Time: 60 minutes
Number of questions: 30

Calculus AB—Exam 1
Section I, Part A

NO CALCULATOR MAY BE USED IN THIS PART OF THE EXAMINATION.

Directions: Solve each of the following problems. After examining the form
of the choices, decide which is the best of the choices given.

In this test: Unless otherwise specified, the domain of a function f is
assumed to be the set of all real numbers x for which f(x) is a real number.

1.  Let fbe the function defined below, where a and b are constants. If fis
differentiable at x = 3, what is the value of a — b?

) {ax—b forx <3
x —
x> + bxforx = 3

(A) 6 (B) 9 (C) 15 (D) 24

2.  Thegraphofa piecxewise—linear function f, for —3 = x = 4, is shoWn
above. If g(x) = f _, f(t) dt, which of the following values is the Jeast?

(&) g(=3)  (B)g0) (@ g1) (D) g4)
’ 1
3. l x_de:
W= B O O3

221

Copyright © 2017 Pearson Education, Inc.



4.  fis continuous for 2 = x = b but not differentiable for some ¢ such
that a < ¢ < b. Which of the following could be true?

(A) x = cisa vertical asymptote of the graph of f.
®) lim f(x) # f(0)

(C) The graph of fhas a cusp at x = c.
(D) f(c) is undefined.

X
5. f_m,z costdt =

(A) —sinx (B) —sinx — 1

(C) sinx — 1 (D) 1 —sinx
6. Ifx*>+ 2x* — 4y = 7, then when x = 1,% =

(A) —8 (B) —

© -3 (D) £

1 1 1 1
(A) §BG+ (B) 566—';4"3
le__1 , 1 l.6a 2

(C)ae 2e4+6 (D)Se +3

\\\\\\\\\\

N N P
N NP P

R s s mee e e e s P 7

,,,,,,,,,

8.  Shown above is a slope field for which of the following differential

equations?
(A)%q—y (B)%=%
© Z=x+1 ) 2=y
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1 + sin3x _

% xlif}:,:z 1 — cosdx
9 _3 el
(A) —16 (B) —3% (C) 0 D) 16

10.  What is the instantaneous rate of change at x = 3 of the function f

2 _
given by f(x) = J; xy 12?

W -1  ® -5 ©4 (D) 1%

11.  If fis a linear function where 0 < a < b and m is a nonzero constant,

then f;f”(x) dx =

) 0 ® L ©ma-b @

In(3x) for0<x=3
12. If = , then li i
f(x) {xln 3 for3<x=4 e 31_1'{13)"(::) 1

(A) In9 (B) In27
(C) 3In3 (D) nonexistent

13.  The graph of the function fshown in the figure has a horizontal
tangent at the point (—1, —3) and a cusp at (2, 0). For what values
of x, =5 < x < 5, is fnot differentiable?

(A) 0only (B) 0and 2 only
(C) —1and 0 only (D) —1,0,and 2
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14. A particle moves along the x-axis with velocity given by
v(t) = 3t* + 5t — 2 for t = 0. If the particle is at position x = 3 at
time t = 0, what is the position of the particle at time t = 1?
(A) 1.5 (B) 4.5 (C) 6 (D) 11
2
15. IfF(x) = [} Vt* + 34t then F'(2) =
(A) V7 (B) 4V/7 (©) 2V19 (D) 4V19
16. If f(x) = cos (e%), then f'(x) =
(A) —2sin (e*) (B) —2e*sin (e*)
(C) 2sin (e™) (D) sin (e*)
y
h
[ A (S -8~
B 2 4
17.  The graph of the function f for 0 = x = 4 is shown above. Of the fol-
lowing, which has the greatest value?
(A) Trapezoidal sum approximation of f : f(x)dx with 4 subintervals
of equal length
(B) Right Riemann sum approximation of f ; f(x)dx with 4 subinter-
vals of equal length
(C) Left Riemann sum approximation of f [;1 f(x)dx with 4 subinter-
vals of equal length
(D) [, f(x)dx
18.  An equation of the line tangent to the graph of y = 3x — cosxat

x=0is
(A) y=2x (B) y=2x—1
(C) v=32 + 1 D) y=3x—1
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19.

20.

If f"(x) = (x — 1)(x + 2)3(x — 4) then the graph of fhas inflec-
tion points when x =

(A) 1only (B) 1 and 4 only
(C) —2and 1 only (D) —2,1,and 4

i fs *f(x)dx = —13 and [ f(x)dx = —10, what is the value of

fzsf(x)dx?
(A) -23 (B) —3
(C) 3 (D) 23

.3 2

d
If E)t: = my and m is a nonzero constant, then y could be

(A) 4e™Y (B) 4e™
(C) e™ + 4 (D) %yz + 4

22.

The graph of the function f shown above has horizontal tangents at
x=-landx = % Let g be the function defined by g(x) = f; f(t)dt.
For what values of x does the graph of g have a point of inflection?

(A) 0only (B) 2 only

(C) 3only (D) —1and2

23.

ART IIl: PRACTICE EXAMINATIONS

The minimum acceleration attained on the interval 0 = t = 4 by the
particle whose velocity is given by v(t) = t° — 4t> — 3t + 2is

(A) —16 (B) =10  (C) —23—5 (D) —3
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24.  The graph of fis shown in the figure above. Which of the following
could be the graph of the derivative of f?

(A) y (B) ;
SN /N
(©) y (D) y
W |
I S %
a I b /I
25.  What is the area of the region between the graphs of y = x° and
y=-—x—1lfromx=0tox = 2?

(A) 0 (B) 4 (C) 5 (D) 8

—
L x
b

x -1 0 1
ffx) | -3 2|0 4|2

26.  The polynomial function f has selected values of its first derivative f’
given in the table above. Which of the following statements must be true?

(A) f changes concavity at least twice on the interval (—1, 3).
(B) f has alocal minimum at x = 1.
(C) f is increasing on the interval (1, 3).

(D) f has alocal maximum at x = 2.

PART Ill: PRACTICE EXAMINATIONS
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What is the average value of y = x>V x* + 9 on the interval [0, 2]?

27.
98 49 125 )
28.  Iff(x) = tan (3x), then f’ (-';i) -
(A) % (B) 4 © 12 (D 6V3
29.  The side of a cube is increasing at a constant rate of 0.2 centimeter per
second. In terms of the surface area S, what is the rate of change of the
volume of the cube, in square centimeters per second?
(A) 0.1S (B) 0.28 (C) 0.6 (D) 0.04S
fo)
3 /}_\ /
LN Y,
2 W 8
30. A particle moves along a straight line. The graph of the particle’s posi-

PART I11I: PRACTICE EXAMINATIONS

tion x(f) at time ¢ for 0 < t < 8 is shown above. The graph has hori-
zontal tangents at t = 1 and t = % and a point of inflection at t = .

For what values of ¢ is the velocity of the particle decreasing?

(A)0<t<—139 (B)1<r<13—7
C) 4<t<7 (D)13—0<t<8

+ End of Part A of SectionI <
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Time: 45 minutes
Number of questions: 15
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Calculus AB—Exam 1
Section I, Part B

A GRAPHING CALCULATOR IS REQUIRED FOR SOME QUESTIONS
IN THIS PART OF THE EXAMINATION.

Directions: Solve each of the following problems. After examining the form

of the

choices, decide which is the best of the choices given.

In this test:

1.

The exact numerical value of the correct answer does not always
appear among the choices given. When this happens, select from
among the choices the number that best approximates the exact
numerical value.

Unless otherwise specified, the domain of a function fis assumed to
be the set of all real numbers x for which f(x) is a real number.

31.

4
"

The graph of a function fis shown above. Which of the following
statements about f is false?

(A) lim f(x) exists.

x—a
(B) fhas a relative minimum at x = a.
(C) f(a) exists.

(D) fis continuous at x = a.

52,

Let f(x) = 2e** and g(x) = 5x>. At what value of x do the graphs of f
and g have parallel tangents?

(A) —0366  (B) —0.344  (C) —0251 (D) —0.165
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\/ =wia

a b a b &

y=g'kx) y=H(x)

y=fx)

33.  The graphs of the derivatives of the functions f, g, and h are shown
above. Which of the functions f, g, or h have a relative minimum on
the open interval a < x < b?

(A) gonly (B) honly
(C) fand h only (D) f,gand h

)
34.  The first derivative of the function fis given by f'(x) = su;c L %

How many critical values does f have on the open interval (0, 10)?

(A) Two | (B) Three
(C) Four (D) Six

35.  Let fbe the function given by f(x) = x*°. Which of the following
statements about f are true?

I. fis continuous at x = 0.
II. fis differentiable at x = 0.
III. fhas an absolute minimum at x = 0.
(A) Ionly (B) II only
(C) Iand II only (D) Iand III only

36. If f is a continuous function and if F'(x) = f(x) for all real numbers

x then [ f(3x)dx =
(A) 3F(2) — 3F(—1) (B) 5 F2) — 5 F(-1)
(C) 3F(6) = 3F(=3) (D) 3F(6) — 5 F(-3)
PART Ill: PRACTICE EXAMINATIONS 229
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x3 - a3.
15

37. Ifa # 0, then lim

x—~a g’ — x
(A) nonexistent (B -%
2a
1
C) 0 [ ==
(©) 0 s

38.  Population P grows according to the equation % = kP, where kis a

constant and ¢ is measured in years. If the population doubles every
12 years, then the value of k is

(A) 0.058 (B) 0279  (C) 0.693 (D) 1.792

x 1 [3 |6 |9
fx)| 15| 25 | 40 | 30

39. The function f is continuous on the closed interval [1, 9] and has
values that are given in the table above. Using the subintervals [1, 3],

[3, 6], and [6, 9], what is the trapezoidal approximation of f 19 Ff(x)dx?
(A) 110 (B) 175
(C) 2425 (D) 262.5

40. The base of a solid is a region in the first quadrant bounded by the
x-axis, the y-axis, and the line x + 3y = 9, as shown in the figure
above. If cross sections of the solid perpendicular to the y-axis are
isosceles right triangles with the hypotenuses in the xy-plane, what is
the volume of the solid?

(A) 6.75 (B) 13.5 (C) 20.25 (D) 40.5
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41.

Which of the following is an equation of the line tangent to the graph

of f(x) = x® — x* at the point where f'(x) = —1?
(A) y = —x— 1.031 (B) y=—x — 0.836
(C) y = —x + 0934 (D) y = —x + 1.031

42,

Let G(x) be an antiderivative of f(x). If G(2) = 3, then G(8) =
(A) £'(8) (B) 3 + f'(8)
(©) [, + f(1))dt (D) 3 + [3f(t)dt

43.

A particle moves along a straight line with velocity given by
v(t) =5+ 1.4927° at time t = 0. What is the acceleration of the

particle at time ¢ = 22

(A) —0.196 (B) 0.7433 (C) 5.041 (D) 11.205

44,

Let f be a function that is differentiable on the open interval (—3, 7).
If f(—1) = 4, f(2) = —5,and f(6) = 8, which of the following must
be true?

I. Forsomec, —1 <c¢<2,f'(c) = —3.
II. f has a relative minimum at x = 2.
III. Forsomec 2 < ¢ < 6,f(c) = 4.
(A) Ionly (B) Iand II only

(C) Iand III only (D) L1II, and III

45.

PART [ll: PRACTICE EXAMINATIONS

fo=k= ?21 and the area under the curve y = sin x from x = k to

gl

x= i1s 0.75, then k =

(A) 0.253 (B) 0.723 (C) 0.848 (D) 1.318

231
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Time: 30 minutes
Number of problems: 2
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Calculus AB—Exam 1
Section 11, Part A

A GRAPHING CALCULATOR IS REQUIRED FOR SOME PROBLEMS IN
THIS PART OF THE EXAMINATION.

1

T T
3]
(
.

-3

Let f and g be the functions defined by

f(x) = 0.5x* — 2.2x> + 4x + 2.75 and g(x) = 2.75 cos(ﬁ). Let R
and S be the two regions enclosed by the graphs of f and g shown in
the figure above.

(a) Find the sum of the areas of the regions R and S.

(b) Find the volume of the solid generated when R is rotated about
the x-axis.

(c) The region § is the base of a solid whose cross sections perpendic-
ular to the x-axis are squares. Find the volume of the solid.

Copyright © 2017 Pearson Education, Inc.
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2. For0 =t = 4, a particle is moving along the x-axis. The velocity of
the particle is given by v(t) = 3 cos(e”’?) + 1.5. The acceleration of
the particle is given by a(t) = — %e‘m sin(e”?) and x(0) = 2.7.

(a) Is the speed of the particle increasing or decreasing at time
t = 2.42 Give a reason for your answer.

(b) Find the average velocity of the particle for the time period
0=t=4

(c) Find the total distance traveled by the particle from time t = 0
toz = 4.

(d) For 0 = t = 4, the particle changes direction twice. Find the
position of the particle at the time when it changes from moving
left to moving right.

+ End of Part A of Section II <
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Time: 60 minutes
Number of problems: 4
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Calculus AB—Exam 1
Section 11, Part B

NO CALCULATOR MAY BE USED IN THIS PART OF THE EXAMINATION.

T (days) | O 1 3 4 6

h(t) (cm) | 5.1 6.8 11 13.5 | 20.1

Jill bought an amaryllis plant hoping it would soon bloom. She decided
to chart its growth before it flowered. The length of a leaf is modeled
by a differentiable function h that is increasing and concave up for

0 = t = 6. The table above gives selected values of h(t), where t is
measured in days and h(¢) is measured in centimeters.

(a) Use the data in the table to estimate h'(3.5). Show the computa-
tions that lead to your answer.

(b) Using correct units, explain the meaning of é f (f h(t)dt in the con-
text of this problem. Use a right Riemann sum with the four
subintervals indicated by the table to estimate ¢ /. 06 h(t)dt.

(c) Is your approximation in part (b) greater than or less than
6 .
é [, h(t)dt? Give a reason for your answer.

(d) Evaluate f; h'(t)dt. Explain the meaning of this expression.

Copyright © 2017 Pearson Education, Inc.
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AV,

4.  The figure above shows the graph of f, the derivative of a twice-
differentiable function f, on the interval [—2, 3]. The graph of f' has
horizontal tangents at x = —2,x = —0.8,x = 1.4,and x = 3. The
areas of the regions bounded by the x-axis and the graph of f' on the
intervals [—2, 0] and [0, 3] are 2 and 7 respectively.

il
N
E

(a) Find all x-coordinates at which f has a relative minimum. Give a
reason for your answer.

(b) On what open intervals contained in —2 < x < 3 is the graph of
f both concave up and increasing? Give a reason for your answer.

(c) Find the x-coordinates of all points of inflection for the graph of f.
Give a reason for your answer.

(d) Given that f(0) = 9, write an expression for f(x) that involves an
integral. Find f(—2) and £(3).

PART I1l: PRACTICE EXAMINATIONS 235
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5. Consider the curve given by x> + 3y® = 1 + 3xy. It can be shown

b dy 3y —2x
that oy = 6y — 3x

(a) Write an equation for the line tangent to the curve at the point (1, 1).

(b) Find the coordinates of all points on the curve at which the line
tangent to the curve at that point is vertical.

i -
(c) Evaluate EJ; at the point on the curve wherex = land y = 1.

4
3
4

s
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d
6. Consider the differential equation é = x2Q2y + 1).

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

A
L] 1% ]
—— ¢ — 4 >
-1 1
L] —1 9 .

(b) While the slope field in part (a) is drawn at only nine points, it is
defined at every point in the xy-plane. Describe all points in the
xy-plane for which the slopes are positive.

(c) Find the particular solution y = f(x) to the given differential
equation with the initial condition f(0) = 5.

PART IIl: PRACTICE EXAMINATIONS 237
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Problem
1.

© PN YR

10.
1.
12.
13,
14.
15.
16.
L7
18.
19.
20.
21.
22,
23,
24.
25.
26.
27,
28.
29.
30.

Practice Examinations
Calculus AB—Exam 1

Section |

Part A—No Calculator

Answer
(A)
(B)
(D)
(C)
(©
(B)
(A)
(B)
(D)
(D)
(A)
(D)
(B)
(B)
(D)
(B)
(C)
(D)

Key Concept

Differentiability

Graph analysis for extrema
Definite integral
Continuity/Differentiability
Definite integral

Implicit differentiation

Definite integral

Slope field

I’Hospital’s Rule

Instantaneous rate of change
Relationships of derivatives

Limit

Graph analysis for differentiability
Velocity/Position

Fundamental Theorem of Calculus
Derivative with Chain Rule

Area approximations

Tangent line

Points of inflection

Integration rules

Exponential growth derivative
Graph analysis for points of inflection
Velocity/Acceleration optimization
Derivative graph

Area between curves

Analysis of derivative data

Average value

Numerical derivative

Rate of change

Graph analysis for Positon/Velocity

401
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Part B—Calculator Allowed

Problem Answer Key Concept
31. (D) Graph analysis
32. (A) Numerical derivative with calculator
33. (C) Derivative graph analysis for extrema
34. (A) Critical values
35. (D) Continuity/Differentiability
36. (D) Fundamental Theorem of Calculus
37. (B) Limit
38. (A) Exponential growth derivative
39, (C) Trapezoidal Rule
40. (C) Volume by cross section
4]. (A) Tangent line
42. (D) Fundamental Theorem of Calculus
43, (A) Velocity/Acceleration
44, (C) Mean Value Theorem/Intermediate Value Theorem
45, (B) Area under curve
402 ' ANSWERS AND SOLUTIONS
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Calculus AB—Exam 1: Section Il, Part A

1. f(x) = g(x) atx = 0,x = 1.8109294, and x = 3.7724666. Let A = 1.8109294 and
B = 3.7724666

(a)
(b)
(c)
2. (a)

(b)

(c)

(b)

()

Area = f;’[f(x) — g(x)]dx + ff[g(x) — f(x)]dx = 9.931
Volume = 7 [ [(f(x))? — (¢(x))*]dx = 64.325
Volume = ff(g(x) — f(x))*dx = 31.790

¥(2.4) =~ —1.452 < 0 and a(2.4) = 0.884 > 0. Since the velocity and acceleration have

~ opposite signs, the speed is decreasing at t = 2.4.

Average velocity = -A-ll-f;v(t)dt = 1.158

Total Distance = f;|v(r)|dt = 7.309

The particle changes from moving left to moving right when the velocity changes from
negative to positive.

2.865

x(2.865) = 2.7 + [,7 v(Ddt = 3.967

h(4) — h(3) _ 135 — 11

h'(3.5) =~ = i = 2.5 cm/day

-é— f g) h(t)dt is the average length of a leaf in centimeters during the first six days of the

data collection.
< [ h(de ~ £ [1(68) + 2(11) + 1(13.5) + 2(20.1)] = 2 = 13.75em

Since the graph of h(t) is strictly increasing on [0, 6], the right Riemann sum is an over-
estimate, and therefore greater than the true area.

f;h'(r)dt = h(6) — h(0) = 20.1 — 5.1 = 15. The leaf grew a total of 15 cm in the first
six days.

ANSWERS AND SOLUTIONS 403
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Calculus AB—Exam 1: Section Il, Part B

5 o e o . & iEa TGttt L R
i e M T R SRR 8P SRR [ e IR I At L

4, (a) f'(x) =0atx= —2,x=0,andx = 3.x = Oisthe only critical point where f’ changes

from negative to positive. Therefore, f has a relative minimum at x = 0.

(b) f is concave up when f” is positive, which is where f' is increasing. f is increasing where
f' is positive. Therefore, f is both concave up and increasing on 0 < x < 1.4 because f'
is both increasing and positive on this interval.

(c) The graph of f has inflection points at x = —0.8, where f’ changes from decreasing to
increasing and at x = 1.4, where f’ changes from increasing to decreasing.

d) flx) =9+ [, f (Dt
=) =9+ [P f®dr=9+2=11
f3) =9+ [ f(ndt=9+7=16
| _3-2_1 _1

5 (a) x|, 1}~6—_—5—-3":>y—1—§(x— 1)

(b) 6y —3x=0=>2y=x

2y)* + 3y =1+ 3(2p)y
4y’ + 32 =1 + 67
¥ =1
g g e == )
(—2,—1)and (2, 1)
6 3 ( dy 2) 3 2x (6 Y 3

Vs s —

dx? T dx 6y — 3x (6y — 3x)?
1 1
6—3)(3-2-2)-3-2[6-%—3
&y _( )( 3 ) : )( 3 )_3(~1)—1(—1)__g
dx*| 1, 1) (6 — 3)? ? ?
404 ANSWERS AND SOLUTIONS
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6. (a)
~ - ~
- e
LS -+ L

(b) Slopes are positive for points where x # 0 and y > —%‘.
dy 5
(©) /2y+1“/xdx
1 2dy B )
2/ 2y +1 / %

%lnl2y+l|=%x3+c

ln‘2y+1| =%x3+C

|2y + 1| = £3°+C

12y + 1] = Ce5*

|2(5) + 1| = Ce°

11=C

2+ 1=11e%

2y = lle§JL3 =

D VETRE
y.= 2(lle3 1)
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