c)

(d)

average accel = - G 3 m/min® 1 : average acceleration
v, is differentiable = v, is continuous ¥ { 1:v,(8)<-100 < v,(5)
v,4(8) = =120 < =100 < 40 = v,(5) " | 1: conclusion, using IVT

Therefore, by the Intermediate Value Theorem, there is a time ¢,
5 <t <8, such that v, () = —100.

12 12
5,(12) = s,4(2) + L vy(t) dt =300 + L vy(t) dt 1 : position expression
3: 4 1:trapezoidal sum
12 100 + 40 40 -120 —120 - 150
_[2 vy(t) dt =3 2 +3: 2 +4 2 1 : position at time ¢ = 12
= —450

5,(12) ~ 300 — 450 = 150

The position of Train 4 at time ¢ = 12 minutes is approximately 150
meters west of Origin Station.

Let x be train A’s position, y train B’s position, and z the distance 2 : implicit differentiation of
between train A4 and train B. 3. distance relationship
2 2 2 dz dx dy
=x° + = 27— =2x—=+2y—= 1 : answer
Ty T T Nar T

x =300, y = 400 = z = 500
vg(2) = =20 + 120 + 25 = 125
500% = (300)(100) + (400)(125)

dz _ 80000

7500 160 meters per minute
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t
. 0 2 5 8 12
(minutes)
v, (f)
0 100 40 | -120 | -150
(meters / minute)

4. Train A runs back and forth on an east-west section of railroad track. Train A's velocity, measured in meters
per minute, is given by a differentiable function v,(f), where time t is measured in minutes. Selected values for

v, () are given in the table above.

(a) Find the average acceleration of train A over the interval 2 <t < 8.

B ~.

/ o4 -— . ’IOO s ZD -
iR VLR, EE 0 16 \uo'ﬁ’w“

g-% 2

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

\/CS./ e f et V(K)"'{?D or-d V'“‘) 20 ond T
. s ’.

tunction 18 diferwciabe aad  fw cmbinces, e

T v

\

to-in'y  vedecety vt be (00 i fumin o

o ) ~ » A " <+ ’:_Jﬁ'i..h 7 ';
?0\ o b{/{»wl‘_ﬂm S < t é g pilov 8 Yj ‘h e ¢
t
vadve  daovia.
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(c) Attime t = 2, train A’s position is 300 meters east of the Origin Station, and the train is moving to the east.
Write an expression involving an integral that gives the position of train A, in meters from the Origin
Station, at time 7 = 12. Use a trapezoidal sum with three subintervals indicated by the table to approximate
the position of the train at time ¢ = 12. -

\1
(1295 | Vet - x(2) = | xliz): | v, (Me + 20D

x(i)s 33 (140D~
WD ~-1Z20 - S4¢0 *36‘5_
210~ 240 -(L O
-3p -(206

- \S D\ vv\w;'é S L
WD wm W of gngn  JETom

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

vp(r) = =5t* + 60t + 25, and at time ¢ = 2 the train is 400 meters north of the station. Find the rate, in
meters per minute, at which the distance between train A and train B is changing at time 7 = 2.

AB .Stk +{,0{-&7 S 2215w/

A_{« <20+(20 +1S
% 2o+ =l
c\
\OD M/l» I~
ét
7 49
g | Z§
8O0
] OC)C)OB
booto + |po oo = 1080 T ™
el 00 O D QL |
s i s 2V P i T ‘ o el .
w0 3t éf b /M ’
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t
. 0 2 S 8 12
(minutes)
vy (1)
0 100 40 | -120 | =150
(meters / minute)

4. Train A runs back and forth on an east-west section of railroad track. Train A’s velocity, measured in meters
per minute, is given by a differentiable function v, (1), where time 7 is measured in minutes. Selected values for

v,(t) are given in the table above.
(a) Find the average acceleration of train A over the interval 2 <t £ 8.

()= W(> 0 -m2 30

9 -2 9 7

g ek/j//")/‘ﬂubﬂ*ﬁ =

e

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

nuous ok d o/:‘éé’/"” ’L’G"é’le/

%g, She \/A(‘éj 'S Cgﬂ‘f:w"
Iy §2e<F

7’_-,@ weloc il A dreci A must ot seme e 1ot
ffum/"/&@ eSS e Gpciacse ValS = Z/(; candd WplP) ¥
=5,
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(c) Attime ¢ = 2, train A’s position is 300 meters east of the Origin Station, and the train is moving to the east.
Write an expression involving an integral that gives the position of train A, in meters from the Origin
Station, at time ¢ = 12. Use a trapezoidal sum with three subintervals indicated by the table to approximate
the position of the train at time 7 = 12.

Y (B> 300 4 f Va4
= 300+ 3(foory 4 3(#0%)90)) + Y(-10-150)

/630

~ 300+ 20 ~290 = /090 s

¢7C
..

1656

‘\

Vgl 50" (OL5r8

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

o | 18554,

= )25 St n X< 500
@ 2): 2
A6 X _ A
OnM'/r!;
Jpdh 4 98D S ke
Vi P ot 260

. d
22600 4 g(‘/OO)[/QS> = }(500_)/)’5
dx
/( 0003,1 OJCLUO&%J_ [O _CT_L

: . = d
ém T /@C’C) = /OF
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t
: 0 2 5 8 12
(minutes)

vy (1)

- 1 0 100 40 | -120 | =150
(meters/ minute) .

4. Train A runs back and forth on an east-west section of railroad track. Train A’s velocity, measured in meters
per minute, is given by a differentiable function v, (t), where time t is measured in minutes. Selected values for

v, (1) are given in the table above.

Q..
(a) Find the average acceleration of train A over the interval 2 <7 < 8.

<1

120 _[22 e

ge—r T B
4 -2

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

Voo, Tw wocit] dmps domn U mit s -lp#/ma

ot
So ob come put N velacity st s b

10 m/mn
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(c) Attime ¢ = 2, train A’s position is 300 meters east of the Origin Station, and the train is moving to the east.
Write an expression involving an integral that gives the position of train A, in meters from the Origin
Station, at time 7 = 12. Use a trapezoidal sum with three subintervals indicated by the table to approximate
the position of the train at time 7 = 12.

= wal2)
200 ¥ -(;.1 VA_&B db = %o ¢ -\%‘ (“(1\* 2a(9) £ Zuals) ¢ VAl \

= Z00 4 %(lw‘f %0+ -24D + =150

\'

o/l .
360 +-%( 210)

2106

L o g oS
=T

(d) A second train, train B, travels north from the Origin Station. At time 7 the velocity of train B is given by
vp(r) = =5¢> + 60 + 25, and at time 7 = 2 the train is 400 meters north of the station. Find the rate, in
meters per minute, at which the distance between train A and train B is changing at time 7 = 2.

ate =
700: P .,wo"L =z (C
qoo £ 1660 ~c*
2500 =%
Soo =~
R el
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AP® CALCULUS AB/CALCULUS BC
2014 SCORING COMMENTARY

Question 4
Overview

In this problem students were given a table of values of a differentiable function v ,(7), the velocity of Train 4,
in meters per minute, for selected values of ¢ in the interval 0 < ¢ < 12, where ¢ is measured in minutes. In part
(a) students were expected to know that the average acceleration of Train A4 over the interval 2 < 7 < 8 is the

average rate of change of v,(#) over that interval. The unit of the average acceleration is meters per minute per

minute. In part (b) students were expected to state clearly that v, is continuous because it is differentiable, and

thus the Intermediate Value Theorem implies the existence of a time ¢ between f = 5 and ¢ = § at which
v4(t) = —100. In part (c) students were expected to show that the change in position over a time interval is given

by the definite integral of the velocity over that time interval. If s ,(¢) is the position of Train 4, in meters, at
12 12
time ¢ minutes, then s,(12) —s,(2) = L v4(¢) dt , which implies that s ,(12) = 300 + L v,(t) dt is the

12
position at ¢ = 12. Students approximated .[2 v,4(2) dt using a trapezoidal approximation. In part (d) students had

to determine the relationship between train 4’s position, train B’s position, and the distance between the two
trains. Students needed to put together several pieces of information from different parts of the problem and use
implicit differentiation to determine the rate at which the distance between the two trains is changing at time
t=2.

Sample: 4A
Score: 9

The student earned all 9 points.

Sample: 4B
Score: 6

The student earned 6 points: no points in part (a), 2 points in part (b), 1 point in part (c), and 3 points in part (d).
In part (a) the student makes an arithmetic mistake in computing the average acceleration. In part (b) the student’s
work is correct. In part (¢) the student earned the point for the position expression, but the trapezoidal sum is
incorrect. The student is not eligible for the answer point. In part (d) the student’s work is correct.

Sample: 4C
Score: 3

The student 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
part (a) the student’s work is correct. In part (b) the student encloses —100 within the required interval, but the
student does not provide a reason. In part (c) the position expression is correct, but the trapezoidal sum is
incorrect. The student is not eligible for the answer point. In part (d) the student’s work did not earn any points.
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Question b
x 2| 2<x<-1] -1 -1<x<l 1 I<x<3 3
f(x) | 12 Positive 8 Positive 2 Positive 7
f'(x) | -5 Negative 0 Negative 0 Positive %
g(x) | -1 Negative 0 Positive 3 Positive 1
g'(x) | 2 Positive % Positive 0 | Negative | -2

The twice-differentiable functions f and g are defined for all real numbers x. Values of £, f’, g, and g’ for
various values of x are given in the table above.

(a) Find the x-coordinate of each relative minimum of f on the interval [-2, 3]. Justify your answers.
(b) Explain why there must be a value ¢, for =1 < ¢ <1, such that f"(c) = 0.

(c) The function # is defined by A(x) = In( f(x)). Find 4'(3). Show the computations that lead to your
answer.

(d) Evaluate Ji Sf(g(x))g'(x) dx.

(a) x =1 isthe only critical point at which f” changes 1 : answer with justification
sign from negative to positive. Therefore, f has a
relative minimum at x = 1.

(b) ' is differentiable = f” is continuous on the 5. L: f'(M)-f'(-1)=0
interval -1 < x <1 " | 1 : explanation, using Mean Value Theorem
SM=D _0-0_,

1-(-1) 2
Therefore, by the Mean Value Theorem, there is at
least one value ¢, —1 < ¢ <1, such that /"(c) = 0.
1
c) hx)=——f"(x 2:h(x
© H(x) =75 () 20
| 1 { 1 : answer
n(3) :m.f(g) =5 =g
3 =
(d) J. 2f'(g(x))g'(x) dx = [f(g(x))]x 32 3 { 2 : Fundamental Theorem of Calculus
_ xX=- .
1 : answer
= f(g(3)) - f(g(-2))
= f()-s(-1)
=2-8=-6
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X -2 | 2<x<-1]| -1 |-1<x<l 1 l<x<3| 3
f(x) | 12 Positive 8 Positive 2 | Positive | 7
fl(x) | -5 Negative 0 Negative 0 | Positive %

P

glx) | -1 Negative 0 Positive 3 | Positive

gx) | 2 Positive Positive 0 | Negative | -2

oW

5. The twice-differentiable functions f and g are defined for all real numbers x. Values of f, f/, g, and g’ for
various values of x are given in the table above. » < V X

(a) Find the x-coordinate of each relative minimum of f on the interval [-2, 3]. Justify your answers.

Cr\\-‘\td aw«b&(ﬁ: X = -\ ) \

£ has o e\ min. aX ‘\\

A TH Y
ano Jé\ s\-ﬁ‘fd"cg“ 5‘\3"‘ 1
Lom ht&.&*{‘/(/ *b

s \'\\V& %e.rt.

Pu————————— R

(b) Explain why there must be a value c, for —1 < ¢ < 1, such that f”(¢) =0.
Y0 and £00N=0 ond £ s
d\@ﬁmﬁa\o\e&v\& confinueusd on He, (nterval
o O Rolles Thesrem there s
ome value ¢ w here Mo,
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(c) The function h is defined by h(x) = In(f(x)). Find ’(3). Show the computations that lead to your

answer. '(‘ ( )
W) - m)

L0

£03)
h(>)= =

WA (t)
dé‘-_%‘(x) ohx

(d) Evaluate .[—32 f(g(x))g’(x) dx.

C 0 du

,3
[L(%M\)—j-&
Ly (3(3)) - Q(@(—?ﬁ)
gy~ £0-0)
0~ 8
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x 2| -2<x<-1|-1 -1<xx<l1 1 1<x<3 3
flx) | 12 Positive | 8 Positive 2 | Positive | 7

f(x) | =5 | Negative 0 | Negative | 0 | Positive

glx) | -1 Negative 0 Positive 3 | Positive | 1

g'(x) | 2 Positive % Positive 0 | Negative | -2

5. The twice-differentiable functions f and g are defined for all real numbers x. Values of f, f', g, and g for

various values of x are given in the table above.

(a) Find the x-coordinate of each relauve minimum of f on the interval [-2, 3] Justify your answers.

On TW’ interval C-2 1_3 Pre ¥ cmrmme% 0 s a
relative romienun oy § \oecavse § 100 c%am s
Brom  necative Yo ?OSH{K/e ,

(b) Explain why there must be a value ¢, for =1 < ¢ <1, such that f "(c) = 0.
There nrust be & yalpe ¢ Lecause e

!
Mean Value Thesraa cietes e
ey o

{x clemed wterual ) B ? Ve Funueben /2

Clé‘\‘?e’]’é’f’b‘fs‘—‘{ } }r}ﬁeﬂ’ﬁ Vrrut T L{' e \aeﬁiua (34 -
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(c) The function: k is defined by h(x) = In(f(x)). Find #’(3). Show the computations that lead to your
answer. 9 ,(5(3
4 AN - ..—-—--‘:—"‘"
N OO £
R /( ?\
W)=
k)
..

—-‘2-—--"—

(@ Bvaluste [ f"((x))g'(x) d.
&7 Qﬁ’g@xb@'&\dx
Q@mbl
?[ (3\ QLL 3‘5

(Y- 3

=23

i'.': - !
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_oev -
'\(\& % x 2| 2<x<-1| -1 | ~-l<x<l 1 1< x<3 3
f(x) | 12 Positive ' | 8 Positive 2 | Positive | 7
;o :

S0
(S8 L f'(x) | =5 | . Negative 0 | Negative | 0 | Positive 1
o INCreas N -
gx) | =1 Negative 0 | Positive 3 | Positive | 1
gx) | 2 Positive % Positive 0 | Negative | —2

5. The twice-differentiable functions f and g are defined for all real numbers x. Values of f, f’, g, and g’ for
various values of x are given in the table above.

(2) Find the x-coordinate-of each relative minimum of f on the interval [-2, 3]. Justify your answers.

—relohue pava when F1(X) Changts oo decreasing Fo
\.RCT{QS[Y\ﬁ ‘ |
between (’\,l) Tt IS G MmiNni numn

(b) Explain why thefe must be a value ¢, for -1 < ¢ < I, such that f”(c) = 0.
Polle's Theorem States that on an goen infEnvaGl
W& € <Ry There muct e avalue Suth that

" (0 =0.
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(c) The function h is defined by h(x) = In(f(x)). Find h’(3). Show the computations that lead to your
answer. “ey

h ()= L (F(0Y
b (1) e £'00)

g a

N 3
(d) Evaluate fz Fle(x)g'(x) ax. =£ (g LN Q (x )]_ "

“JAnINAa SN MInkan 2rim 10n or

\'_p(g@)j'(g) - g D)
£ (-2 - £(H2

] <]
0
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Question 5
Overview

In this problem students were provided with a table giving values of two twice-differentiable functions f and g at
various values of x. Part (a) asked students to find the x-coordinate of each relative minimum of f on the given
interval. Students should have determined that x =1 is a critical point and that f’ changes sign from negative to

positive at that point. In part (b) students had to explain why there is a value ¢, for —1 < ¢ < 1, such that

f"(c) = 0. Because the function is twice differentiable, /' is continuous on the interval —1 < x <1, and
because f'(1) = f'(~1) = 0, the Mean Value Theorem guarantees that there is at least one value ¢, -1 < ¢ < 1,
such that f"'(c¢) = 0. In part (c) students needed to differentiate 4(x) using the chain rule to get

h'(x) = ﬁ - f'(x). Using values from the table, 4'(3) = ﬁ Part (d) required students to find the

antiderivative of the integrand to get f(g(3)) — f(g(—2)). Using values from the table, the result is —6.

Sample: bA
Score: 9

The student earned all 9 points.

Sample: 5B
Score: 6

The student earned 6 points: no points in part (a), no points in part (b), 3 points in part (c), and 3 points in part (d).
In part (a) the student provides a seemingly correct justification but gives an incorrect answer. There is not a
relative minimum at x = 0. In part (b) the student does not communicate that f'(1) — f'(—1) = 0. The student
names the Mean Value Theorem but does not connect it to the question asked. The student’s explanation is not
complete. In parts (¢) and (d), the student’s work is correct.

Sample: bC
Score: 3

The student earned 3 points: no points in part (a), no points in part (b), 3 points in part (¢), and no points in
part (d). In part (a) the student refers to “ f'(x) changes from decreasing to increasing.” To earn the point, the

student needs to communicate that f’ changes sign from negative to positive. In part (b) the student does not
communicate that f’(1) — f’(—=1) = 0. The student names Rolle’s Theorem but does not connect it to the question

asked. The student’s explanation is not complete. In part (c) the student’s work is correct. In part (d) the student
evaluates the integrand at the limits of integration without first finding an antiderivative. The student does not
earn any points for use of the Fundamental Theorem of Calculus; therefore, the student is not eligible for the
answer point.
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Question 6

Consider the differential equation % = (3 - y)cosx. Let y = f(x) be the particular solution to the differential

d.

equation with the initial condition f(0) = 1. The function f is defined for all real numbers.

(a) A portion of the slope field of the differential equation is given below. Sketch the solution curve through the

point (0, 1).

(b) Write an equation for the line tangent to the solution curve in part (a) at the point (0, 1). Use the equation to

approximate f(0.2).

(c) Find y = f(x), the particular solution to the differential equation with the initial condition f(0) = 1.

(a) "
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d

(b) ) =2cos0 =2

@ (x, y)=(0,1)
An equation for the tangent line is y = 2x + 1.
f(02)=2(02)+1=14

© &

J%:Jcosxdx

(3—y)cosx

~In|3-y|=sinx+C
-In2=sin0+C = C=-In2
~In|3-y|=sinx-1In2
Because y(0) =1, y<3,s0[3-y|=3-y
3 _ y — 2e—sinx
y — 3 _ ze*Sinx
Note: this solution is valid for all real numbers.
© 2014 The College Board.

1 : solution curve

1 : tangent line equation

2 1 : approximation
1 : separation of variables
2 : antiderivatives

6 1 : constant of integration
1 : uses initial condition
1 : solves for y

Note: max 3/6 [1-2-0-0-0] if no
constant of integration

Note: 0/6 if no separation of variables
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6. Consider the differential equation % = (3 —y)cos x. Let y = f(x) be the particular solution to the differential

equation with the initial condition f(0) = 1. The function f is defined for all real numbers.

(a) A portion of the slope field of the differential equation is given below. Sketch the solution curve through the

point (0, 1).
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(b) Write an equation for the line tangent to the solution curve in part (a) at the point (0,1). Use the equation to

approximate f(0.2). dy

& (g st ”
“ -

(0% . T

Unauthorlzed copying or reuse of COD@QG problem 6 &i-Page 21.
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(c) Find y = f(x), the particular solution to the differential equation with the initial condition f (0) = 1.

oiq— = g(,dSXOLX
Y
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6. Consider the differential equation -Z—Z = (3 - y)cos x. Let y = f(x) be the particular solution to the differential
equation with the initial condition f(0) = 1. The function f is defined for all real numbers.

(a) A portion of the slope field of the differential equation is given below. Sketch the solution curve through the
point (0,1).
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(b) Write an equation for the line tangent to the solution curve in part (a) at the point (0, 1). Use the equation to
approximate f(0.2).

g-\.z 3x - ey fre

\'—\I\ ¥ DLX"'\X
a@ -0)

EE
\

Unauthorlzed copying or reuse of ) Continue probleiﬁ ey o"n*p'a“ge'ZL
anv nart of this paae is lllegal. _an. LS 6 Lo M

©2014 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



Do not write beyond this border.

NO CALCULATOR ALLOWED

(c) Find y = f(x), the particular solution to the differential equation with the initial condition f (0)=1.

% '- Q’\b (034
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6. Consider the differential equation % = (3 —y)cos x. Let y = f(x) be the particular solution to the differential

equation with the initial condition f(0) = 1. The function f is defined for all real numbers.

(a) A portion of the slope field of the differential equation is given below. Sketch the solution curve through the

point (0, 1).
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(b) Write an equation for the line tangent to the solution curve in part (a) at the point (0,1). Use the equation to

- approximate f(0.2).

- Des0)

J=2{x-0)
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(‘ (c) Find y = f(x), the particular solution to the differential equation with the initial condition f(0) = 1.

;'lfn «/u = X Cé\'
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AP® CALCULUS AB
2014 SCORING COMMENTARY

Question 6
Overview

This problem presented students with a differential equation and defined y = f(x) to be the particular solution
to the differential equation passing through a given point. Part (a) presented students with a portion of the slope
field of the differential equation and asked students to draw a solution curve through the point (0, 1). Part (b)
asked students to write an equation for the line tangent to the solution curve from part (a) at a given point, and
then to use this tangent line to approximate f(x) ata nearby value of x. Students needed to recognize that the

slope of the tangent line is the value of the derivative given in the differential equation at the given point.
Part (¢) asked for the particular solution to the differential equation that passes through the given point. Students
were expected to use the method of separation of variables to solve the differential equation.

Sample: 6A
Score: 9

The student earned all 9 points.

Sample: 6B
Score: 6

The student earned 6 points: 1 point in part (a), 1 point in part (b), and 4 points in part (c). In part (a) the student’s
dy
dx
so the first point was not earned. The student uses a correct tangent line to approximate f(0.2). In part (c) the
student earned the separation of variables point, 1 antiderivative point, the constant of integration point, and the
initial condition point. The student has an incorrect antiderivative on the left side of the equation, so the student is
not eligible for the answer point.

solution curve is correct. In part (b) the student does not show use of to find an equation of the tangent line,

Sample: 6C
Score: 3

The student earned 3 points: 1 point in part (a), 2 points in part (b), and no points in part (c). In part (a) the
student’s solution curve is correct. In part (b) the student’s work is correct. In part (c) the student’s work did not
earn any points.
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