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Index of Topics

The multiple-choice questions and the free-response questions are listed in separate sections,

each of which is divided into four broad categories:
I. Continuity, Limits, Parametric, Polar & Vector Functions

II. Differentiation
III. Integration
IV. Series

MULTIPLE-CHOICE (Calculator-active problems are labeled C.)

I. CONTINUITY, LIMITS, PARAMETRIC, POLAR & VECTOR FUNCTIONS
Asymptotes & Bounds: pl03#13

Continuity: pl#2, p30#14, p56#17, p83#24, p85#2C, pl104#15

Limits '
Using Algebra: p26#2, p85#2C; p126#9
I_Ils:;g%E ll_,’;élépltal's Rule: pl0#24, p30#12, p53#9, p62#5C, p76#4, p105#19,
P

Parametric Equations: pl15#9C, pl16#12C, p29#11, p32#18, p64#9, p87#6, p125#6,

pl28#15
Polar Graphs: p9#23, p28#6, p54#13, p91#16C, pl127#13, p135#7C

Vectors: p34#23, P67#17C; p82#21, p100#3, p129#19

II. DIFFERENTIATION

DEFINITION OF THE DERIVATIVE & THEOREMS
Difference Quotient: p10#24, p13#4C, p38#7C, p77#7, p86#15, pl05#19,

pl1045C, p129#18, pl135#8C
Suml, f:{oduct & Quotient Rules: p6#15, p8#19, p38#6C, p75#2, p82#20, p82#22,
pl104#17

Chain Rule: p6#15, p1345C, p27#4, p28#7, p39#11C, p52#6, p53#10, pS6#16,
p78#9, p79#12, p83#25, p89#12C, pl00#4

DERIVATIVE AT A POINT
Slopes & Tangents: p4#9, p12#2C, p30#13, p32#18, p33#21, p3743C, p40#13C,
p42#16C, p53#10, p58#23, p89#13C, pl101#7, p103#14, p126#10
Average & Instantaneous Rates of Change: p4#11, p35#27, p37#5C, p61#2,
p91#17C, p112#10C, p127#11, pl133#1C
hs & Tables: p7#17, pl13#5C, p284#6C, p35#28, p37#4C, p38#7C,

From Grap
#4, p78#10, p80#15, p86#3C, p110#4C, pl104#5C, pl111#6C

p40#13C, p51

DERIVATIVE OF A FUNCTION
Increasing & Decreasing: p8#19, p29#10, p30#14, p36#2C, p37#4C, p51#4,

p82#22, p86#3C, p90k1SC, pl06#20, pl09#1C

Graphs of f, f' & f": p7#17, p37#4C, p38#7C, p40#13C, p51#4, P63#8, p78#10,
p80#15, p86#3C, pl10#4, pl124#4, p132#26, p134#3C, pl137#14C, p138#17C

Concavity and Inflection Points: p12#1C, p13#3C, p18#17C, p30#14, p36#2C,
p37#4C, pS1#4, p67#16, p90#15C, p106#20, pl09#1C, pl10#5C, p133#2C

APPLICATIONS
Implicit Differentiation: p4#10, p15#10C, p27#3, p30#13, p31#16, p64#10, p75#2,
p79#14, p89#13C, p102#9
Maximum & Minimum: p2#3, p36#2C, p40#13C, p41#15C, pS1#4, p54#12, p80#16,
p86#4, p90#15C, plO1#7, pl129#17, pl35#6C
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Related Rates: p15#10C, p31#16, pa2#17C, ps9u2s, p874#1C, pl02#9,
pl1147C, p137#12C

Velocity & Acceleration: p5#12, p11428, p3745C, pS0#1, p55#14, p79#12, p109#2C
Slope Fields: p2#4, p35428, p60#27, p7746, p107#25, p131#24

III. INTEGRATION

FUNDAMENTAL THEOREM
Definite Integrals: pl#l, p8#21, p134#4C, p26#1, p28#8, p31#17, p42#16C, p50#2,
p58#24, p81#14, p99#1, pl13#12C, pl26#8

Integral Defined Functions: p1343C, p2745, p34#25, p39#11C, p58#23, p8748C,
pl00#5, pl01#7, p106#22, pl09#1C, pll14#14C, pl27#12, pl30#21, pl135#6C

TECHNIQUES OF INTEGRATION
Formulas: p32#20, p54#11, p58424, p62#3, p7748, pl15#17C, p123#1

Substitution: p10#26, p53#8, p88#9C, p102#10, p138#16C

Parts: p18#16C, p35#26, p60#28, p79#13, p86#5C, pl38#15C

Partial Fractions: p7#18, p104#16

Improper Integrals: p3#7, p38#48C, p51#5, p75#1, pl07#23, pl24#S, pl131#23

APPLICATIONS
Arc Length: p6#16, p29#11, pS5#15, pl0045, p128#15

Area p5#13, p9#23, pl4#7C, p54#13, pS6#18, p76#3, p91#16C, pl108#26,
pl15#16C, p127#13

Average Value: pl6#13, p83#23, p88#10C, p106#21, p110#3C, pl34#4C

Differential Equations: p4#11, p11#28, p32#19, p39#10C, p51#3, pl02#11,
pl03#12, p124#3, p137#13C

Integral of Rate of Change: pS8#22, p86#4, p113#13
Euler's Method: p11#27, p59426, p84#26, pl14#14, pl32#27
Logistic Differential Equations: p39#9, pS2#7, pl01#6, p125#7

Particle Motion: p5#12, p14#6C, pl6#12, pS0#1, p55#14, p65i13, p79#12, p101#7,
p107#24, p109#2, p111#8, p123#2, pl28#14

Volume: p2#5, p1S#11C, p33#2, p36#1, p41#14C, p62#4, p6T#16, p78411,
p105#18, p131#23, p134#5C, p137#14

NUMERICAL INTEGRATION
Riemann Sums/ Trapezoid Rule: p10#25, p18#17C, p90#14C, p108#28, pl31#25

From Graphs and Tables: p10#25, p38#7C, p40#13, p78#10, p84#28, p85#1C,
p90#14C, pl101#8, p108#28 , p137#14

IV. SERIES
Lagrange Error Bound: p17#15C, p41#15C, p63#7C, p114#15C

Series Of Constants: pl1448C, p34#24, p65#11, p84#27, p112#1 1, p128#16, p136#10
Taylor Series: p5#14, p8#20, p29#9, p36#1, p40#12, p108#27, p130#22, p132#28
Radius of Convergence: p3#48, P31#15, p66#15, p89#11, p130 #22

Interval of Convergence: p52#6, p76#5, p99#2



151

Index of Topics

FREE-RESPONSE
I. CONTINUITY, LIMITS, PARAMETRIC, POLAR & VECTOR FUNCTIONS

Asymptotes: p48#5
Continuity: p122#6
Parametric Equations: p15#9. p24#5, p94#2, pl43#4

Polar Graphs: p22#3

II. DIFFERENTIATION
Difference Quotient:: pl140#1

Slopes & Tangents: p24#5, p70#2, p94#2, p9846, pl117#1, pl20#4 pl41#2,
p144#5

From Graphs and Tables: pP21#2, p474#4, pl21#5

Increasing & Decreasing: p21#2, p71#3, p93#1, p98#6

Implicit Differentiation; p120#4, pl44#5

Second Derivative, Concavity & Inflection Points: p21#2, pl21#5, pl41#2
Maximum & Minimum: p74#6, pl17#1, pl214#5

Related Rates: p20#1

Velocity & Acceleration: p44#1

Slope Fields: p22#6, p142#3

ITII. INTEGRATION
Integral Defined Functions: p44#1, p74#6, p98#6

Parts: p93#1

Arc Length: p24#5, p93#1, p94#2

Area: p22#3, p70#2, p93#1, pl41#2
Average Value: p46#3, pl140#1

Differential Equations: p25#6, p97#5, p142#3
Velocity & Acceleration: p44#1, p71#3, p73#5
Volume: p46 #3

Numerical Integration: p95#3, p140#1
From Graphs and Tables: p47#4, p69#1, p71#3, p121#5

IV. SERIES
Series Of Constants: p72#4

Taylor Series: p23#4, p49#6, p72#4, p96#4, p119#3, p145#6
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Preface

&85 Each student is expected to bring a graphing calculator to the Advanced Placement Calculus

Examination. We have tried to make each of the six exams in this workbook as much like an

?;tual AP Exam as possible. There are problems in which the student must decide whether to use
e graphing calculator a lot, a little, or not at all. All of these objectives have been met and, at the

same time, we included all of the topics in the BC Syllabus.
our examinations are in

- As in the College Board AP _Course Description for Mathematics,
ﬁ-eo sections. Section I is all multiple-choice and takes one hour and 45 minutes. Section II isall
e-response and takes one hour and 30 minutes. The two sections are given equal weight in the

scoring.

1. SectionI Part A (28 questions in 55 minutes). Calculators may not be used in this part

of the exam.
2. Section I Part B (17 questions in 50 minutes). Calculators are allowed.
3

4.

Section II Part A (2 questions in 30 minutes). Calculators are allowed.
Section I Part B (4 questions in 60 minutes). Calculators may not be used on this part

of the exam.
Section I Part B and Section II atgove,

In the calculator-active parts of the actual ETS Exams,
approximately five multiple-choice and two free-response problems require the use of a graphing
calculator, In order to provide a greater number of this type problem, our exams require the use of

ction I Part B and Section II.

a calculator on about half the problems of Se
We have also tried to create the problems in the spirit of calculus reform. Calculus reform
implies a change in the mode of instruction as well as increased focus on concepts and less
pplications; use of technology to

attention to symbolic manipulation; emphasis on modeling and a
explore and deepen understanding of concepts; projects and cooperative learning. We have
included questions where functions are defined either graphically, numerically or symbolically in
order to give the students more practice in different types of analysis.

Special thanks go to our wives Ann and Helen for their patience, understanding and

encouragement.

In the hope of providing future students with a better workbook, the authors welcome your
fall sorts, and feedback in general. Please send your

suggestions, corrections, problems o

comments to:
Venture Publishing
9 Bartlet Street, Suite 55
Andover, Ma 01810
Phone/Fax 508-896-9486

George W. Best
J. Richard Lux
Andover, MA



For The Student

There are six examination

s 1n this workbook. Use them as suggested by your teacher,
but about two weeks prior to

the AP Exam you should try to find a three hour and thirty
minute block of ime to work through one entire exam. Each part of the exam should be

carefully tmed. Allow fifty-five minutes for Section I Part A, fifty minutes for Section I
Part B, and ninety minutes for Section Il. Take a ten minute break between Part A and Part

B and also between Part B and Section 11. This will give you a good measure of the topics

that need more intensive review as well as give you a feel for the energy and enthusiasm
needed on a three hour and fifteen minute exam. Repeat the above routine on a second
exam four or five days before the AP to check your progress.

The questions on these exams are designed to be as much like the actual AP Exams as
possible. However, we have included a greater percentage of medium level and difficult
problems and fewer easy ones, in order to help you gain stamina and endurance. If you do
a satisfactory job on th

on these exams, then you should be confident of doing well on the actual
AP Exam.

The answers to the multiple-choice questions and selected free-response questions are
in the back of the workbook.

_ A complete solution manual for all the problems is available
from Venture Publishing. No matter how much of an exam you do at one sitting, we
strongly urge you to check your answers when you are finished. not as you go along. You

will build your confidence if you DO NOT use the "do a problem, check the answer, do a
problem” routine.

The following is a list of common student errors:

1. lff’(c)-O.thenfhasalocalmaximumorminimumatx=c.
2. If f"(c)=0, then the graph of fhas an inflection point at x = ¢.
3. If f(x)=g'(x), then f(x)=g(x).

d
4 2 - if"
/=10 b
5. Volume by washers is J'(R—r)’dx.

6. Not expressing answers in correct units when units are given.
7. Not providing adequate justification when justification is requested.

8. Wasting time erasing bad solutions. Simply cross out a bad solution after writing the
correct solution.

9. Listing calculator results without the supporting mathematics. Recall that a
calculator is to be used primanly to:
a) graph functions,

b) compute numerical approximations of a derivative and definite integral,
¢) solve equations.

10. Not answering the question that has been asked. For example, if asked to find

the maximum value of a function, do not stop after finding the x-value where the
maximum value occurs.

reoreec

A
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EXAM |
CALCULUS BC
SECTION 1 PART A
Time-55 minutes
Number of questions—28

A CALCULATOR MAY NOT BE USED ON THIS PART OF THE EXAMINATION
Directions: Solve cach of the following problems, using the available space

the form of the choices, decide which 1s the best of the choices given and fi
lime on any one problem.

for scratchwork. After examining
I1in the box. Do not spend too much

In this test:

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

(2) The inverse of a trigonometric function f may be indicated using the inverse function notation £~ or with the
prefix “arc™ (e.g., sin 'x = arcsinx ),

S

1 dx
) {\/3x+l

A) 2
®)
O 1

®) 2
(E) 6

Ans

2. 'Which of the following is continuous at x = 0?

L f(x) = [+
I f(x) = e
111 f(X) = ln(ex—l)

(A) I only (B) Il only (C) Iand Il only (D) IIand III only (E) none

Copyright 2013 Venture Publishing



BC EXAM 1 Section I Part A Multiple-Choice

. c ; i
For what value of ¢ will x2 + = have a relative minimum at x = —1 ?

(A) -4 (B) -2 (C) 2 (D) 4 (E) None of these

Ans

Which of the following could be a solution to the differential equation represented by the slope
field at the right?

A) y = x? R
N N

(B) y =sinx - o
C = CoS x o NS, P N P Ny e
©) »y > - 7 e o Ny
D) y=e o g B o e e
(E) y=Inx g, S o e
e S P N

Ans

The volume of the solid generated by rotating about the x-axis the region enclosed between the
curve y = 3x%and the line y=6x is given by

3

(A) nf (6x - 3x2)? dx
0
2

(B) nf (6x - 3x2)2 dx
0
2

©) =f (9x* - 36x%) dx
0
2

®) =f (36x% - 9x*)dx
0

2
(E) nf (6x - 3x2) dx
0

Copyright 2013 Venture Publishing
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No Calcwlators BC EXAM I Section I Part A

Suppose the function f'is defined so that f(0) =1 and its derivative, f”, is given by

6.
S(x)=e%"* . Which of the following statement are TRUE?

I £"0)=1
| The line y = x + 1 is tangent to the graph of fatx =0.

I If hix)=f (x3 — 1), then h is increasing for all real numbers x.

(A) Ionly (B)llonly (C) Illonly (D) landllonly  (E) 1,11 111

A 2

P 3x? de =

l 1
(A) -3
(B) 0
© 3

(D) 1

(E) nonexistent

0 n+l n
)" (x=2)" .
The radius of convergence of E ) —5 is

8.
n=1

(A) 3 \
(B) 2 231
©) 1
(D) 0
(E)

Ans

Copyright 2013 Venture Publishing



BC EXAM I Section I Part A Multiple-Chaoice

9. There is a point between P(1,0) and Q(e. 1) on the graph of y=1In x such that the

‘angent to the graph at that point is parallel to the line through points 2 and Q. The
*-coordinate of this point ispo 4 e °

(A) e-1|
(B) e
(C) -1

© 1

1

® 1

10. If 4x2 +2xy+3y =9, then the value of % at the point (2,-1) is
1
(A) -3
1
B) 3
(C) 2
(D) -2

(E) none of these

dy

Ll If c-ix— =4/x, then the average rate of change of y with respect to x on the closed

interval [0, 4] is

(A) g

(B) 1

© 3 ®) V2
. i

(E) 2

Copynight 2013 Venture Publishing
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No Calculators BC EXAM I Section I Part A

12. A particle moves along the x-axis and its position for time t=0 is x(¢) = cos(2r) + sect
When 1 =, the acceleration of the particle is

(A) -6
(B) -5
€) -4
(D) -3

(E) none of these
Ans

13. The region bounded by the x-axis and the part of the graph of y =sinx between x =0
and x = is separated into two regions by the line x = p. If the area of the region

for 0sx=p exceeds the area of the region for ps<x sz by one square unit, then p =

(A) arccos 5
(B) arccos 3
© 7
(D3

® F

14, Letf be the function given by f(x)=Inx. The third-degree Taylor polynomial for
S about x=1is

B) @=D=fG-1 + L1
B) (x=D-1-17+ -1}
© (x=D-da-1?+1e-1’
D) (==L +dix-1y?

(B) (x=1)-(x-1)% +2(x -1y
Ans

Copyright 2013 Venture Publishing



BC EXAM I Section ] Part A Multiple-Choice

I5. 1f h(x)= U(_r)]2+f(x)g(_r), J'(x)=g(x) and g'(x)=—f(x), then A'(x)=

(A) f(x)g(x) 190
(B) 2f(x)— f(x)g(x)

© [f(x)+ g0

D) [f()-gP

®) [g)] +2¢(x)/x)-[f(0) ]

16. Which of the following integrals gives the length of the graph of y = Arc sin% between

x=aand x=b5, where 0<a<b<22t—?

b
-1
e {\jl B \14 - x? =

b
(B){\/Hﬁ_dx
2 1
(C){}1—4_x2 dx
1 i
(D)f1+4—x2 dx
b

1
E | dx
(){[+4_x2.]

Copyright 2013 Venture Publishing
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No Calculators BC EXAM [ Section I Part A

2

\ d -
17. If y isa function of x such that -3}— >0 forall x and :1—%}-< 0 for all x, which of the
x x
following could be part of the graph of y = f(x)?

(A) A (B) A © A
— ___)/

) ® A

—

\4

1
18. [ — dx=

(A) 5 arctan (x ok —1-) + C
2 N2

(B) Injx? + x| + C

(€) In + C

(D) In +C

x + 1

(E) none of these

Ans

Copyright 2013 Venture Publishing
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W90 r() = Ve “'. then the graph of / 1s increasing for all v such that

(A) O<xi~1 (B) 0<ve ) (C)0cx<2 (a0 (1 £>0

Ans

20.

{\ -Dx
Ly

-y »
(A) sinx
(B) cosx

10) &*

D) e*

(E) In(1 + x)

is the Taylor series about x =0 for which of the following functions?

21.

\
]

e-1

Evaluzte ff(x)dx if f(x)=

-n'4

(A) 0
B) 1
(Cy 2
(Dye
(£) =

sec’x forx < 0

—L- forx > 0
x+]

Ans

Copynght 2013 Venture Publishing
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BC EXAM I Section [ Part A

No Calculators

cot x

X
22. lim (1 +2) -
x—0 2

A) 5
(B) e

(C) e
(D) 2e

(E) ¢

Ans

23. The area of the closed region bounded by the polar graph of r = ~1+cosé is given by

2%
(A) f«/l+cos@ do
0

4
(B) f«/l +cosf d@
0

2
(C) 2 (1+cos0)do
0

(D) f(1+cost9) de
0

n
(E) 2f AJ1+cos@ do
0

Ans

Copyright 2013 Venture Publishing



10
BC EXAM I Section I Part A Multiple-Choice

24, Jim |G 0 - 3]
h—0 9h i

(A) o

(B) 1

(C) 45

(D) 405

(E) nonexistent

25. X 0 . —5 9
f(x) 3 k 9 11

A function f is continuous on the closed interval [0, 9] and has values given in the table above.

The trapezoidal approximation for jf S()dt found with 3 subintervals, indicated by the data in the
table, is 57. What is the value of 42 =

) 9
(B) 7
©) 6
(D) §
(E) 2
Ans
26. [x\1 - x% dx =
2.3/2 201 2.3/2
w 2+ c ® --2rc © H=D
x2(1 » J‘:2 )3/2 _(1 _ x2)3/2
(D) - - * € (E) —5 * €
Ans

Copyright 2013 Venture Publishing
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BC EXAM I Section I Part A 11

n f and its derivative £ have values as given in the following
se Euler's method to approximate the value of f(2).

No Calculators

.» 2 X
-~ 27. Suppose a continuous functio
table. Giventhat f(1)=2,u

X 0] 15 |20
f(x)| 04 06 | 0.8

f(x)]| 20
(B) 2.3 (©) 2.5 (D) 2.7 (E) 2.9

(A) 2.1

Ans

28. Which of the following is the solution to the differential equation % = y?, where

y(-1)=1?
(A) y==31‘- for x = 0

(B) y=—;l— forx <0

(C) y=-1 forx>0

(D) y=—,l:- forx>0
(E) y=Jf for x <0

Ans

Copyright 2013 Venture Publishing
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EXAM |
CALCULUS BC
SECTION I PART B
Time-50 minutes
Number of questions—17

A GRAPHING CALCULATOR 1S REQUIRED FOR SOME QUESTIONS ON
THIS PART OF THE EXAMINATION

ace for scratchwork. After examining

Directions: Solve each of the following problems, using the available sp
1l in the box. Do not spend too much

the form of the choices, decide which is the best of the choices given and fi
time on any one problem.

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.

2) Un!ess otherwise specified, the domain of a function f is assumed to be the set of all real numbers x for
which f(x) is areal number.

(3)  The inverse of a trigonometric function f may be indicated using the inverse function notation f ! or with

" . =1 ;
the prefix “arc” (e.g., sin x = arcsinx),

1. Theslope of the curve y =x”—e™* atits point of inflection is

(A) -In2 (B) -In 4 (C) 2-1n4 (D) 2+1In4 (E) 923

Ans

2. Ifthe graph of the parabola y=2x2+ x+ kistangentto the line 3x + y = 1, then k=

(A) 1 (B) 2 ©) 3 D) 4 (E) 5

Copyright 2013 Venture Publishing
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Calculators EXAM I Section I Part B

13

x

: . 1 .
3. Ifafunction f is defined by f(x) = f s dt, which of the following statements are true?

0
L f=-7

II.  the graph of f is concave down at x =3,
L. f(x)+ f(-=x) =0 for all real numbers x.

(A) Ionly (B) II only (C) 111 only (D) IIand III only

(E) L Tand 111

Ans
4.  Consider the function f defined on the domain -0.5 <x = 0.5 with f(0)=1, and
L SGAR-f() _ o -
lim = ;
Jim P sec”(3x). Evaluate: ‘!)' f(x)dx .
(A) 0.294
(B) 0.794
(C) 1.294
(D) 1.794
(E) 4.700
Ans
5. The graphs of functions f and g are
shown at the right. The graph of ghasa waph off : grpborg
horizontal tangent at x = 1. ; \ ; \
If h(x)= flg(x)], which of the following , -\ 1
statements are true about the function #? | \ ;
I. h(2)=5. 1\2 3 T S S i
L. ks increasing at x = 4.
ITI. The graph of 4 has a horizontal
tangentat x =1.
(A) Ionly (B) I only (C) Il only (D) Tand I only  (E) I, I and III
Ans

Copyright 2013 Venture Publishing
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Mulliple-C hoice
EXAM | Section I Part B

i Y v is given b
6. A particle moves along the x-axis so that at any time 12 0. its velocnt): lzg:)’: _ 4)' i
w(t) = cos(t + 1 ). The total distance traveled by the particle from £=
E) 2.416
(A) 0.481 (B) 1.069 (C) 1.449 (D) 1.932 (E)
Ans
i hs of y= ctanxandy=4-1‘2 is
7. The total area of the region bounded by the graphs of y =ar
(A)10.802  (B) 10972  (C)11.142 (D) 11.31 (E) 11.482
Ans
8. Which of the following series are conditionally convergent?
- s 1 & cos n s 1
1. )y — i Y . Sert=—
,,2.1 2n + 1 ,,2, - 21 \n

(A) Ionly (B) 1l only (C) Iand Il only (D) Iand III only (E) I, IT, IIX

Ans

Copyright 2013 Venture Publishing
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Calculators EXAM I Sectionl Part B 15
d%y .

9. If x=r%and y-=ln(t2+l), thenat =1, ——“22 is
dx

(A) -5 ®) -3 (© -1 (D) 0 ®

Ans

10. When a wholesale produce market has x crates of lettuce available on a given day, it charges

p dollars per crate as determined by the supply equation px —20p—6x+40 = 0. Ifthe
daily supply is decreasing at the rate of 8 crates per day, at what rate is the price changing
when the supply is 100 crates?

(A) not changing

(B) increasing at $0.10 per day
(C) decreasing at $0.10 per day
(D) increasing at $1.00 per day
(E) decreasing at $1.00 per day

Ans

11.

Let R be the region in the first quadrant bounded above by the graph of f(x)=2Arctan x
and below by the graph of y = x. What is the volume of the solid generated when R is

rotated about the x-axis?
(A) 1.217 (B) 2.276 (C) 2.693 (D) 6.666 (E) 7.151

Ans

Copyright 2013 Venture Publishing
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—_— EXAM I Section 1 Part B Multiple-Choice

12. F : ; .
o algl fime 1 =0, if the position of a particle in the xy-plane is givenby x =¢' and
Y=e , then the speed of the particle at time 7= 1 is

(A) 2.693 (B) 2.743 (C) 3.086 (D) 3.844 (E) 7.542

13. The level of air pollution at a distance x miles from a tire factory is given by

L(X) ae—O.lx +L2.
X

The average level of pollution between 15 and 25 miles from the factory is

(A) 0.144
(B) 0.156
(C) 0.162
(D) 0.168
(E) 0.250

Ans

Copyright 2013 Venture Publishing
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Calculators EXAM I Sectionl Part B 17

14. What is the x-coordinate of the point on the curve y = e” that is closest to the origin?

(A) -0.452 (B) -0.426 (C) -0.400 (D) -0.374 (E) -0.372

Ans
15.  Let f(x)=e"2. If the second-degree Taylor polynomial for f about x = 0 is used
to approximate fon the interval [0,2], what is the Lagrange error bound for the
maximum error on the interval [0,2]?
(A) 0.028 (B) 0.113 (C) 0453 (D) 0499  (E) 0.517
Ans

Copyright 2013 Venture Publishing
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EXAM I Section 1 Part B Multiple-Choice

6. Ifff(x)-cosxd_x = f(x)-sin x - f6x-sin xdx,then f(x) could be

(A) =253
(B) 2x°

(C) -3x2
(D) 3x2
(E) x sin x

Ans

17. Which of the following statements are true?

I. If the graph of a function is always concave up, then the left-hand Riemann sums with the
same subdivisions over the same interval are always less than the right-hand sums.

b
II. If the function f is continuous on the interval [q, b] and f f(x)dx = 0, then f must
a

have at least one zero between a and b.
III. f'(x)>0 forall x in an interval, then the function f is concave up in that interval.
(A) I only
(B) II only

(C) III only
(D) II and III only

(E) none

Ans

Copyright 2013 Venture Publishing
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EXAM 1
CALCULUS BC
SECTION 11, PART A
Time-30 minutes
Number of problems-2

A graphing calculator is required for some problems or parts of problems.

Before you begin Part A of Section 11, you may wish to look over the problems before starting to work on

them. It is not expected that everyone will be able to complete all parts of all problems and you will be able to
come back to Part A (without a calculator), if you have time after Part B. All problems are given equal weight
but the parts of a particular solution are not necessarily given equal weight. ’

You should write all work for each problem in the space provided. Be sure to write clearly and legibly. If you
make an error, you may save time by crossing it out rather than trying to erase it. Erased or crossed out work

will not be graded.

SHOW ALL YOUR WORK. Clearly label any functions, graphs, tables, or other objects you use. You will
be graded on the correctness and completeness of your methods as well as your final answers. Answers without

supporting work may not receive credit.
Justifications require that you give mathematical (noncalculator) reasons.

You are permitted to use your calculator in Part A to solve an equation, find the derivative of a function at a
point, or calculate the value of a definite integral. However, you must clearly indicate in your exam booklet the
setup of your problem, namely the equation, function, or integral you are using. If you use other built-in
features or programs, you must show the mathematical steps necessary to produce your results.

Your work must be expressed in mathematical notation rather than calculator syntax. For example,
5
fxz dx may not be written as fnlnt(X'z, X, 1, 5).

Unless otherwise specified, answers (numeric or algebraic) need not be simplified.

If you use decimal approximations in your calculations, you will be graded on accuracy. Unless otherwise
specified, your final answers should be accurate to three places after the decimal point.

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

THE EXAM BEGINS ON THE NEXT PAGE
PLEASE TURN OVER



%0 EXAM I Section I Free-Response

1.

— ladder is 1 foot from the wall,
A 13 foot ladder is | against a wall so that the foot of the _ |
A gust of windc::alflsisant}l;glagder to begin sliding down the wall. The motion of the top of
the ladder as it slides down the wall is described by

y =-161% + 05 + V168, where ¢ is measured in seconds.

(@) When does the top of the ladder reach the ground?

(b) Determine the velocity of the end of the ladder that is resting on the ground when it
1s 5 ft from the wall. Indicate units of measure.

Copyright 2013 Venture Publishing
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ULy

U

Suppose that f(0)=3and " is the function shown below. Let g(x) = (x2+ 1) f(x).

1

(a) Eva]uate g'(O). o : > ‘ f

?‘:I

U

(b) Is g increasing, decreasing or neither at x =1? v
Justify briefly.

(c) Estimate g"(0). i i VP 2

(d) Is the graph of g concave up or concave down at
x = 1?7 Justify briefly.
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U
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-2 EXAM I Section Ul

Free-Response

Time - 60 minutes
Number of problems - 4

A graphing calculator may NOT be used on this part of the examination.

* Duning the timed portion for part B, you may go back and continue to work on the problems

3. The graph of the polar curve r = 2 —cos @ for 0s6 < 2n.
is shown in the figure.

(a) Write an integral expression for the area of the region
inside the curve.

(b) Write expressions for ?‘d% and % in terms of 6.

(c) Find % as a function of . L -
(d) Write an equation in terms of x and y for the line tangent

to the graph of the polar curve at the point where 6 = Z-.
Show the work that lead to your answer.

Copyright 2013 Venture Publishing
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No Calculators

EXAM I Section IT

2 4 6 2
. . - . 1 L :E— ~ i— (___l)n x n
4. The Maclaurin Seres for f(x) is given by 21 a1 6! 8! Tk (2n + 2)!

(a)
(b)

(©)

(d)

For what values of x does the given series converge?

\
Let g'(x)= 1-x2- f(x). Write the Maclaurin series forg'(x), showing the first three
nonzero terms and the general term.

Write g'(x) in terms of a familiar function without using series. Then write f(x) in
terms of the same familiar function.

Given that g(0) = 3 write g(x) in terms of a familiar function without series.

Copyright 2013 Venture Publishing
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EXAM I Section IT Free-Respons

for t=0.

1 _
5. A curve Cis defined by the parametric equations FR— and y =-—

(@) Find % in terms of .
(b) Find an equation of the tangent line to C at ¢= 3.

(c) Set up but do not evaluate a definite integral representing the length of the curve C on the
interval 0szs 1. :

(gi) Find an equation for the curve C in terms of x and y.

Copyright 2013 Venture Publishing
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No Calculators EXAM [ Section II 25

6. A population is modeled by a function P that satisfies the differential equation
%i—’ =k(1200 - P), where ¢ is time in years and k is the constant of proportionality.

When t = 0, the population is 300, P(0) = 300.
(a) Find P(¢) in terms of f and k.

(b) If P(4) =600, find the value of £.

(¢) Find lim P(7).,

Copyright 2013 Venture Publishing
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EXAM II
CALCULUS BC
SECTION 1 PART A
Time-55 minutes
Number of questions-28

A CALCULATOR MAY NOT BE USED ON THIS PART OF THE EXAMINATION

Directions: Solve each of the following problems, using the available space for scratchwork. After examinin
the form of the choices, decide which is the best of the choices given and fill in the box. Do not spend too muchg
time on any one problem.

In this test:

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

(2) The inverse of a trigonometric function f may be indicated using the inverse function notation b ' or with th
[ " LT e 2 ©
prefix “arc” (e.g., sin e aresinx ),

1
1. fxe"‘2 dx
0

A)3e-1)  (B) 2e-1) (©) 2e ) e (E)

N |

2. If f(x) = x% -1, then lim L&E*D-SQ) .

x—>] X -.—} \

A) 0
A) (B)‘ 1 ©) 2 (D)3 (E) nonexistent

Ans

Copyright 2013 Venture Publishing
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dy

3. Ifcos x = ¢ and 0 <x <um, then Zx—is

/

\

(A) —tanx
(B) -cotx
(C) tanx
(D) cotx
(E) cscx

Ans

If y= Arcsin(e?¥), then % =

2x
2e
() y
1 g%
e2x

B

2x
1
5. If = ——
A f(x)_ '2[ Ve + 1

dt, then f'(1)=

(A) 0 ®) 3% © %

(D) V2

(E) undefined

Copyright 2013 Venture Publishing



’ 28 BC EXAM II Section I Part A Multiple-Choice

6. Which of the following represents the graph of flie;polbromss: resSosctd

(A) ® “ A
3 2 3
2 : i
1 ¥ > : :
e -

\
4
I
N
—_—
Y

Ans

7. If g(x) = tan’(e¥), then g'(x)=
(A) 2¢” tan(e*)sec?(e*)
(B) 2tan(e*)sec®(e¥)
(©) 2tan?(e*)sec(e™)
D) &* sec?(e*)
(E) 2¢* tan(e*)

~ Ans

1
5 © 0 D) ® 1

DI =

Copyright 2013 Venture Publishing
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9. The coefficient of x* in the Taylor series for f(x)= J: %’-dt about x=0 is

(a) -1 (B) - © ¢ ®) (E) 1

10. Fand G are two functions whose derivatives exist for all real x; F'(x)<0 and G'(x)>0 for
all real x. Which of the following could be true about the graphs of y = F(x) and y = G(x)?

I. they do not intersect II. they intersectonce  III. they intersect more than once
(A) Ionly (B) II only (C) Il only (D) Iandllonly (E) II and I1I only

11. The length of the curve determined by the parametric equations x =sin f and y=¢ from
t=0to t=m is

11
@ [ cos’t +1 dt
0

14
®) [ sin¢+1 dt
0

n
©) f\/cos t+1 dt
0

(D) f«/sin t+1 dt
0

T
(E) f«/l—cos t dt
0

Ans

Copyright 2013 Venture Publishing
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30 BC EXAM Il Section I Part A

f-o-s—(—z?-——l , for x=0
12. Let the piecewise function f be defined by f(x) = x ;
m , for x=0

Determine a value for m so that the function fis continuous at x = 0.

(A) -2 (B) -1 ©) 0 (D) 1 (E) 2

Ans

13. The slope of the line tangent to the graph of In(x + y) = x? at the point where x=1 is
A) o (B) 1 C) e-1 D) 2e -1 (E) e -2

Ans

14. Atx =0, which of the following is true of the function f(x)=sin x + ¢™* ?

(A) f isincreasing

(B) f is decreasing

(C) f is discontinuous

D) The graph of f is concave up
(E) The graph of f is concave down

Ans

Copyright 2013 Venture Publishing
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ntl (- 3"
2n + 1 e

00
15. The radius of convergence of the series 2
n=l1

(A) 4
(B) 3
© 2
D) 1
(E) 0
Ans

\
- |

16. A particle moves along the curve x2 y =2 attime ¢>0. If —C%= 8 when x=-1, what is the

value of % at that time?

A) -2 B) -1 (C) 0 D) 1 (E) 2

Ans

b b
17. If f f(x)dx = 3 and f g(x) dx = 2, which of the following must be true?
a a

I. f(x)>g(x) foralla sx s b

I [[f(x) - gx)]dx =1

b
IIL. f[f(x)-g(x)]dx =6
(A) Ionly (B) II only (C) III only (D) II and IIT only | (E) L 11, III

Ans

Copyright 2013 Venture Publishing
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32 BC EXAM I Section I Part A Multip

2 and y =1In ¢ for t> 0. The slope of

=

18. Consider the curve in the xy-plane represented by x

the line tangent to the curve at the point where x = 1 is

(A) -1 (B) ‘2"‘ (C) 0 (D) ;7 ® 1

Ans

19. If %= xy?, then y could be

-1
x2+1

1
B)——+1
x2

(A)

-2
+ 1

C
©

(D) 3ex2/2
(E) 3612/2 +1
Ans

x
20. fx+2 dx

(A) xInjx+2[ + C
(B) x+2 Injx+2| + C
(©) x-2Inx+2| + C
(\D) x— Inx+2| + C
(E) x— Arctanx + C

Copyright 2013 Venture Publishing
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21. Let f bea function with f(2) =4 and derivative f'(x) = w/x3 + 1. Using a tangent line

approximation to the graph of f at x =2, estimate f(2.2).
(A) 4.0 (B) 4.2 (C) 44 (D) 4.6 (E) 4.8

Ans

, the x-axis, the line x =m and the

22. Aregion in the plane is bounded by y= T
x
line x=2m where m> 0. A solid is formed by revolving the region about the x-axis. The

volume of this solid

(A) is independent of m
(B) increases as m increases

(C) decreases as m increases
(D) increases until m = %, then decreases

(E) is none of the above

Ans

Copyright 2013 Venture Publishing
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23. 1 i :
fa particle moves in the xy-plane so that at time ¢> 0 its position vector is

; 7
<sm(3t - E)’ 3t2>, then at time ¢ = Zﬁ the velocity vector is

(A) -3, 3m) (B) -1, 3m) (C) (-1, 2m) (D) (3, 2m) (E) @3, 3m)
Ans

24.  Which of the following series converge?

o0 1 =
iy IL 1
“~2n+1 L z 4n® L 2

(A) Ionly

(B) II only

(C) UI only

(D) Iand II only

(E) II and III only
Ans

X
25. Fand G are differentiable functions such that F(x) = f G(t)dt. If F(a) =3 and
0

F(b) =3, where 0<a<b, which of the following must be true?

(A) G(x)=0 for some x such thata <x<b
(B) G(x)=0 for all x such thata <x<b
(C) G(x)>O0forallxsuchthata<x<b
(D) F(x)=0 forall x such thata <x<b

(E) F(x)=0 for some x such thata <x<b
Ans

Copyright 2013 Venture Publishing
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1

26. fxe'xdx =
2 2 2 y _ 2
A) 1 B 1-3 © g -1 ®) 1+ 2 (E) -3
Ans
27. Ifthe average rate of change of a function f over the interval from x=2tox=2+h is
given by 7e" —4 cos(2k), then f'(2) =
(A) -1 (B) 0 © 1 D) 2 (E) 3
Ans
28. The slope field sh in the fi t the right
e slope fie .sownm e.gur.ea e.ng ' e P LT
represents solutions to a certain differential equation. VAV B
Which of the following could be a specific solution to e Il
. . . e Fmad A A A f
l7
that differential equation ? g P T
_-x S PP A N I N
(A) y=e N ==Frz e 011
By seesin 7/ 01011
(B) y=sin x NN
©) y=+x 1
(D) y=Inx

/,(Ej }=e0.5x
S

Copyright 2013 Venture Publishing
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Directions: Solve each of the following problems, using th 3
the form of the choices, decide which is the best of the choices given and fill in th

EXAM 1I
CALCULUS BC
SECTION I PART B
Time-50 minutes
Number of questions—17

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

e available space for scratchwork. After examining
e box. Do not spend too much

time on any one problem.

In this test:

¢))

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 f is assumed to be the set of all real numbers x for

@
which f(x) is a real number.
(3)  The inverse of a trigonometric function f'may be indicated using the inverse function notation f~ ! or with
the prefix “arc” (e.g., sin_x = arcsinx),
1. Let f(x)=(1+x)". The Taylor polynomial of degree 2 for the function / about x =0 is
2 2
A) l+x-x* B 1+5+% (O 1+3-%
(D) 1+ -3’£ + lgi (E) None of the above.
Ans
2. Which of the following are true about the function f if its derivative is defined by
f(®) = (x-1)°(4-x) ?
I. f is decreasing for all x <4.
II.  f has a local maximum atx = 1.
III. The graph of f is concave up forall 1 <x<3
(A) Ionly
(B) II only
(C) III only
(D) II and III only
Ans

(E) L II and I

Copyright 2013 Venture Publishing
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Calculators
4% at the point (1, 2) forms a right

A tangent line drawn to the graph of y = l__+_;3_

3.
triangle with the coordinate axes. The area of the triangle is
(A) 3.0
(B) 3.5
(C) 4.0
(D) 4.5
(E) 5.0
Ans
4.  The graph of the second derivative f" for a function f is shown below.
N
TR
If f is increasing at x = —1, which of the following statements must be true?
I. f'2Q)=f'(4) 1. f'(4)> f'(-1) III. f'(4)>0
(A) Ionly (B) II only (CllandIlllonly (D) IandIllonly (E) I, II and III
Ans
5.  Suppose a particle is moving along a coordinate line and its position at time ¢ is given by

2
s(t) = 29t 5 For what value of ¢ in the interval [1, 4] is the instantaneous velocity
tc +
equal to the average velocity?

(A) 2.199 (B) 2.209

(C) 2.219 (D) 2.229 (E) 2.239

Copyright 2013 Venture Publishing
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X
6. If f(x) = :\%FT and g(x) = —'.,xT_i' , then f'(x)=g'(x) at x=
.

(A) 0.563 (B) 0.565 (C) 0.567 (D) 0.569 (E) 0.571

Ans

7. A graph of the function f is shown at the right.
Which of the following statements are true?

L D> /0)

2
I [f(x)dx > f'(3.5)
1 s T e e e i
lim f2+0)-f2) _ f2.5)-f2) . -
h—0 h 25-=2

(A) Ionly (B) only (C) IandII only (D) TandIlIonly (E) I, II and III
Ans

II1.

8. Which of the following three improper integrals converge?

1

tf—ly e n (La m. [ dx
'-{l+x2 ’ '-!‘xz '{x

(A) II only

(B) Iand II only
(C) Iand III only
(D) II and III only
(E) I, I and III

Ans
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Calculators EXAM Il SectionI Part B 39

The proportion of students that have heard a rumor at time # is modeled by the function P that
satisfies the logistics differential equation %'Ilt—)' 3P(3 - 2P). What proportion of the student

population has heard the rumor when it is spreading the fastest?

(A) 25% (B) 40% (C) 50% (D) 60% ®) 75%

Ans

e 2
10. If the graph of y = f(x) contains the point (0, 1), and if % % BIET) , then f(x)=

(A) 2 cos(x?)
(B) V2 —cos(x?)
(C) 2 —cos(x?)
(D) cos(x?)
(E) v2-cosx
. Ans

2

X
11. If g(x) = f(tz + 7)%3 a1, then g"(1) =
0

(A) 5 B) 4 © 2 D) 2 ®) 8

Copyright 2013 Venture Publishing
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40 EXAM II Section I Part B

4x? 8x> 16x*

+ + 4+ oee
2! 3 4!

12. The graph of the function f represented by the Maclaurin series 1+ 2x +

intersects the graph of y =2 — x> at the point where x =

(A) 0.182 (B) 0337  (C) 0.587 (D) 0.799 (D) 0.989

13. The figure at the right shows the graph
of f', the derivative of a function f. The

domain of f is the interval 4 <x s 4.
Which of the following must be true about N
the graph of f? ’ \

I. At the points where x =-3 and x =2 ,
there are horizontal tangents. graph of the derivative of §

II. At the point where x = 1 there is a relative
minimum point.
III. At the point where x =3 there is an
inflection point.

(A) None (B) I only

- 1> w

e
e
»

(2]
—

(C) III only (D) II and III only (E) I, I and III

Ans

Copyright 2013 Venture Publishing



Calculators EXAM Il Sectionl Part B 41

14. The volume of the solid generated by revolving the first quadrant region bounded by the
curve y = ¢*’/2 and the lines x=1In3 and y =1 about the x-axis is
(A) 2.802 (B) 2.832 (C) 2.862 (D) 2.892 (E) 2.922

15. Letf be a function such that f and all its derivatives are continuous and the third derivative of
f satisfies the inequality |f"(x) = 10]. If a second degree polynomial for f about x =1 is
used to approximate f{1.4), what is the corresponding Lagrange Error Bound?

(A) 0.027 (B) 0.107 (©) 0.213 (D) 0.533 (E) none of these

Ans

Copyright 2013 Venture Publishing
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g ich of the
16. Ifthe function f is differentiable on the interval [a, b] and a<c<b, which o
following statements are true?

b c b
L ff(x)dx = [flx)de + [f(x)dx
e ‘ ¢ b)— f(a)
II. There exists a number d in (a, b) such that f'(d) = L b)-_f;a

HI. lim f(x) = _f(c)
> s 4 44
(A) Ionly (B) Il only (C) Iand II only (D) I and III only (E) LI, 1II

Ans

17.  The conical reservoir shown at the right _— =
has diameter 12 feet and height 4 feet. f
Water is flowing into the reservoir at the I
constant rate of 10 cubic feet per minute. — _—
At the instant when the surface of the
water is 2 feet above the vertex, the water

level is rising at the rate of 1 5
V = 3 nR*h

(A) 0.177 ft/min
(B) 0.354 ft/min
(C) 0.531 ft/min
(D) 0.708 ft/min

(E) 0.885 ft/min
Ans
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EXAM II
CALCULUS BC
SECTION II, PART A
Time-30 minutes
Number of problems-2

A graphing calculator is required for some problems or parts of problems.

Before you begin Part A of Section II, you may wish to look over the problems before starting to work on
them. It is not expected that everyone will be able to complete all parts of all problems and you will be ab!e to
come back to Part A (without a calculator), if you have time after Part B. All problems are given equal weight,

but the parts of a particular solution are not necessarily given equal weight,

You should write all work for each problem in the space provided. Be sure to write clearly and legibly. If you
make an error, you may save time by crossing it out rather than trying to erase it. Erased or crossed out work

will not be graded.
SHOW ALL YOUR WORK. Clearly label any functions, graphs, tables, or other objects you use. You will
be graded on the correctness and completeness of your methods as well as your final answers. Answers without

supporting work may not receive credit.
Justifications require that you give mathematical (noncalculator) reasons.

in Part A to solve an equation, find the derivative of a function at a

point, or calculate the value of a definite _integral. However, you must clearly indicate in your exam booklet the
setup of your problem, namely the equation, function, or integral you are using. If you use other built-in
features or programs, you must show the mathematical steps necessary to produce your results.

pressed in mathematical notation rather than calculator syntax. For example,

You are permitted to use your calculator

Your work must be ex
5

2 .
fx dx may not be written as ntnt(Xz,X, 1, 5).

Unless otherwise specified, answers (numeric or algebraic) need not be simplified.

you will be graded on accuracy. Unless otherwise

If you use decimal approximations in your calculations,
places after the decimal point.

specified, your final answers should be accurate to three

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

S (x) is a real number.

THE EXAM BEGINS ON THE NEXT PAGE
PLEASE TURN OVER



EXAM II Section II Part A Free Response

A particle moves along a line in such a way that at time 7, 1 = ¢ < 8, its position is given by
t

s(?) = f [1- x(cos x)— (In x)(sin x)] dx.
1
(a) Write a formula for the velocity of the particle at time 2.
(b) At what instant does the particle reach it maximum speed?
(c) When is the particle moving to the left?
(d) Find the total distance traveled by the particle from =1 to t = 8.
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EXAM I Section Il Part A

2. The following table represents the diameter (feet) of the cross section of a tree at various
heights (feet) above the ground. Assume that each cross section is circular.

[Height (1)

2

0

10

13

18

22

26

30

| Diameter (fi.)

2.0

2.0

2.0

1.8

1.6

1.5

1.3

1.2

(a) Approximate how fast the diameter of the tree is changing 22 ft. above the ground.
Indicate units of measure.

(b) Use the trapezoid rule to approximate the volume of the tree from 14 ft to 30 ft above the

ground. Indicate units of measure.

(c) The section of the tree from 2 feet to 8 feet is
6 feet. The strength of the beam varies joint]
What should be the width and height of the b

used to make a rectangular beam of length
y as its width and the square of its height.
eam in order to have the strongest beam?

Copyright 2013 Venture Publishing
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48 EXAM II Section Il Part B Free Respo

Time - 60 minutes
Number of problems - 4

A graphing calculator may NOT be used on this part of the examination.

* During the timed portion for part B, you may go back and continue to work on the problems

k .
3. Letfunctions f and g be defined by f(x)=x and gx)=x+ pr where £ isa
positive constant.

(@) Find the average value of g on the interval [1,3] if k=2.

(b) If R is the region between the graphs of f and g on the interval [1, 3], find in terms
of &, the volume of the solid generated when R is rotated about the x-axis.

(c) Set up but do not evaluate an integral expression in terms of k for the volume of the solid
generated when R is rotated about the horizontal line y=-2.

Copyright 2013 Venture Publishing
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Let f be a differentiable function such that f” is continuous and f and f’ have the

values given in the table below.
x 0 1 2 3 4 5

f(x) 1 17 3 8 9 11

flx)| 25 21 19 15 13 -2

Use the information in the table to

4.

(a) approximate f"'(x) at x = 2.
2

(b) evaluate [ x/"(x")dx
0

3
(c) evaluate f xf"(x) dx
1

Copyright 2013 Venture Publishing



8 EXAM Il Section Il Part B Free Response

5. Let f be the function defined by f(x)=xe™®, where % is a positive constant.

(a) Find, in terms of k, the x-coordinate of each critical point of f.

(b) For each critical number x, determine whether f(x) is a relative maximum, relative
minimum, or neither. Justify your answer.

(©) On what interval(s) is the graph of " concave up?
(d) Write an equation of the horizontal asymptote for the graph of f.

Copyright 2013 Venture Publishing
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No Caleulators EXAM II Section I Part B

6. Let f be the function defined by 7(x) = In(x + 1).
(@ Find f7(0) for n=1ton=3, where f™is the nth derivative of .

(b) Write the first three nonzero terms and the general term for the Taylor series expansion
of f(x) about x = 0.

(¢) Determine the radius of convergence for the series in part (b). Show your reasoning.

0.5
(d) Use the series in part (b) to evaluate f Jf(x) dx with an error no greater than 0.01.
0

Copyright 2013 Venture Publishing
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EXAM 1II
CALCULUS BC
SECTION I PART A
Time-55 minutes
Number of questions—28

A CALCULATOR MAY NOT BE USED ON THIS PART OF THE EXAMINATION

Directions: Solve each of the following problems,
the form of the choices, decide which is the best of
time on any one problem.

In this test:

using the available space for scratchwork. Afier examining
the choices given and fill in the box. Do not spend too much

(1) Unless otherwise specified, the domain of a function S is assumed to be the set of all real numbers x for which
J(x) is a real number.
(2) The inverse of a trigonometric function fmay be indicated us

ing the inverse function notation /™ or with the
prefix “arc” (e.g., sin"'x = arcsinx),

I. A particle moves on the x-axis in such a way that its

position at time #, #> 0, is given by
x(t) = (Inz)’. At what value of ¢ does the velocity o

f the particle attain its maximum?

A1 (B) el2 © e (D) e32 (E) €2
Ans
1
2. Which of the following is equal to f cos x dx ?
0
n n/2 n/2
(A) fsinxdx (B) fcosxdx v (C) fsinxdx
0 -7/2 -n/2
2n 3n/2
(D) (sin x dx (E) fcos x dx
n n/2
Ans

Copyright 2013 Venture Publishing
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3. A solution to % e that goes through the point (1, 1) is
xy

@

(B) V2 1Inx +1
(C) V2Inx+1
(D) VInx+1

Ans

At the right is the graph of y = f"(x), the derivative '-f‘ =% A
of y= f(x). The domain of f is the interval R EE R L b
-3 s x = 3. Which of the following must be true - \ R B / B

about the graph of f?

I. f isincreasing on -3 <x<-2. i =% e eXE o 2

II. The graph of f is concave down on -3 <x <-1. . m O g i _'-_24 Wb

III. The maximum value of f(x) on the interval J LN I SN W B
-3<x<2is f(-3).

(A) Ionly (B) IIonly (C) III only (D) Iand II only (E) II and III only

51

Ans
+00 1
-[ x(In x)? &
@1 ®) -1 ©) e D) 1 (E) divergent
Ans

Copyright 2013 Venture Publishing
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i ?
: x=2) . is the interval of convergence
6.The radius of convergence of the series Z — is 1. What is

(A) ~1<x<l1
(B) -3<x<l
(C) I<x<3
(D) 1<x=s3
(E) 1sx<3

Ans
7. Suppoée a population of bears grows according to the logistic differential equation
‘2—1: = 2P 0.01P?
where P is the number of bears at time ¢ in years. Which of the following statements
are true?
I. The growth rate of the bear population is greatest at P = 100.
IL. If P> 200, the population of bears is decreasing.
I11. tl_i’rrolo P(t) = 200
(A) Ionly
(B) I only
(C) I'and ITT only
(D) II and IIT only
(B) L M and 11
Ans
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1/2 2

8. The substitution of x = sin@ in the integral f T——- dx, results in

/6

102 .29 vz 5
(A) f LAY . (B) f sin“ @ dé © fsm 6 de
cos @ 0

n/3 1/2 9

(D) [ sin’6 d6 (E) f et S
0
Ans
9. Let f and g be functions whose derivatives exist for all real numbers, with g(x) = 0 forx = 0.
If lim f(x)=0 and lim g(x)=0 and lim f'(x)=6and lim g'(x) =2, then m S
x—=0 x—0 x—0 0 g(x)

(A) O
B) 1
© 3

f'(x)
D) ===

g'(x)
(E) nonexistent

Ans
10. The slope of the tangent line to the graph of y= Arc tan% at the point (2, Z)

1 1 1 1 :

A) 1 ®B) 5 © z D) 3 B 1
Ans

Copyright 2013 Venture Publishing
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d -
11. If—y=3SI?x s (heny==

secT x

(A) Infcos x|+ C
(B) secx +C

(C) cos’x +C
(D) -3cos’x +C

(E) —cos3x +C

12. Consider the set of all right circular cylinders for which the sum of the height and the diameter
is 18 inches. What is the radius of the cylinder with the maximum volume?

(A) 2 (B) 3 ©) 4 ® 5 (E) 6

Ans

13. The total area of the region enclosed by the polar graph of » =1+sin# is
A) 5
(B) n
3
© 3
(D) 2n
Sr
(E) 5

Ans

Copyright 2013 Venture Publishing
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given by

14. The acceleration of a particle moving along the x-axis at any time 20 is
-f At t=0 the velocity of the particle is —2 and its position is 3. The position

a(t)=1+e¢

of the particle at any time t is
12

(A) ?— t+e’+ 2

12
(B) . Jt+e’+ 2

(©) -t—z-—t—e"+2
2

t2
(D) e 3t—et+ 2

() P—t+e'+2

Ans

15. Which of the following integrals gives the length of the graph of y=tan x between x=a

and x =b, where 0<a<b<§?

(A)} xZ +tan? x dx

(B) }m dx

© }\/H sec? x dx
a

(D) }\/l + tanx dx
a

(E) }«/1 + sectx dx
a

Ans

Copyright 2013 Venture Publishing
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7, dv .
16. If vrsin(uz—l) and u=vx? +1, then = is

. cos(x?)
A
A =
xcos(.rz)
B
G 2Jx2+1
2
xcos(x“ -1)
©C) —/——
Vx? +1
(D) 2xcos(x?)
(E) cos(x?)

17. The function f is continuous at the point (¢, f(c)). Which of the following statements
could be false?

(A) lim f(x) exists  (B) lim f(x)= f(c) © lim f(x)= lim f(x)

X—>C xX—>C X—>C

D) f(c) is defined (E) f'(c) exists

Ans

18. The area of the region in the first quadrant under the curve y = J__172 bounded on the left
1-x

by x=il- and on the right by x=1 is

(E) none of these
Ans

Copyright 2013 Venture Publishing
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19. The function f is defined by f(x)= 3x2 —x>+h . For which values of 4 will f have
three distinct zeros ?

(A) all h>4
(B) 0<h<4
(C) all k<0
D) -4<h<0

(E) all <-4
Ans

57

20. Letf be a function that has derivatives of all order for all real numbers. Assume

f(0)=5, f'(0)=-3, f"(0)=1and f"(0)=4. Then the coefficient of x’ in the Taylor

series for fabout x =0 is

1 2
(A) -3 B) > © 3 (D) 1 (D) 4
Ans
21. Every cross section perpendicular to the axis of a

container is a circle. Water is flowing into the container

-
at a constant rate. A graph of the depth of the water as a &
function of time is shown at the right. Which of the =
following best describes the profile of the container?

time

Y (5¢> MO

Copyright 2013 Venture Publishing
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28 BC EXAM Il SectionI PartA

22. The sales of a small company are expected to grow at a rate given by
= =300t +£"2 4 £¥2 where S(¢) is the sales in dollars in # days. The accumulated sales

dt
from the first day through the fourth day is approximately

(A) $2400
(B) $2406
(C) $2412
(D) $2418
(E) $2424

X
. [t
23. If F(x)= f 4t sm( 5) dt , then an equation of the line tangent to y = F(x) at the point
n/2

where x = 25 is

A) 2x—-my—-m=0
(B) 2x—-2y-m=0
©) 2m-2y-a* =0
(D) mx—2y-m*=0

(E) m—-y-n=0
Ans
£ SCCZX
24, If f —— —  dx = In 2, then the value of k£ is
) 1 + tan x
T A T
@Az ®) 7 © 3 (D) 5 E) n
Ans

Copyright 2013 Venture Publishing
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No Caleulators
25. A conical tank is being filled with water at the rate of
16 f*/min. The rate of change of the depth of the

water is 4 times the rate of change of the radius of the
water surface. At the moment when the depth is 8 ft
and the radius of the surface is 2 ft, the area of the

surface is changing at the rate of

(A) ,lt f2/min

(B) 1 ft¥min 1.2
Volume of Cone = 37r°h

(C) 4 fi%/min
(D) 4n ft%/min
(E) 16x fi2/min

Ans

&y and »(0)=0. An approximation of y(1) using

26. Given the differential equatio
Euler's method with two steps and step size Ax =0.5 is

© 3 ®) ; ® 5

A) 3 ®) ;

Ans

Copyright 2013 Venture Publishing
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27. 1‘\1 slope field for a differential equation
<%= f(xy) is given at the right. Which :::::E:::a
of the following could be a solution ? Sl ol ol g o P gl il pl®
(B) y=2-1 VA A A A P AP A A AR
; LAt
©) y=2-¢€ PN N B W A
D) y=2-¢
(E) y=2+e*
Ans
28. fxezxdx=
@) 7 F@x-1n+cC
B) ye¥@x-D+C
© Fe¥(@x-D+cC
(D) %ezx(x—1)+C
(E) ;i—ezx(x—l)+C
Ans

Copyright 2013 Venture Publishing
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EXAM 11
CALCULUS BC
SECTION I PART B
Time-50 minutes
Number of questions—-17

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

ve each of the following problems, using the available space for scratchwork. After examining

Directions: Sol
:pe form of the choices, decide which is the best of the choices given and fill in the box. Do not spend too much
Ime on any one problem.

In this test:
The gxact numerical value of the correct answer does not always appear among the choices given. When this

(1)
5 happens, select from among the choices the number that best approximates the exact numerical value.
(2)  Unless otherwise specified, the domain of a function £ is assumed to be the set of all real numbers x for

which f(x) is a real number.
(3)  Theinverse ofa trigonometric function f may be indicated using the inverse function notation G 1 ! or with

““ » s =] .
the prefix “arc” (e.g, sin” x = arcsinx),

1. Which of the following must be true about a particle that starts at #=0 and moves along a
number line if its position at time ¢ is given by s(¢) = (t—2)°(¢—6)?

I. The particle is moving to the right for ¢> 5.
II. The particle is at restat =2 and r = 6.
ITI. The particle changes direction at #= 2.

(A) Ionly (B) Il only (C) III only (D) Iand III only (E) none

Ans

X
2.  The approximate average rate of change of the function f(x)= f sin(tz) dt over the
0

interval [1, 3] is
(A) 0.155 (B) 0.232

(C) 0.309 (D) 0.386 (E) 0.463

Ans

Copyright 2013 Venture Publishing
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EXAM Il Section! Part B Multiple-Choice

1
B e
(A) -zl-ln,l—s/:x_l-bc
(B) 2l - x|+ C
(C) 41-+x +C

(D) —21n}1—J§}+c
(E) none of these

Let R be the region in the first quadrant that is enclosed by the graph of f(x) = lp(x +1),
the x-axis and the line x =e. What is the volume of the solid generated when R is rotated

about the line y=-1?
(A) 5.037 (B) 6.545 (C) 10.073 (D) 20.146 (E) 28.686

is

_ _’:M x3+8 dx
(A) 0

(B) 1

© 3

(D) 242

(E) nonexistent

Ans
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Calculators EXAM III Section] PartB

3 - - - :
. emele

6. A graph of the function g is shown in
the figure. If the function % is defined
by &(x)=g(x?), use the graph to
estimate 4'(2).

(A) -8 (B) —4 ©) -2

7. Let f be a function having 5 derivatives on the interval [2, 2.9] and assume that

lf( s)(x)f = 0.8 for all x in the interval [2, 2.9]. If the fourth-degree Taylor polynomial for f

about x = 2 is used to approximate fon the interval [2, 2.9], what is the Lagrange error
229

bound for the maximum error on the interval [2,2.9]?
(A) 0.004  (B) 0.011 (C) 0022 (D)0.033 (E) 0.044

Ans

8.

......

A function f'is defined on the closed interval :
~4 s x s 4. The graph of f”, the derivative of £, is | . L
shown at the right. If the graph of f” has horizontal )\ ) 70 . S S
tangents at x =-2 and x = 1, which of the following AN L/ A Y R
must be true about the original function f'? bl s U R O W i

I.  f isincreasing on the interval (-2, 1).

II.  f is continuous at x = 0.
III.  The graph of £ has an inflection point at x = -2, The dervative off
(C) 1T only (D)MTand Ul only  (E) I, Il and 111

(A) I only (B) I1 only
Ans

Copyright 2013 Venture Publishing
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A curve is defined parametrically by x = ¢’ and y=2¢”'. Anequation of the tangent line

9.
tothecurveat r=1In2 is

(A) x-2y+3=0
(B) x+2y—-4=0
(C) x+2y-5=0
D) x-2y-4=0
(E) 2x+y~5=0

2
10. If x? -2 =25 then i%_—_
dx

(A) = S
)~ ®) ©) —;—3 ®) -3
y y

Ans

Copyright 2013 Venture Publishing
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Calculators EXAM Il Section I Part B
11. Which of the following series are convergent?
1 1 1
1 = T
1+22+32+ +nz +
II. 1 - J‘- e _1. - i ('—_an +
- 3 n
11 8 27
2 +1 +9+...+nz + ...
(A) Tonly
(B) Il only
(©) Tand II only
(D) I and I1I only
(E) I, I1 and 111
Ans
. glx+h)—go(x 2
12, 1If hll_r;no 13 8x) _ xxgl, then g(x) could be equal to
-3 <3 x% -1 2 -2
(A) x (B) —2x () D) x-x (B) 1+x
¥
Ans
13.  Two particles move along the x-axis and their positions at time 0 <¢ = 2m are given by

Xy =cost and xp = e"3Y2 _0.75. For how many values of ¢ do the two particles have
the same velocity?

(A) 0
(B) 1
(C) 2
D) 3

(E) 4
Ans

65
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4
14.  Ifalefi Riemann sum overapproximates the definite integral f f(x)dx and a trapezoid sum
1]

4

underapproximates the integral f J(x)dx , which of the following could be a graph of y = f(x)?
0

(A)

D)
Ans
2 3
15. The radius of convergence of the series x + 22-— -+ 6% + 00 4 L 400 08
2 3 n"
(4) (B) ¢ ©e = O3 ®) 0
Ans
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EXAM IIl SectionI PartB

selected values shown in the table below.

X

L1

1.3

1:5

1.7

1.9

J(x)

12

18

21

23

24

tion whose graph is concave down on the the closed interval [1, 2] , with

If /" and f" are defined for all xin [1, 2], which of the following are true?

S'(1.5) < £'(1.7)
IL  10<r'(1.5)<30
o1 f.7) > fU1.7)

) 8

(A) Ionly

(B) I only

(©) Iand I only

(D) Dand M only (E) I II I

Ans

17. A particle moves on the xy-plane so that at time ¢ = 0 its acceleration vector is
~7 . . - . .
<2, e ) When 7= 0, the particle is at rest and its position is (3,3). Att=2 the position of

the particle is
(A) (4,e7)

B) (42+e?) () (7,¢?)

D) (7,2+¢”)

E) (7,4+e?)

Copyright 2013 Venture Publishing
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EXAM 111
CALCULUS BC
SECTION 11, PART A
Time-30 minutes
Number of problems-2

A graphing calculator is required for some problems or parts of problems.
i i i fore starting to work on
*  Before you begin Part A of Section II, You may wish to look over the problems be v
them. I{is notg expected that everyone will be able to complete all parts of all problems and you will be able to

come back to Part A (without a calculator), if you have time after Part B All problems are given equal weight,
but the parts of a particular solution are not necessarily given equal weight.

*  You should write all work for each problem in the space provided. Be sure to write clearly and legibly. If YO‘:‘
make an error, you may save time by crossing it out rather than trying to erase it. Erased or crossed out wor
will not be graded.

SHOW ALL YOUR WORK. Clearly label any functions, graphs, tables, or other objects you use. You.will
be graded on the correctness and completeness of your methods as well as your final answers. Answers without
supporting work may not receive credit.

Justifications require that you give mathematical (noncalculator) reasons.

You are permitted to use your calculator in Part A to solve an equation, find the derivative of a function at a
point, or calculate the value of a definite integral. However, you must clearly indicate in your exam booklet the
setup of your problem, namely the equation, function, or integral you are using. If you use other built-in
features or programs, you must show the mathematical steps necessary to produce your results.

Your work must be expressed in mathematical notation rather than calculator syntax. For example,
5

[xz dx may not be written as fnlnt(Xz, X 1,5).

Unless otherwise specified, answers (numeric or algebraic) need not be simplified.

If you use decimal approximations in your calculations, you will be graded on accuracy. Unless otherwise
specified, your final answers should be accurate to three places after the decimal point.

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

THE EXAM BEGINS ON THE NEXT PAGE
PLEASE TURN OVER

———r— e e N s . s



Calculators

EXAM II Section Il Part A

1.

Consider the following table of values for the differentiable function f.

1.0

1:2

1.4

1.6

1.8

x
J(x)

5.0

3.5

2.6

2.0

1.5

(a) Estimate f7(1.4).

(b) Give an equation for the tangent line to the graph of f at x = 1.4.

(c) What is the sign of f”(1.4)? Explain your answer.
(d) Using the data in the table, find a midpoint approximation with 2 equal subd

1.8

[ f(x)dx.
i0

ivisions for

69
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Free-Response

EXAM HI Section IT Part A

Consider the two curves defined by the equations xy = V2 and x? —)’2 =L

(a) Find the intersection points of the two curves.
(b) Show that the curves have perpendicular tangent lines at their points of intersection.

(c) Find the area of the first quadrant region below both curves from x=1to x=4.

Copyright 2013 Venture Publishing



Cal
ot EXAM Il Section Il Part A

Time - 60 minutes
Number of problems - 4

A graphing calculator may NOT be used on this part of the examination.

During the timed portion for part B, you may go back and continue to work on the problems

. graph of
3. fgt&f be a function defined on the closed interval 4 L
s ~ 5§ with f(1)=5. The graph of f’, the derivative { " VAP A
of £, consists of four line segments.
/ 1
(a) Find £3). T N R

-3

b) For -
(b) For -6 <x <6, find all values of x at which the graph of fhas a point of inflection. Justify.

c : :
(¢) On what intervals is the graph of fboth increasing and concave down?

(d) Let a second function
. g be defined by g(x) = x* —3x—1. Now, if a composite function
H is defined by H(x) = fTg(x)], find H'(4) . ’ 1

71
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EXAM Il Section Il Part A Free-Response

o
1 .
a) Does the series Y ———=— converge? Justify your answer.
’,E_IVZn +:5

© an, _n
b) Determine all values of x for which the series 2 A
n=1

converges. Justify your answer.
n

Copyright 2013 Venture Publishing



No Caleulators EXAM III Section Il Part B 73

5. A particle moves along the x-axis in such a way that its acceleration at time ¢ for 20 is
gl\;en by a(r)=6(2¢+1)"">, When t=4 the position of the particle is 9 and its velocity
is 1.

(a) Write an equation for the velocity, ¥(z), of the particle for all 7=0.
(b) Find the values of ¢ for which the particle is at rest.

(c) Write an equation for the position, s(¢), of the particle for all t=0.
(d) Find the total distance traveled by the particle from ¢=0 to t=4.

Copyright 2013 Venture Publishing



3 EXAM IIl Section Il Part B

Free-Response

6.  Let / be a function whose domain is the closed
interval [0, 5]. The graph of f is shown at theznght.
X

Consider the function 4 defined by h(x) = f Sf@)adr.
0

(a) Show that 4 is an even function.
(b) Find the domain of 4.

(c) Find 4'(2).

(d) Give all values of x for which %(x) is a maximum.

Show the analysis that leads to your conclusion.
(e) Sketcha graph of y = A(x) over its domain.

N
w
-
e

Graph of

Copyright 2013 Venture Publishing
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EXAM 1V
CALCULUS BC
SECTION I PART A
Time—-55 minutes
Number of questions-28

A CALCULATOR MAY NOT BE USED ON THIS PART OF THE EXAMINATION

t?)ir;cﬁons: Solve each of the following problems, using the available space for scratchwork. After examining
; € 1orm of the choices, decide which is the best of the choices given and fill in the box. Do not spend too much
ime on any one problem.

In this test:

1 UﬂleS§ otherwise specified, the domain of a function f is assumed to be the set of all real numbers x for which
JS(x) is a real number.
@) The inverse of a trigonometric function fmay be indicated using the inverse function notation /™ or with the

prefix “arc” (e.g., sin~'x = arcsinx),

75

o«
1. The value of [eFax s
0

(A) -1 (B) 0 (©) é D) 1 (E) nonexistent

Ans

The graph of f(x) = xsinx defined on 0 <x<m has an inflection point whenever

(A) tanxr=-—-Z
X
(B) tanx-g-
%

(C) tanx=x

(D) sinx =x

E) cosx =x
(E) Ans
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76 EXAM IV Section Part A Multiple-Choice

3. The area of the region in the first quadrant bounded by the curve y =+/2x+1 and the
line x=4 is equal to

A) 2
®) 18
© 2%

®)

® %

Ans

(€) 0

() 1

2 x3 x4

; . x :
5.  The interval of convergence for the series x — 5 + 37 +... 1§

(A) —o<x<>
B)) -1<x<l1
©) -1sx<l1
(D) -1<x=s1

(E) -lsx=sl
Ans

Copyright 2013 Venture Publishing
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No Calculators EXAM 1V Section I Part A
d
6. Aslope field for a differential equation D= f(x,y)  0F NN NS NNNANNN
dx N N N N NSNS S
is given in the figure at the right. Which of the  fp——-—-—-—--——-- —/— :
following statements are true? A A
L s AL 7
I. Thevalueof% at the point (3, 3) is yvrsr 27177 /7 /7 /1 1/
approximately 1. Lt b VLT E
L g g p Al SN
II. As y approaches 8 the rate of change of y Yy YsYrry.
approaches zero. [ e

HI.  All solution curves for the differential equation
have the same slope for a given value of x.

(A) Tonly (B) Honly  (C)IandHonly (D) HandWIonly  (E) LIL I

Ans

7. lim (tan(x + h)— tanx) _
h—0 h

(A) secx (B) —secx ©) sec? x (D) —sec? x

(E) does not exist

Ans

77

x2+ 2x+ 9

f 2+ 9 o=

(A) x+~é—Arctan-3x- +C

(B) x'f'-‘:-,‘\rctan-;i +C
(©) x+7In(x*+9) + C
(D) 1+In(x?+9) + C
(E) x+In(x*>+9) +C

Ans

Copyright 2013 Venture Publishing



Multiple-Choice
78 EXAM IV Section I Part A

- s 42 in terms of x 7
9. If y=In(cosx) and O<x<§-, what is :ix—r

(A) tan x
(B) —tan x

(C) sec’x
(D) - sec? x

(E) ~csc? x Ans

10. The graph of f is shown at the right,

Which of the following statements must
be true?

L /0G>5

— N W

2
1I. ff(x)dx > f'(3.5) 4 3
0

¥
~
-

0 3
II1. ff(x)dx = ff(x)dx
1 2

A) Ionly B) I only C) Iand Il only D) II and III only E) L Il and OI1

- Ans

I1.

The base of a solid is the region in the first quadrant bounded by the curve Y =4[sinx

for 0 sx < m. Ifeach cross section of the solid perpendicular to the x-axis is a semi-

circle,
the volume of the solid is

(A) ®) 5 © 7 D) § ® &

Ans
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No Calculators EXAM IV Section I Part A

12. A particle starts at time ¢ = 0 and moves along a number line so that its position, at time
t=0, is given by x(r) = (t-2)(t - 6)3. The particle is moving to the left for
(A) ¢>3
(B) 2<r<6
(C) 3<r<6
D) 0s¢r<3
(E) t>6
Ans

13. fx3lnde=

4
(&) T-@nz-D+c

B xt
) E(4lnx—l)+ C

2
© “-(nx-D+c

(D) 3x2(lnx—%)+c
(E) x’Blnx+1)+C
Ans

The slope of the tangent line to the curve y(cos x)+e” = 5 at the point where x =g— is

(A) 0 B) 5 ©%2 o) £n3) @) none of ihiese

14.
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Multiple-Choice

80 EXAM IV Sectionl Part A
15. At which point on the graph of y = g(x) belowis g'(x)=0 and g"(x)<07
3 H iy e s
feraphofg] ATEY
s

: | %%

| P

’ 4 i3 P2 Sl 1 2 3 4

s o)

(A) A (B) B (C) C (D) D (E) E
Ans
16. The height of the rectangle with the largest area that can be 1 e
. . 1 1+ 2%
inscribed under the hof y=———— is
YT _/Fﬁ\g._
- +
A) 3
1
(B) 5
©
D) V2
(E) none of these
Ans
17. If f(x)= "2 #1, then the graph of £ is decreasing and concave down on the interval
(4) (==,0)  (B) (0,1) © (1,3) (D) (3.4 (E) (4, )
Ans
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No Calculators EXAM 1V Section 1 Part A

18. The function f is defined by f(x)= S+l If f I is the inverse function of f and

h(x) = f7'(x), then A'(2) is
(A) 0
(B)

WIN L

©

D) 1
(E) nonexistent

2 4
f
19, B fy=)® 1r0sx=2 then [ /(x) dx is

6—-x for x>2 )

1
(A) 21 3

(B) 18§
(©) 16
®) 83

(E) 43

Ans

Copyright 2013 Venture Publishing
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82 EXAM 1V Sectionl PartA
X _at (1,-1)is
2

20. An equation of the line normal to the graph of f(x) = ==

(A) 2x-y-3=0
(B) 2x+y+1=0
(C) x-2y+3=0
(D) x+2y+1=0
(E) x-2y-3=0

21. A particle moves in the xy-plane in such a way that its velocity vector is <l oy t ) If the

position vector at =0 is (5, 0), then the position of the particle at £=2 is

(A) (1, 12)
(B) (4,4)
©) (5,9
(D) (9,4)
(E) (5, 0)

22. Let f be defined by f(x)= x*/3(2x~5) . f is decreasing on the interval

(A) x<-2 B) -3 <x<0 (C) x>1 (D) 0<x<3 () 0<x<1

2

Ans

Copyright 2013 Venture Publishing



No Calculators EXAM 1V Section | Part A 83
23. The average value of f(x) =¢?* +1 onthe interval 0= x s% is
e™* +1
(A) e By = £ D) 2¢~1 (E)
(B) > © 3 (D) 2
Ans
: Nx+2—-+2x
24. If f iscontinuous atx=2,and if f(x)=14 x-2 for x =2
dién = k for x=2
A) -3
®) -5
© o
1
®) z
1
(E) 5
Ans

25. The approximate value of y = Vx2+ 3 at x= 1.04, obtained from the tangent to the graph at

x=1,is
(A) 2.01
(B) 2.02
(C) 2.03
(D) 2.04
(E) 2.05

Ans
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- EXAM 1V Sectionl Part A Multiple-Choice

26. Given the differential equation gx = x + yand y(0)=2. An approximation of y(1) using
I¢
Euler's method with two steps and step size Ax = 0.5 is

(4) 3 OF © 2 ) ® 4

Ans

27.  Which of the following are true?

n=|

I If Za,, divergesand 0 s a, < b, forall n, then an diverges.
II. The sum of the geometric series % + % + 7‘17- + iséf* . is 2.

1. If Zak diverges then klin;loak = 0.

(A) Ionly (B) II only (C) I only
(D) Iand II only (E) II and III only

28. Two cars start from rest at a traffic light and ,
accelerate for several minutes. The figure at the vibam)
right shows their velocities as a function of time. o :
Which of the following statements are true? -t Car

I. Car I is ahead at one minute. 2000
II. Car Il is ahead at two minutes. ; i

...........

III. CarIand CarII are accelerating at the same rate

att=1. ;
(A) Ionly (B) Iandllonly (C)IMandIIIonly (D) IandIllonly (E)L 11, III

1 T2 t(min)
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EXAM 1V
CALCULUS BC
SECTION 1 PART B
Time-50 minutes
Number of questions—17

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

using the available space for scratchwork. After examining

Directions: Solve each of the following problems,
ices given and fill in the box. Do not spend too much

the form of the choices, decide which is the best of the cho
time on any one problem.

In this test:

The exact numerical value of the correct answer does not always appear among the choices given. When this
he exact numerical value.

(1)
happens, select from among the choices the number that best approximates t
Unless otherwise specified, the domain of a function f is assumed to be the set of all real numbers x for

(2)
which f(x) is a real number.
(3)  The inverse of a trigonometric function f may be indicated using the inverse function notation f ! or with
the prefix “arc” (e.g., sin~ x = arcsinx)
1. Suppose a car is moving with increasing speed according to the following table.
time (sec) 0 2 4 6 8 10
speed (ft/sec) 30 36 40 48 54 60
The closest approximation of the distanced traveled in the first 10 seconds is
(A) 150 ft (B) 250 ft (C) 3501t (D) 450 ft (E) 550 fi

Ans

- xlnx ; ;
when x =2, and f is continuous for all positive real numbers,

2. I fog=2
then f(2)is
A) -1 (B) -2

© -3 (D) —In2 (E) undefined

Ans
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86 EXAM IV SectionI Part B

Multiple-Choice

3.  The graph of the second derivative of a function f is shown below. Which of the

following are true about the original function f ?

graph of I )

I. The graph of f has an inflection point at x =~2. \ 1

II. The graph of f is concave down on the ///\L

interval (0, 4). — -~ —N
III. If f'(0)=0,then f isincreasingat x=2. 2
3
(A) Ionly (B) II only (C) III only (D) Iand I only (E) none of these
‘ Ans

4. For 0=t <21, the rate of change of the number of black flies on a coastal island at time 7 days

is modeled by R(t) =3/t cos(é—) flys per day. There are 500 flies on the island at time # = 0.
To the nearest whole number, what is the maximum number of flies for 0 <t = 21.

(A) 500 (B) 510 (C) 520 (D) 530

(E) 540

Ans

S

A function f is defined for all real numbers and has the following property:

fla+b)-f(a)=3a’b+2b6*. [f'(x) is
A) 0
(B) 1
(C) 3x2
D) 3x% +b

(E) nonexistent

Copyright 2013 Venture Publishing
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Calculators

EXAM IV Section I Part B

6.

The position of a particle moving in the xy-plane is given by
x = %428, y-=2t2 - 6t.

What is the speed of the particle when £ =27

(A) 2410

(B) 410

(C) 610

(D) 810

(E) 10410 -

87

A point moves a]ong the curve y = x2 41 so that the x-coordinate is increasing at the
constant rate of units per second. The rate, in units per second, at which the distance
from the origin is changmg when the point has coordinate (1,2) is equal to

(A) 1.565 (B) 2.236 (C) 3.354 (D) 6.708 (E) 7.500

Ans

Copyright 2013 Venture Publishing




88 EXAM IV Section I Part B Multiple-Choice

3
: 1 .. .
9. Ifthe substitution u=+/x+1 is made in f po dx, the resulting integral is
"0

2 2 3 1
1 2
W a7 G Of @™
1
2 1 23 1 d
——-—2—-——d u
®) 2-,’.u(u -1) “ ®) '!).uz—u

10. The functions f and g are defined on the closed interval [0, b] by f(x)=cos(2x) and
g(x)=e* —1. They will have the same average value if b is

(A) 0.848 (B) 0.852 (C) 0.854 (D) 0.858 (E) 0.862
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Calculators EXAM IV SectionI Part B
) X”
11.  The radius of convergence of the power series "20 e 1)
(A) » (B) 3 ©) 1 (D) 3

(E) 6

Ans

12.  Which of the following functions has a derivative at x = 0?
I. y=arcsin(x?-1)- x
II. y=x- ,xl

HL p=+x*

(A) Ionly (B) 1I only (C) UI only (D) II and III only

(E) I, I and III

89

13. Let F(x) be an antiderivative of f(x) = ﬁ‘ij%. If F(1) =2, then F(3)=
e

A) 2.837 (B) 3.007 (C) 3.177 (D) 3.347 (E) 3.517

Ans
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90 Multiple-Choice

EXAM IV Sectionl Part B

14, The following table lists the known values of a function /.

x ] 1 p) 3 7 3
f(x)] O 1 14 ] 12| 1.5

5
If the Trapezoid Rule is used to approximate f 'f(x) dx the result is
1

(A) 4.1
(B) 4.3
(©) 4.5
(D) 4.7
(E) 4.9

15. Which of the following statements are true about the function f if its derivative f” is defined by
f(x)=x(x- a)3, a>0. '
I. The graph of f is increasing at x = 2a.
II. The function f has a local maximum at x = 0.

III. The graph of / has an inflection point at x = a.
(A) Ionly (B) IandIlonly (C)IandIllonly (D)IlandIllonly (E) I, II, III
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Caleulators EXAM IV Sectionl Part B 91

—

16. The approximate total area of the region enclosed by the polar graph of r = sin(28) is

(A) 0.393
(B) 0.785
(C) 1.178
(D) 1.571
(E) 1.873

17.  The average rate of change of the differentiable function f from (3, £(3)) to (x, f(x)) is

2
= 2% Thevalueof £'(3) is

given by
x—-3

A) o
B) 1
© 3
(D) 5
(E) undefined

Ans

Copyright 2013 Venture Publishing



- 92

EXAM IV
CALCULUS BC
SECTION 11, PART A
Time-30 minutes
Number of problems-2

A graphing calculator is required for some problems or parts of problems.

Before you begin Part A of Section 11, you may wish to loo;c ovelx; th:rt ;;rg?gelr]n;rggc;:ssta:rg;% ;owv;/lcl)r:eo:b]e o
. It is not expected that everyone will be able to complete all p. y 1
cu;:z bac‘l: to Partp;c( without a calculator), if you have time after Part B. All problems are given equal weight,

but the parts of a particular solution are not necessarily given equal weight.

You should write all work for each problem in the space provided. Be sure to v«_/rite clearly and legibly. If ycl:(u
make an error, you may save time by crossing it out rather than trying to erase it. Erased or crossed out wor

will not be graded.
SHOW ALL YOUR WORK. Clearly label any functions, graphs, tables, or other objects you use. You.will
be graded on the correctness and completeness of your methods as well as your final answers. Answers without
supporting work may not receive credit.

Justifications require that you give mathematical (noncalculator) reasons.
A to solve an equation, find the derivative of a function at a

gral. However, you must clearly indicate in your exam booklet the

You are permitted to use your calculator in Part
point, or calculate the value of a definite inte ¢
function, or integral you are using. If you use other built-in

setup of your problem, namely the equation,
thematical steps necessary to produce your results.

features or programs, you must show the ma
Your work must be expressed in mathematical notation rather than calculator syntax. For example,

5
fxz dx may not be written as ntnt(Xz, X 15:5),

Unless otherwise specified, answers (numeric or algebraic) need not be simplified.
If you use decimal approximations in your calculations, you will be graded on accuracy. Unless otherwise
places after the decimal point.

specified, your final answers should be accurate to three
function f is assumed to be the set of all real numbers x for which

Unless otherwise specified, the domain of a
JS(x) is a real number.

THE EXAM BEGINS ON THE NEXT PAGE
PLEASE TURN OVER
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3
Let f be the function defined by f(x) = e*'? —In(x> +1) forx>-1.
(a) Find the x-coordinate of all relative maximum and minimum points. Justify your answers.

I.

(b) Find the intervals on which f is increasing.
(¢) Find the intervals on which the graph of f is concave down.
(d) Find the area of the first quadrant region bounded by the graph of f and the lines

x=0andx=1.
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o Free-Response
EXAM 1V Section Il Part B
2.

Consider the curve C given by the parametric equations

19
x=2-3cost and y= 3+2sint, for —’5‘ st=3
(a) Find & in terms of £.

. _=
(b) Find an equation of the tangent line at the point where f = 7.

(c) The curve C intersects the y-axis twice. Find the length of the curve between the two
y-intercepts.
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No Calculators

EXAM IV Section II Part B

Time - 60 minutes
Number of problems - 4

A graphing calculator may NOT be used on this part of the examination.

* During the timed portion for part B, you may go back and continue to work on the problems
in part A without the use of a calculator.

els along a straight road, where v is a
f the car is recorded for several selected
hown in the table below.

Car A has positive velocity v(¢) as it trav
differentiable function of z. The velocity o
values of r over the interval 0 < ¢ < 60 seconds, as s
¢t ( seconds) 0 ]10]20]30]40]|50] 60
v(7) (feet per second) 5 |14] 7 |11]12] 40 44

(a) Use the data from the table to approximate the acceleration of Car A at £= 25
seconds. Show the computation that lead to your answer. Indicate units of

measure.
(b) Use the data from the table to approximate the distance traveled by Car A

over the tim_e interval 0 <7 < 60 seconds by using a midpoint Riemann sum
with 3 subdivisions of equal length. Show the work that lead to your answer.

} ﬁ/secz.

(c) Car B travels along the same road with an acceleration of a(t)= W)

At time 7 = 0 seconds, the velocity of Car B is 3 ft/sec. Which car is traveling
faster at # = 40 seconds? Show the work that lead to your answer

95
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_— EXAM IV Section Il Part B i s

oo
4.  Let £ be the function defined by the power series f(x) = Ea,, x2" where ag =1

n=0
a,_
and g, = 2=l g, 1.
n

(a) Write the first 5 terms of the series and the general term.
(b) Determine the radius of convergence for the series in part (a). Show your reasoning.
(c) Show that f’(x)=2x- J(x).
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EXAM IV Section II Part B 97

3:

When the valve at the bottom of a cylindrical tank is opened, the rate at which the level of
liquid in the tank drops is proportional to the square root of the depth of the liquid. Thus, if
fier the valve is opened, water drains from the

3(2) is the liquid's depth at time ¢ minutes a
tank according to the differential equation -gt- =—k,[y for some positive constant k that

depends on the size of the drain.
(a) Find a general solution for the differential equation.

(b) Suppose that »(0) = 9 feetand y(20) = 4. Find an equation for y(r).
(c) At what time is the water level dropping at a rate of 0.1 feet per minute?
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928
EXAM IV Section Il PartB
6. Let f bea function defineq the closed interval [0, 5] :
with zeros at x = 0, 5/2 and 19/4. The graph of f is : f
shown at the right. x /
x _': 1 2 4 /s
Cousider the function G defined by G(x)= f f() dr . ) /
9 3

(@ Find G(3).

(b) On what intervals is the graph of G increasing and
concave down? Show your reasoning.

(c) Show that G has exactly one zero between x = 3 and x = 4.
(d) Find an equation of the tangent line to the graph G at the point where x = 3,

(e) Sketch a graph of the function G over its domain.
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EXAM V
CALCULUS BC
SECTION I PART A
Time-55 minutes
Number of questions-28

A CALCULATOR MAY NOT BE USED ON THIS PART OF THE EXAMINATION

Directions: Solve each of the following problems, using the available space for scratchwork. After examining
the form of the choices, decide which is the best of the choices given and fill in the box. Do not spend too much

time on any one problem.
In this test:

(1) Unless otherwise specified, the domain of a function f is assumed to be the set of all real numbers x for which
J(x) is a real number.
(2) The inverse of a trigonometric function fmay be indicated using the inverse function notation f~' or with the

prefix “arc” (e.g., sin"'x = arcsinx),

3
X
N e e
(A) 1-In2
(B) In2
(C) 1+In2
D) 2+In2
(E) 5+1In2
Ans

-] n

2.  The radius of convergence of the series Ex—z is 1. If the function fis defined by
n=] n

n

= X : : . -
JS(x) = ¥ =, then the interval of convergence for the series representing the derivative f'(x) is

n=]

(A) —©o<x<»
B) -l<x<l
©) -1=sx<l
(D) -l<xsl
(E) -l=x=sl

Copyright 2013 Venture Publishing
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100
EXAM V Sectionl PartA

The position vector of a particle moving in the xy-plane at time 7 is given by

¥
P= (3t2"4’)i+(12+21)j.Tl'lespeedoftheparticleat t=21s

A) 2
(B) 2vIo0
©) 10

D) 14

(E) 20
Ans

4. If f(x)= In(x®- &*¥), then f’(l) =

(A) 0
B) 1
(©C) 2
D) e
(E) undefined
Ans

. ,
The length of the curve y=f\/-3z du from x=0 to x=9 is
0

(A) 16
(B) 14

(©) 10§
(D) 9V3

2
(E) 43

Copyright 2013 Venture Publishing



No Calculators EXAM V Section I Part A 101
6.  Ifapopulation of wolves grows according to the logistic equation
4N _ 0.05N - 0.0005N2
dt
where N is the number of wolves and ¢ is measured in years, then rl_x.rr; N() =
(A) 50 (B) 75 (C) 100 (D) 150 (E) 200
Ans
7. A particle moves along a straight line with its position at any time ¢ = 0 given by
t -
5@) = f (x3 -2x% 4 x) dx, where s is measured in meters and ¢ in seconds. The
0 -
maximum velocity attained by the particle on the interval 0 st < 3 is
A) 1ms  B)4mis  (C) 9ms D) 12 m/s (E) 16m/s
Ans

8.  The graph of the function J on the interval
[-4,4] is shown at the right.

4
SV dx =
-4

(A) 1
(B) 2
©) 5
D) 8
(E) 9

Ans

Copyright 2013 Venture Publishing
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102
9. Both x and y are functions of a third variable ¢ and y2+ x2+ y =10. 1{71?=—5
when x=2 and y=2, then §Z=
t
(A) -1
(B) 1
©) 2
(D) 3
(E) 4
Ans
S-lnx
10. The substitution z = Inx transforms the definite integral f >— dx into
x
1

1 e
(A) f(l—u) du (B) f(l—u) du

0 0

ll—u ll—u “1-u
(C) [—— du D) [—— du E) [—— du

{eu (){eZu ().!)-eu
Ans

11.

The number of cells of a certain type of bacteria increases continuously at a rate equal to two
more than three times the number of bacteria present. If there are 10 present at the start and

42 present ¢t hours later, the value of # is
(A) 3In4

(B) In4

(C) 5In4

(D) 3In4

(E) ;In4
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EXAM V Section I Part A

103

2. ¥ L2 x-sec y for _;‘ <x<2—’E and y =0 when x =V2, then when x =1 the value

of y is
(a) -7
(B) 0
© g
(D) 7

®) 5

13.

What is the approximation of the value of e using the fourth degree Taylor polynomial

about x = Q for ¢¥* 9

14.

If F(x)=3xsinx -cosx— %’5, then an equation of the line tangent to the graph of F at

the point where x = g is

(A) y=3x-7

®) y=3<x-§)
C) y=4x

(D) y=4x-7
(E) y=4x-2n

Ans

Copyright 2013 Venture Publishing
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104

2
15. The function f(x)=)4—*" for x=l

is continuous and differentiable for all real
mx+b for x>1

numbers. The values of 7 and b are

(A) m=2b=1

(B m=2,b=5

(O m=-2,b=1

(D) m=-2,b=35

(E) none of these

16.

8 —
f(x—l)(x+ 3) & =

A) 21n"—+f{ o
x—

x—1
21In
(B) e

(©) 2Infx+3)x-1)| + C

o
w2 21n(x+3)(x-1)

| 1 I
(E) 8In,(x+3)(x—l) +C

+C

* €

Ans

1.

and k=0, then f"(0) =

If /()= 222
(A) '—]_32_ (B) -% © 0 (D) % ®) :_2

Ans
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No Calculators ExAM ¥ Section [ 707 - : lengths 6 and 4 Each
18. The base of a solid is a right triangle whose pc:pendxculaf glges :z:sni?irt:le whose diameter
plane section of the solid perpendicular to the side of ll?:il% 1S
lies in the plane of the triangle. The volume of the soli

(A) 2x
(B) 4=
(©) 8n
(D) 16xn
(E) 24n

Ans
19: B (l;h)f;l. =
" h—0  h
(A) undefined
(B) 3
©€) 2
D) 1
(E) 0
Ans

Copyright 2013 Venture Publishing



106 . .
EXAM V Sectionl Part A Multiple-Choice

20. Suppose a function J is defined so that it has derivatives f'(x) = x%(1-x) and

J"(x) = x(2~3x). Over which interval is the graph of f both increasing and concave up?
(A) x<0 (B) 0<x<§ (©) _.2,7<x<l D) x>1 (E) none of these

Ans

21. The average value of the function f(x) = 3/x2 on the interval [0,8] is
12
@) 5 (E)

o3

@) 3 ®) 7 © 3

2 if x<0 p: : s
22. Let f(x) = {x+2 i) and let F(x)=ff(t) dt . Which of the followmg‘
-2

statements are true?
I. F(I)= 6.5 II. F/(1)=3 . F'(1)=1

(A) Ionly (B) II only (C) Iand II only (D) II and III only (E) .I, II, 11T
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23. Which of the following three improper integrals converge?
oo 1 1 I 1 I
L. — dx M. [— dx
(A) only (B) 1andIlonly (C) IandIllonly (D) HandIonly (E) I, 11, III
Ans
24. The acceleration of'a particle moving along the x-axis at time > 0 is given by a(?) = 2
When =1 second, the particle is at x=2 and moving with velocity —1 unit per second.
The position when 7=e seconds is
(A) x==2
B) x=-1
©) x=0
D) x=1
(BE) x=2
Ans
25. The slope field for a differential equation % = f(x,y) 7 = NNF =N
is given in the figure. The slope field corresponds to #TEONN HE =N
which of the following differential equations? NN T 77N
L NN N
(A) %=tanx~secx 2= INFA =N
dy . S =N\\+ - —N\
(B) 5 hE 7/ =\\+4+.- . —\
dy 2 =N\~ - -—\
C) —=sec’x
()dx =N\ # 7/
dy
— =Inx
(D) o
dy 2
E) ~2=e™
Ans
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EXAM V Section I Part A

26. The area enclosed by the two curves y =x2—4 and y=x—4 isgivenby

1 1
@) fa-xdx B [(7-x)dx
: ;
© [-x®dr (O f(*-x) dx
0 0

4
® [(*-x)dx
0

Ans
27. The coefficient of x> in the Taylor series for ¢2* at x=0 is
1 1 2 4 8
A g (B) 3 © 3 D) 3 (E) 3
.Ans
28. & | 3 6 8
7(x) 3 % 9 T1

A function f is continuous on the closed interval [1, 8] and has values given in the table above. The

trapezoidal approximation for j"ﬂ f(x) dx found with 3 subintervals indicated by the data in the table
is 49. What is the value of £?

4) 1 (B)2 © 3 (D) 4 B)S

Ans
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EXAM V
CALCULUS BC
SECTION I PART B
Time-50 minutes
Number of questions—17

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

using the available space for scratchwork. After examining

Directions: Solve each of the following problems,
the form of the choices, decide which is the best of the choices given and fill in the box. Do not spend too much

time on any one problem.

In this test:

¢y
@

€)

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 J is assumed to be the set of all real numbers x for

which f(x) is a real number.
The inverse of a trigonometric function /' may be indicated using the inverse function notation : ! or with

the prefix “arc” (e.g., sin~'x = arcsin x).

X
The graph of g(x) = f sin(2¢) dt is both decreasing and concave up everywhere on the
0

interval

A (0,%) (B) G» Jz‘t) © CZ_!’ 3‘““) (D) (%, T) (E) none of these

4

The position at time ¢> 0 of a particle moving on the x-axis is given by x(¢) = sin(¢)- cos(f)
At the first instant when the acceleration is 1 unit per sec, the particle has velocity

(A) — 1 unit per sec
(B) —0.866 units per sec
(C) 0 units per sec

(D) 0.866 units per sec

(E) 1 unit per sec
Ans
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110 EXAM V Section] PartB Mgl chele
3. Theaverage value of S(x)=x-Inx ontheinterval 1 sx=e is 5
(A) 0.772 (B) 1.221 (C) 1.359 (D) 1.790 (E) 2.0
Ans

4. A pair of functions is graphed in each of the following viewing rectangles. In which of these
is one function the derivative of the other?

I. II. ' 111
\F : \

————— s

|

(A) Ionly (B) II only (C) Il only (D) IandIlonly (E) I, II, III
Ans
5. Agraphofthe function £ is shown at the right. If graph of f
the graph.of [ has horizontal tangents at x = 2 and ) e
x =5, which of the following statements are true? ( A
] SO e --.:----.L---.:.-..-:
. fQ+h)-f(2) Y oiN b
L = TN
{ 35 S TR S .o I
1 JO-12) 2 RN
5.2 3 I 2 3 4 5%

1L f"(1) s £(5)

(A) Iand II only (B) Iand I1I only (C) M and III only D) L 11, I (E) hone
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l:(et the function /' be differentiable on the interval [0,2.5] and define g by
8(X) = f1f(x)]. Use the table to estimate g'(1).

L_x 00 J05 [ 10] 15 207 23
) T7 [ 1.8 | 20 | 24 | 3.0 1 a4

(A) 0.8 (B) 1.2

(C) 1.6 (D) 2.0 (E) 24

Ans

111

7. The diagonal z of the rectangle at the right is increasing

at the rate of 2 cm/sec and Q = 3£ . At what rate is Z
t

_ _ dt y
the length x Increasing when x=3 cm and y=4cm?

X

3
(4) lembee  (B) g emiscc () Semsec (D)  cmisec  (B) 1= emlsec

Ans
The position of a particle moving on the x-axis, starting at time ¢ =0, is given by
x(t)=(t- a)3 (t—0b) where 0 <a<b. Which of the following statements are true?
I. The particle is at a positive position on the x-axis at time ¢ = aT+b :
II. The particle is at rest at time 7 = a.
III. The particle is moving to the right at time ¢ = b.
(A) Ionly
(B) II only
(C) III only
(D) Iand II only
(E) II and III only
Ans
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lnex"'l _
9. Let f(x)= 2 for x> 0. If g is the inverse of £ then g'q) =
(A) -2 (B) -1 (C) 0 (D) 1 (E) 2

Ans

10. Let F(x)=cos(2x)+e ~. For what value of x on the interval [0,3] will F have the
same instantaneous rate of change as the average rate of change of F' over the interval ?

(A) 1.542 (B) 1.610 (C) 1.678 (D) 1.746 (E) 1.814

Ans

11. Which of the following series converge?

0 xR

@w3E ®3F © Zznlu O F—g  ® 355

n= n=l n=

Ans
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12, Iffisthe antiderivative of ———— such that f(0)=2, then f(4)=

Vl+x

(A) 3.205 (B) 3.355 (C) 3.505 (D) 3.655 (E) 3.805

3

Ans

13.  The rate at which water is being pumped into a tank is r() = 20¢*%~, where r=0isin
minutes and ~(7) in gallons per minute. Approximtely how many gallons of water are
pumped into the tank during the first five minutes?

A) 20 B) 22 (C) 85 (D) 105 (E) 150

Ans

Copymight 2013 Venture Publishing
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114 EXAM V Section Part B ultip

dy
- : i tion —=4x+y. An
14.  The curve passing through (1, 0) satisfies the differential equa dx

approximation to y(2) using Euler's Method with two equal steps 18 8
A) 0 ®B) 2 (©) 4 (D) 6

Ans

15. Letf be a function having derivatives of all orders for all real numbers, and [f“’ (x)l <3
for all x in the interval [0, 2]. If the third-degree Taylor polynomial for f about x = 0 is

used to approximate fon the interval [0, 2], what is the Lagrange error bound for the
maximum error on the interval [0, 2]?

A4) 2 (B) 3 (© 4 D) 5 (E) 18

Copyright 2013 Venture Publishing
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- 2 .
16. The area of the region bounded by the graphs of y = In(x+4) and y=0.5x" is
(A) 1.884 (B) 3.089 (C) 4.294 (D) 5.449 (E) 6.704

Ans

17. If f isa continuous function that is defined for all real numbers with
3 5 5 5
ff(x) dx =5 and ff(x) dx =10, then f[2f(x)+6] dx =
1 1 3

A) 18 (B) 21 ©) 24 D) 27 (E) 30

Ans
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EXAM V
CALCULUS BC
SECTION II, PART A
Time-30 minutes
Number of problems-2

A graphing calculator is required for some problems or parts of problems.

*  Before you begin Part A of Section II, you may wish to look over the problems before starting to \York on
them. It is not expected that everyone will be able to complete all parts of all problems and you will be ab!e to
come back to Part A (without a calculator), if you have time after Part B. All problems are given equal weight,
but the parts of a particular solution are not necessarily given equal weight.

*  You should write all work for each problem in the space provided. Be sure to write clearly and legibly. If you

make an error, you may save time by crossing it out rather than trying to erase it. Erased or crossed out work
will not be graded.

* SHOW ALL YOUR WORK. Clearly label any functions,
be graded on the correctness and completeness of your me
supporting work may not receive credit.

graphs, tables, or other objects you use. You.will
thods as well as your final answers. Answers without

Justifications require that you give mathematical (noncalculator) reasons.

* Youare permitted to use your calculator in Part A to solve an equation, find the derivative of a function at a
point, or calculate the value of a definite integral. Howeve

, function, or integral you are using. If you use other built-in
features or programs, you must show the mathematical steps necessary to produce your results.

Your work must be expressed in mathematical notation rather than calculator syntax. For example,
5

fxz dx may not be written as ﬁlInt(Xz, X1, 5);

Unless otherwise specified, answers (numeric or algebraic) need not be simplified.

If you use decimal approximations in your calculations, you will be graded on accuracy. Unless otherwise
specified, your final answers should be accurate to three places after the decimal point.

Unless otherwise specifi

ed, the domain of a function S is assumed to be the set of all real numbers x for which
JS(x) is a real number.

THE EXAM BEGINS ON THE NEXT PAGE

-
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EXAM V Section IT Part A 117

A line is drawn tangent to the curve with equation y = e* at the point P with

coordinates (a,e?).

(a) Determine an equation of the tangent line at the point (a,e®) and find the coordinates of
the point R at which the tangent line crosses the x-axis.

Consider the triangle APOR, where O is the origin. Express the area of APOR as a

function of a.
Find the value of a, with —1 =< a < 1 for which the area of APOR is a maximum.

Justify your answer.

(b)

©
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Free-Response

EXAM V Section II Part A

!‘J

density =X~

A flat metal plate one centimeter thick is shaped like the first
between

quadrant region under the graph of f(x) = T
£

Xx=0 and x=4. The density of the plate varies; ata
distance x units from the y-axis the density is given by x2

grams/cm3.
(@) Assume the approximate mass, AM, of a strip of width Ax is:
AM = (volume)(density).
Write a left-hand Riemann sum with 4 terms that approximates the total mass of the

metal plate.
(b) Write a definite integral that gives the exact value of the total mass of the plate.

(c) Determine the total mass of the plate.

Copyright 2013 Venture Publishing
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Time - 60 minutes
Number of problems - 4

A graphing calculator may NOT be used on this part of the examination.

* During the timed portion for part B, you may go back and continue to work on the problems
in part A without the use of a calculator.

3. Let/ be a function with derivatives of all orders and for which f(2)=0. The n”

!
derivative of /' at x =2 is given by f"(2)= n.n :

n-3

(@) Write the third-degree Taylor polynomial for f about x =2,

(b) Find the interval of convergence of the Taylor series for /' about x =2. Show the work
that leads to your answer.

Copyright 2013 Venture Publishing
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EXAM V' Section Il Part B

Free-Response

4.

(©) Find the x-coordinates of

A graph of )’3 +}'2 =Sy~ x? =4 s shown at the right.

; dy .
(a) Find j in terms of x and y,

(b) Write an equati

[ on for the line tangent to the curve at the
pomnt (2, 0).

>

<

-

»

. t the points at which the graph of the equation has vertical
tangent lines or horizontal tangent lines. Justify your answer.

Copyright 2013 Venture Publishing
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No Calculators EXAM V Section Il Part B

. ) - ¢
5. The figure shows £, the derivative of a function i the derivative of

The domain of the function f is the interval [0, 20].
15 ¢

(a) For what values of x, 0 <x < 20, does S have £
a relative maximum? Justify your answer. 10 +

(b) For what values of x is the graph of f concave 51
down? Justify your answer.

(c) If £(0) =10, sketch a graph of the function f 2 '\/5 20
on the axes provided. List the coordinates ofall 1
critical points and inflection points.

O Rt T S o (i i S T
o I T O
R St i
T s s e e
e e s S S
L o = S
o

5 10 15 20
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EXAM V Section II Part B

The slope field for the differential equation st~/ // ; ; ; : : II
dy -7/
-‘};-=0.5xy,05x55 and O0sys4, NN EEER
is shown in the figure at the right. BSN  a A |
(a) Sketch the solution curve that satisfies the initial 2 =l 2 A /11
condition »(0)=2 on the slope field. SRR B 20 A W A | ;
; _ B 2
(b) Solve the differential equation and find the ! -z S i o
particular solution that contains the point (0, 2). g
(¢) Use the function in part (b) to calculate the exact ! 1 A A A

value of y when x=2.

(d) Starting at the point (0, 2), use Euler's method with 2 steps of size 1 to estimate y(2).
How does this value compare with the exact value in part (©)? .

Copyright 2013 Venture Publishing
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EXAM VI
CALCULUS BC
SECTION I PART A
Time-55 minutes
Number of questions-28

A CALCULATOR MAY NOT BE USED ON THIS PART OF THE EXAMINATION

Directions: Solve‘mh of the following problems, using the available space for scratchwork. After examining
the form of the choices, decide which is the best of the choices given and fill in the box. Do not spend too much

time on any one problem.

In this test:

(1) Unless otherwise specified, the domain of 2 function f is assumed to be the set of all real numbers x for which
JS(x) is a real number.

(2) The inverse of a trigonometric function Jmay be indicated using the inverse function notation £~ or with the

prefix “arc” (e.g., sin 'x = arcsinx),

1. Which of the following is an antiderivative of ~4—2x ?

(A) —%(4—ZX)3/2 (B) %(4_2x)3/2 (C) —%(4—ZX)3

D) +(4-2x)° (B) $(4-2x)*"2

Ans

A particle moves along a straight line with its position at any time ¢ = 0 given by
t

s@) = [ (v/x = x +1) dx, where s is measured in meters and ¢ in seconds. What is the

o - -
velocity of the particle when its acceleration is zero?

A) gmis  (B) gmis (©) 5 ms (D) 1 m/s E) 3 mis

Ans
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124 EXAM VI Section I Part A Multiple-Choice

3. If!fZ - COSx
d ¢

and y(0) = 0, then y( é’.) =

A) 0
(B) In2
(©) 1
® 1

(E) -1 Ans

4. The function 4 is defined on the interval 0 s x = 5 and a graph graph of A’

of its derivative function A4'is shown in the figure.
Which of the following are true?

I. The function 4 is decreasing on the interval (1, 2). \
. 2\ 3 3 $
II. The function # has a local maximum at the point where x=2. .| ' A\ -

III. Given A(l) = -1, an equation of the tangent line to the graph of h
at the point (1,-1) is y = 2x—3.

(A) Ionly (B) IIonly (C) Illonly (D) IandII only (E) II and III only

<3

Ans

x .

5. [ o dx is
A) 0 (B) i‘- ©) 1 ®) % | @divergent
Ans

Copyright 2013 Venture Publishing
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Ao Calcularors EXAM VI Section I Part A

6. If x=sins and y = cos’z, then “:;.: at £ =3 is

(Ao (B) } (©) —% (D) -2 (E) 2

Ans

7. Inaneffort to enhance fishing, 100 trout were initially put in a small lake. Fishery
Department biologists predict that the rate of growth of the trout population is modeled by the

logistic differential equation %? = 0. 12P( 1- %—) , where time ¢ is measured in months.

I The growth rate of the fish population is greatest at P = 600.
1L If P> 600, the population of fish is decreasing.

-/
111 tl_i.rg P(t) = 600

(A) Ionly

(B) I only

(C) Iand III only

(D) 1 and I1I only
") 1 M and I

Ans
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ion ] PartA
126 EXAM VI Section .
s for all real numbers, which of the

8. Iffand g are both continuous and differentiable ﬁmction‘)
following definite integrals is equal to F(g(3) -8B

@A) [f(&'Cx) gx) &
B) [f(e(x)-g(x) dx

© [ (g8 @)
@) [F(gtx) /') ds

®) [ dx
Ans
L
9. limit 2-; =
X -{+°° 2x—g;
' .
1 1 1 E) 2
(A) 3 (B) -3 ©) -3 (D) 3 (E)
Ans

4 5 .
0. An equation of the line tangent to the graph of y = jx : - at the point where x =1 is
x —

(A) y+25x=32 (B) y-3lx=-24 (C) y=Tx=0
(D) y+5x=12 (E) y—25x=-18

Ans

Copyright 2013 Venture Publishing
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No Calculators

11. If % = /x , then the average rate of change of y with respect to x on the closed

interval [0, 4] is
*) 15 ®) 1 © 3 ®) V2 E) 2

Ans
12. A graph of the function £, consisting of two line segments, grarzh of f
X
is shown in the figure. If g(x) = f f(¢) dt, then the 2
1
1
maximum value of g on the closed interval [-1,2] is —_— —
-
@A) -1 ®2 ©o0o O (®2 3
Ans

13. The total area of the region enclosed by the polar graph of r =1+ cos# is given by which of
the following expressions?

) L j:' (1+ cos8)*dd
(B) j:' (1+ cosB)? do

© 1 jf * (1 + cos8)d8
D) 2 jf ™1 + cos6)* do

(E) J: "(1 + cos0)’do
Ans

Copyright 2013 Venture Publishing
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Multiple-Choice

4. A particle moves along the x-
t20. Attimer =

by the particle from r= 0 to ¢ =£,—t is

(A) 1R

(B) ;‘ f ©) nft

(D) n+l fi

axis with acceleration given by a(r) = cost f/sec? for
0 seconds the velocity of the particle is 2 fi/sec. The total distance traveled

(E) n+2 fi

Ans

CCCCCTCTTTCTCTLCH

15. A curve is parametrically defined by the equations x = 2cost and y = 2sint. The length of

thearcfromt=0to ¢t =2 is

A) 2 (B) 4 ©) 6 (D) 8 (E) 10
Ans
16. SL)* -
()
@ ®) 1 ©) 1 ®) § E)
Ans

Copyright 2013 Venture Publishing
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—

17.  The shortest distance from the curve xy = 4 to the origin is

(A) 2 (B)4 (C) V2 (D) 242 (E) %v’f

Ans

18. If the function fis defined so that lim /=) - f(@) = 0, which of the following must be true?

x—»a  x-—gq
(A) f isnot continuous at x = 0
(B) f(a)=0
©) f(@=0
(D) f(a) does not exist

(E) P—ﬂ f(a) does not exist

19. A particle moves in the xy-plane so that its velocity vector at time ¢ = Qis
W(2) = (2¢, sin ¢)and the particle's position vector at time 7= 0 is (0, 1). The position

vector of the particle when ¢ = is

4) (#*+1,3) (B) (#%,3) ©) (*,2) D) (-7, 3) E) (-=*,2)

Copyright 2013 Venture Publishing
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h of the Jersey Tumpike starting at

. : : : -mile stretc
20. The density of cars (in cars per mile) along a 20-mile he distance in miles from the toll

a toll plaza is given by f(x) = 500 + 100sin(zx) where x is the ( .
plaza and 0 < x =< 20. The total number of cars along the 20-mile stretch is

(A) 8500 (B) 9000 (C) 9500 (D) 10,000 (E) 10,500

Ans

21.  The function G is defined on the interval [0, 6] by graph of f
x 2
G(x)= f f(t)dt where fis the function graphed in
0

the figure. A linear approximation of G nearx =3 is

=
-2
(A) 6-x (B) 8—x (C) 5-2x (D) 8-2x (E) 9-2x
Ans
22. What is the radius of convergence for the series §—%2—)—?
n=0 n
1
(4) 0 ®) 5 © 3 D) 1 E) 2

Ans

Copyright 2013 Venture Publishing
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23 —_
=3-  The infinite first quadrant region bounded above by the curve y = e* is rotated about tie

X-axIs to generate a solid of revolution. The volume of the solid is

X
Mg ® 3 © 3 ® § (E)

Ans
24, :I'he slope field for a differential equation % = f(x,y) is given
in the figure. Which of the following statements are true? FLST TS558 58550108
I. A solution curve that contains the point (0, 2) also contains i‘f';‘i‘ii‘iéléf':’;;;;;
the point (-2, 0). N N N
YNSSASSNSNNSNNAN
II. Asy approaches 1 the rate of change of y approaches zero. {- }. '{ { } {' ’{ '{ :: {a } % .E % { }
III. All solution curves for the differential equation have Vitiiiiiiavvinang
the same slope for a given value of y.
(A) Ionly (B) U only (C) Iand M only (D) MandIllonly (E) I, II, III
Ans

25. If the definite integral J: -inx dx is approximated by 3 circumscribed rectangles of equal width
on the x-axis, then the approximation is

(A) 1an3+ms5+m7)

B) 1an1+in3+ms)
(C) 2(In3 +In5+1n7)

(D) 2(In3 + In5)
(E) In1+2In3+2In5+In7

Copyright 2013 Venture Publishing
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hoff e,
26. The function f is defined on the interval -3 sx =3 BISES Y
and its graph is shown in the figure. If the graphof /| 2l

has a horizontal tangent at x = 2, which of the
following statements are true?

-3 -2: -l I 3 3
-1
L f(2) > f'(2)
L [f(x)dx > £"(2)
2 4 6 - , .
L 1-x+%-X 4 X _...is 2 Maclaurin series representation of the function f

2 8 15
(A) Ionly (B) Ilonly  (C) Iand II only (D) HandIlIonly (E) L II and III

Ans

10x

and »(0)=2. An approximation of y(1) using
Yy
Euler's method with two steps and step size Ax =0.5 is -

27. Given the differential equation % =
X

A1 (B)2 ©) 3 (D) 4 (E) 1?6

Ans
28. The coefficient of (x—=1)" in the Taylor series for x Inx about x = lis
1 1
@W-5%  ® L - ‘ 1
20 ® 3% © -z ®) 3% ® -5
Ans

Copyright 2013 Venture Publishing
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EXAM VI
CALCULUS BC
SECTION I PART B
Time-50 minutes
Number of questions—17

A GRAPHING CALCULATOR IS REQUIRED FOR SOME QUESTIONS ON
THIS PART OF THE EXAMINATION
ace for scratchwork. After examining

Directions: Solve each of the following problems, using the available sp
11 in the box. Do not spend too much

t!le form of the choices, decide which is the best of the choices given and fi
time on any one problem.

In this test:

(1)  The exact numerical value o
happens, select from among the choices the number that best ap

Unless otherwise specified, the domain of a function f is assumed to be the set of all real numbers x for
£ or with

£ the correct answer does not always appear among the choices given. When this
proximates the exact numerical value.

@
which f(x) is a real number.
(3)  The inverse of a trigonometric function fmay be indicated using the inverse function notation

the prefix “arc” (e.g., sin_ x = arcsinx),

1. A particle moves along the x-axis so that its position at any time ¢ = 0 is given by
x(#) = (t +1)(¢—4)’. For what value of z, 2<t=<4,is the particle's instantancous velocity

the same as its average velocity on the closed interval [2, 4]?

(B) 2.644 (C) 2.744 (D) 2.844 (E) 2.944

(A) 2.544

Ans

If the function fdefined by f(x) = x* + ax? + 8x — 5 has a horizontal tangent line and a point

of inflection at the same value of x, then a is
D) 1 (E) 3

(A) 12 (B)) -6 (©) 0

Copyright 2013- Venture Publishing
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3. A graph of the second derivative i i i
o C of a function £ is shown in the figure. Use the h to
determine which of the following are true. £ ! o =

i The f-graph is concave down on the interval (1, 3). graph of £’

1

II. The f~graph has points of inflection at x = 1 and x = 3 .
III. If f'2)=0,fis increasing at x = 3. i

-2

3

(A) Ionly (B) II only (C) III only (D) Iand I only (E) L II, III

4.  The area of the first quadrant region bounded above by the graph of y = 2sinx and below by
the graph of y =" is

(A) 2312
(B) 1.398
(C) 1.343
(D) 0.429
(E) none of these

The base of a solid is the region bounded below by the curve y = x* and above by the line

Y =d, where d is a positive constant. Every cross-section of the solid perpendicular to the y-
axis is a square. If the volume of the solid is 72, what is the value of d?

(A) 4 (B) 6 ©) 8 (D) 10 (E) 12

Copyright 2013 Venture Publishing
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Calculators EXAM VI Section I Part B

M - X .
6.  The function g is defined by g(x) = f ,e081 dt. The maximum value of g on the closed
. x
interval [, n] is

(A) -2 (B) -1 © 0 D) 1 (E) 2

Ans

7.  The Cartesian equation for the polar curve r =sin 8 is
Q) *+y’'=x
(B) x*+y' =y
(C) x*+y =x+y
D) (x+y) =y
(E) (x+y)' =x
Ans

e +3, forx>0, :
The function fis defined for all real numbers by f(x) = Iffis
ax+b forxs0.

differentiable atx =0, then a+ b= -

®B) 1 ©) 2 @®) 3 (E) 4

(A) 0

Copyright 2013 Venture Publishing



136 EXAM VI Section I Part B

Multiple-Choice

9.  Ifthe derivative of the function fis given by f"(x) = cos(%) .Inx for 0 < x < 3m, then the

graph of fis increasing and concave down on the interval

(A) (0, 1.967) (B) (1.967, 3.141) (C) (3.141, 6.601)
(D) (6.601, 9.424) (E) (3.141, 9.424)

Ans

10. The least integer value of a for which the the series 2 —— converges is
n

n=1

(A) 26 (B) 27 (C) 28 (D) 29 (E) 30

Ans
11. The graph of the function represented by the Maclaurin series
x+x +%.,i+—“§—;-+34—',5-+35—?+---=20%+—] intersects the graph of y =1+ x” at the point
where x =
(A) 0.718 (B) 0.738 (C) 0.758 (D) 0.778 (E) 0.798
Ans

Copyright 2013 Venture Publishing
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Calculators EXAM VI SectionI Part B
12. A particle is traveling along the circle x* + y* = 4. When it is at the point (1,+/3),
% 2. Find L ot this tnstan.
dt dt
=2 1 1 2
A) - 5 (B) - 7 © 0 (D) 7 (E) 73
Ans
13.  Suppose interest on money in a bank account accumulates at an annual rate of 4% per year

compounded continuously. If the balance B = B(¢) in the account satisfies the equation
‘—ii—g =.04B, then approximately how much money should be invested today so that 5 years
from now it would be worth $4000?
(A) $3600
(B) $3300
(C) $3000
(D) $2700

2400
e Ans

14. A graph of the function £, is shown in the figure. graph of f
Which of the following are true? ¥
@A) "<, W</ | il
B) fM<fM<sf"D)
© fM<fMH<f"M i \ x
D) ffM<fM<Sf'D)
<14

E) fW</"M<SD

Copyright 2013 Venture Publishing
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£ Ifff(x)-seczx dx ='f(x)'tanx—f9x2 ‘tanx dx, then f(x) could be

(A) x*-sec’x  (B) x’-tanx  (C) 3x° (D) 3x° (E) 6x°

Ans
o iy 3 : 4 1 Bt :
16. If the substitution +/x = u -1 is made in .I: o o dx , the resulting integral is
42 4 49
(A)j"udu (B) ﬁu(u—l) du ©) ﬁ;du
2 I
D) .Iju au (E) iju(u—l) 4g
Ans
17. If the graph of / shown in the figure has a horizontal tangent graph of f
at x = 0, which of the following statements are true. —a—
A y
x=*2 sin(x -2) ' P2
. fx=1)_ i
IL )l(l_r,r}f(x”)—l 11 20\ 3 45 5
A1 ]
m. fim L
x=>2 (x-2)
(A) Ionly (B) Il only (C) II only (D) Iand I only (E) I, II, III
Ans

Copyright 2013 Venture Publishing
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EXAM VI
CALCULUS BC
SECTION 11, PART A
Time-30 minutes
Number of problems-2

A graphing calculator is required for some problems or parts of problems.

Before you begin Part A of Section II, you may wish to look over the problems before starting to work on
them. It is not expected that everyone will be able to complete all parts of all problems and you will be able to
come back to Part A (without a calculator), if you have time after Part B. All problems are given equal weight,

but the parts of a particular solution are not necessarily given equal weight.

You should write all work for each problem in the space provided. Be sure to write clearly and legibly. If you
make an error, you may save time by crossing it out rather than trying to erase it. Erased or crossed out work

will not be graded.

SHOW ALL YOUR WORK. Clearly label any functions, graphs, tables, or other objects you use. You will
be graded on the correctness and completeness of your methods as well as your final answers. Answers without

supporting work may not receive credit.
Justifications require that you give mathematical (noncalculator) reasons.

You are permitted to use your calculator in Part A to solve an equation, find the derivative of a function at a
point, or calculate the value of a definite integral. However, you must clearly indicate in your exam booklet the
setup of your problem, namely the equation, function, or integral you are using. If you use other built-in
features or programs, you must show the mathematical steps necessary to produce your results.

Your work must be expressed in mathematical notation rather than calculator syntax. For example,
5
[xz dx may not be written as ntnt(X‘z,X, 1, 5).

Unless otherwise specified, answers (numeric or algebraic) need not be simplified.

If you use decimal approximations in your calculations, you will be graded on accuracy. Unless otherwise
specified, your final answers should be accurate to three places after the decimal point.

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.

THE EXAM BEGINS ON THE NEXT PAGE
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which power is being used were
d and listed in the following table. The

At an electrical substation readings of the rate at
ntiable function P at

1.
recorded at 3 hour intervals over a 24-hour perio
rate of power usage is in kilowatts per hour and is given by a differe

t | 0] 3 6 9 12 15 18 21 24
P() ’ 1245’ 1268| 1321 1316 1393 1369] 1369 1451 | 1428
24

time 2.

(a) Using a midpoint approximation with four equally spaced intervals, approximate f P(?) dt
0

Using correct units, explain the meaning of your answer in terms of power usage.

(b) Estimate how fast the rate of chan is i i '
) ge of power usage is increasing at time 7 = 12.
Show the computation that leads to your answer. Indicate units of measure.

(© ‘:ssume that the ﬁlﬂCﬁOH/{ given by f(¢) = 1245 + 10£¢%#°°**, is an accurate model of
the rate of power usage at time #, where ¢ is measured in hours and f(?) is in kilowatts

per hour. Use f(?) to approximate the average i
time period. Undicate units of measure. BRrSIER povres usage iy toe ko

Copyright 2013 Venture Publishing
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2. Let g be the function given by g(x) =j:cos(e”2) dt for -1 < x =< 4.

a) Find g(1/2).
b) F ind the instantaneous rate of change of g, with respect to x, at x = 0.
¢) Find all values of x on the interval (-1, 4) at which g has a relative maximum. Justify

your answer.
d) Find the x-coordinate of each point of inflection of the graph of g on the open interval
~1, 4). Justify your answer.

€) Find the absolute maximum of g on the closed interval [0, 4]. Justify your answer.

Copyright 2013 Venture Publishing
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EXAM VI Section 1l Part A Free-Response

A graphing calculator may NOT be uscd on this

« During the timed portion for part B, you may

Time - 60 minutes
Number of problems - 4

part of the examination,

go back and continue to work on the problems

3. A function y = f(x) satisfics the dilTerential equation X = ‘!7’1 :

S0)=-2.
(a) On the axes provided, sketch a slope fiel

with initial condition

d for the given differential equation at the

twelve points indicated.

2 e e
1 e ®
+ X
0 1 2
-1 ® [ ]
-2 ® )

(b) Sketch the solution curve that passes through the point (0, =2).

(c) Find £"(0).

(d) Find the particular solution to the differential equation that satisfies the initial condition

f(0)=-2.

Copyright 2013 Venture Publishing
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143

A particle with coordinates (x(t), y(t)) moves along a curve in the first quadrant so that

dx 1
— e and f{X,-_-x : = forr=0.
dt 2+t +1 dt (t+1)

(a) Find the coordinates of the particle in terms of 7 if, when 7= 0, x = 1 and y= 0.

(b) Write an equation expressing y in terms of x.

(¢) Find the average rate of change of y with respect to x as # varies fromr=3 to = 15.

(d) Find the instantaneous rate of change of y with respect to x when r= 8.

Copyright 2013 Venture Publishing
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3. The part of the curve of y? — y + ¢* = cos x that is near the point (0, 1) defines y as a
function of x implicitly.

(2) Find %.
(b) Find an equation of the line tangent to curve at the point (0, 1).

2
(c¢) Find :T{ at the point (0, 1).

(d) Use the tangent line approximation in part (b) to estimate the value of y for the point
on the curve near (0, 1) where x = 0.5.

(e) Does the tangent line approximation in part (d) yield a larger or smaller value than the
actual y-value. Explain,

Copyright 2013 Venture Publishing
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6. Let f be the function defined by f(x) = 2 +lx2 .
(a) Write the first four terms and general term for the power series expansion of fabout

x =0.
(b) Determine the radius of convergence of the series found in part (a).

dt, find the Taylor expansion of g about

(c) Given the function g defined by g(x) = f : 3
o 3¥e

x=0.
1 1 1 JT
+--. — —
8

(d) Using your answer in part (c), show that ———+ ——— =
2 6 10 14

Copyright 2013 Venture Publishing
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Answers

I. D 18. D
3. € 19. A
3. B 2. D
4. C 21. C
5. D 23, - ©
6. E 23. D
7. C 24. C
8. A 25. D
9. A 26. E
10. D 77. €
il. € 28. B
12. B
13. E
14. B
15. E
16. D
17. E

1. (a) = 0.902 sec
dx

®) x=5,y=12, t=0.247, 5—18827ﬁ/sec

2.(a) g'(0)=1 (b) g'(1) > 0=> g is increasing

3.0 2 21 _!)‘ (2 - cos8)*d@

(b) dx/d@ = -2sin@ +2(cosB)(sinb)
dy/ d6 = 2cosB — cos’+sin’@

© dy _ 2cos6 - c0s20 + sinZ0
dx  —2sinB + 2(cosB)(sinb)
2 4 n_2n
X x -D)"x
4. (@ allx (b) 1-Zr—-"r=+ o
1=cosx jf xw0

() g'(x)=cosx, f(x)= { %

1/2 if x=0
(d) g(x) =sinx+3

5

5. (a) —72'— (b)x+y—4

1
) J
0

4(t+l)3 (r+1)

6. (a) P(t)=1200 —900e™"

In(2/3) 3
—3 Iny

(b) k=~ -1
(¢) limP(£)=1200

EXAM I Section II Part A

(c)g"(0)~7 (d) g"(1) > 0 = g - graphconcave up

EXAM I Section II Part B

dt (d)y—l-x ,0<xsl

Wmw>mp > o000
SORANU B LN —

WEHAOUP»oWT»>OQQr>»0»
)
=N
WmE@wowormwmOOQQoOn

ection II Part A

1. (a) v(t) = 1-t(cost) = (Int)(sin t)
(b) max|v(t) = 5.896 when t =6.700
(c)5.204 <t<7.987 (d)21.461

2. (a) decreasing at 0.0375 ft per ft
(b) 27772 cuft (c)w=1.1551t, h=1633ft

EXAM II Section II Part — EXAMI Section Il PartB |

(1.8
3.(@ 2+In3 (b) 4:rk\1+6)

2
(c) n}[x +£+2] -[x+2]‘2 dx
] x
4.(a -3 @®4 (c) 33

5.0) ) (;‘ 1) T —

@©x>7 @y=0

6. (@ f'(0)=1f"(0)=-1 /"(0)=2

x2 x3 4 ( I)n+l n

(b) x-——-+T 2 —
(c) 1

A
4

n




E EXAM 111
— Part A Part
. (o] 18. D | 1.
2. C 19. D 2
3. C 200 C 3.
& D 21. < 4,
S. D 2. D 5.
6. E 23, C 6.
7. E 24. B 7
8. C 25. € 8.
9 C 26. D 9.
10. C 27. D 10.
11. E 28. A 11.
12. E 12:
13. C 13.
14. A 14.
15. E 15.
l16. D 16.
17. E 17,
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. EXAMTII Section Il Part A
1. (@) =3.75

(b) y~2.6 = -3.75(x—1.4)
(o) f"0.4)>0
(d) .04[f(1.2) + £(1.6)] = 2.2

2. (a) (\/—2—$ l)’ (_ﬁs—l)
(b) product of slopes = -1 (c) 1.737

EXAM III Section II Part B

- (@ 10 (b)x=-3,1,3
(©) (-6,—4)and(1,3)
(d) H'@)=f'[3]5=2-5=10

. (a) diverges (b) -%sx < %

5. (a) v(t)=‘/—;t_%_]—+3 (b) 1.5

(©) s(t)=-6~2+1+3t+15 (d) 3
6. (a) h(-x)=h(x) (b) —V5=sx=+/5
(©) =12 (d) =2

’

EXAM 1V
Part A B
1. D 18. B D
2 B 19. D D
3 € 20. E C
4. B 21. D C
S, D 22. E €
6. C 23. A A
7. (8 24, B C
8. E 25. B E
9. D 26. D B
10. D 27, D C
I'l: € 28. B D
12. D D
13. B C
14. C C
15. E B
16. B D
17. C D

EXAM IV Section II Part A

. (a) relminat x =-0.364 and x =1.977

. (a) %cott () 2x-3y+5+6J2=0

rel max at x = 0.487
(b) -0.364 < x < 0.487 and x >1.977

(€)0.043<x<1.092  (d) 1.097 units

(c) 3.757
EXAM IV Section II Part B

. (a) 0.4 f / sec?

@) a2y

. (@ 1.5 (b) 2<x<25

(b) 1300 feet

(c) Car A is traveling faster

& x6 x4 xzn

FTIME TR TR
(b) converges for all x (radiusis infinite)

®) (=3 -2’—0)2

(c) 40 min

(c) G(3)>0 and G(4) <0 so by the
Intermediate Value Theorem, G has a zero
in[3,4). G'(x)<0on[3,4], soGis
monotone, decreasing and has only one
zero in [3,4].

(d) y-15=-1(x-3)
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Answers
EXAM VI

Part A [ Part B IP Part A ?5
8. B 1. D . A B
19. B 2. B 2. E -
20. B 3. B 3. B 5
21. D 4. E 4. E %
22. E 5. B 5. E o
23. B 6. B 6. D £

24. D 7. C T B
25. B 8. E 8. C D
26. A 9. A 9. D B
27. DI 10. A . A D
2. E || 11. D C B
12. E C A
13. D B B
14. D D B
15. A B C
16. B A D
17. D D D

EXAM V Section II Part A

EXAM VI Section II Part A

1. (a) 6(1268 + 1316 + 1369 + 1451) = 32,424 K
(b) (%—Eﬁ) = 8.833 K/hr?

1. (@) y-e?=e“x-a) R=(a-1,0) (b) A-—;—ea|a-l|

(c) Areamax whena =0. A'(0) = 0and A”(0)< 0
A(-1) = 0.368, A(0) = 0.5, A(1) =0

© o Jo ! (124541012595 ) 4t = 1364.478 K / hr

2. (a) g(1/2) = 0210 (b) g'(0) =0.540
(c) x =0.903 (d) x=2290 orx =3.676
(e) 0269

2. R, =Y (I-Ax,‘-“lx

)(x‘)z Whenn=4,Ax=1,x, =0
k=1

k

Ry= (L11)0) +(11:3) (1% + (11D (2 +1-D) 3)2= 8

2

(b) lim 2 (l Axy- ™ ] )(xk) = lim 2( ) -.z‘lj_—xdx

n—sc n=+® ;2 l+X‘

(©) f — dx = 5.609 grams

EXAM YV Section Il Part B

EXAM VI Section 11 Part B
3. ¢ —l d) y-—\fxz—Zx +4.

4. () x(1) =t+1 ; y(0) = (b)Y'l-xl—z

3.() L) =3(x-2)+Lx-2%+ Fx-1°

(b) Interval of convergence is all x for which —1s x < 5.

dy 2x 4
4. (a) == b) y-0==—(x-2
ax —2—3y 295 (b) ¥ 5( )

(c) vertical x==1, or = ’22;873 horizontal x =0

(e) larger
5. (@) x=10 (b) S<x<125 i

(¢) critical points (10, 60) and (15, 47.5)
inflection points (5, 35) and (12.5, 53.75)

2
(c) At(0,1), Z— =4 (d) y(0.5)~0.5

1 2 4 = n y2n
6.(a) E—T_G"' fﬁ"' - zo(_l) 2§n+2 (b)R =2

2
6. (b) ly|=2¢*"* (c) y=2e
(d) y=3;exact: y(2) = 5.437

§ n x2n+|
a0 (2n+1)22n42

(d) Letx=2




