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PREFACE 

I am pleased to offer you the 10™ edition of MULTIPLE-CHOICE & FREE-RESPONSE 

QUESTIONS IN PREPARATION FOR THE AP CALCULUS (AB) EXAMINATION. 

This book has been prepared with one purpose in mind: to help you prepare for the Advanced 

Placement Calculus AB Examination. It should be made clear that you will have to respond to both 
multiple-choice and free-response questions on the examination. Some parts of the examination 

do not allow the use of graphing calculators and other parts have questions which are calculator- 
dependent. 

>» The 10" editicn consists of six sample examinations, each with forty-five multiple-choice 

questions and six free-response questions. 

e Section I Part A consists of 30 multiple-choice questions in which the use of calculators is not allowed. 

e Section I Part B consists of 15 multiple-choice questions designed with graphing calculators in mind, 

and contains some questions for which this technology is required. 

e Section II Part A consists of two free-response questions and contains some questions or parts of 

questions for which a graphing calculator is required. 
e Section II Part B consists of four free-response questions for which you may not use your calculator. 

You now have an opportunity to take a series of six examinations under conditions that simulate 

those in an actual test administration. 

> Workspace for each question has been provided for you. 
> As indicated on the actual AP Calculus AB examination you should allow yourself and follow these 

test-taking time limits. 
e Section J Part A — 60 minutes 

e Section I Part B — 45 minutes 

¢ Section II Part A — 30 minutes 

e Section II Part B — 60 minutes 
> Formulas and Theorerns for Reference are provided at the end of the book, however this information is 

not provided on an actual Calculus AB examination. 

I believe that by completing all six sample examinations: 

> you will be able to identify your strengths and weaknesses in your understanding of Calculus, 

> you will be able to better prepare a study plan for the Calculus AB examination; 

> you will be able to approach the AP Calculus AB Examination with increased confidence. 

Any errors found in this book are solely the responsibility of the author. 

All communications concerning this book should be addressed to: 

D & S Marketing Systems, Inc. 

1205 38th Street 

Brooklyn, NY 11218 

www.dsmarketing.com 

Unauthorized copying or reusing any part of this page is illegal. 
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The AP Calculus Exam 

How, not only to Survive, but to Prevail... 

By Lin McMullin 

The AP Calculus exam is the cumulation of all of the years you’ve spent in high school studying 

mathematics. It’s all led up to this. The calculus you study in the last year completes the prior years of 

preparation. If you are reading this at the beginning of the year keep these things in mind as you go 

through the year. If you are reading this only a few weeks before the test think back and see how these 

things fit together. 

Everything in calculus, and mathematics in general, is best understood verbally, numerically, 

analytically (that is, through the use of equations and symbols) and graphically. Look at everything 

from these four perspectives. Look at the relationships among them — how the same idea shows up in 

words, in equations, in numbers and in graphs. 

For example: numerically a linear function is one which when written as a table of values, regular 

changes in the x-values produce regular changes in the y-values. Graphically a linear function has a 

graph that is a straight line. Analytically it is one whose equation can be written as y= mx +b. And 

the three ways are interrelated. The ratio of the changes in the table is the number m in the equation; 

the graph can be drawn using the number m by going up and over from one point to the next. The idea 

of the slope as “rise over run” expresses this verbally. Everything in mathematics and in the calculus 

works that way. 

Learn the concepts — the exam emphasizes concepts. 

Learn the procedures and formulas — even though the concepts are more important than the 

computations you still have to do the computations. Like it or not, learn to do the algebra, the arithmetic 

and the graphs. 

Unauthorized copying or reusing any part of this page is illegal. 
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STUDENT SURVIVAL GUIDE 

Learn to be methodical — work neatly and carefully all year. 

Think about what you are doing. Watch yourself work. It is natural to concentrate on the material 

you know and can do, but you need to concentrate on the things you do not (yet) know how to do. 

You can learn much from your mistakes. Look at a wrong answer as a green light to go in a different 

direction until you’ve reached the right answer. 

Reviewing for the Exam 

In the few weeks before the AP Exam you will need to review what you have studied, firm up what 

you have learned, work on your areas of weakness, and, yes, memorize some formulas. You also need 

to prepare for the exam itself by learning what kinds of questions will be asked and how to best answer 

them. Specifically 

m Understand the format of the exams. (See below). Know how your knowledge will be 

tested. 

m STUDY WHAT YOU DO NOT KNOW. That may seem obvious but many people enjoy 

getting the right answers so much that they only review the stuff they know. The time to 

concentrate on what you know is when you are taking the test. 

mM Practice writing free-response answers. The College Board publishes copies of student 

answers from past years. If your teacher has some of these, look at them and learn what is 

expected and what is not needed. 

m@ Plan your review carefully. Don’t try to cram the weekend before the exam. The day before 

the test: relax, get psyched, and get a good night’s sleep. On the day of the test eat a good 

breakfast. The test is grueling, even though you’re up for it. Bring a snack for the brief 

break between the multiple-chose and free-response sections. 

Graphing Calculators 

The reason calculators are so important in learning mathematics is that they allow you do the 

graphical and numerical work easily, quickly and accurately. You should use your calculator all year, on 

homework, tests and when studying. Learn how to use it efficiently. Learn its strengths and weaknesses. 

You may use your calculator any way you wish. There are four types of things you must know how 

to do. They are 

m Plot the graph of a function within an arbitrary viewing window, 
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m Find the zeros of functions (solve equations numerically). One way to do this is to graph 

both sides of the equation and find the point(s) of intersection. 

m@ Numerically calculate the value of the derivative of a function at a point, and 

@ Numerically calculate the value of a definite integral. 

You may have programs in your calculator; but you will not be asked to use them. The questions on 

the exam are designed so that someone with a program, or a more expensive calculator, or a computer 

algebra system, has no advantage over someone who does not. This includes many of the built-in 

programs. 

Be sure your graphing calculator is set in Radian mode. 

Numerical answers may be left unsimplified and in terms of z, e, etc. There is no reason to change 

an answer to a decimal if you don’t have to. (Why take the chance on pushing the wrong button?) 

Install fresh batteries before the exam. 

The Format of the Exams 

There are two parts to the AP exams: a multiple-choice section and a free-response section. The 

number of questions and timing may change slightly from year to year. Be sure you check the current 

College Board publications for your exam. 

Both sections count equally towards your final grade. Both sections cover the full range of topics. It 

is natural to expect that different classes will cover some topics in greater detail than others; the exam 

will evaluate your knowledge of the calculus. It is not necessary to answer all the questions to get a 

good score. In fact the exam is made so that the average score will be about 50%; this is usually a score 

of three. 

The Current AP Calculus Exam format is 

Section I Part A (60 minutes) 30 multiple-choice questions for which you may not use a calculator. 

Section I Part B (45 minutes) 15 multiple-choice questions. You may use your calculator on this 

section. Some of these questions require the use of a graphing calculator others do not. 

Unauthorized copying or reusing any part of this page is illegal. 
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Section II Part A (30 minutes) Two Free-Response questions. In this section you will find longer 

questions with several related parts. You will need your calculator for some parts (but not all parts) of 

questions in this section. You are required to show your work in this section. You may continue work 

on this section without a calculator after you start part B. 

Section II Part B (60 minutes) Four Free-Response questions. You may not use your calculator on 

this section. In this section you will find longer questions with several related parts. You are required 

to show your work in this section. You may use part of this time to work on Section II, Part A without 

a calculator 

Sections I and II count equally towards your final score. 

Multiple-Choice Questions 

Read each question carefully and look at the answer choices. Do the ones you are sure of. Don’t 

struggle over one that isn’t working out. Remember your time is limited and you do not need to answer 

all of the questions. There is no longer a penalty for guessing; nevertheless, don’t guess blindly. Try to 

eliminate one or more of the choices before guessing. 

Do not waste time on questions you are struggling with. A good procedure is to do all the “easy” 

questions, the ones you are sure of, first. Then go back and do the more difficult ones you think you 

can do, and then, if there is time, try the ones you are not sure you can do. Do not leave any question 

unanswered. 

Be sure to bubble your answer in the correct space on the answer sheet. 

Types of Multiple-Choice Questions 

™ One type of question may ask for a computation (a limit, a derivative, a definite or 

indefinite integral) and give four possible answers: be aware that answers that result from 

predictable mistakes are among the choices — work carefully, just because your answer is 

there doesn’t mean it’s correct. 

m@ Another type may ask you only to set up a problem: looking at the answer choices may 

keep you from doing too much work. 

™ Some questions ask you to choose the one true or one false statement from a list of four 

Statements: be sure you know if you are looking for a true or a false statement. 
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m™ Another type of question asks which of three statements is true (or false): the answer may 

be any one or some combination of the statements. 

m § Another type may ask you to choose the correct table or graph from among four choices. 

Free-response Questions 

The general directions for Section II require you to show your work and indicate the methods you 

use to arrive at your answers. In addition, parts of questions may say, “Justify your answer” or “Explain 

your reasoning” or “Show the analysis that leads to your conclusion.” Your answers will be read by 

calculus teachers who will judge your work. It is important that you clearly show how you arrived at 

your answer. Answers without supporting work may lose points even if the final answer is correct. 

The questions are designed to show the breadth and depth of your knowledge. There are some 

common types of questions that are asked. There will also be questions asked in new and original ways. 

Some things to keep in mind about free-response questions: 

Don’t write a long essay: it’s not necessary. Do show the work that you do, so that 

the reader will understand you. You may use common terms and names like “the first 

derivative test.” You do not need to name theorems. Explain in words and symbols what 

you see in the given information (the graph or table) that leads you to your conclusion; 

relate your reasoning to the given information or graph. 

Your justifications and explanations must be in word and symbols. Number lines are an 

excellent way to organize the information, but they do not count as justifications. Readers 

are forbidden to even look at number line justifications. 

The free-response section of the exam rarely requires long complicated computation; 

if you find yourself doing a long complicated computation you’ve probably gone wrong 

somewhere and should start over. 

Do not explain how to do the problem you cannot do. A general explanation without work 

will receive no credit. You must do the problem you are given. 

Avoid simplifying numerical answers. If you get 1 + 1 for your answer, leave it that way. 

Answers may be left unsimplified as fractions, radicals, powers of e, in terms of z, etc. Do 

not take a chance of pushing the wrong button once you have an acceptable answer. If 

you do arithmetic it must be done correctly. Every year students find the correct answer, 

simplify it or change it to a decimal incorrectly and lose a point. Decimal answers (for 

Unauthorized copying or reusing any part of this page is illegal. 
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example a definite integral on a calculator) are acceptable even if an exact answer is 

possible. 

If you make a mistake cross it out. Crossed out work is not read or graded. If you leave 

wrong work on your paper (not crossed out) it will be read and may affect your score. 

If you work the problem two different ways, choose the best one and put an X through the 

other. If both are left, they will both be scored and the scores will be averaged. This can 

lower your score even if one solution is perfect. 

Standard notation must be used. Don’t use calculator notation. (For example: 
2 

fnint(x2,x,8,2) is not acceptable, use the standard [ Pax 
0 

Answers without work may not receive full credit. Don’t do work on a calculator without 

indicating what you are doing. For example if you are evaluating a definite integral write 

the integral on your paper and put the calculator answer next to it; you do not need to 

show the work in between (the antiderivative).. 

Different calculators have different built-in utilities (for example the ability to find 

points of inflection, or maximum values of a function). You may have programs in your 

calculator to do things such as the the left or right Riemann sum (LRAM, RRAM) or the 

Trapezoidal approximation. However, if you use such a built-in utility or a special program 

to do something other than the four things listed previously, you must show on your paper 

the complete set-up (the terms of the Riemann sum approximation or the Trapezoidal 

approximation, the computation, analysis of the second derivative required to find a 

point of inflection, etc.). Only the four things listed above may be done without further 

explanation. 

Don’t put things where they are not needed. Work must be shown on the part of the 

answer booklet where it is used. For example, if you need a derivative in part (b) of a 

question and you have it in part (a) where it is not needed, you will not get credit for 

finding the derivative (in either part). Either copy it in part (b) or draw an arrow over to 

where you wrote it. You must show you know where you need the derivative as well as 

your ability to find it. Likewise, do not put work on the graph or drawing. It may not be 

read unless you specifically refer to it in the part of the answer booklet where you used it. 

Finally the parts of a free-response question are related to each other. This can help you in 

two ways: 
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= Sometimes each part may be answered without reference to the other parts. Read and try 

of all the parts: if you cannot do part (a) maybe you can do part (b). Perhaps doing part (b) 

will give you a hint on how to do part (a). 

« Other times the one part will lead to the next: this is done to help you find your way through 

the problem. Keep in mind that this may be the case and work your way from part (a) to 

part (b) to part (c) even if you’re not sure where the problem is heading. 

Try all of the free-response questions. They are written so that the first parts are easier in 

order to help you get started. Even if you don’t get the entire problem, earning some points 

are better than earning no points. 

Common Free-Response Mistakes 

Algebra and arithmetic mistakes. 

Missing limits of integration. 

Not considering the end points of an interval (for example, when looking for the absolute 

maximum value of a function). 

Giving answers from points outside the given interval. 

Not giving both coordinates of a point when required. 

Giving both coordinates when only one is asked for; remember “value of a function” means 

the y-value and “maximum value of a function” means the absolute maximum 

y-value. 

Not having your calculator in radian mode. 

Not answering the question that was asked even though all the work is correct. If it is a yes 

or no question, say “yes” or “no.” 

Ignoring units of measure, if they are specifically asked for. 

Family of function problems: Questions that start with a phrase like, “This question deals 

with functions defined by f(x) = 1+ 5 sin (x) where b is a positive constant...” are meant to 

be done in general, not for a specific value of b. Even if you get the correct answer using a 

specific value of b, you may lose points. The reason is that, because you used a particular 

value, you have no way to be sure that your answers are true for all values of b. 

Curve Fitting: There will be a function given as a graph or a table of values with no 

equation. You are being asked to demonstrate that you can work from the graphical or 

numerical data. The questions that follow can be answered without an equation. You may 

Unauthorized copying or reusing any part of this page is illegal. 
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have learned to approximate functions using various curve fitting (regression) operations 

built into your calculator. This should be avoided. While this is a perfectly good approach 

in the real world, you may lose points because you are not working with the function you 

were given (only an approximation of it), and this is not one of the four allowed calculator 

operations. Do not curve fit. 

™@ Using a built-in calculator utility or a program without showing all the work and justification 

for what you are doing. You may do only the four things mentioned above without further 

explanation. 

A Word about Three-Decimal Place Accuracy 

Some answers, the evaluation of definite integrals is an example, must be written as decimals 

because they are found using a graphing calculator. These answers, and other answers that you choose 

to change to decimals, must be correct to three places past the decimal point. This means that the 

answer may be rounded to three decimal places, truncated after the third decimal place or left with 

more than three decimal places as long as the first three are correct. An answer of z, which should be 

left as z, may be given as 3.1415926535898..., 3.142, 3.141, 3.1416785 or even 3.142768. If the number 

ends in zeros, they may be omitted; thus 17.320 may be given as 17.32 and 56.000 may be given as 56. 

Too often, students may choose to give decimal answers when they are not required. Once a free- 

response answer is entirely in terms of numbers there is no need to change the number to a decimal. 

S127 018 is sufficient. If the decimal For example, 2012AB 1(a) does not require a decimal answer: 

is correct (to three decimal places) then you will receive the credit. However, if you change a correct 

answer to an incorrect decimal (including one with too few decimals) then you will lose credit. The 

moral is: avoid arithmetic, avoid decimals; give them only if you cannot give anything else. 

Rounding too soon is another common mistake made by students. Computations should be done 

with more decimal places than is required in the final answer. Learn how to store the intermediate 

values in your calculator and recall them when you need them in a computation. If premature rounding 

affects the three decimal place accuracy of the final answer, you will not be given the answer point. 

However, a rounded answer used in the next part of a problem will not be held against you. 

Good Luck! 



SAMPLE EXAMINATION I 
SECTION I PART A 

NO CALCULATOR IS ALLOWED IN THIS SECTION. 

Directions: Solve each of the following problems, using the available space for scratch work. After ex- 

amining the form of the choices, decide which is the best of the choices given. Do not spend too much 

time on any one problem. 

In this exam: 

(1) Unless otherwise specified, the domain of a function fis assumed to be the set of all real 

numbers x for which f(x) is a real number. 

(2) 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 = arcsin x) 

Unauthorized copying or reusing any part of this page is illegal. 



CALCULUS AB 

x° + bx forx <5 

AG  [Ssin (5 x) forx > 5 

. Let f be the function defined above’ where b is a constant. If AB is a continuous function, what is 

the value of b ? 

(A) —5 ia (C) 4 (D) 5 

4 Sih £(S) Kr bx =D 

— 

¢ g) eS ae Answer 

Ago Sy x begay 

2. The graph of y = 3x” — x has a relative maximum at 

(0,0) only ne 

eg ee) (1,2) only bishfoem ERA 4, 

TD (2,4) only A 

ee) —16) only 

PY 372 bx 
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SAMPLE EXAMINATION I 

3. A forest is in the shape of a rectangle 5 miles long and 3 miles wide. The density of trees at a 
distance of x miles from the S-mile side is given by 0(x) trees per square mile. Which Fes 
gives the number of trees in the forest? 

eS 3 ae p(x) dx 

(CG) ff QO 1%) ax 
0 

BA few dx 

Answer 

4. If f(x) = e*"*, how many zeros does f(x) have on the closed interval [0,27] ? 

(A) None (B) One CO) Two (D) Three 

C ih Be 
‘ia a = XE, 

61 ~< 

CPL GA" se oy 

ty X= Vy 25 

Ler 
Oz ss 

Answer 
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CALCULUS AB 

3x? — sin QO) 5. lim 
ee OIeodx? 4 x 

a 

Gi = @1 © —< (o) -1 

ben ax SF 
ab al Gs 

Answer 

d’y 
6. If y=In(3x +5), then a. 

Og Oa Oa Oary 
ghee 

Vis cee 

xta|- 2 y 

Tie © yg 

eed 
J ~ bx)? 

Answer 



SAMPLE EXAMINATION I 

7. If f(x) = V2-—4 sin x, then f’(z) = 

(A) -¥2 (B) 0 or ee J2 

tp. 
Ay | £ Aa / a4) sy 

ib é; Ne 2 
3 (a-40~) GO {a- \e= Wo 

a ae” 4 pal
e (21 a) 

Z (2) (4) 
8. Let R(x) be the radius of a round pipe that drains water from a dam, where x is measured in 

Answer 

30,000 
feet from the dam. Which choice best explains the meaning of | CR ede? 

10,000 

) The amount of water in square feet that the pipe can hold in the section from 10,000 to 

30,000 feet from the dam. 

(By The amouni of water in cubic feet that the pipe can hold in the section from 10,000 to 

30,000 feet from the dam. 

(C) The amount of water in cubic feet flowing through the pipe from 10,000 to 30,000 feet. 

We The amount of water in cubic feet in any 20,000-foot section of the pipe. 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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4_-al®) 2x1 dgG= 0) 
+d / LYf- p! 

oie “AX es 

7 
ce VY Ha 

“<9. An equation of the line tangent to the curve x? + y? = 169 4 We point (5, —12) is 7 OX £6 
yn -Lodee Er AA- 
perga (A) 12x+5y =119 
~~ 

av ioy = 119 

5x —12y = 169 

5 a (D), 12x — 5y = 169 
on =e 

Answer 

10. For an object moving along a straight line, the graph above represents the velocity of the 

moving object as a function of time. At which of the marked points is the speed the eer 

JA) A LSB pe TW) D 

Answer 
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SAMPLE EXAMINATION I 

x. 

~ 4 
$x sf 
= 7 — 

11. For the figure above, the area of the shaded region is 

iy “(&) Of wo # (Ax? 

bs on | | 
TN i} | | 

Lita) -0 5 Ade, 
Answer 

40) -f Mi 2Axcix-5= 2s 
ES ee ee i ete 

i2, (Ae 

(A) sin” ape 

(By 2 Aer EC 3 ents - 

(C) v4-x°+C — x ——= 

(Dy sin" (5) +€ a \[fx? 

x Ce wees 
ce + — ¢- | ue we 

[ a> x ov dy ~y + Answer 

a 

sing any part of this page is illegal. 
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CALCULUS AB 

13. [f the graph of f(x) = 2x? + # has a point of inflection at x =—1, then the value of k is 

(C1 48) 2 
“wy : : tl ae 

FOD= 2» HE kX 
-A | 1 eet 

PS 2 f'O9= 4 + dx 3 (9 = )% 14% 
~ lg) > 4 7 . 
= AOD? 4. 4x Mixed x -Qe © 

he Ff Get Bogs 44 
ee, + en 

a rs - &> Bie 

SS fit eee = 

14. | Or 4dr = 

4 
i cos (3x +4)+C 
3 

(B) —cos(3x+4)+C 77 —_ 

(C) cosx+4)+C 
: 

V+ 
(D) 700s (3x +4)+C , een 3 

Answer 
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1p. For what values of x is the graph of y = ¢= 2 7 concave downward? 

(A) No values of x 

x>4 

( x<4 

(D) All real numbers 

era Se 
eee 

ne | 

oa ROR Se 
Sa Aare 

16. f(x) =x°?+3x?—2 and f(—-1) = 0. If g(x) = f 7 (x), the value of g’(0) is 

A% -3 (B) 5 (C) -3 (D) nonexistent 

oe iis Dg PU x (9 £) ae le 

ye (314) - ae (0-1 
2 (904) 

ee 
UF ie 

A (Me f' (ty) fey le | 

SAMPLE EXAMINATION I 

pe J'= 

£IWD= vb 

7 La) 
wf Y : (ae. 8 = 576 

ee | Saf ee as faa 

- 34) es 
Bes zi 

Ty er 

gil, @ oe) - (8s) 
(4-~?) 

sie 
foe% 

Answer 
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CALCULUS AB 

17. Determine the slope of the line tangent to the graph of f(x) =, atx =1. 

(A) o25 e00® e*)(4te*)~ e\e 

LB ato (Rae oe 

(C) ie 

SE 

(D) (iene) 

Answer 

18. The rate of change of the surface area of a cube, S, with respect to time, f, is directly 

proportional to the square root of one-sixth of the surface area. Which of the following is a 
differential equation that best describes this relationship? 

(a) B=. ) pS o~ 
) San/t Az 

@ $n 
(D) sw=48 

Answer 



SAMPLE EXAMINATION I 

Unauthorized copying or reusing any part of this page is illegal. 



Answer 

\ 

at’ sia 

KAS a 
\ 
\ 
x 

\ 

\ 
\ 
\ 

NAG NAN, SNE NBN 
SS Ns hae 

eek a ae | Sf OY 
/ 

\e Nae \ 

OE UN a! af! TEE ee aes 

~
-
~
_
~
_
~
_
 

—
 

Pr
ee
 

me
se
s 

V
y
,
 

e
e
 

Sa
nt

as
 

~
~
~
 

~_
~_
 

VT Ae Mame LEU, Tia NE UT AM "(haat MA ERE 

Nea AA AP ae Ge 
NONE SANG a 
Boe ics ia SP NS kn hm 

ee Sy ag ag es es ee ae, 

7 ial ae Ce tan RT ee, 
GE TP IE ah OE all ea 

~
~
_
~
_
~
_
 

~
~
 

aa) < WY) ~ sl sy) O = < O 

20. Shown above is the slope field for which of the following differential equations? 

Un
au
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SAMPLE EXAMINATION I 

eves Grtwe 
21. If, for all real numbers x, f’(x) < 0 and f”(x) > 0, een of the following curves could be part 

of the graph of f? 

(A) y (B) y 

ie 
ane Xx 

QO, » | 

22. If fis a function such that lim fy) fa) = 0, which of the following must be true? 

Answer 

( iim f(x) does not exist. 

L@= 

HS fla) 
i f(x) is continuous at x = 0. 

Answer 
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CALCULUS AB 

23. The table above gives the values of f, f’, g, and g’ for selected values of x. 

What is the value of ) REC eNemm © 2 

eee Bye One et) 

Is SSS 
S 

\ 8 
WD qd Abe) | fl+) Answer 

Graph of f 

24. The graph of a piecewise linear function f is shown in the figure above. If g(x) = [ f(t) dt, 
1 

Al) = 
which of the following is true? 

AA) g(—4) < g(1) < g(-2) < g(5) 

(4) < g(-2)<g(1) <g(5) 0 (t)= 0 
(Gyre (-2) < 8-4) = 0) <2) | : ; gca=FL5 
Cees) < gl) = g(—-4) < 0a) 

3(S)= ke 
Answer 



SAMPLE EXAMINATION I | 

25. The circumference of a circle is increasing at the rate of 0.5 meters/minute. What is the rate of 
change of the area of the circle when the radius is 4 meters? 

e, 2 m*/min > mw 

) 4m?/min rina /i Nigegt 

(C) 42 m?/min 

(D) 82x m?/min 
OAS 

ee 

BS AT 
vA— PO OID 

. Ce Answer 
vA. | 
de oe 

26. Let f(x) be the function defined by f(x) = aS} 4 3 et f(x) be the function defined by f(x Sa hart ace SO Vo £9) 

0 : 

What is the value of [ ela ee Le pS ot ‘ 
-2 6 \ Sse Ba ae 

“ Ge a 
0 

a 

(A) 0 oe AO? Ae i a ae: 

- tc fi Si Pvt) tr \x ee jee 2 
Pn) ae 0 “COL et > 4 J i 

ie a4 3 3 

Oye tee alg é | Base - : —~ A (4 L 
ae ae ~2 9 ae ie gl <a 

lb Answer 
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CALCULUS AB 

27. The average value of the function f(x) = cos (5) on the closed interval [—4,0] is 

q 

(A) —1 sin (2) te 4 : 
‘ | 2. COSTS dx 

(B) —q sin (2) 2 4-9 F . 

(C) 4 sin (2) ~ 4 

fh? 5 sin (2) 0 

3s . 

Ange 

pe 

—Lenca) -+ (-fim€a) - gor) 
Foti 2- = ( -Janc-a) =e {) 

AX 

28. Using the substitution 1 u= /2x, [+ rae 1 is equivalent to 

(a0 f 

Answer 

ait 
(B) >t +1 

5 udu © [a a 

oy [um 
ee ey 

(+) 1 (ax) 133 

Ly ~(B~ 
a 

; Res SF; es ly 
U2 a2 = 9 EC cay SUS Satey, 
U BE 9 = | ha ae || 

c Q ¢ es 



SAMPLE EXAMINATION I 

29. The volume of the solid formed by revolving the region bounded/ bythe graphs of y = 9 and 
y =(x—3)’ about the line y = 9 is given by which of the followin integrals? 

6 

ea (9? — (x —3)*) dx 
iB) 

ps)» (9- @—3)7)"ae 

an (x= 3)" —97) dx 

p 2x {"(9-(x-3)?) dx 

e _ 2 Xb | | et | 

1 7 
30. Suppose that f(x) is an even function and let | f{ @)iax= Sand Foy axa 

0 0 
a4 

What is the value of | f(x) dx? 

Unauthorized copying or reusing any part of this page is illegal. 
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SECTION I PART B 

A GRAPHING CALCULATOR IS REQUIRED FOR SOME QUESTIONS IN THIS SECTION. 
CANDLES SELES SN OP PSE EIT TE 

Directions: Solve each of the following problems, using available space for scratch work. After examin- 

ing the form of the choices, decide which is the best of the choices given. Do not spend too much time 
on any one problem. 

In this exam: 

(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) 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 = arcsin x) 

18 



SAMPLE EXAMINATION I 

oh. Let fibe the function given by f(x) = tan x and let g be the function given by g(x) = x’. At what 
value of x in the interval 0 < x < z do the graphs of f and g have parallel tangent lines? 

(A) 0.660 (By 2.082 (C) 2.194 (D) 2.207 

= 
f 

Answer 

32. Let or I for t > 0. For what value of t is f’(t) equal to the average rate of change of f on the 

closed interval [a,b]? 

“(Oe Be O-- @-e 
oy 

ree Answer 
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CALCULUS AB 

33. On the interval a < x < b the function f is positive, increasing and concave upwards. Let — 

AN [ f(x) dx, L = the left Riemann sum approximation of [ f(x) dx with n subdivisions of 

equal length, R = the right Riemann <u approximation of i) f(x) dx with n subdivisions of 

equal length, and let 7 = the trapezoidal sum pee nadine of [ f(x) dx with n subdivisions of 

equal length. Which of the following inequalities is true? 

ACADL<A<TKR 

(Eapelecali AOR 

SS Rea pe) 

VS EES 

Answer 

34. Let R(t) represent the rate at which water is leaking out of a tank, where ¢ is measured in hours. 

Which of the following expressions represents the total amount of water in gallons that leaks 

out in the first three hours? 

1 3 

(A) KO dt 
0 

Ne : (B) 5{ Re di 
0 

(C) [Ro dt 

CD [ © dt 

‘jeBa}! s} aBed siyj yo ped Aue Busnes Jo BuiAdoo pezioujyneun 

Answer 



SAMPLE EXAMINATION I 

35. Let fand g be differentiable functions such that 

fF) = 4, g(1) = 3, f'(3) =—5 

f°) =—-4, g'(1) =—3, g’(3) =2 

If h(x) =f(g(x)), then h’(1) = 

eB 15 (B) —5 (Cc) -12 (8) -15 

Tay) it x ) & 

hOo) = f (9% AL
 

Wi(G= ¢ (9 i Y 

(oo =¢ (2) FS) 

a a aio Answer 

36. If fis differentiable and increasing on the interval [0,b] and c is the number guaranteed by the 
Mean Value Theorem on this interval, then which statement must be true? 

(A) f(= ane) a) 
(B) f'(c)=0 | a, 
(C) ¥'(c)>0 i 
(I) 7 (x) changes sign at x=. 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

37. The area of the region enclosed by the graphs of y = e*)—2 and y=V4- x7 is 

(Age 525 (B) 4.049 CO f.050 (D) 6.289 

A one (a {aow) = et e! ‘oa cee 

age 

3S gi. A 
x—1- |x? nie 

(A) 1 (B) 0 “C) i (oymacdeaned 

Answer 

Answer 



SAMPLE EXAMINATION I 

39. The figure above shows the graph of f’(x), the derivative of a polynomial function f. How many 
points of inflection does the graph of f have? ee 

— 

(A) One (B) Two (C) © Lhree [o) Four 

Answer 

‘babe dis | 1 
4 | 
rz 3 4A {x 

RA 
PN WwW BN 

ed 5G Te 8 OO 

40. As shown in the figure above, the function f(x) consists of a line segment from (0,4) to (8,4) 
and one-quarter of a circle with a radius of 4. What is the average (mean) value of this function 
on the interval [0,12]? 

CTA 3.714 (B) 6.855 (C) 22.283 (D) 44.566 

Answer 
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CALCULUS AB 

4h If fis the function defined by f(x) =¥x?+4 4x and g is an antiderivative of f such that 
2 (5) =7, then g(1) = | 

/e 3,882 (Biepe 557g. « (6) 350171 

42. The amount, A(t), of a certain item produced in a factory is given by 

A(t) = 63 + 90(t—1)—(t—3)3 

where ¢ is the number of hours of production beginning at 8:00 am and ending at 4:00 pm. 

At what time is the rate of production at its maximum? 

(A) 10:00 am BYN1:00 am (C) 1:00 pm (D) 3:00 pm 

¢'|(2)20 

Answer 



SAMPLE EXAMINATION I 

43. Let g be the function defined by g(x) = i (5 + 4t—t’)(2~) dt. Which of the following 
3 

statements about g must be true? 
yx 

I. gis increasing on (3,5). 

II. gis increasing on (5,7). y 

| Mm. g(7)<0 

’ (A) I only 

(B) Il only 

(C) II only 

I and III only 

Answer 

44. A population increases according to the equation P(t) = 6000 — 5500e~° for t = 0, 
¥ t measured in years. This population will approach a limiting value as time goes on. During 

which year will the population reach half of this limiting value? 

(A) Second 

(B) Third 2 O00- 
— UU 6 000_ 5 Soy 5 1454 
Aa » Fourth / j Pe 5 IVD e 

(D) Eighth 

Ge 5 O | Answer 
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CALCULUS AB 

~45.-Given function g such that lim g0be) i AC ames 6 — 4x. 

Which of the following statements would be true? 
ener aa 

a Nee Lae < 

ei <o” 9'(x)= ai 

IH. ¢’’ (0)=0 3 12) = G 

A (A) land II only 

CaN and III only 

© II and II only 

(D) I, II, and III 

\ 

[x 4.) 

py £v i 

3- a em k (% an Answer 

=) e~ 
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Section II 

FREE-RESPONSE QUESTIONS — GENERAL INSTRUCTIONS 

For each part 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. All problems are given 
equal weight, but the parts of a particular problem are not necessarily given equal weight. 

YOU SHOULD WRITE ALL WORK FOR EACH PART OF EACH PROBLEM IN THE 
SPACE PROVIDED FOR THAT PART. 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. Manage your time carefully. 

A graphing calculator is required. 

During the timed portion for Part A, you may work only on the problems in Part A. Write your 

solution to each part of each problem in the space provided. 

On Part A, you are permitted to use your calculator 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 

the setup of your programs, you must show the mathematical steps necessary to produce your 

results. 

Do not go on to Part B until you are told to do so. 

Show all your work, even though a question may not explicitly remind you to do so. Clearly 

label any functions, graphs, tables, or other objects that you use. Your work will be graded on 

the correctness and completeness of your methods as well as your answers. Answers without 
supporting work will usually not receive credit. 

Justifications require that you give mathematical (noncalculator) reasons. 

Your work must be expressed in standard mathematical notation rather than calculator syntax. 
5 

For example, i x’ dx may not be written as fnInt(X2, X, 1, 5). 
1 : 

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

If you use decimal approximations in calculations, your work 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. 

SECTION II PART A: 30 Minutes, Questions 1,2 

SECTION II PART B: 60 Minutes, Questions 3,4,5,6 

Write your solution to each part of each problem in the space provided for that part. During the 

timed portion for Part B, you may continue to work on the problems in Part A without the use of 

any calculator. 

27, 
Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

Section II Part A: Graphing calculator is required for these problems. 

1. The number of minutes of daylight per day, L(t), at 40° North latitude is modeled by the 
function 

£ in(2= (¢— EL) 16) sin (2 (t 

where ¢ is the number of days after the beginning of the year 2015. (Note: for Jan 1, 2015, t = 1; 

and for Dec. 31, 2015,,¢ = 365) 

80.75)) + 731 

(a) Which day (ft) has the most minutes of daylight? Justify your answer using L’(f). 

(b) To the nearest minute what is the total number of minutes of daylight in 2015? J eke 

your answer. 

(c) To the nearest minute what is the average number of minutes of daylight in 2015? Justify 
your answer. 

(a) Which day (¢) has the most minutes of daylight? Justify your answer heme i 

hor The (F a, Vyht g Dag 17 Ha- not deg Wht 

is S (474) = 4 
247 At 14 FIR fr yeh {04 lnhay_ 

peachy | We a 

a : ayy PR TaN 
|= 



SAMPLE EXAMINATION I 

OS CLES 

, \ £6756 ( 
sar 

~ (c) To the nearest minute what is the average number of minutes of daylight in 2015? Justify 
your answer. i Gb 

fs ame ; } 
23 bb is C om Ee (¢fa49) 73 

| X 

s. (26 aay S04) = oe 

sing any part of this page is illegal. 
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CALCULUS AB 

ae 

vente ee 

. As shown in the figure above a person whose eye level is 5 feet above the ground stands 

on the top of a hill overlooking a valley. The shape of the valley is modeled by the graph 

of f(x) = 50 008 (359 } The person’s line of sight is tangent to the side of the hill at point A 
100 

fotos & (a, 50 cos (785) > z* 

(a) Write an equation of the tangent line in terms of the coordinates of point A. 

(b) Find the value of a. 
(c) Can the person see the top of a 25-foot tall flagpole located at the owes point of the 

valley? Justify your answer. 

(a) Write an equation of the tangent line in terms of the coordinates of point A. 

/ ip ent ti ea 4 a; aX 

a x ) re 7) S iW £00 

{ —— _t ty A 
f (Q)= a Foo 



SAMPLE EXAMINATION I 

(b) Find the value of a. 

fa) = - ans 
Ue “Lj ie cay are 

UN (ee sa et 

(0S5) 

\ 
Swit 

bs Odie a he 
a 50 Lo! te es Ls [© 

LEE (Fe) 7 ssc 
(c) Can the person see the top of a 25-foot tall flagpole located at the lowest point of the 

valley? Justify your answer. 

MiG 

orized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

Section II Part B: No calculator is allowed for these problems. 

3. For 0 <t <4, a particle is moving along the x-axis. The particle’s position is even by 

x(t)=7t—4¢ + [st Sc as: 

(a) Find the position and velocity of the particle when ¢ = 3. 

(b) At t=3 what is the speed of the particle? Is the speed increasing or decreasing? Give a 

reason for your answer. 

(c) In the interval (0,4) the particle changes direction once. Find the value of t when this 

change of direction occurs. 

(d) What is the value of t for which the particle is farthest right and at which it is farthest left? 

Justify your answer. 

(a) Find the position and velocity of the particle when t = 

V(t)= Raatese ie aon Ke Em) 

viaJ= FG) ncaa) 
45] 

(b) Atz¢=3 what is the speed of the particle? Is the speed increasing or decreasing? Give a 
reason for your answer. 



SAMPLE EXAMINATION I 

(c) In the interval (0,4) the particle changes direction once. Find the value of ¢ when this 
change of direction occurs. 

Vite fife He 

O=F-ytrer. [eet 
X=4 Sen 

(d) What is the value of t for which the particle is farthest right and at which it is farthest left? 
Justify your answer. = 

for thost Vint ar eee 

Petes WE at t= 
beef Py ft readeso IoxinwM 

ay ‘ / LA, lefe ok 
os? fas Ore $ a Y = 

redone LH tik a WihiIMVIr Poihnn 
te _14.6F at fo pher [R_ 

ea (\ resMUed . 

ing any part of this page is illegal. 
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CALCULUS AB 

oh [is alia ge | 
ie oR Les ale bed cid ol 
pou EL SAS: | ed 
(eal ee a TS cea 
Li eal oc ae sd 

Nn} RIN ~}N 

Nn NA 

N Oo 

4. The functions f and g are differentiable for all real numbers. The table above gives values of the 

functions and their first derivatives at selected values of x. g'(3) =k, where k is a constant. The 

function h is given by h(x) = f(g(x))—g(f(x)). 

(a) Explain why there must be a value c for 1 < c < 4 such that h’(c) = 0. 

(b) Ifh’(3)=0, find the value of g’(3). 

_(c) Let w be the function defined by w(x) =7+ ores dt. Write an equation of the line 

tangent to w at x =3. 

(a) Explain why there must be a value c for 1 < c < 4 such that h’(c) = 0. 

Fam 16 Ce 4 thee molt be 
pare Aer puth v » MIN WW Of 

nN cAtiva por 

ae orien , 



SAMPLE EXAMINATION I 

yeti ina yante ore) 

aWd= (38) - 9 (09) 
y' (xX) - f | (90%) g(x) - @ (104) f'\6<) 

h(D=e'(9) 91 - 9 6) £'(@) 
p(D= £(5) &+ 9!(4) 5 
pie fk Seen) 
02 BK Ap 

4S bg 

45> fk 

f(x) 
(c) Let w be the function defined by w(x) =7 +| g(t) dt. Write an equation of the line 

1 
tangent to w at x = 3. a 

O. ( f(3') (6) 

\/ es: = inf 9 | 

-F= 5S) 
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(a) 

(b) 

(c) 

(d) 

(a) 

CALCULUS AB 

5. Consider the differential equation ae = xy", 

On the axes provided, oo a slope field for the given differential equation at the nine 

points indicated. ia 

ia to your answer. 

Find the sltbvis ne te of the differential equation that satisfies the initial condition 

ye. 

State the equations for which the particular solution of the differential where in part (c) 

have one or more 

(i) horizontal asymptotes and/or 
(ii) vertical asymptotes 

Justify your answer. 

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



SAMPLE EXAMINATION I 

(b) If y= 1, find lim Jee 2 4. Show the work that leads to your answer. 

(c) Find the particular solution of the differential equation that satisfies the initial condition 

law ie 
£ Le ties 

Dee, ane aay ee a 
~ax MU, D 

} Var | —_ \ ? a | , pe ins — 

UF, xa a Gisue 

3 
/ Wf 
é Y 

(d) State the equations for which the particular solution of the differential equation in part (c) 

have one or more 
(i) horizontal asymptotes and/or 
(ii) vertical asymptotes 

Justify your answer. 

Unauthorized copying or reusing any part of this page is iHegal. 
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CALCULUS AB 

The graph of f(x) 
C [se » 

6. Let f be a continuous function defined on the closed interval [—2,3]. The graph of f consists of a 

semicircle and a semi-ellipse, as shown above. Let G(x) = G(— | = al f(t) dt. 

(a) 

(b) 

(c) 

(a) 

E(x)= < 
On what intervals, if any, is G concave down? Justify your answer. 

If the equation of the line tangent to the graph of G(x) at the point where x = 0 is 

y = mx +7, what is the value of m and the value of G(0)? Justify your answer. 

If the average value of f on the interval 0 < x < 3 is zero, find the value of G(3). 

Show your work that leads to your answer. 

On what intervals, if any, is G concave down? Justify your answer. 

Coh (are | © yey bien) 



SAMPLE EXAMINATION I 

(b) If the equation of the line tangent to the graph of G(x) at the point where x = 0 is 
y = mx +7, what is the value of m and the value of G(0) ? Justify your answer. 

slate. Ye ve aL 

f 
\ 0 ry 

G(0) sl “ol ; ) ' . F(x an 

— a: | 

(c) If the average value of f on the interval 0 < x <3 is zero, find the value of G(3). 

Show your work that leads to your answer. 

Unauthorized copying or reusing any part of this page is illegal. 
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SAMPLE EXAMINATION II 
SECTION I PART A 

NO CALCULATOR IS ALLOWED IN THIS SECTION. 

Directions: Solve each of the following problems, using the available space for scratch work. After ex- 

amining the form of the choices, decide which is the best of the choices given. Do not spend too much 

time on any one problem. 

In this exam: 

(1) Unless otherwise specified, the domain of a function fis assumed to be the set of all real 

numbers x for which f(x) is a real number. 

(2) The inverse of a trigonometric function f may be indicated using the inverse function notation 

f7| or with the prefix “arc” (e.g., sin"'x = arcsin x) 

A1 
Unauthorized copying or reusing any part of this page is illegal. 



‘je6a)|! si aBed siujy yo ped Aue Bulsnai 10 BulAdoo pezuoyjneup 

CALCULUS AB 

2 

1. { (2x3 +3) dx = 
0 

rc 14 (B) 20 (C) 24 (D) 38 

§ = eg a af Answer 

ree ee ee 
i eee aaa ee 

2. The table above gives values of a function f and its derivative at selected values of x. If f’ is 

continuous on [—2,2], what is the average value of f’ on the closed interval [—2,2] ? 

AY Se (B) aye (C) or (D) 4 

ae 
= 

ie ; 

aa \f 9 
a 

é vas | 

2 G-& nn wai 

Answer 



Ket Ox 4A 
S. lim: 5 

x>0 3x° —4x°4+5x4+1 

(A) 0 (®) 3 (D) 

SAMPLE EXAMINATION II 

undefined 

Answer 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

5. At what values of x does f(x) = x*— 8x’ have a relative minimum? 

e and —2 only 

eo 
(DF -2,0, and 2 j= 4x (ae 4) 

Xz £0 x2, 723 

x Y, : a 

a eae) St 
=r Se, Saar 

“Bh D = Answer 

6. [vea+n ax= 3/x. tf 

Going’ pee 
(A) 5x3? aD qx? +C 

ABy Zx5? 4539/2 +C py wa 

(C) (2437 42x)4€ Pea oe UA} ~X< 

(D) 5 Vet 7+ 

Answer 



SAMPLE EXAMINATION II 

7. The acceleration of a particle from 0 to 8 seconds is given in the table above. If the velocity at 
t = 01s 4 feet per second, the approximated value of th. ele in feet per second, al tea 

(A) 16 (B) 20 24 

Answer 

8. The function y = x*+ bx* + 8x + 1 has a horizontal tangent and a point of inflection for the same 
value of x. What must be the value of b ? ages vos 

(oy Get Omi ep) Ge O= 12 (4) 1h 
— \L 

f= tr dby BF qe Ay (ae an ry fo 
| 

ae 2x + db hy ie Ae Dill i, 

pena +26 Oe 4) 
poe 

Unauthorized copying or reusing any part of this page is illegal. 



CALCULUS AB 

9. An equation of the line tangent to the curve y = fe +4 at the point (1,7) is 

(B) y—3lx =-24 [ i ° (43 (3044 (4) Lex ot ee 

(C) y+5x=12 // jhe \. 

(A) y—25x =—18 

Ope g: 2 12-7 1K 1E 

(4x3) a 

en t) gle -gs 
4x3 Ay 3) 

rg ay 
a fo ae oo VA, Sone gee ! 

ca()- 3) z. / / ast Answer 

i ee | 

ae og Oe 
10. ForO<x< ei an antiderivative of 2 tan (x) is g- . 

i li lhe (i tee 
(A) 2sec? (x) Lg. 

BuiAdoo pezuouyneuy 

*yeBay|! s1! aBed siuj Jo ped Aue Buisnei Jo 

Dro — 
| (C)_ In (sec (2x)) ; | oy — se los 

(D) In(2sec(x)) ee gait ee 

| et 

dar | I dod oar 

a? = \ 
mk A | 

VL.” ‘ ~ (WR ae a ate 
lo OMe Baap sgh 

Answer Ai ov eos A 
<2 SK eK 



SAMPLE EXAMINATION II 

11. Let f be the function given by f(x) = x°. What are all values of c that satisfy the conclusion of 
the Mean Value Theorem on the closed interval [-1,2] ? 

(AD 1 only ane ae ak Br. 
‘\ * aa ve pa } - 

(B) V3 only f | pile tt Y G1) 

PD —1 and 1 et see a 

Answer 

12. The functions f and g are piecewise linear functions whose graphs are shown above. 

iin = f4x) wx), then 1 (3) = 

(A)-8 =) -3 ~(Q0 DF 

COD = £00 9 + £0) 9160) Lia) “Tt IeeKo 

KO= FO) 94 ¢ KY 9) Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

iM dy ; 13. Ifx+y =xy, then 7. Is 

1 —~ 1 -—y y-1l 2—xy 

Wea CO AC) sa UR 

1? <4. Ajiz7)+ &)\%) 

Answer 

14. If fand g are differentiable functions defined for all real numbers, which of the following 

definite integrals is equal to f(g (4))—f(g (2)) ? 

(A) [ Fe) dx 

(B) [f(s (x) 8'(x) a 

> [ F@@)s'@) ie 

©) [ “flg'(a)) '(x) ax 

Answer 



SAMPLE EXAMINATION II 

15. The velocity of a particle moving along the y-axis is given by v(t) = 8 — 2 for t= 0. 
The particle moves upward until it reaches the origin and then moves downward. The pose 
of the particle at any time f is given by 

TA) =t +8 — 16 

AE eee of 16 : | 

(Ci 38797 

Le x 

Answer 

(x 1)4/* A 
5 

16. If the substitution u = v x — 1 is made, the integral Yeah ay = 

X 
Are 

Se ? 

ws [ 2u" du seg x 2S = a 
2 u+1 ° | faz A Pek at 

Tae 2 2? + at 
B d C 

C@) [BE a Us [x= ) ~ 
oY { a , 4 ; : 

(D) [ ue du Bt A a “si (x-t) + oe Ix-] 

u-t+1 

VE 

Paws: wen. Ye i _———— 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

7. What are all values of x for which the function f(x) = x° + 6x" + 9x + 1 is increasing? Ne 
—oo, —3] only 

‘ey [-3, -1] only (KR) 3K MH LAxtO 
fc) [—1,00) only | \ | 

= 
(D)\\(—<x, —3] U[—1, 00) Q= BA pod Zid 

a 4 >» £2 is yt Pig! - ; J 2 

re, Q OD Pt ’ 

Ly oop (x 1) 
ree 

a 

eee Answer 

~>, a 

2 xy 
18. It | (2x° — kx* + 2k) dx = 12, then k must be 4 ov 

0 | a 

(Ay 23 Bs 73-8 os Via, Yin _ Fis VIN { | 

Sooe ee 
igh 4 ifr 12H) Doth 



SAMPLE EXAMINATION II 

19. Consider the differential equation eo = de where x #4 0 and y(1) = 1. 
x 

What is the value of y when x =—1? [ A ) ft) 

(A) 1 (B) e (C) at Oe 

20. For |x| < 1, the derivative of y = In V1 — x’ is (L-r-2) 

~¢/., 
ES Se 

Z (£ ol Ay gh ac* 3 

wo Ite 
y ies 

Pop = 

Vd ey oo ae oO 

Answer 

Answer 
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CALCULUS AB 

21. The graph above shows the distance s(t) from a reference point of a particle moving on a 

number line, as a function of time. Which of the points marked is closest to the point where the 

acceleration first becomes negative? 

(D) D 

Answer 

22. What are the values of x for which the graph of y = x° — 6x’ is concave downward? 

Grr Oe CED S<? (C)_#>2 (Dy hn 

o : 

Tie, 

Answer 



SAMPLE EXAMINATION II 

23. The edge of a cube is increasing at the rate of 0.05 centimeters per second. In terms of the edge 
of the cube, s, what is the rate of change of the volume of the cube, in cubic centimeters per 
second? 

(A) 0.055? (B) 0.05s° Reis} 0.155” (D) 3s? 

Ven J 

A cay | . Answer 

‘24. The tangent line to the graph y = e*~” at the point (1,e) intersects both coordinate axes. 

What is the area of the triangle formed by this tangent line and the coordinate axes? 

(G@)) x (ayeee 1 (Gae (D) 4e AY 

/ 

qe x / 
i = eae KN | Mfa- @ 
i ; 
| 
t 

{ 
| 
{ 

! oe. 
| 

i 

1 
§ 

f Uh 

Sige 
| K) A 4 'b it 

oe wae 
| 22) Co) =< | Ae si Cx’ 
: Sg led ties ue 

fz LZR A , 3 ) Answer 
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CALCULUS AB 

Graph of f q(x) 

25. The graph of a differentiable function f is shown above. Let g be the function defined by 

Eo = [ f(t) dt. How many points of inflection does the graph of g have in the interval 

—2.5< sed 5.5:? 

(A) One (B) Two 

Answer 

26. A normal line to the graph of a function f at the point (x,f(x)) is defined to be the line 

perpendicular to the tangent line at that point. An equation of the normal line to the curve 

y =¥ x*—1 at the point where x = 3 is 

\ee f 

een 
(A) 2y—-x=1 4 

(By ye Via £(y) (6 | 

(C) y-2x=-4 | ee 2 (FA. 

Pay F218 : Vi = pe >fy4 

ay 9 praia = 

os 4) ne 

on 
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SAMPLE EXAMINATION II 

27. Which graph best represents the position of a particle, s(t), as a function of time, if the particle’s 

velocity and acceleration are both positive? 

(A) s(t) (B) s(¢) 

t t 

SE) (D) s() 

cage 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

Graph of f a (1) 

28. The graph of a piecewise linear function f is shown above. If g(x) = [‘r (t) dt, which of the 
0 

following has the greatest value? 

Qed) 8 st) CD OO) 
Answer 

2 ager: dy _ ou: Lt iene toi 

cay 2x‘ y? + 2xy” 

(By 2x v4 2x7" 

(aye or eon y 

(D) 2x’?y+2xy’ 

(277 be jg7 

AG Ye} i x | GZ Answer 

ad 



SAMPLE EXAMINATION II 

(C) 3x? cos (x°) — cos (x?) 

(D) sin (x°)— sin (x?) 

G 
Si ee Nao 

rege Ch 
Unauthorized copying or reusing any part of this page is illegal. 
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SECTION I PART B 

A GRAPHING CALCULATOR IS REQUIRED FOR SOME QUESTIONS IN THIS SECTION. 

Psi VaseRS IE ESC SN SS ADDIS S81 ONA IE ASS SO RE ST 9 SS iA | 

Directions: Solve each of the following problems, using available space for scratch work. After examin- 

ing the form of the choices, decide which is the best of the choices given. Do not spend too much time 

on any one problem. 

In this exam: 

(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) Unless otherwise specified, the domain of a function fis assumed to be the set of all real 

numbers x for which f(x) is a real number. 

(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 = arcsin x) 

58 



SAMPLE EXAMINATION II 

31. The graph of the derivative of a twice-differentiable function f is shown above. 

If f(1) = 0, which of the following is true? 

Sr (2) < f'(2) < f(2) 
Beyer (2) < f'"(2) 

F'(2) < F(2) < f"(2) 
D) ~f"' (2) < f(2) < f42) 

Answer 

32. Let f be a function that is everywhere differentiable. The value of f’(x) is given for selected 
values of x in the table below. 

[x [07 3 [0] 5 |) 
ral tafoi [| 

If f’(x) is always increasing, which statement about f(x) must be true? 

(A) f(x) is an odd function. 

B x) is cave downwards for all x. — ae 
Wy, ) ha int of inflection at (0,f(0)). 

ee 

ssa relative minimum at x = 0. 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

33. An ice field is melting at the rate M(t) = 4 —(sin f)° acre-feet per day, where fis measured in 

days. How many acre-feet of this ice field will melt from the beginning of day 1 (t = 0) to the 

beginning of day 4 (t = 3) ? 

7©@ y0.667 (B) 10.9517" * Ye), 17544 (D) 11.999 

% 

4- (ot) a 

Answer 



SAMPLE EXAMINATION II 

34. The figure above shows the graph of a continuous function f(x) which has horizontal 

asymptotes of y = 3 and y =—3. There are no other relative extrema outside the window of the 

graph of f(x) as given above. Which of the following statements are true? 

I. ¢(xy<—Oforallx 20. 

II. im. f )=0 

II. lim f'(x)=3 
— 

I and I only 

(B) land III only 

‘4 Il and III only 

(D) 1, Il, and II 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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Pa Gilt) es | f(t) dt, where a < x <b. The figure above shows the graph of polynomial function g 

on [a,b]. Which of the following could be the graph of y = f’(x) on (a,b)? 

oT Me 

a b x ee 

\ a 

y (D) 

e 

y 

io EA aie yi. s 

gx= (6) 

g'(o7 £ (X) 
Answer 



SAMPLE EXAMINATION II 3 

Ae Sa fe 
36. A detailed sketch outlining a lawh has the x-axis for one side and the graph of y = 4 v 64 — x’ 

for the outer boundary. If x is measured in feet, what is the projected area of the lawn to the 
nearest square foot? a y 

A (g4- 009) "© 
(A) 1,263 (B) 804 ~ (ep 402 (D) 201 A\ (2. ) A fae 3 i Sai Aons (4 =) 

AAT 
Ae Loh Ak (6) 

(2 -) (164-4) “(22)) 

4. ext Ue A’ A be FEF (9 (og ya 

<a J fee Answer 

4 tics ee 

{7 The derivative of f is given by f’(x) = e* (-x° + 3x)-3 for0 <x <5. 

Ak {fee 

At what value of x is f(x) an absolute minimum? 
a 

(A) 0 618 (C) 1.623 5 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

3.99800 | 1.15315 

3.99900 | 1.15548 

4.00000 | 1.15782 

4.00100 | 1.16016 

38. The table above gives selected values of a differentiable function f- 

a 

BERE : 

Na 

What is the approximate value of f’(4) ? 

ca) oma (fon) ~ £(%: 44] psd 
(B) 0.00468 7 eae 

(C) 4.680 4% 1-3.499 jp OO x 

COP 2.40 
Answer 

ete dad b.4 1 amie 39. If n is a positive integer, then lim; a athin) ae +(2/n) Cee Tae aa | can be expressed as 

-| 
ye 2 

nN 

Answer 



SAMPLE EXAMINATION II 

40. In the interval 0 < x <5 the graphs of y = cos 2x and y = sin 3x intersect four times. Let a, b, c, 
and d be the x-coordinates of these points so that 0 < a < b < c < d <5. Which of the definite 
integrals below has the greatest value? 

A [ 2x — sin 3x) d = (A) piles x — sin 3x) dx QR 

b 
(B) [ (in 3x — cos 2x) dx 

(C) i (sin 3x — cos 2x) dx 
b 
d 

CY.) ( (cos 2x — sin 3x) dx 

Answer 

41. The function f(x) = tan (3*) has one zero in the closed interval [0,1.4]. The derivative at this 
point is 

(A) 0.411 (B) 1.042 ae (D) 3.763 

Ngee Lia 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

——— —— 

SSN =| 
ape Pes Ta Tate 
Ax) [0] 0.25 | 0.48 | 0.68 | 0.84]0.95 | 1 
PRN esis + 4-6 

42. For the function whose values are given in the table above, i f(x) dx is approximated by a 

Riemann sum using the value at the midpoint of each of three intervals of width 2. 

The approximation is 

(A) 2.64 (B) 3.64 / (3-16 (D) 4.64 

9 (oas at Ones 3A5-] 
Answer 

43. Let f be a function which is continuous on [2,10] and whose derivative is given by 

(x) = —COS* _ Which of the following are true about f(x) on the interval [2,10] ? 
In(x +1) 

BS f(x) always increases or always decreases. 

U(x) has a relative minimum, not at an endpoint. 

Fx) has three points of inflection. 

ey Ul only 

(By III only 

CP) Iband III only 

v I, 1, and Ill 

Answer 



SAMPLE EXAMINATION II 

44. The region in the first quadrant enclosed by the graphs of y = x and y = 2 sin x is revolved 
about the x-axis. The volume of the solid generated is 

(A) 1.433 (B) 1.895 (C) 5811 6.678 

1H 4S a 
an S (asin) ‘% dx 

y, 
Lo GC ST} 

= Js 
Answer 

Ak d"y 45. If y = xe", then ai” 

(A) “(Bs +n) e* CON aes (D) (x+n’) e* 

plz C4 XO” 

1, dual aarti Ae goexe” 

pit. e% (2 px) 

Answer 

the n" derivative of y with respect to x, equals 

Unauthorized copying or reusing any part of this page is illegal. 
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Section II 
SEL A ES I TTI TENSE TEE TS SST TE 

FREE-RESPONSE QUESTIONS — GENERAL INSTRUCTIONS 

For each part of Section II, you may wish to look over the problems before starting to work on them. It 
1s not expected that everyone will be able to complete all parts of all problems. All problems are given 
equal weight, but the parts of a particular problem are not necessarily given equal weight. 

YOU SHOULD WRITE ALL WORK FOR EACH PART OF EACH PROBLEM IN THE 
SPACE PROVIDED FOR THAT PART. 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. Manage your time carefully. 

Show all your work, even though a question may not explicitly remind you to do so. Clearly 
label any functions, graphs, tables, or other objects that you use. Your work will be graded on 
the correctness and completeness of your methods as well as your answers. Answers without 
supporting work will usually not receive credit. 

Justifications require that you give mathematical (noncalculator) reasons. 

Your work must be expressed in standard mathematical notation rather than calculator syntax. 

For example, i x°dx may not be written as fnInt(X2, X, 1, 5). 
1 

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

If you use decimal approximations in calculations, your work 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. 

SECTION II PART A: 30 Minutes, Questions 1,2 

A graphing calculator is required. 

During the timed portion for Part A, you may work only on the problems in Part A. Write your 
solution to each part of each problem in the space provided. 

On Part A, you are permitted to use your calculator 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 

the setup of your programs, you must show the mathematical steps necessary to produce your 

results. 

Do not go on to Part B until you are told to do so. 

SECTION II PART B: 60 Minutes, Questions 3,4,5,6 

Write your solution to each part of each problem in the space provided for that part. During the 

timed portion for Part B, you may continue to work on the problems in Part A without the use of 

any calculator. 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

Section II Part A: Graphing calculator is required for these problems. 

1. The temperature T(x), in °F, in a smalk office building without air conditioning is given by 

T(x) = 73 —14 cos ( 
a(x — 3.4) 

12 } where x is the time elapsed since midnight, 0 <x < 24. 

To cool the building, the air conditioning is turned on when the temperature first reaches the 

desired temperature 7) and left on until the office closes at 6:00 p.m. (that is, when x = 18). 

18 
The cost per day, in dollars, of cooling is given by C(x) = 0.16 | (T(x) — To) dx for T(x) 2 Th. 

(a) Estimated to the nearest half-hour, at what time will the temperature first reach 70°F ? 

(b) Estimated to the nearest half-hour, at what time will the temperature first reach 77°F ? 

(c) What is the cost per day of cooling the office if the desired temperature is 70°F ? 

Show your reasoning. 
(d) How much money is saved per day if the desired temperature is raised to 77°F ? 

(a) Estimated to the nearest half-hour, at what time will the temperature first reach 70°F ? 

fe A 
Aree || Jf YA 
{ fy | “fs Naa 

; eee 

ar! )\ 
a) = Coe “ 4 cos | — = 7 

meer Soe. sompinemcajutd tafe 298 SHOES 



SAMPLE EXAMINATION II 

(b) Estimated to the nearest half-hour, at what time will the temperature first reach 77°F ? 

Bees 4( Lest) 

Al : 30.0! | 

(c) What is the cost per day of cooling the office if the desired temperature is 70°F? 

Show your reasoning. 

Gis S(T -To) 4% 
6.5 : 

AL Ciie raues dewed fer af 5 DOam 

A freLan wfil G00 nw Ong a 

(d) How much money is saved per day if the desired temperature is raised to 77°F ? 
19 

é y ns FL eh Me Ni 
© t oO ° o aoe t + CO) X al 

19 a, | 7 AC SE ) f . | | 

) ee Zz 5 
Y Lk A 

r | 
| ft 16 0.4 és S ov ae "5 

oat 

| SS ae 

} | 
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CALCULUS AB 

2. Let R be the region bounded by the graphs of y = sin(x) and y = 5 as shown in the figure 

above. 

(a) Find the area of R. 
(b) Write and evaluate an integral expression that gives the volume of the solid generated 

when R is revolved around the x-axis. 
(c) The region R is the base of a solid. For each x in region R, the cross sections of this solid, 

perpendicular to the x-axis, are semicircles. Write and evaluate an integral expression that 

gives the volume of this solid. 

(a) Find the area of R. 



SAMPLE EXAMINATION II 

(b) Write and evaluate an integral expression that gives the volume of the solid generated 
when R is revolved around the x-axis. 

Hi 6!f 
a te one oy a wr, 
aaa Bi \ ( jr x } - (2) Ax 

(c) The region R is the base of a solid. For each x in region R, the cross sections of this solid, 
perpendicular to the x-axis, are semicircles. Write and evaluate an integral expression that 
gives the volume of this solid. 

n ey) 

A, bY 

fie ‘€ Y ca ; 1 

Y/ -_ ‘sw caches ryyely 

OSL 

i 
pce ao 

oe 

Unauthorized copying or reusing any part of this page is illegal. 



*yeBal|! s! aBed siuj jo ped Aue Buisnas Jo BulAdoo pazuoujneup 

CALCULUS AB 

Section II Part B: No calculator is allowed for these problems. 

3. A tank with a rectangular base measuring 10 inches by 20 inches is being filled with water at a 

variable rate. The depth of the water in the tank is given by a twice-differentiable function h of 

time, t, measured in minutes. The table above gives the rate of change, h’(t), of the depth of the 

water in the tank for selected values of t over the time interval 0 < ¢ < 15. During this interval 

h" (t) > 0. When t = 5 minutes, the depth of the water is 6 inches. 

(Note: The volume of the water in the tank is given by V = /wh.) 

(a) 

(b) 

(c) 

(d) 

(a) 

Approximate the depth of the water in the tank at t = 4 minutes using the tangent line 

approximation at ¢t = 5. Is your estimate greater than or less than the true value? Give a 

reason for your answer. 

Find the rate of change of the volume of the water in the tank at t = 2 minutes. 

Indicate units of measure. 

Use a left Riemann sum with five subintervals indicated by the table to approximate 
15 15 

h'(t) dt. Using correct units, explain the meaning of | h'(t) dt in terms of the depth 
0 0 

of the water in the tank. be 

Is the approximation in part (c) greater than or less than { h'(t) dt ? Give a reason for 
0 

your answer. 

Approximate the depth of the water in the tank at t = 4 minutes using the tangent line 

approximation at ¢ = 5. Is your estimate greater than or less than the true value? Give a 

reason for your answer. 



SAMPLE EXAMINATION II 

(b) Find the rate of change of the volume of the water in the tank at f = 2 minutes. 

Indicate units of measure. 

(c) Use a left Riemann sum with five subintervals indicated by the table to approximate 
15 15 
{ h'(t) dt. Using correct units, explain the meaning of h’(t) dt in terms of the depth 
0 0 

of the water in the tank. 

15 
(d) Is the approximation in part (c) greater than or less than { h'(t) dt ? Give a reason for 

0 
your answer. 

Unauthorized copying or reusing any part of this page is illegal. 
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(a) 

(b) 

(c) 

(d) 

(a) Verify that y = 

CALCULUS AB 

2 
4. Consider the differential equation oe os ao. TON e ula Xone 

Verify that y = a AC and C # 0is a general solution for the given differential ee 
x+C’ 

equation and show that all solutions contain (0,0) . 

Write an equation of the particular solution that contains the point (1,2), and find the 

value of a at (0,0) for this solution. 

Write an equation of the vertical and horizontal asymptotes of the particular solution 

found in (b). 

The slope field for the given differential equation is provided. Sketch both branches of the 

particular solution curve that passes through the point (1,2) . 

y3 
x+C’ 

equation and show that all solutions contain (0,0) . 

x #—C and C # 0 is a general solution for the given differential 



SAMPLE EXAMINATION II 

(b) Write an equation of the particular solution that contains the point (1,2), and find the 

value of & at (0,0) for this solution. 

(c) Write an equation of the vertical and horizontal asymptotes of the particular solution 
found in (b). 

(d) The slope field for the given differential equation is provided. Sketch both branches of the 

particular solution curve that passes through the point (1,2) . 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

5. Consider the relation defined by the equation tan y = x + y for x in the open interval 

aa we OT 

MNP 
(a) Find dy in terms of y. 

(b) Find the x- and y-coordinate of each point where the tangent line to the graph is vertical. 

2 
(c) Find “ in terms of y . 

em 

(a) Find Se in terms of y. 



SAMPLE EXAMINATION II 

(b) Find the x- and y-coordinate of each point where the tangent line to the graph is vertical. 

2 
(c) Find oe in terms of y . 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

6. The figure above shows the graph of f’, the derivative of f. The domain of fis —4 <x <4. 

f’(x) is an even function with only two zeros at x =—3 and x = 3. 

(a) 

(b) 

(d) 

(a) 

For what value of x in the interval —4 < x < 4 does f have a relative maximum? Justify 

your answer. 

For what value of x in the interval —4 < x < 4 does f have a relative minimum? Justify 

your answer. 

For what values of x is the graph of f concave downward. Use f’ to justify your answer. 

If f(0) = 0, find the value of | f(x) dx. Justify your answer. 

For what value of x in the interval —4 < x < 4 does f have a relative maximum? Justify 

your answer. 



SAMPLE EXAMINATION II 

(b) For what value of x in the interval —4 < x < 4 does f have a relative minimum? Justify 
your answer. 

(c) For what values of x is the graph of f concave downward. Use f’ to justify your answer. 

a 

(d) If f(0) =0, find the value of { f(x) dx. Justify your answer. 

Unauthorized copying or reusing any part of this page is illegal. 
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SAMPLE EXAMINATION III 
SECTION I PART A 

NO CALCULATOR IS ALLOWED IN THIS SECTION. 

Directions: Solve each of the following problems, using the available space for scratch work. After ex- 

amining the form of the choices, decide which is the best of the choices given. Do not spend too much 

time on any one problem. 

In this exam: 

(1) Unless otherwise specified, the domain of a function fis assumed to be the set of all real 

numbers x for which f(x) is a real number. 

(2) The inverse of a trigonometric function f may be indicated using the inverse function notation 

f7' or with the prefix “arc” (e.g., sin™'x = arcsin x) 

83 
Unauthorized copying or reusing any part of this page is illegal. 



BulAdoo pezuoujneun 

‘jeBayj! s! aBed siyj yo ped Aue Buisnai Jo 

CALCULUS AB 

1. The area of the region between the graph of y = 3x? + 2x and the x-axis from x = 1 to x = 3is 

(A) 36-— ((B) 4 Cay (D) 26 

ware nee 
ke Se ay apra-(4) 

| . 

Ape 

e 

van 2 

iy] yreoe—(y 1) | | 

poof M490 < LOD) > XK X20 

or x= ALL AXA0) 
2 

2. Let f be the continuous function defined above. What is the value of | bixdee 
4 Ka-¥ 

(A) -10 (B) -6 (C) 6 Wy 

: 4 D+a=10 
S fads - a fl) dye 

“4 4 0 
A 

¥s 5 i AX aie J ne al AN Answer 

aya MALES) ms 

oe 0 -4 



3. For a car traveling at a speed of s miles per hour, the fuel consumption of the car, C(s), is measured 

. . b 

in gallons per mile. What are the units of | C(Syrds= 

(A) hours per gallon 
gallons per hour 

(C) miles per hour per gallon 
(D) gallons per miles per hour 

SAMPLE EXAMINATION III 

Answer 

4. If the radius of a sphere is increasing at the rate of 2 inches per second, how fast, 

in cubic inches per second, is the volume increasing when the radius is 10 inches? 

(The volume of a sphere with radius r is V = snr) 

(A) 40z (B) 80z (C) 400z Gia its 

Te = lh [sec 

de 
moe 

ah | 

‘YS 
yesor L 

d- 
WV Aary Te 
ae || hats on 
wae (ath 

Answer 
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CALCULUS AB 

5. A laser beam moves along a straight line so that its velocity is given by v(t) = t? — 4 feet/sec. 

What is the total distance, in feet, that the laser beam will have traveled between ¢ = 1 and t = 3 

seconds? / 

(A) A (B) 

A. at 

. 2 ‘Sede 7 chore 
ua ae sagt 2 4 

6. The table above gives values of a function f and its derivative at selected values of x. If f’ is 
4 

continuous on [0,5], what is the value of I fea! 
1 

wees (B) —4 yi (C) 2 “oy 

£eo | 
) 

ea) U!) 
AB aes a 

Answer 

eee 



SAMPLE EXAMINATION III | 87 

7 If lim £2 —€ () _ 
: GS 3-—x 

—0.628, then near the point where x = 3, the graph of g(x) 

is decreasing 

(B) is increasing 

is concave downwards 

(D) has a point of inflection 

Answer 

8. [sye- 
calls | ame 

(A) In5 (B) 2Ins In5 (D) in (5) a S 

: oP 7 
oe du =X : 5 ha -¢ In| Lae 

7 |] , 
SAL 41.44 | A. ie 

: 
SE aby ete oe LY zhor-(2 ieee ') 

ee ca Hl (edeeent aay 

| oie Wz | : a6q de ln (eH) Ge | 2 UF ie Be Fe. Answer 
sing any part of this page is illegal. 
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CALCULUS AB 

Answer 

10. Let f(x) = e*. At how many points in the closed interval [0,5], does the instantaneous rate of 

change of f equal the average rate of change of f? 

(A) soa @28 | (C) Two (D) Three 

f(s0- Ao) : 
‘ii. saa 

9 

= Answer 



SAMPLE EXAMINATION III 

11. A function fis continuous on the closed interval [4,6] and twice differentiable on the open 
interval (4,6). If f’(5) =—3, and fis concave downwards on the given interval, which of the 
following could be a table of values for f ? 

(A) -3 @y (G) i (D) undefined 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

eps pepe [a [a 
Fool 7 [rp2 fs 

13. A function f is continuous on the closed interval [5,12] and differentiable on the open interval 

(5,12) and f has the values given in the table above. Using the subintervals [5,6], [6,9], [9,11], and 
12 

[11,12], what is the right Riemann sum approximation to { t(xyax? 
5 

(A) 64 (B) 65 (C) «6 —() 2 

Answer 

ee
 

14. A function f(x) has a vertical asymptote at x = 2. The derivative of f(x) is positive for all x # 2. 

Which of the following statements are true? 

I. lim f(x) =+00 
x2 

II. lim f(x) =+00 
Hae 

TE dim *f(4)= 4:00 
x-2- 

At Il only 

III only 

Sey Land II only 

(By Iand III only 

Answer 



SAMPLE EXAMINATION III 

15. The following statements concerning the location of an extreme value of a twice-differentiable 
function, f, are all true. Which statement also includes the correct justification? 

(A) The function has a maximum at x = 5 because f’(5) = 0. 

(B) The function has a maximum at x = 5 because f’(x) < 0 for x < Sand f’(x) > 0 for x > 5. 

(C) The function has a minimum at x = 3 because the tangent line at x = 3 is horizontal. 

iss The function has a minimum at x = 3 because f’(x) < 0 for x < 3 and f’(x) > 0 for x > 3. 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

Graph of f g\(X) 

16. The graph of a differentiable function f is shown above. The graph has a relative minimum at 

x = 1and a relative maximum at x = 5. Let g be the function defined by g(x) = i f(t) dt. 
0 

For what value of x does the graph of g change from concave up to concave down? 

CG (A) 1 B) 3 (5 oe 

Answer 



SAMPLE EXAMINATION III 

My 

i‘ = f'(x) 

17. The graph of the derivative of f is shown in the figure above. Which of the following could be 

the graph of f? 

a y (B) y 

4 4h 

(C) y cy y 

yh +f 

Answer 
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nae da ts 

eee 

A (B de ee eC ea | Dy ran ix Oa 7 (®) pape OF (D) tan“(x) 

4 

| 

0 

Answer 

19. Let f(x) be a differentiable function on the interval 0 < x < 1, and let g(x) = f(3x). The table 

below gives values of f’(x), the derivative of f(x). What is the value of g’(0.1) ? 

[x [01 | 02 | 03 | 04 | 05 | 06 | 

(A) 1.010 (B) 1.096 (C) 3.030 CD 3.288 
ee 

gicg= f OA0) 

Answer 



SAMPLE EXAMINATION III 

¥6 At each point (x,y) on a certain curve, the slope of the curve is 4xy. If the curve contains the point 

(0,4), then its equation is 

Say y=e" +4 

e485) y= e* + In (4) 

y=2x*+4 

21. An equation of the line tangent to the curve y = x° — 6x’ at its point of inflection is q 0 Ox 

@) y =-12x+8 

(B) y=-12x+12 

(C) y=-12x+40 

(D) y=-12x—-40 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

0 

(A) & oe eA (p) 32 

k 
2 Adel ake then | cos (2x) dx = 5 when k = 

ie Sé lie ‘4 4) me 

O- ag 

I | i = \,~ — — aes) a8 | 

g-* a (hn Xa 7 
1 ooo \ = 

Sap [ile ry < ae aa 
PN f ak ee Answer 

ope ee of the following are properties of the definite integral? 

© [ere ax=kf f(x) dx, k £0 

II. Ik Xi) Oe xf Fe) dx 

III. (i AGP Web [ fe) dx + [r@ dx 

_—(A)- I only 

CBI! and II only 
ERS and III only 

(BD) I and III only 

Answer 



SAMPLE EXAMINATION III 

24. If f(x) = Ve” +1, then f'(0) = 

(A) o (@) af (Cal (D) /2 

Answer 

a 

25. If x2 + 3y? = 8 + 2xy, then aes ODS 
b 

(A) 0 (B) -4 © -4 (D) -5 

Answer 
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CALCULUS AB 

26. The base of a solid is the region in the first quadrant bounded by the line x + 2y = 4 and the 

coordinate axes. What is the volume of the solid if every cross section perpendicular to the 

x-axis is a semicircle? 

ANE BF WE oF 

Answer 

27. A particle moves along the x-axis so that at any time 1 its position is given by 

x(t) =(t+1)(t—3)*. For what values of ¢ is the velocity of the particle increasing? 
3. 

eget) + CORO. 
(B) t< only | 

Cf 5) \ oa } 

. o. y 
1/ PGE det _} 9 ; ’ i \ E {LL +| a fe 

(C) 1<t<3only f (-€ )= Oey + 20s) 7 (t } G(X 2) 

$<ailtor? 2 3 : Ren" a" , ; 

te é ae eos we be, fe Sass a) — 1) oF SE Te here: P fe ANS 

a Se eet 
= \4) (Fe TY 

Ree) = at H) (tye 
Pitbamee | 

y4(+>) a I Chevy. Cf Ha(taPrrceay? 
L->) (£29) "ie bref) Answer 

_ 



SAMPLE EXAMINATION III 

[es anim lea 
O(t) (hundreds of gallons per hour) 

28. The rate at which crude oil is pumped into a storage tank is given by a differentiable function 

o and is measured in hundreds of gallons per hour. The table above lists individual values of 

o(t) measured at intervals of 3 hours during one day of operation. Based on the table above, if 

a trapezoidal sum with four sub-intervals of equal length is used, what is the approximate daily 

amount of crude oil, in hundreds of gallons, that was pumped into the storage tank? 

7) y 312 (B) 306 (C) 291 (D) 288 

Answer 

29. The average value of a continuous function f(x) on the closed interval [3,7] is 12. 
j 

What is the value of | xe) dx? 
3 

(4)63 (B) 12 (C) 36 CO) 

Answer 
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CALCULUS AB 

The local linear approximation of a function f will always be greater than or equal to the 

function’s value if, for all x in an interval containing the point of tangency, 

Chg) f’<0 CB) ap One PALIN (D) f”>0 

Answer 



SECTION I PART B 

A GRAPHING CALCULATOR IS REQUIRED FOR SOME QUESTIONS IN THIS SECTION. 

Directions: Solve each of the following problems, using available space for scratch work. After examin- 

ing the form of the choices, decide which is the best of the choices given. Do not spend too much time 

on any one problem. 

In this exam: 

(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 numericai value. 
(2) Unless otherwise specified, the domain of a function fis assumed to be the set of all real 

numbers x for which f(x) is a real number. 
(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 = arcsin x) 

101 
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CALCULUS AB 

31. The region in the first quadrant enclosed by the coordinate axes, the line x = z, and the curve 

y = cos(cosx) is rotated about the x-axis. What is the volume of the solid generated? 

(A) 1.922 (B) 3.782 Gow (D) 8.128 

ee 
VEG \@ <(vs4) Ax 

Answer 

<< 

=| ft f 

esl eae 2 

—t a 

= J 

= 

i a F Pal 
t 0) 

| i238 me. 1 L 4 | pa is 

r r + = — 4 + 

umes |e | 4 | et 

6 a a cee ee eee —> fate A 

32. The functions f and g are piecewise linear functions whose graphs are shown above. 

If h(x) = Fat then h’(3) = 

T_APSs5 (B) -4 (C) ¥ (D) = t+ | oh — 

K(a)= £8)9@)- (@) 96) ex 
(3G) fiee 

a) = wy Wo~ (YO a 
34) ee 



SAMPLE EXAMINATION III 

33. Tbe region bounded by the x-axis and the part of the graph of y = cos x between x = 0 and 
x = 1/2 is divided into two regions by the line x = c. If the area of the region for 0 <x <c is 
equal to the area of the region for c < x < z/2, then c must be 

@Oi ©F OF OF 
Wi 

es § ColX dx = 

O 

a 

pecalscaxe: /7 ae 
0 Si Gero ae 

= ; 
eh (60S <= 

A Sn X< Fie fis CS | Answer 

34. For what values of x is the function f(x) = 5 + 15x + 6x* — x°* decreasing? 

ENS se Fee 
( a —s 4 = 

ines as! £'(X)= ee RS Ace iy 

(Qyex Ss orx > 1 

Qa lor. 5 1 A ran ea 

SoC XSES 

Sie ar aa 

=i = 
Answer 
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CALCULUS AB 

2 
35. If fis an antiderivative of ae such that f(1) = ;, then f(0) = 

x 

CAP 0.155 (B) 0.345 .. .(C) 0.845 (Dy 

Sie 

Pee 9 28425 

ham 

f(oJ> lS? 
Answer 

36. How many points of inflection does the graph of the function f(x) = 0.25x* — e* — cos (x) —x 

have on the interval 0 <x < 20? 

(A) Three CBS Six (C) Seven (D) Ten 

Answer 



SAMPLE EXAMINATION III 

37. Let f be the function given by f(x) =5+5.8 sin (a) — 15.7 cos (Gel 

For 0 <x < 12, fis increasing most rapidly when x equals 

(A) 4.434 p) 6.000 CO 566 @ 10.672 

0, VA 

Answer 

38. The rate of the spread of a communicable viral infection among the population of Eulerville is 

modeled by R(t) = 530e°!* persons per day. If there is no cure in sight and 725 people now have 

the viral infection, what is the projected number of people who will have the viral infection when 

t = 6 (six days from now)? 

(A) 2,286 (B) 5,726 Osu (D) 7,287 

G | | aie | 

0 

Answer 
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CALCULUS AB 

39. If f is a continuous odd function for all real numbers x and the Jim. f(x) =—3, which of the 

following statements must be true? 

/lim, f(x) = 3. 

_Tf. There are no vertical asymptotes. 

Ill. The lines y = 3 and y =—3 are horizontal asymptotes. 

I only 

SAMHIL only 
( 

=> a pe Se —F 

COD and III only — ee 

= TE, and fT ee ae 

Seay 

L Answer 

40. Let f(x) = x°— 7x? + 25x — 39 and let g be the inverse function of f. What is the value of g’(0) ? 

ob of Of Ou 

£19) =X 

£' (QC) OC ee) b 
ee _ 

Va ae ‘ | 
> 5 ( xx) Lu ALA) wv 4 

Answer 



SAMPLE EXAMINATION III 

© dx wt “1, Ifk > Oand [2% = In k, then k = 

(A) 2 (B) 3 (C) 4 (D)e 3 

oe > tag BRAS 

Ftd 

Answer 

42. A rectangle inscribed in a semicircle of radius 8 has one side lying on the diameter of the circle. 

fx) a4 

A rs . N ; 

Ye ) aes ] ; if \ [om 
{| 2 | f LV 

(C1 AH) \1? 

What is the maximum possible area of the rectangle? 

(Ay 8/2 (B) 32 (C) 32/2 ~((D}, 64 

7 A 

. iy 

(TA p ge packs A= (A) (aww) “al nh Let dl 
x= oF 6 c VX a 2 2 ; <i i \ 

| a s Be ees heh 1a a aye at 
- A — ) f(L£4¢—-X% 4) ye: (LA fo. 

ba Ww [\~ A(6 
Je Ee [ i a i as Os we Ger 

“ (om z = ara == o ‘| 6 ane, > 

TEA" ( Et=< 3% oh! a a ae Answer 
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CALCULUS AB 

eranlnior nes 

ax+b for x 2 0 
f(x)= 

43. Let f be the function defined above, eae a and b are constants. If fis differentiable at x = 0, 

what is the value ofa+b? ; 

CNY Sool 3) ener saab ©) lame 08) Ya 

Answer 

St*—t—-1 
St7 +t 

minute, where f is measured in minutes. Approximately how much silt is dredged from the river 

44. Silt is being dredged out of a river bed at the rate given by R(t) = 100 gallons per 

bed between t= 2 tot=10 Sass 

(A) 95.8 gallons 

CBR BI gallons i @ & =A 3 at 

(C) 753 gallons 

(D) 798 gallons 

Answer 



SAMPLE EXAMINATION III 

45. The line y = mx + b with b = 2 is tangent to the graph of f(x) =—2(x —2)*+2 at a point in the 
first quadrant. What are all possible values of b ? 

(A) 2<b<10 

e& 9h 12 

Fi 2<b<14 

(D) 2<b<20 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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Section II 
EE EAE a IS TUT PITS SS 

FREE-RESPONSE QUESTIONS — GENERAL INSTRUCTIONS 

For each part 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. All problems are given 
equal weight, but the parts of a particular problem are not necessarily given equal weight. 

YOU SHOULD WRITE ALL WORK FOR EACH PART OF EACH PROBLEM IN THE 
SPACE PROVIDED FOR THAT PART. 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. Manage your time carefully. 

e Show all your work, even though a question may not explicitly remind you to do so. Clearly 
label any functions, graphs, tables, or other objects that you use. Your work will be graded on 

the correctness and completeness of your methods as well as your answers. Answers without 
supporting work will usually not receive credit. 

e Justifications require that you give mathematical (noncalculator) reasons. 

e Your work must be expressed in standard mathematical notation rather than calculator syntax. 

For example, i x°dx may not be written as fnInt(X?, X, 1, 5). 
1 

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

e If you use decimal approximations in calculations, your work will be graded on accuracy. 

Unless otherwise specified, your final answers should be accurate to three places after the 
decimal point. 

e 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. 

SECTION II PART A: 30 Minutes, Questions 1,2 

A graphing calculator is required. 

During the timed portion for Part A, you may work only on the problems in Part A. Write your 

solution to each part of each problem in the space provided. 

On Part A, you are permitted to use your calculator 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 

the setup of your programs, you must show the mathematical steps necessary to produce your 

results. 

Do not go on to Part B until you are told to do so. 

SECTION II PART B: 60 Minutes, Questions 3,4,5,6 

Write your solution to each part of each problem in the space provided for that part. During the 
timed portion for Part B, you may continue to work on the problems in Part A without the use of 

any calculator. 

af Ie 
Unauthorized copying or reusing any part of this page is illegal. 



“yea! s! aBed siuj yo ed Aue Buisneai Jo BulAdoo pezuoyjneun 

CALCULUS AB 

Section II Part A: A graphing calculator is required for these problems. 

1. A particle is moving along the y-axis sd that at any time f its velocity is given by 

(a) 
(b) 

(c) 

(d) 

(a) 

v(t) =(t—4)* sin (t—4). 

Find the velocity, speed, and acceleration of the particle at t = 3. 

In the viewing window provided below, sketch the graph of v(¢). 

—1 

In the interval 3 < t <5 is the velocity increasing or decreasing? Use your graph to justify 

your answer. 

Find the distance the particle travels from t = 3 to t = 5. Show how you arrived at your 

answer. 

Find the velocity, speed, and acceleration of the particle at t = 3. 

V(3) - (8-4) *s-(8-4) = FOF 

j(iizaerabanan 



SAMPLE EXAMINATION III 

(b) Inthe viewing window provided below, sketch the graph of v(t). 

(c) In the interval 3 <t <S is the velocity increasing or decreasing? Use your graph to justify 

your answer. 
. 

| 

Th Ro My IY nceoving  letarR J@ 

[PS febsrtry mae putt® porn 3-625 

(d) Find the distance the particle travels from t = 3 to t = 5. Show how you arrived at your 

AGN | ea) im CA HE 
2 
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2. Sand is being poured into a bin that is initially empty. During the work day, for0 StS 9 hours, 

the sand pours into the bin at the rate given by 

5000 
i 

(= # +50 
After one hour, for 1 < t < 9, sand is removed from the bin at the rate of 

cubic meters per hour. 

R(t) = 23.9665 /'t cubic meters per hour. 

(a) How much sand is poured into the bin during the work day? Include units of measure. 

(b) Find $(6)— R(6) and include units of measure. Explain what this amount means in the 

context of the problem. 

(c) Explain why the amount of sand in the bin is at a maximum when S(t) = R ti). 

(d) How much sand, in cubic meters, is in the bin at the end of the work day? 

(a) How much sand is poured into the bin during the work day? Include units of measure. 

(b) Find S(6)—R(6) and include units of measure. Explain what this amount means in the 
context of the problem. 



SAMPLE EXAMINATION III 

(c) Explain why the amount of sand in the bin is at a maximum when S(t) = R(t). 

(d) How much sand, in cubic meters, is in the bin at the end of the work day? 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

3. Let R be the region bounded by the graphs of y = vx andy= = as shown in the figure above. 

(a) Find the area of R. 
(b) Find the volume of the solid generated when R is revolved around the y-axis. 
(c) Write, but do not evaluate, an integral expression that gives the volume of the solid 

generated when R is revolved around the horizontal line y =—3. 

bok 
(a) Find the area on Ise x 



SAMPLE EXAMINATION III 

(b) Find the volume of the solid generated when R is revolved around the y-axis. 

NG ace 
. 0 

o 

Oe gt 59 Say) ence teas oy 3 

0 
ml 

tpptieive F z(t) -<(o)- (/ 

ae BUS tbe Gi) por | 

(c) Write, but do not evaluate, an integral expression that gives the volume of the solid 
generated when R is revolved around the horizontal line y =—3. 

Ve J (o+3)- ($63) di 

Unauthorized copying or reusing any part of this page is illegal. 



‘yeBai! s} eBed siyj Jo ped Aue Buisnes Jo BuiAdoo pazuoujneun 

CALCULUS AB 

(6, (6-3) 

4. The region, R, is bounded by the graphs of f(x) = x — 3, g(x) = (x — 3)”, and the line, T, as 
shown in the figure above. T is tangent to the graph of f at the point (a,a* — 3) and tangent to 
the graph of g at the point (b,(b — 3)”). 

(a) 
(b) 
(c) 
(d) 

(a) 

Show that a = b —3. 
Find the numerical value of a and the numerical value of b. 

Write an equation of the line T. 
Set up, but do not evaluate, an integral expression that gives the area of region R. 

Show that a = b —3. 



SAMPLE EXAMINATION III 

(b) Find the numerical value of a and the numerical value of b. 

(c) Write an equation of the line T. 

(d) Set up, but do not evaluate, an integral expression that gives the area of region R. 

19 
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5. Let f(x) be the function defined by f(x) = k + 12x + 3x” — 2x°, where k is a constant. 

(a) On what interval is the function increasing? J ustify your answer. 

(b) Ifthe relative maximum valué of fis 4, what is the value of k ? 

(c) Find the interval where the function is concave up. Justify your answer. 

(d) Find the relative minimum value of the function. 

(a) On what interval is the function increasing? Justify your answer. 

faréCa)- ba) 

pl(xj= lo oe 
= eC 

' | ae + ie 
oEtont Meee Son 
Da) tt mera) SD ae 

V0); “Jz Z| 
LoKx= LAD 

ee : ~ = ey ee), fects) ox !) Yo- 2 X= | 2 oan 

OM aA ey 

(b) If the relative maximum value of fis 4, what is the value of k ? 

(fies a oot VA 

42k + II 
fo Se te 



SAMPLE EXAMINATION III | shea 

(c) Find the interval where the function is concave up. Justify your answer. 

(50 Set i £'Ge) a, 
Spear oe “f co 
eee cee ae ye 
Beets ies S 

pains 

£"(x) 2 Po mae aps 

(d) Find the relative minimum value of the function. 

Lier Ftc era? 

ca 
e(Y) =~9F fa(-0)+ 3-4] “2-4 

Hae BG ee ae we 

claj=-a5 ia 
f(-2)= DI 
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a Sa SS a 
i a el le oe abel af 

The graph of f 

6. Let f be a function defined on the closed interval [—3,9]. The graph of f, consisting of three line 
x 

segments is shown above. Let g(x) = { net) at 

(a) 
(b) 

(c) 
(d) 

(a) 

0 

Find g(4.5), g’(4.5), and g” (4.5). 
Find the average value of f on the closed interval [—3,5]. Show the work that leads to your 

answer. 

Find the x-coordinate of any points of inflection of g. Justify your answer. 

Find the coordinates of all maximum points of g. 

Find g (4.5), g’(4.5), and g” (4.5). 



SAMPLE EXAMINATION III 

(b) Find the average value of f on the closed interval [—3,5]. Show the work that leads to your 
answer. 

(c) Find the x-coordinate of any points of inflection of g. Justify your answer. 

(d) Find the coordinates of all maximum points of g. 

Unauthorized copying or reusing any part of this page is illegal. 
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SAMPLE EXAMINATION IV 
SECTION I PART A 

NO CALCULATOR IS ALLOWED IN THIS SECTION. 

Directions: Solve each of the following problems, using the available space for scratch work. After ex- 

amining the form of the choices, decide which is the best of the choices given. Do not spend too much 

time on any one problem. 

In this exam: 

(1) Unless otherwise specified, the domain of a function fis assumed to be the set of all real 

numbers x for which f(x) is a real number. 

(2) 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 = arcsin x) 

125 
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CALCULUS AB 

{i lim 7 is , 

CESSE (B\v 7b ony A(eley 6 (D) 2Vb 

-1 
a 
ox 

re 
- =x 

Seg) 
a et 

2. An equation of the line tangent to the graph of y = cos x + tan (2x) at the point (0, 1) is 

CAS) y =2041 

(B) y=2x 

(Gye 27 et 

(D) y=x+1 

Answer 

Answer 



SAMPLE EXAMINATION IV 

Salers (x) = i f(t) dt. The table above gives selected values of f’, the derivative of f, on the interval 
1 

1 <x <7. If f’ is continuous and has only the three zeros as shown in the table, for which values 

of x does g have a point of inflection? 

(A) 2 only 

(B) 4 only 

“(C)) 2 and 6 only 

(D) 2, 4, and 6 

Answer 

4. If f(x)=3+|x-2 , then f’(2) is 

(A) 1 O02 (Cys (O}, undefined 

Answer 
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Ds [ox +5)*dx = 

(A) 3 3x+5)P+C Sorat: 

(B) 2(3x+5)+C 

(Gye 0134 Foyt -C 

Norse 

‘yeBal|! si! aBed siyj jo wed Aue Busnes Jo BulAdoo pazuoujyneun 

ae — 

43x 5) ( 2) 

(4 2, Boe , 

Answer 

6. The position of a particle on the x-axis at time ¢, t > 0, is In t. The average velocity of the 

particle for 1 <t<eis 

(A) 17 CaS l (C) e (D) e-1 
e-1 

oy 
a )< a] 

C- | it(= - f Kn e na 5 ne Answer 



7. If e* +e” = 2x +2y +2, then at the point (0,0), ae a 

Cay =i (B) 1 (C) 3 (D) 5 

$. Ah (x)= 3x Inaxythen f'(x)= 

(AD 3+ ln(@) (B) 14 1In(x3) (C). 2+3inx 

[ 

3 InX fs ea 

Ba au 

Wx +9 

SAMPLE EXAMINATION IV 

(D)_ = 

Answer 

Answer 
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9, \ Ix +2| dx = 
Ee 

(A) 0 (B) 8 (G)- 43: (D) 17 

Answer 

10. Let R be the region in the fourth quadrant enclosed by the x-axis and the curve y = kA EPDRK, 

where k is a constant. If the area of the region R is 36, then the value of k is 

Wa + Os gaxtHe 

ao ee ao | 
26x | BX ~ Kx aX ss 

fy 

YS ae Ee SL 

) \ 

gx an 
| { 

y { Y 
ce ro 

LS pes er 
ma k ; Tk fe Answer 



SAMPLE EXAMINATION IV 

11. The minimum value of f(x) = e* — 2x is 

@) eee (By eh) 1G) ie 20) 4 (D)82 in 

Answer 

12. The graph of y = f(x) on the closed interval [—3,7] is shown in the figure above. If fis 
continuous on [—3,7] and differentiable on (—3,7), then there exists a c, —-3 < c <7, such that 

(A) f’(c) is undefined 

(B) fO=5 
© ro=-4 
(D) fi(c)=-5 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 



‘yeBaj! si! aBed siyj jo ped Aue Bursneas so BulAdoo pezuoujneuy 

oP” 

CALCULUS AB 

4 
d 2 ie 13. i [4 GP +21-1)] at= 

a 

(AY 40 (B) 46 (C). 55 (D) 66 
See od 

Answer 

14. Let f(x) be a differentiable function. The table below gives the value of f(x) and f’(x), the 

derivative of f(x), at selected values of x. If g(x) = ei what is the value of g‘(2) ? 

Fay |e8 [58 |= 9N09| 

(C) | (D) 16 |- 
1 ON 

Answer 



SAMPLE EXAMINATION IV 

15. The function fis continuous on the closed interval [1,15] and has the values shown in the table above. 

Lets ( x) = | f(t) dt. Using the intervals [1,3], [3,6], [6,10] and [10,15], what is the approximation 
1 

of g(15)— g(1) obtained from a left Riemann sum? 

(Aol (B) 25 (C) 30 Co) 39 

Answer 

16. The volume of an expanding sphere is increasing at a rate of 12 cubic feet per second. When the 
volume of the sphere is 36z cubic feet, how fast, in square feet per second, is the surface area! 

increasing? 3¢ 
x3 

Note: (V = ae and S$ = 4zr’) ‘og 

Br Jen ow Oly ge 54  @& OF ww T4 Go es 

ore 3 
ad Sify ae | 2 “ae 
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15 oom 1S (B) -IS&) bed 
: WotR. CY | 

17. If f(x) = 15 — g(x) for —2 <x <2, then { [f(x)-g(x)] dx = Siw ( I) 
| os 

(A) 2] g(x) dx — 60 - a") a 

82” etx) dx +60 COs. )) = 9(x) . abl Co-2 S30 

(C) 60-4] g(x) ie ay 
o- 

®) 60-2] g(x) ax eS: - AY (x) 
~?~ 

[5x - 25400) 

‘ae B 
18. Let f(x) = x* + 3x and let g(x) and its derivative g’(x) have the values shown in the table above. 

If h(x) = f(g(x)), what is h'(2)? 

(A) 9 (B) 10 ~ ys (D) 21 

Answer 



SAMPLE EXAMINATION IV 

19. If C(x) gives the cost in dollars of producing x items of a certain product, which of the following 

statements are true about — the derivative of C(x)? 

I. The units of a are dollars per item. 

II. The value of ae at any value of x is the change in cost per item produced. 

III. a is the rate at which items are produced. 

(A) ITonly 

(B) Il only 

Answer 

20. Let f be a function that is differentiable on the open interval (a,b). If f has a relative 
minimum at (c,f(c)) and a < c < b, which of the following must be true? 

lL f'(c)=0@G bo 

i> fc) must exist, 

Rite lh 1) exists. (ren | Fd Con porn ON 

~@® I only 

(B) land II only 

(C) land III only 

(D) I, I, and II 

Answer 
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21. A solid has a circular base of radius 3. If every plane cross section perpendicular to the x-axis is 

an equilateral triangle, then its volume is 

(Ay 1273 (B) 1873, — (C) 24v3 (D) 36/3 

bax f on 30); 

i Rela] “ye2= re 

22. If fis continuous for all real fibers eae =Wixand viz j= 4) then v4 xp — 

Sos 44 [FW dt 

Ce e+ [10 dt 

od Gq-xX 

O 

Bs eae 

(C) i “f(t) dt—4 

(D) 4— [A dt 

Answer 

Answer 



SAMPLE EXAMINATION IV 

23. If y = sin7! (3 ), then o a 

3 

AG35 V7 16—9x* 

(B) a 
716 — 12x’ 

3 
) /16 + 9x2 

oo; 
7 16+ 12x 

Answer 

ae*+b 
Si aa 

y =3and y =—S. What is the value ofa+ b? 

24. The graph of the function y = is shown above. The graph has horizontal asymptotes at 

(Ajo =8 @® 2 (C) 2 (D) 8 

: oer L EN Answer 
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If for each point (x,y) on a certain curve the slope of the curve is Bes then the curve represents 

the graph of a(n) 

(AD) quadratic function 

(B) linear function 

© GeSogarithmic function : 4 pay 

se ai 
(D) exponential function Sy: 

tS ony 

Y 

\. q + Pn% fs % @ Aye Answer 

(i wl a d d | ae | Ee 

tan (2(x + h))— tan (2x) is 
h 26. lim 

h—0 

(A) 0 (B) sec? 2x) COPS see? (2x) (D) nonexistent 

Answer 



27. What is the area of the shaded region in the figure below? 

Be 

—, X 

Ya ax 
Note: Figure not drawn to scale. 

(A) 2 ~ CB) 4 (C) 2x-1 (D) 2z 

Graph of f 

SAMPLE EXAMINATION IV 

Answer 

28/ The graph of f’, the derivative of f, is shown in the figure above. If f(2) =—3, then f(4) = 

x) -8 )@ ® 
Answer 

Unauthorized copying or reusing any part of this page is illegal. 



CALCULUS AB 

29. Let f be a differentiable function with f(3) =—6 and f’(@) = 4, and let g be the function defined 

by g(x) =4x+ fix) for all x #0. Which of the following could be an equation of the line tangent 

to the graph of g at the point whéré x = 3? 

(A) y-2=2@-3) 
; —2 = 6(x —3) 

(C) y-10=2(@-3) 

aay 

*yeBayi! si! eBed siuj yo ped Aue Bursnai Jo BuiAdoo pezuoujneur 

Answer 

Aft region enclosed by the line x + y = 1 and the coordinate axes is rotated about the line 

y =—1. What is the volume of the solid generated? 

(A) 42 

Answer 



SECTION I PART B 

A GRAPHING CALCULATOR IS REQUIRED FOR SOME QUESTIONS IN THIS SECTION. 

Directions: Solve each of the following problems, using available space for scratch work. After examin- 

ing the form of the choices, decide which is the best of the choices given. Do not spend too much time 

on any one problem. 

In this exam: 

(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) Unless otherwise specified, the domain of a function fis assumed to be the set of all real 

numbers x for which f(x) is a real number. 
(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 = arcsin x) 

141 
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31. The figure above shows the graph of a function f(x) on the interval [0,5]. Which of the following 

definite integrals has the greatest value? 

(A) l RUE 

[f@ dx 

(C) I oe 

(D) [fo dx 

Answer 



SAMPLE EXAMINATION IV 

32. A tense netsh ae along the x-axis so that its position at any time ft > 0 is given by 
x(t) = t* —10f° + 29/7 — 36t + 2. For which of the following values of t is the speed the greatest? 

(Asi = 2 

q (Bir =3 

(Djcr=) 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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33. Suppose the derivative of fhas the graph shown above. 

Which of the following could be the graph of f? 

Answer 



SAMPLE EXAMINATION IV 

- . . t . Let f be the function given by f(t) = i e*°) (cos (x) — x sin (x)) dx, 0 <t < 10. At which of the 
0 

following values of t does f attain its absolute maximum value? 

CfA) 2.860 

(B) 3.426 

#8 6.437 

(D) 9.529 

Answer 

35. A particle with velocity at any time f given by v(t) = 2e*’ moves in a straight line. How far does 

the particle travel during the time interval when its velocity increases from 2 to 4? 

~ @! (B) 2 (C). 3 (D) e! 

Answer 
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' ey oe tale eee. eel 
36. If n is a positive integer, then iim 7 (%) - (2) +: 4 (EE n—*) | can be expressed as 

Answer 

7. The position of a mass on a spring is given by y(t) = i q sin (3t) — é cos (3t). If t is measured in 

seconds, how many times — the acceleration of ie mass change from positive to negative in 

the first 8-seconds? 

Three Four C) Six ight 

Answer 



SAMPLE EXAMINATION IV 

(0,2) (Q2) 

0,0 
Ce (2.0) 

38. As shown in the figure above, a square with vertices (0,0), (2,0), (2,2), and (0,2) is divided into 

two regions by the graph of y =—x’ + 2x. If a point is picked at random from inside the square, 

what is the probability that the point lies in the region above the parabola? 

Ot @} ©f oO} 
Answer 

39. The slope of the function f(x) = sin ' (t) dt when x = 0.4 is 
J 

(A) 0.081 (B) 0.389 0.412 (D) 1.091 

Answer 
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40. Suppose that f(x), f’(x), and f”(x) are continuous for all real numbers x, and that f has the 

following properties. 

I. fis negative on (—0o,6) and positive on (6,00). 

Il. fis increasing on (—0o,8) and decreasing on (8,00). 

III. fis concave down on (—0o,10) and concave up on (10,00). 

Of the following, which has the least numerical value? 

(A) f'(6)-4 

Answer 

41. The function y = sin x + cos x is a solution of which differential equation? 

dy : ibs y+ ay = 2 sin x sige OT Por ug? Ax 

dy II. y+ ay = 2 cos x ye Dbi6¥- 7 yh 

II. ae =—2 sin x dx S7u = = Zon Xrdx 

(A) Ionly a™ 2 AW 00s 
(B) Ionly 7 w87 A 

(C) II only 

(orl and III | Le q= —- fiir 

Nie i sto Ht 

a — pyn7x 

4 — ae a OS Answer 



SAMPLE EXAMINATION IV 

42. On the open interval a < x < b the graph of g’, the derivative of g, is continuous and 
differentiable. On this interval the graph of g’ has several local maximums, several local 
minimums and several zeros. The graph of g changes from concave down to concave up at 
which points on the graph of g’ ? 

(A) At the zeros where g’ changes from positive to negative 

(B) At the zeros where g’ changes from negative to positive 

(C) At the local maximums of g’ 

Oy At the local minimums of g’ 

Answer 

43. For what values of x does the curve y” — x° — 15x” = 4 have horizontal tangent lines? 

(A). x =0 only 

(B) x= 10 only 

~ @&y x =—10 and x = 0 only 

(D) x =-10, x =0, and x = 10 

Answer 
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44. If gis a differentiable odd function for all value of x, which one of the following statements is NOT 

necessarily true? 2 
~\ 

4 . “Sx dx 

(A) [gi dx=0 
= 4 4 

4 0 f 

(B) [gc dx =—| g(x) dx pps: 
0. -4 xe ai 
4 —4 

(C) [_28@ ax =-2] o(x) dk f 
24 4 #(4*- (04) 

AD) [ge ay = 2[ go dx Ru 

Answer 

45. Which of the functions given below has an average (mean) value of zero on the interval—a < x <a, 

a0? 

(A) y=|x 
(3) y= cos Gz) ad) Oy He abe 

—— CEP y =sin (x) (Oye 

Dyiy=x Px : fais 

2 (ae Ca 
? 4 $e, Ie Answer a an wa 
A tiger apie ed 



Section II 
a a RE PE SE A RE SN EA ST 

FREE-RESPONSE QUESTIONS — GENERAL INSTRUCTIONS 

For each part 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. All problems are given 
equal weight, but the parts of a particular problem are not necessarily given equal weight. 

YOU SHOULD WRITE ALL WORK FOR EACH PART OF EACH PROBLEM IN THE 
SPACE PROVIDED FOR THAT PART. 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. Manage your time carefully. 

Show all your work, even though a question may not explicitly remind you to do so. Clearly 
label any functions, graphs, tables, or other objects that you use. Your work will be graded on 
the correctness and completeness of your methods as well as your answers. Answers without 
supporting work will usually not receive credit. 

Justifications require that you give mathematical (noncalculator) reasons. 

Your work must be expressed in standard mathematical notation rather than calculator syntax. 
5 

For example, i x*dx may not be written as fnInt(X?, X, 1, 5). 
1 

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

If you use decimal approximations in calculations, your work 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. 

SECTION II PART A: 30 Minutes, Questions 1,2 

A graphing calculator is required. 

During the timed portion for Part A, you may work only on the problems in Part A. Write your 
solution to each part of cach problem in the space provided. 

On Part A, you are permitted to use your calculator 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 

the setup of your programs, you must show the mathematical steps necessary to produce your 

results. 

Do not go on to Part B until you are told to do so. 

SECTION II PART B: 60 Minutes, Questions 3,4,5,6 

Write your solution to each part of each problem in the space provided for that part. During the 

timed portion for Part B, you may continue to work on the problems in Part A without the use of 
any calculator. 

eCoyk 
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CALCULUS AB 

Section II Part A: A graphing calculator is required for these problems. 

1. A particle moves along the x- axis so that at any time t,0 <¢<5, its velocity is given by 

v(t) =sin(t) +e". When t = 0, the particle i is at the origin. 

(a) Write an expression for the position function, x(t), of the particle at any time 4,0 <1 <5. 

(b) What are all values of ¢ for which the particle is at rest? 
(c) For0<1r<5, find the average value of the position function determined in part (a). 

(d) Find the total distance traveled by the particle from t = 0 tot=5. 

(a) Write an expression for the position function, x(t), of the particle at any time ¢,0 <t <5. 

Lee Fp ere 

(b) What are all values of t for which the particle is at rest? 

Velo'T7-O 

(ST TR COKE 



SAMPLE EXAMINATION IV 

(c) For0<r<%, find the average value of the position function determined in part (a). 

3) 

= S smtp fd =(a.xte] 
0 

(d) Find the total distance traveled by the particle from t= 0 tot =5. 

: [sin Cre dt = x 
o 

Unauthorized copying or reusing any part of this page is illegal. 
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40 feet 

2. As shown in the figure above, a searchlight is located at point A, 40 feet from a wall. The 

searchlight revolves counterclockwise at a rate Gf 30 radians per second. At any point B on the 

wall, the strength of the light L, is inversely proportional to the square of the distance d from A; 

that is, at any point on the wall L = a At the closest point P, L = 10,000 lumens. 

(a) Find the constant of proportionality k. 
(b) Express L as a function of 0, the angle formed by AP and AB. 
(c) How fast (in lumens/second) is the strength of the light changing when = ra ? Is it 

increasing or decreasing? Justify your answer. | 

(a) Find the constant of proportionality k. 



(b) Express Z. as a function of 6, the angle formed by AP and AB. 

(c) How fast (in lumens/second) is the strength of the light changing when 6 = 
increasing or decreasing? Justify your answer. 

SAMPLE EXAMINATION IV 

LO ee i ? Is it 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

3. Let R be the region bounded by the graphs of y = J the horizontal line y = 1, and the vertical 

line x = 5, as shown in the figure above. 

(a) Find the area of R. 
(b) Write, but do not evaluate, an integral expression that gives the volume of the solid 

generated when R is revolved about the horizontal line y = 2. 

(c) The region R is the base of a solid. For each x, 1 < x <5, the cross section perpendicular 

to the x-axis has an area of 2% — 2. Find the volume of the solid. 

(a) Find the area Ss R. 

4c) | + dx 

p= x Bie 

5-(9 tuk 



SAMPLE EXAMINATION IV 

(b) Write, but do not evaluate, an integral expression that gives the volume of the solid 
generated when R is revolved about the horizontal line y = 2. 

- om yo yan SHR (ray 

(c) The region R is the base of a solid. For each x, 1 <x <5, the cross section perpendicular 
to the x-axis has an area of 2* — 2. Find the volume of the solid. 

D 

VE) (2-4) dx 
0 

Unauthorized copying or reusing any part of this page is illegal. 
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4. A cylindrical tank is initially filled with water to a depth of 16 feet. A valve in the bottom 

is opened and the water runs out. The depth, h, of the water in the tank decreases at a rate 

proportional to the square root of the depth, that is, a ; =—k V/h, his measured in ft/hr, where 

k is aconstant, 0 < k < 1, and ris expressed in hours. 

(a) Find the solution of the differential equation for h in terms of k and ¢. 

(b) After the valve is opened, the water falls to a depth of 12.25 feet in 8 hours. Find the value 

of k. 

(c) How many hours after the valve was first opened will the tank be completely empty? 

(a) Find the solution of the differential equation for / in terms of k and t. 

porate 
oe 
dienrbalf 

—_—_————"—_— 

ae E 



SAMPLE EXAMINATION IV 

(b) After the valve is opened, the water falls to a depth of 12.25 feet in 8 hours. Find the value 
of k. 

i So ae 

Va5= €40)- 
faa Picea [pat 

pees pe 

)& 

(c) How many hours after the valve was first opene k be completely empty? 

Unauthorized copying or reusing any part of this page is illegal. 
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5. Consider the curve y = 4x —x° and chord AB joining points A (—3,15) and B (3, —15) on the 

curve. 

(a) Find the x- and y-coordinates,of.the point(s) on the curve where the tangent line is 

parallel to chord AB. 

(b) Write an expression without absolute value for the vertical distance, V, between the curve 

and chord AB for 0 < x < 3. 

(c) Find the maximum vertical distance between the curve and chord AB for 0 < x < 3. 

Ne ee a
e 

(a) Find the x- and y-coordinates of the point(s) on the curve where the tangent line is 

parallel to chord AB. 



SAMPLE EXAMINATION IV 

(b) Write an expression without absolute value for the vertical distance, V, between the curve 
and chord AB for 0 < x < 3. 

(c) Find the maximum vertical distance between the curve and chord AB for 0 < x < 3. 

Unauthorized copying or reusing any part of this page is illegal. 
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6. The figure above shows the graph of the derivative of a continuous function f for 0 <x <4. 

(a) For what values of x is f increasing? Justify your answer. 

(b) For what value of x does f have its relative minimum value? Justify your answer. 

(c) For what value of x does f have its relative maximum value? Justify your answer. 

(d) If f(1)=1, use your answers to (a), (b), and (c) to sketch the graph of fforl Sx <4. 

(a) For what values of x is f increasing? Justify your answer. 

(b) For what value of x does f have its relative minimum value? Justify your answer. 



(c) 

(d) 

SAMPLE EXAMINATION IV 

For what value of x does f have its relative maximum value? Justify your answer. 

If f(1) = 1, use your answers to (a), (b), and (c) to sketch the graph of ffor1 <x <4. 

Unauthorized copying or reusing any part of this page is illegal. 
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SAMPLE EXAMINATION V 
SECTION I PART A 

NO CALCULATOR IS ALLOWED IN THIS SECTION. 

Directions: Solve each of the following problems, using the available space for scratch work. After ex- 

amining the form of the choices, decide which is the best of the choices given. Do not spend too much 

time on any one problem. 

In this exam: 

(1) Unless otherwise specified, the domain of a function fis assumed to be the set of all real 

numbers x for which f(x) is a real number. 

(2) 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 = arcsin x) 

165 
Unauthorized copying or reusing any part of this page is illegal. 
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more 4 dy _ 
1 y= (2x41) , then == 

(A) 4(2x*41)° ar 

(B) 4x(2x7+1)° 

(C) 16041)" 

-@y 16x (2x? +1)? 

Answer 

2.\xlv x? + 1 dx = 

(A) F(x? + 24 G 

(®) Roesviec 
Se 

(co) Cae 

3 

@D) 4x? (x? + 1)2+C 

Answer 



SAMPLE EXAMINATION V 

dy d’y 
Shai Sf a 2xy, then Eee 

(A) 2x+2y (B) 4x7y (C) 2x?y+2y © 4x’y +2y 

Answer 

4. Let f be the function defined by f(x)=In(3x+2)* for some positive constant k. 

If f’(2) = 3, what is the value of k ? 

(A) In8 (B) 4 /(o)s (D) 16. LY | 

7) PAYS fx en In (awa -) 

= ~ of Answer 

a I 
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ye for as 1 

2x forx > 

(A) 1 ee (Cre 7) undefined 

5. ex) =| then f’(1) is 

Answer 

6. What is the maximum value of the first derivative of f(x) = 3x?—x° ? 

(A) 0 (Bee tt NIC) (D) 4 

Answer 



SAMPLE EXAMINATION V 

7. Let fbe a differentiable function for all x. Which of the following must be true? 

d 3 

LP F(x) ae = F(x) 
IL. [r@ dx = f(x) 

m. £ 4 f(x) dx = f(x) 

(A) II only 

(8) III only 

I and HI only 

Bh Il and III only 
pas 

Answer 

nia dy _ 8. If sin (xy) =x , then = = 

(A) 2x sec (xy) 

(B) 2x sec(xy)-—y 

eer LY Sec (XY) — D> (xy) Bi 
oe Xx 

2x sec (xy) (0) ae 

Answer 
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9. A region R is enclosed by the coordinate axes and the graph of y = k(x — 5)*2k'> 0: When this 

region is revolved around the x-axis, the solid formed has a volume of 2500z cubic units. What 

is the value of k ? 

(A) 2/15 (B) 4 Me /5 Wy 

ne Bie dal Ne 

1 SR KA ee ie lelesy 
‘ con 

ay T/ 
aS. We ty 

aa K bes) ») “dx i 
ce nswer 

> iL nae d Ne | Vereatt o / in - 

Als (45 \Td% Li Cs a 
10. How many points of inflection does the graph of y = 2x° + ae + 10x*—x +2 have? 

(A) One PS Two for (D) Four 

ob 
4 

ean Se B\eKn ais (Jur 454+ Lok | 

ql! 
Oe aed Abe 18 

02 poled ‘ial 

= pel t [PO +41) 



SAMPLE EXAMINATION V 

11. If f is the function defined by f(x) = oe the graph of f will have a horizontal 

asymptote at which of the following equations? 

Answer 

12. What is the 20th derivative of y = cos (2x) ? 

. 
5a) 2 cos (2x) Wa Zs } C yh ax 

(By 2 sin (2x) /| 2 

(> 2” cos (2x) 

e ; }y } 2, 20 Pala (D) 2” sin (2x) oe D em rx 

I; } A " 

ay f — ‘ . 
J (5 ph ; On AX 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 



*ye6ai|! st aBed siyj jo ped Aue Buisnas so BulAdoo paezuouyneun 

CALCULUS AB 

13. What is an equation of the line tangent to the graph of f(x) = 7x — x’ at the point where f(x) = 3? 

/(AD y= 3x44 ott 

(B) y=3x+8 

(C) “-y =3x—10 

(D) y=3x—-16 

Answer 

14. Suppose that f(x) is a twice-differentiable function on the closed interval [a,b]. If there is a 

number c, a < c < b, for which f’(c) = 0, which of the following must be true? 

I. f(a)=f(b) 

II. fhas a relative extremum at x = c. 

III. fhas a point of inflection at x =c. 

(D) III only 

Answer 



SAMPLE EXAMINATION V 

15. The function fis continuous on the closed interval [1,10] and has the values shown in the table 
, 10 

above. Using the intervals [1,3], [3,7], [7,8] and [8,10], what is the approximation of i f(x) dx 
1 

obtained from a right Riemann sum? 

(A) 6 ~ (By (Cyr 13 (D) 23 
\ Se 

Answer 

16. If y =x Vx and¢=3~—In(x), then & = 

y) 4.48) is nek 
(@) 38 UR ay \ dy 7 

(B) 2G) Ga si 2 a ~— 

(Cc) —3xl4) Wy. oe 1 | 
v <4 = 

@) Sxl eae Oe be tt 
eo id 

Answer 
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| 2 
~The expression 4| (x) dx gives the number of people living on one side of a 4-mile long 

0 
stretch of highway, where x is the number of miles from the highway. What are the units 

of 0(x)? elo ae 

(A) People | ( n> 

| ie SPE miles | nt) cowple | cf aie 

eople per mile 

ee per square mile 

we ws 
Answer 

18. i: 
ieee 

CA 2 B87 OF ©)? 
Leer 

Answer 



SAM PLE EXAMINATION V 

19, Let f(x) be a differentiable function defined only on the interval —2 < x < 10. The table below 
gives the value of f(x) and its derivative f’(x) at several points of the domain. 

i. [2[ 0} 2] 4] 6/8 {10 

FCS) A 

The line tangent to the graph of f(x) and parallel to the segment between the endpoints of f(x) 
intersects the y-axis at the point 

(A) (0,22) (B) (0, 28) ©) (0, 31) (D) (0, 36) 

At 4 xy 

o sdk -4) 

Answer 

20. Function f is differentiable and decreasing for all real numbers. If y = f(2x* — 3x’), for which of 

the following intervals of x will the value of y NOT be decreasing? 

& (—co,0] and [1,00) 
(BS [0,1] only 

(C) (—co,0] only 

(D) [1,0c) only 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 



‘yeBaj! s! aBed siuj jo wed Aue Bursnes so BulAdoo pezuoujneup 

CALCULUS AB 

sy au ns 3 41. lim 2(x+h) 2 ae) 2x° + 5x 

> 

(A)\ 0 

Answet 

8 4 4 

22. If f f(x) dx =—10 and I f(x) dx'= 6, then J fais 

(A) —16 (B) -4 (C) 4 (@p 16 

Answer 



SAMPLE EXAMINATION V 

5 

: a4 3 

2 UY 

1 e a 

Ss ee, 2c oe i 

23. The graph of a function f whose domain is the closed interval [1,7] is shown above. 

Which of the following statements about f(x) is true? 

A) lim f(x) =f) 
x3 

(B) lim f(x) =f) 
CY lim fo =f 
(D) lim f(x) =f) 

177 

Answer 
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24. lf-f( x)= x3, what is the derivative of the inverse of f(x) ? 

(C) EBxe Ox" (A) 3x3 

Answer 

25. If fis a differentiable function on the closed interval [a,b], which of the following theorems fully 

apply to function f? 

I. Extreme Value Theorem 

II. Intermediate Value Theorem 

III. Rolle’s Theorem 

(A) land II only 

I and II only 

NA II, and II 

(D) None of the above 

Answer 



SAMPLE EXAMINATION V 

ae ie es eae ee 

26. Which of the following graphs could be a particular solution of the differential equation whose 

slope field is shown above? ji 

(A) @), 

(C) (D) 

Answer 
sing any part of this page is illegal. 
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27. The volume of a cube is increasing at the rate of 20 cubic centimeters per second. How fast, in 

square centimeters per second, is the surface area of the cube increasing at the instant when 

each edge of the cube is 10 centimeters long? (The surface area S of a cube with side x is 

S = 6x”.) ee 

C (A) 2-7 @) ¥ (C) 6 (D) 8 

Answer 

28. { (sec*x) (tan’x) ax. = 

AGU tan°x+C 
ees 

(B) tan*x+C 

(C) 4 sec’x + C 

(D) tan’x+C 

Answer 



SAMPLE EXAMINATION V | 181 

29. The table above gives values of a function y and its derivative at selected values of x. 

dy . > dy 
If dx 18 continuous on [1,5], what is the value of | —— dx ? 

x 5 aX 

CA) 46 (B) 49 (C) 63 (D) 72 

Answer 

30. A particle moves along the x-axis so that its position at any time t>0O is given by 

x(t) =f + 22t+ 3 —6 cos (zt). For what value of t, if any, is the velocity negative? 

(A) t=4 

Osae eel 

(C) t=3 

ey) The velocity is never negative. 

Answer 
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SECTION I PART B 

A GRAPHING CALCULATOR IS REQUIRED FOR SOME QUESTIONS IN THIS SECTION. 

SSN NS IEEE SLI TE ee TE 

Directions: Solve each of the following problems, using available space for scratch work. After examin- 

ing the form of the choices, decide which is the best of the choices given. Do not spend too much time 

on any one problem. 

In this exam: 

(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) Unless otherwise specified, the domain of a function fis assumed to be the set of all real 

numbers x for which f(x) is a real number. 
(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 = arcsin x) 

ile 



SAMPLE EXAMINATION V 

61. If f(x) =(x —a)(x—b)(x-—c) anda < b < c, then which of the following could be the graph Cie 
= Feo? 

ae a. 

if | | Answer 

oy oa 
32. The area of the region in the first quadrant enclosed by the y-axis and the graphs of y = 3 cos x 

and y=x is 

(A) 1.683 BH 2.078 (C) 3.447 (D) 7.005 

- a 

Vee Kee x 

Answer 

‘) (1-2) el Lec) c 

pie cine ae 

as 
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y=f (x) 

a Xx 

33. Let f(x) be a continuous function and let A be the area of the shaded region in the figure above. 

Which of the following must be true? 

i Ae [ 1) dx ee 

I. A alte (x) dx ae 

Ill. A=[F70) dye. 

(A) I only 

(B) Iand I only 

“J and III only 
ayy) 

L, I, and III 

Answer 



SAMPLE EXAMINATION V 

34. A sugar ant crawls along the vertical edge of a cereal box with a velocity given by 
v(t) =27*+(t—2)?4+(t—2)3-—(t—2)4 42, for 0 < t < 3. For what intervals is the speed of the 
sugar ant decreasing? 

(A) (0,0.776) only VY) She 4 

(B) (0.776,1.501) and (2.075,3) Ge es cee pee ree 
beg . 7 ‘ § —_ + — 

(C) (0,0.776) and (1.474,2.103) R(€) WA Hy 2,0 TH 

/(D) ) (0,0.776) and (1.501,2.074) 

Answer 

35. A tank is being filled with water at the rate of 300 Vt gallons per hour with t > 0 measured in 
hours. If the tank is originally empty, how many gallons of water are in the tank after 4 hours? 

(A) 600 (B) 900 (C) 1200 CO RX 1600 

4 soo dt 

Answer 
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36. The base of a solid is the region enclosed by the graph of y = 3(x — 2)? and the coordinate axes. 

If every cross section Poe eee ed to the x-axis is a aa pare, then the volume of the solid is 

(A) 19.2 “Ce 24:0 “2 (ems 

q- | Ce. 
: g- | [ my .} 

L VA 

O 

y= 

| LK 
= qq7 

Answer 

f(x), 
Xx 

If y = 2x — 3 is an equation of the line tangent to the graph of f at x = 1, what is the equation of 

37. Let f and g be functions that are differentiable for all real numbers x with g(x) = 

the line tangent to the graph of g atx = 1? 

AEP = 30-4 | ' ' y ees 4-al = 

er Oe 7 
(C)a ye 3x2 

Ah 40" 
9 (x)= eS ( ; - | 



SAMPLE EXAMINATION V 

A) 0.129 (B) 0.145 _ 0.155 (D) 0.276 

isa 
eee: : 

ve re aX 
i. , 

Answer 

yy . 
Ba. Letif! (x)= —_ for x > 0. If x is always positive and f(1) = 2, what is the equation for f? (2. . ) ( roe 

L par) ole 

oe oF 
gine jt) AB, 4 

(A) (Ser (Q XK | eg 

> OF ia oe 
CB) fy =n y+ 4-3, 3 t | 2 

¥ ~ 

Pees = te es et 
eo 3x eo me | 

ONIN a XE DEF 5 
- 

i] 
f —? 

a x 

mm 

Ne eee £5 

Bath ba : eu dugelay 9.60 mi 

or) ec) if 2 aes Answer 

me ms : . lat tx te ae” = 
es ce 0 

A 

sam 

{ { 
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40. The current price of a compact car is $14,500. The price of a compact car is changing at a rate of 

120 +180 Vt dollars per year. What will be the approximate price of a compact car five years from 

now? 

ra ean 
(A) $15,300 ~ \(B) "$16,440 (CY¥S18,120— 2x. (DD) $22,000 

<) 

A oS in a 1 AT cea fi 4 grt \ for (PAE dt 

Answer 

41. The amount of a radioactive substance decreases according to the eqtation = aad where k is 

a constant and time, f, is measured in days. If half of the present amount of the substance will 

decrease in 20 days, what is the value of k ? 

(A) -6.021 (me 03 CO) 0.035 

Answer 



SAMPLE EXAMINATION V 

42. Let fbe the function given by f(x) = x* In x. For what value of x is the slope of the line tangent to 

the graph of f at (x,f(x)) equal to 2 ? 

1.305 (B) 1.548 (Cy 2548 (D) 4.773 

Answer 

t 

43. The mass, m(t), in grams, of a tumor t weeks after it begins growing is given by m(t) = bee 

What is the average rate of change, in grams per week, during the fifth week of growth? 

(A) 0.341 (B) 0.619 eee 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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44. Let f(x) be a differentiable function defined for all real numbers. The table below gives the 

value of f(x) and its derivative f’(x) for selected values of x. 

ses EEE 
Fo s| soli folsts 
f]-s]-4]2] 0] 2] 4) 6) 

Which of the following statements are true about f (x) Le 
on # 

I. At x = 2, the function is increasing. ~ 

Il. There is a relative minimum in the interval —1 < x < 1, but not es 

necessarily at x = 0. 
> ie 

Pa 

4 

Ill. There is a relative maximum in the interval—1 <x <1. 

(A) Iand II only 

(B) Iand III only 

(C) IL and III only 

“~ CYP I and 

“yeBaij! st eBed siyj yo wed Aue Buisnai Jo BulAdoo pazuoyjneun 

Answer 



SAMPLE EXAMINATION V 

45. The figure above shows the graph of y = f(t). Let g(x) = g(0)+ [re dt. 
0 

If g(—3) = 2, what is the value of g(0) ? 

(A) -8 (B) —6 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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Section II 
SR a a NS SE EE ST SEAS SEER RTT EES 

FREE-RESPONSE QUESTIONS — GENERAL INSTRUCTIONS 

For each part 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. All problems are given 
equal weight, but the parts of a particular problem are not necessarily given equal weight. 

YOU SHOULD WRITE ALL WORK FOR EACH PART OF EACH PROBLEM IN THE 
SPACE PROVIDED FOR THAT PART. 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. Manage your time carefully. 

Show all your work, even though a question may not explicitly remind you to do so. Clearly 
label any functions, graphs, tables, or other objects that you use. Your work will be graded on 
the correctness and completeness of your methods as well as your answers. Answers without 
supporting work will usually not receive credit. 

Justifications require that you give mathematical (noncalculator) reasons. 

Your work must be expressed in standard mathematical notation rather than calculator syntax. 
®) 

For example, x’ dx may not be written as fnInt(X?, X, 1, 5). 
1 

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

If you use decimal approximations in calculations, your work 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. 

SECTION II PART A: 30 Minutes, Questions 1,2 

A graphing calculator is required. 

During the timed portion for Part A, you may work only on the problems in Part A. Write your 
solution to each part of each problem in the space provided. 

On Part A, you are permitted to use your calculator 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 
the setup of your programs, you must show the mathematical steps necessary to produce your 

results. 

Do not go on to Part B until you are told to do so. 

SECTION II PART B: 60 Minutes, Questions 3,4,5,6 

Write your solution to each part of each problem in the space provided for that part. During the 

timed portion for Part B, you may continue to work on the problems in Part A without the use of 

any calculator. 

13 
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CALCULUS AB 

Section II Part A: A ys calculator is required for these problems. 

1. Two walkers start at the same time from the same place and travel in the same direction with 

velocities given by A(t) =1—- et iniles per minute and B(t) = 0.2(e'—1) miles per minute and 

t > 0. They travel until they have the same velocity. 

(a) On the axes provided, sketch the graphs of the velocities and label each. 

(b) When they have the same velocity, which person has traveled farther? Use the graph to 

explain your reasoning. 

(c) Write an expression which represents the distance between the walkers at any time t > 0. 

(d) At what time is the distance between them the greatest? Explain your reasoning. 

i 

(a) On the axes provided, sketch the graphs of the velocities and label each. 

v(t) 

(b) When they have the same velocity, which person has traveled farther? Use the graph to 

explain your reasoning. 



SAMPLE EXAMINATION V 

(c) Write an expression which represents the distance between the walkers at any time > 0. 

(d) At what time is the distance between them the greatest? Explain your reasoning. 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

2. The derivative of a function f is given by f’(x) =(x° —2x)(cos x) for 0 <x <2. 

(a) Find the x-coordinate of the relative minimum of f(x). Show the analysis that leads to 

your conclusion. ied 
(b) Find the x-coordinate of each point of inflection on the graph of f(x). Justify your answer. 

(c) Find the x-coordinate of the point at which f(x) attains an absolute maximum. Justify 

your answer. 

a a ar het hea i 

(a) Find the x-coordinate of the relative minimum of f(x). Show the analysis that leads to 

your conclusion. 



SAMPLE EXAMINATION V 

(b) Find the x-coordinate of each point of inflection on the graph of f(x). J ustify your answer. 

(c) Find the x-coordinate of the point at which f(x) attains an absolute maximum. Justify 
your answer. 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

A 

--------p--------qt-- 

---------p--- nee 

Graph of f 

3. The function fis defined and continuous on the closed interval [0,6]. The graph of y = f(x) consists 

of three line segments as shown above. Let g(x) =—x + lif (t) dt. 
2 

(a) 
(b) 

(c) 
(d) 

(a) 

Find g(3) and g’(3). 
Find the x-coordinate of the 3 critical points of g on the open interval (0,6). Show the 

computation that leads to your answer. 

Find g”(x) in terms of f. 
For each critical point found in part (b), state whether it is a relative maximum, a relative 
minimum or neither. Justify your answers. 

Find g(3) and g’(3). 



SAMPLE EXAMINATION V | 199 

(b) Find the x-coordinate of the 3 critical points of g on the open interval (0,6). Show the 
computation that leads to your answer. 

(c) Find g”(x) in terms of f. 

(d) For each critical point found in part (b), state whether it is a relative maximum, a relative 
minimum or neither. Justify your answers. 

Unauthorized copying or reusing any part of this page is illegal. 
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fours [0 Joa [02] 03 [oaTos [os]or [os] os] 10] 
jamin [0 [90 [90] a0] 78 [30] 60 [40 [20] 10 0 

4. A train, initially stopped, begins moving. The table above shows the train’s acceleration a, in 

miles/hour/hour as a function of time measured in hours. » 

Let f(t) = * a(x) dx. 

(a) Use the midpoint Riemann sum with 5 subdivisions of equal length to approximate f(1). 

(b) Explain what f(1) is, and give its units of measure. 
(c) Assume that the acceleration is constant on the interval [0.1,0.2]. How far does the train 

travel during this interval? Include units of measure. Show how you arrived at your 

answer. 

(a) Use the midpoint Riemann sum with 5 subdivisions of equal length to approximate f(1). 



SAMPLE EXAMINATION V | 201 

(b) Explain what f(1) is, and give its units of measure. 

(c) Assume that the acceleration is constant on the interval [0.1,0.2]. How far does the train 
travel during this interval? Include units of measure. Show how you arrived at your 

answer. 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

Floor 

5. As shown in the figure above, a clock sits on a desk so that its center is 35 inches from the floor. 

The minute hand is 5 inches long. Let 6 be the angle between the 12 o’clock position and the 

minute’s hand position at any time ¢ minutes after the hour. (Note: @ is measured clockwise and 

in radians). 

(a) Using a trigonometric function of @, write an expression for y, the distance from the tip of 

the minute hand to the floor. 

(b) Express @ as a function of t. 

(c) In terms of 0, find an expression for ay the rate at which y changes. 
dt’ 

(d) At how many minutes after the hour is y increasing most rapidly? Use to justify your 

answer. 

a 

(a) Using a trigonometric function of #, write an expression for y, the distance from the tip of 

the minute hand to the floor. 



SAMPLE EXAMINATION V 

(b) Express 4 as a function of t. 

(c) In terms of @, find an expression for oo the rate at which y changes. 

(d) At how many minutes after the hour is y increasing most rapidly? Use a to justify your 
answer. 

Unauthorized copying or reusing any part of this page is illegal. 
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6. The differential equation 14 = a + 0.01T models the temperature, T, above room temperature, 

of an electric burner. T is measured in degrees Fahrenheit (F°) and t = 0 is in seconds. 

(a) Find the general solution of the differential equation in terms of a constant k. 

(b) When the burner is first turned on at room temperature, T = 0°F. Use this fact to find the 

value of the constant k. ; 

(c) The Safety Standards Board has determined that this type of burner is unsafe if its 

temperature can exceed 1500’F. Is this burner safe or unsafe? Justify your answer. 

aa 
a a een 

(a) Find the general solution of the differential equation in terms of a constant k. 



SAMPLE EXAMINATION V 

(b) When the burner is first turned on at room temperature, T = 0°F. Use this fact to find the 
value of the constant k. 

(c) The Safety Standards Board has determined that this type of burner is unsafe if its 

temperature can exceed 1500°F. Is this burner safe or unsafe? Justify your answer. 

Unauthorized copying or reusing any part of this page is illegal. 
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SAMPLE EXAMINATION VI 
SECTION I PART A 

NO CALCULATOR IS ALLOWED IN THIS SECTION. 

Directions: Solve each of the following problems, using the available space for scratch work. After ex- 

amining the form of the choices, decide which is the best of the choices given. Do not spend too much 

time on any one problem. 

In this exam: 

(1) Unless otherwise specified, the domain of a function fis assumed to be the set of all real 

numbers x for which f(x) is a real number. 

(2) The inverse of a trigonometric function f may be indicated using the inverse function notation 

f7' or with the prefix “arc” (e.g., sin"'x = arcsin x) 

207 
Unauthorized copying or reusing any part of this page is illegal. 



40 BulAdoo pezuoyjneun 

‘yeBai! st eBed siuj jo ped Aue Buisnes 

~ CY) x=0,0ry=0, oF y=—s v4 shay Nile oo 

CALCULUS AB 

: i dy Vr an 
1. The slope field for the differential equation de ey will have horizontal segments when 

(A) x=0Oor y=0, only 

(B) y=—x, only 

ae Foe) 

(C) y=—3x, only (au eee <; 

2 Clot)+C 
[ 

ube she 
Answer 

om, fx esc” (x7) dx= 

(A) é esc? (x7)+C 

(B) —cot? (x*)+C 

(C) -5 esc (x7) cot (x7)+ C 

(©) -5 cot (x2) + C 



SAMPLE EXAMINATION VI 
oe 

(ecx) 
3, If f(x) =(a—x) sec? (x), ,then fle i: 

A) 3x —2 
| = 

., Pd El) set + Ke) Llc) fe 
(Cc) -4 

(D) -2 

Answer 

4e* +7 4. What are the equations of the horizontal asymptotes of the graph of y = See in the 

xy-plane? 

(A) y=-7 only 

(B) y=4only , fins “] Age} S 4 

<{CYD y =—7 and y = 4 only Be 
CES A 

y= =f y—landy 4 - eC - 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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5. A particle moves along the x-axis so that at any time fits position is given by x(t) = 5 sin t + cos (2f). 

What is the acceleration of the particle at t = a 

Answer 

6. lim Trae 8 ft 

(A) -1 De PG, Pa, 
(B) 0 wales at 

=] >I pee 

my) undefined 

Answer 



helt ¥* (x)= 

Xx 

4 

Lay" 

(B) t+V/2 

3, 

Ra pe dy = 
la 

CH (B) 2 (C) 3 

and f(0) = z, then f(1) = 

(C) l+z 

(D) 4 

SAMPLE EXAMINATION VI 

(D) z 

Answer 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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9. The graph of h(x) is shown above. Which of the following could be the graph of y = h'(x)? 

@ y 

Y fh 

(C) y (D) y 

Nf. ae 

Answer 



SAMPLE EXAMINATION VI 

10. The total area enclosed by the curves y = x° and y = x is 

Qos} (os Oo @w 
| 

te 
eX se 

onan aa Se ge 
oa 

Sh ee i 

PS | 4 
”, l) a (ie Go - EI) ) Answer 

a oe: (4-2) 
ao ee 

11. If y?—2xy = 21, then 2 at the point (2, —3) is 
dx 

(A) -8 (B) -2 (Cc) -2 Oy; 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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12. The average value of V3x on the closed interval [0,9] is 

(a) 243 CBS O.6V3 —D) 1893 

Ni | (3 * = 9(2) Answer 

13. The rate of change of the velocity of a particle moving on the x-axis is given by the function 

R(t) =—sin (t)— V3 cos (t), fort > 0. At ¢ = 0, the velocity of the particle is 1. 

As t begins to increase from t = 0, which statement is true? 

(A) The particle is moving to the left and its speed is increasing. 

(B) The particle is moving to the right and its speed is increasing. 

Se 
(D)¥~The particle is moving to the right and its speed is decreasing. 

The particle is moving to the left and its speed is decreasing. 

Answer 



SAMPLE EXAMINATION VI 

14. If f(x) =x° —x —6 for all real numbers x, and if g is the inverse function of f, then 

f'(g(0)) g’(0) = 

Aa} (B) -1 (Meo (D) ¥6 

15. What are all values of x for which the graph of y = 6x* + 5 +3+ e is concave downward? 

(A) x <-1 

(Bp-1< «<0 

(ey UR x <i 

(D) x >-1 

Answer 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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16. What is the area of the largest rectangle with lower base on the x-axis and upper vertices on the 

curve y = 12-—x7? 

(Aye12 (B) 16. (G32 (D) 48 
ke 

A=(2x) (Id-x 2 

Answer 

17. The efficiency of an automobile engine is given by the continuous function r(c) where r is 

5 
measured in liters/kilometer and c is measured in kilometers. What are the units of i r(c) dc? 

0 

(B) kilometers 

(C)  liters/kilometer 

(D) kilometers/liter 

Answer 
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te hf i= & Inc, then f/(e) = 

per tse (B) ef tl ee oe | 
(Dea 

f= ett ex 
Urea Ce : 

f(2)= ae. e ae bE 

PO eh 

Ore. 
Answer 

19 Af (e +20) ae 
ax), 1 

(A): e* +4x 

(B) e*+4x-1 

aj G2 s 2e* + 4x 

> Qe + 8x 

Answer 

ed copying or reusing any part of this page is illegal. 

Unauthoriz 



‘yeBay! st eBed siuj yo wed Aue Buisnai so BulAdoo pezuoyyneun 

CALCULUS AB 

v(t) 
AB 

20. The figure above shows the graph of the velocity of an object moving on the x-axis as a function 

of time. Which of the marked points corresponds to the time when the object is farthest to the 

right? 

(A) A BiB (OQe (D) D 

Answer 

rel al ca 

21. If f’(x) = 5x? — 3x2 and f(— 1) = 33 then [ fd dx = Sante b+ dbz 

(A) 48 ‘B) 20 COrw (D) 4 ee ; Pe cx | 

fii # x oe C t(a)- 2(0) + b (4 

F- , . g-trld= 1s 
rs os 4 oe Syn y BG ) 

204 Answer 



SAMPLE EXAMINATION VI 

22. Ata hotel the surface of a swimming pool is modeled by the shape of the ellipse 9x” + 4y” = 36. 
Cross sections cut perpendicular to the y-axis are semi-circles. If y is measured in yards, 
approximately how many cubic yards of water does this pool hold? 

(A) 247 

(B) 16z 

(Gj) l2n 

(D) 8z 

Answer 

cos (x) BOB ——4—L4 —s | 
Ys tig a {<n xy iG, (sy ——_SEs A) 7) dy 

: \ Hid 
(A) 1+ sin (x) ; 

1 
_{B) 1+ sin (x) 

in (x) + cos” (x) 
/ 1+ sin (x) 

sin (x) + sin? (x) — cos” (x) 
(D) 1+ sin (x) 

- Vi va of YZ Gog Answer 

LL (MX 

Unauthorized copying or reusing any part of this page is illegal. 



‘yeBai! st eBed siyj Jo ped Aue Busnes so BulAdoo pazuouyneur, 

CALCULUS AB 

dy 2 (4 f 24. If —— = y cos. x and y = 3 when x = 0, then y = cA dx Se ; | Soreee=) 4 7 

(A) e™*+2 

CBee ee a 

(C) sinx+3e* 

by ses 

RN Xen = Neg CANE 
QO 

See 4 qe hee 74 
Answer 

25. On the interval a < x < b, the function f is positive, decreasing, and concave upward 

Which of the following has the greatest value? 

: b ayer Riemann sum approximation of | f(x) dx with n subdivisions of equal length 

b 
ws Right Riemann sum approximation of f(x) dx with n subdivisions of equal length 

wee b 
ds Midpoint Riemann sum approximation of | f(x) dx with n subdivisions of equal length 

7 b 
(D) Trapezoidal sum approximation of i f(x) dx with n subdivisions of equal length 

Answer 



SAMPLE EXAMINATION VI 

26. For the function f(x) = 2x Axe 18, which of the following statements is true? 

“EV iw is increasing for all x. ia (x) zu es cant i 4 

(B) f(x) is only increasing for x = 2. 

(C) f(x) is only increasing for all x such that |x|> 2. — 
O— 6xP#2Z 

(D) f(x) is only increasing ge x such that |x| < 2. oe ral — 4 

a : 

Ae aS Sai 
ee : 

a 

Le, Ss Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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Graph of f 

g( 
27. The graph of a piecewise linear function f is shown above. If gix\= [ T2) oe of the 

=4 

following is true? ee 
om fogs 

tA}. g(-3) = 8 (3) \s \ —- 7 } 

S| ~ CB 4-1) = 8(3) 2 

(C) g(0)=g(3) 

(D) g(0)=g8(-4) 

Answer 



SAMPLE EXAMINATION VI 

28. If f(t) > 0 for all ¢, and [ f fon = In[f(b)], then f(a) is 

Tete (Bee (C) 1 (D) e 

Answer 

29. Let R be the region in the first quadrant enclosed by the lines x = 0 and y = 2 and the graph of 

y =e’. The volume of the solid generated when R is revolved about the x-axis is given by 

A ‘(4—e) d 1 —e”) dx (A) xf We 
In2 

(B) z| (2.—1e?)?dx, . 0 
0 —/ 
we 2x Vo fie x Ala (C) | (4—e*) dx O-r}y 
0 , 

7 

(D) z[ Ge eV dx 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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30. If lim Ly) = f'(2) =0, which of the following must be true? ae = 

I. f(2)=0. 

II. f(x) is continuous at x = 2. WO 

III. f(x) has a horizontal tangent line at x = 2. Via 

(A) Ionly 

(B) Ul only 

(C) Iand II only 

—_———__$Ppy-F I, and III 

*ye6ay! si! oBed siuj yo wed Aue Bulsnai io BulAdoo pezuoyyneun 

Answer 



SECTION I PART B 

A GRAPHING CALCULATOR IS REQUIRED FOR SOME QUESTIONS IN THIS SECTION. 

Directions: Solve each of the following problems, using available space for scratch work. After examin- 

ing the form of the choices, decide which is the best of the choices given. Do not spend too much time 

on any one problem. 

In this exam: 

(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) Unless otherwise specified, the domain of a function fis assumed to be the set of all real 

numbers x for which f(x) is a real number. 
(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 = arcsin x) 

225 
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3 
6 : 

31. Let f be a continuous function such that { f (2x) dx = 8. What is the value of | Ce) ee 
2 4 

(A) 4 (B) 8 (C) te ** (D) 32 

Answer 

32. If f(x) = 2x°, then the average rate of change of fon the interval [0,2] is 

2A, (B) 8 (@) 12 (D) 16 

nie 
4 

nee GY Rx 
aa 

Answer 



SAMPLE EXAMINATION VI 

y=f (x) 

33. The graph of a polynomial function, f(x), is shown above. In the interval shown, how many 
times will the graph of f’(x), the derivative of f(x), cross the x-axis? 

Pre fe 2. Ge (or 

Answer 

& 
(A) (>1,0) ON INICS AT e= Loans EE ate 0) ae 

34. At what point on the curve 2x° — x? + y? + 2y = 0 is the tangent line vertical? 

) (1,0) 

© A1,-1) iy tL = wh Fs ret e soa 

axe (A) FU a A pis ee ae ie 
BEN 30 Loon Cf ae 
i. cas oo; 

Answer 

Unauthorized copying or reusing any part of this page is illegal. 
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228 | CALCULUS AB (rere 

10) 
35. A company manufactures x calculators weekly that can be sold for , — Coats each. 

e number of The cost of manufacturing x calculators is given by 1850 + 28x — x” + 0.0012". 

calculators the company should manufacture weekly in order to maximize its weekly profit iS 

(A) 611 (B) 652 (C) 683 (D) 749 
\ 

450.21 = (1959 hex ovnh?) 

s- $09 
Answer 

36. If f is the continuous function shown in the figure above, then the area of the shaded region is 

(A) [ea B) [Far [rar @) f "Fey ax 

Answer 
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37. A missile rises vertically from a point on the ground 75,000 feet from a radar station. If the missile 

is rising at the rate of 16,500 feet per minute at the instant when it is 38,000 feet high, what is the 

rate of change, in radians per minute, of the missile’s angle of elevation from the radar station at 

this instant? 

(A) 0.175 (B) 0.219 (CWN.0227 (D) 0.469 pe ee 
MMe ee 

WO) (G5 20\— oe Tapes | (A572) 307 

wo x e i 
aX | StaO ots. frou noes = hy T, ee 

Se RY) 16 5Q eee) — Answer 

[| La = de 

2x—1 for x<2 

ax+4 for x >2 
fle) =| 

38. Let f be the function given above. If fis continuous for all x, which of the following statements 

are true about f ? ; o 

L lim (x) = 3: 

II. fis differentiable at x = eae 

III. fhas a point of inflection at x = 2. 

AP ponly 

(B) II only 

(C) I only 

(D) None of the above 

Answer 
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CALCULUS AB 

Note: This is the graph of f” (x), NOT the graph of f(x). 

39. The figure above shows the graph of f” (x), the second derivative of a function f(x), The 

function f(x) is continuous for all x. Which of the py ec about f are true? 

I. fis concave up for x <Oandb<x<c. 

Il. fhas a relative minimum in the open interval b <x <c. 

Ill. fhas points of inflection at x = 0 and x =D. i 

(A) Ionly 

Sr il only 

| alee I and III only 

(N) I, I, and II 

Answer 



SAMPLE EXAMINATION VI 

40. With respect to time, t, the rate at which sin*x is increasing at x = a is k times the rate at which x 

is increasing. What is the value of k ? 

eee yD) 

Answer 

41. Let f be the function given by, f(x) = { * sin (F) dt, 0.1 <x < 0.4. At which of the following 
0.1 

values of x does f have a relative maximum value? 

(A+ 0.106 only 

—CB)_D.159 only 

tex 0.318 only 

() 0.159 and 0.400 

Answer 
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CALCULUS AB 

42. The density of a thin metal rod one meter long at a distance of x meters from one end is given by 

o(x) =1+(1— x)? grams per meter. What is the mass, in grams, of this rod? 

(A) 1 (B) 1.333 (C)" 1.500 (D) 1.667 
‘\ 

Answer 

43. Let f be the function given by f(x) = x? — 6x” + 7x + 3. The tangent line to the graph at x = 41s used 

to approximate f(4.2). What is the error in this approximation? 

(A) 0.008 —C (B) 8,248 (C) 0.400 (D) 0.648 

pyjesxtiaet? A=) 

ae (4,-|) 

7 we aa KG 4) 

athens 
eee 

aie 

(| ap iy 

at |= 

arr 420 a 
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1000 1000 

AA. Tf { 8” die | Redes 1040, then a 
0 a 

(A) 1.4 (Uyak (Oyo TG (Dye ie 

| 000 

> 

p S| 
[nd 

0 

Answer 

ZE4SOVF IRI | + $04 757 Oe 

E iene 75a 
E 

46 (32 000,302.5) 
om | S00 WEN) 
ae By \ — U 

Altitude j in meters (m) x 0 God cr 

\E_ 900 
45. In the earth’s atmosphere the speed of sound is a function of the altitude. The figure above 4... 

consisting of 3 line segments, shows the speed of sound s (a) in m/sec. as a function of altitude, a | 
eH 

in meters. The graph is not drawn to scale. What is the average speed of sound in m/sec. on the 

interval [0,32000] ? } Lom 

(A) 295 (B) 303.9 ~C@ypoe (D) 306.8 92 m=) 

4 

Answer 
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Section II 
REED SS TS EET EET IED TG SCTE OE 

FREE-RESPONSE QUESTIONS — GENERAL INSTRUCTIONS 

For each part of Section IT, 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. All problems are given 
equal weight, but the parts of a particular problem are not necessarily given equal weight. 

YOU SHOULD WRITE ALL WORK FOR EACH PART OF EACH PROBLEM IN THE 
SPACE PROVIDED FOR THAT PART. 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. Manage your time carefully. 

A graphing calculator is required. 

Show all your work, even though a question may not explicitly remind you to do so. Clearly 

label any functions, graphs, tables, or other objects that you use. Your work will be graded on 

the correctness and completeness of your methods as well as your answers. Answers without 
supporting work will usually not receive credit. 

Justifications require that you give mathematical (noncalculator) reasons. 

Your work must be expressed in standard mathematical notation rather than calculator syntax. 

For example, I x°dx may not be written as fnInt(X?, X, 1, 5). 
1 7 

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

If you use decimal approximations in calculations, your work 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. 

SECTION II PART A: 30 Minutes, Questions 1,2 

During the timed portion for Part A, you may work only on the problems in Part A. Write your 

solution to each part of each problem in the space provided. 

On Part A, you are permitted to use your calculator 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 

the setup of your programs, you must show the mathematical steps necessary to produce your 

results. 

Do not go on to Part B until you are told to do so. 

SECTION If PART B: 60 Minutes, Questions 3,4,5,6 

Write your solution to each part of each problem in the space provided for that part. During the 

timed portion for Part B, you may continue to work on the problems in Part A without the use of 

any calculator. 

255 
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CALCULUS AB 

Section II Part A: A graphing calculator is required for these problems. 

1. Two particles move in the xy-plane. Particle A moves along the graph of y = 1+e~ and particle 

B moves along the graph y = cos x for 0 < x < 3z. At all times their 

x-coordinates are the same. 

(a) Sketch the graph of the paths of the particles on the axes provided. 

y 

2 

it 

0 i, 
7 20 31 

—1 

—2 

(b) Will the particles ever collide? Justify your answer. 

(c) What is the minimum vertical distance between the particles? Show the computations that 

lead to your answer. 

(d) What is the maximum vertical distance between the particles? Show the computations that 

lead to your answer. 

(a) Sketch the graph of the paths of the particles on the axes provided. 



SAMPLE EXAMINATION VI 

(b) Will the particles ever collide? Justify your answer. 

(c) What is the minimum vertical distance between the particles? Show the computations that 

lead to your answer. 

(d) What is the maximum vertical distance between the particles? Show the computations that 

lead to your answer. 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

2. The amount of radiation, R(t), in a certain liquid decreases at a rate proportional to the amount 

present, that is, ak = kR, where k is a constant and f is measured in seconds. The initial amount 

of radiation is 10° rads. After 100:seconds the radiation has dropped to 10 rads. 

(a) Express R as a function of t. 

(b) To the nearest second, when will the amount of radiation drop below 10 rads? 

(c) Whatis the half-life of this chemical? That is, how long does it take for the amount of radiation 

to reach half of the original amount? 

aa 
eaEEEEE runnin IESE 

(a) Express R as a function of t. 



SAMPLE EXAMINATION VI 

(b) To the nearest second, when will the amount of radiation drop below 10 rads? 

(c) What is the half-life of this chemical? That is, how long does it take for the amount of radiation 

to reach half of the original amount? 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

Section II Part B: No calculator is allowed for these problems. 

3. The following table gives the velocity in the vertical direction of a rider on a ferris wheel at an 

amusement park. The time, f, is méa8ured in seconds after the ride starts. The table gives the 

values for one complete continuous revolution of the ferris wheel. 

rae panceiitay 

ioe ee 

rarer Ga cen 
(a) During what interval of time is the acceleration negative? Give a reason for your answer. 

(b) What is the average acceleration during the first 15 seconds of the ride? 

Include units of measure. 

30 
(c) Approximate { v(t) dt-using a Riemann sum with six intervals of equal length. 

0 

(d) What does the approximation in part (c) represent? Explain your reasoning. 

(a) During what interval of time is the acceleration negative? Give a reason for your answer. 



SAMPLE EXAMINATION VI 

(b) What is the average acceleration during the first 15 seconds of the ride? 
Include units of measure. 

30 
(c) Approximate I v(t) dt using a Riemann sum with six intervals of equal length. 

0 

(d) What does the approximation in part (c) represent? Explain your reasoning. 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

4. Let R be the region bounded by the graphs of y = e*, y = e * and the vertical line x = 1, as 

shown in the figure above. 

(a) Find the area of R. 

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

(c) The region R is the base of a solid. For each x, 0 < x <1, the cross sections perpendicular 

to the x-axis will be rectangles. The base of these rectangles lies in region R and the 

heights of the rectangles are equal to the x-coordinates of the cross sections. Write, but do 

not evaluate, an integral expression that gives the volume of the solid. 

ro 
 —————————————————— 

(a) Find the area of R. 



SAMPLE EXAMINATION VI 

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

(c) The region R is the base of a solid. For each x, 0 < x <1, the cross sections perpendicular 

to the x-axis will be rectangles. The base of these rectangles lies in region R and the 

heights of the rectangles are equal to the x-coordinates of the cross sections. Write, but do 

not evaluate, an integral expression that gives the volume of the solid. 

Unauthorized copying or reusing any part of this page is illegal. 



-jeBey|! s} eBed siuj yo ped Aue Buisnes jo BuiAdoo pezuouyneuy, 

CALCULUS AB 

5. Let f(x) =a(7—x’) for alla > 0. 

(a) Find, in terms of a, the equation of the line tangent to these curves at x =—1. 

(b) Find, in terms of a, the y-intercept of the tangent line at x =—1. 

(c) Find the x-intercept of the tangent line at x =—1. 

(d) Find, in terms of a, the area enclosed by the graph of f (x), the tangent line at x =—1, and the 

y-axis. 

nO 

(a) Find, in terms of a, the equation of the line tangent to these curves at x =— 1. 

nn
 ne ee UUE Uy EEE I EIS IEISSSS SS SESS SSSSS 

(b) Find, in terms of a, the y-intercept of the tangent line at x =—1. 



SAMPLE EXAMINATION VI 

(c) Find the x-intercept of the tangent line at x =—1. 

(d) Find, in terms of a, the area enclosed by the graph of f(x), the tangent line at x =—1, and the 

y-axis. 

Unauthorized copying or reusing any part of this page is illegal. 
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CALCULUS AB 

6. Let f(t) =14+0.9e°” with t= 0. 

es ee (a) Find lim pata’ 

(b) Show that the function is decreasing for all ¢. 

(c) What is the range of the function? Justify your answer. 

(d) For what value of t is the function decreasing most rapidly? Justify your answer. 

ee 

(a) Find lim f(?). 

a 

(b) Show that the function is decreasing for all t. 



SAMPLE EXAMINATION VI 

(c) What is the range of the function? Justify your answer. 

(d) For what value of tis the function decreasing most rapidly? Justify your answer. 

Unauthorized copying or reusing any part of this page is illegal. 
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16. 
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FORMULAS AND THEOREMS 

FOR REFERENCE 

I. Trigonometric Formulas 

. sin’@+ cos*@ = 1 

. 14 tan’@ = sec’6 

1 cot’ 0= cst"? 

. sin(—@) =—sin 0 

. cos (—@) = cos 0 

. tan(—@) =—tan 0 

. sin(A + B)=sin A cos B+ sin B cos A 

. sin(A — B)=sin A cos B — sin B cos A 

. cos(A + B)=cos A cos B—sin A sin B 

cos(A—B)=cos Acos B+sin A sin B 

sin 26 = 2 sin 6 cos 0 

cos 26 = cos” — sin?6 = 2 cos’*9—-1=1-—2sin’d 

oe a zx = 0 

PoE = ae z ao 

geal a 0 

cos ae 0) = sin 0 

sin ES 0) = cos 6 

249 
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FORMULAS AND THEOREMS FOR REFERENCE 

Il. Differentiation Formulas 

d TDN Go n-1 ‘lb a )=nx 

2. £ (fg) = fe’ ey 

3 #(£) - ieee 
Madr \ 2s § 

4. £ (f(g (x))) =f (g(x) 8'(2) 

ey ye S ay ay (sin x)= COs x 

d sh 
6. F, (cos x) = sin x 

d Soe ap Ay (tan x) = sec Bs 

d oes) 8. 7 (cot x) = csc’ x 

9 4 (sec x) = sec x tan x 
dx 

10 4 (ese x) =—csc x cot x 
* dx 

Oop aN 4k 
11. =e j=e 

12. 4 (a*)=a*Ina,a>0,a#1 be dx 9 ? 

d aml) Lo: dy (nx) = - 

1 

1-x 

i 

tex 

16. a (cos x)= eee 

1) eat pak eo, 14. = (sin x)= 5 

d oe 
15. 7 (tan r= 

a x N 
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Ill. Integration Formulas 

if fadr=axr+C 

Zz . | Edx =In|x|+C 

eS) : fetar=er+e 

£& [atax= + 
Ina 

5 nd ntl C 

Ae yams en at ,n#—-1 

6. [sin x dx =—cosx+C 

ifs [ cos.x dx =sin x+C 

oO : J tan x dx = In|sec x|+ C or —In|cos x|+C 

\O . | cot x dx = In|sin x|+C 

10. | sex dx =In|sec.x + tan x|+C 

11, { esx dx = In ose.x ~ cot x|+C 

12. [ sects dx =tanx+C 

£3. | secxtan x dx =secx+C 

14. J esc?x dx ==cotx+C 

ito [ esc x cot x dx =—csex + C 

16. [ tan?x dx = tanx—x+C 

Oxgerl uri y 
La: Mae De (~)+e 

18. in~! (=) fate Saas = Sl 

Vv a = a 
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IV. Formulas and Theorems 

1. Limits and Continuity 

A function y = f(x) is continuous at x = aif: 

i) f(a) is defined (exists) 

ii) lim f(x) exists, and 

iii) lim f(x) = f(a) 

Otherwise, fis discontinuous at x = a. 

lim f(x) exists if and only if both corresponding one-sided limits exist and are equal — 

lim f(x) = L = lim f(x)=L = lim f(x) 

2. L’Hospital’s Rule 

If lim f) ; is of the form 0 OL —, and if lim f i) exists, then lim f(x) _ =m f (x) 
a &(x) 0 a g (Xx) g(x) xa g (x) 

3. Limits of Rational Functions as x ~+0o 

f_.(¢dim stk 0 if the degree of f(x) < the degree of g(x) 
x-to g(x) 

Example: lim ~ = oe 
x0 x43 

2. lim ! is infinite if the degree of f(x) > the degree of g(x) 

Example: Jim x “+ 2x = 190 
+00 x? —_ 

3. lim i 3 is finite if the degree of f(x) =the degree of g(x) 

Note:The limit will be the ratio of the leading coefficient of f(x) to that of g(x). 

ae Oy = Syme ee 
Example: | =— Se oa e sr eo 

that is, 
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4. Intermediate Value Theorem 

A function y = f(x) that is continuous on a closed interval [a,b] takes on every value between 
f(a) and f(b). 

Note: If fis continuous on [a,b] and f(a) and f(b) differ in sign, then the equation f(x) = 0 has 
at least one solution in the open interval (a,b). 

5. Horizontal and Vertical Asymptotes 

1. A line y = bisa horizontal asymptote of the graph of y = f(x) if either lim f(x)=b or 

Jim g(x) vb: ty di 

2. Aline x = ais a vertical asymptote of the graph of y = f(x) if either lim f (4) =f oon 

lim f(x) =to0. wt 
x—a 

6. Rates of Change 

1. Average Rate of Change: If (x9,yo) and (x;,y,) are points on the graph of y = f(x), then the 

average rate of change of y with respect to x over the interval | xo,x,] is 

f(%1)—F(%0) _ Yi= Yo _ Ay A 
X1 — Xo X1— Xo 

2. Instantaneous Rate of Change: If (xo, yo) is a point on the graph of y = f(x), then the 

instantaneous rate of change of y with respect to x at Xo is f’ (X09). 

7. Definition of the Derivative 

pee a) F(X) oe ge P(e) SA) 
‘ (7 Sali grows peniar sage (a) x—a 

The latter definition of the derivative is the instantaneous rate of change of f(x) with respect to 

xatx=a. 

Geometrically, the derivative of a function at a point is the slope of the tangent line to the 

graph of the function at that point. 

8. The number e as a limit 

1. lim (1+2)'=e 
n—+oo 

2. lim (1+ n)? = 

Unauthorized copying or reusing any part of this page is illegal. 
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FORMULAS AND THEOREMS FOR REFERENCE 

Rolle’s Theorem 

If fis continuous on [a,b] and differentiable on (a,b) such that f(a) = f(b), then there is at least 

one number c in the open interval (a,b).such that f (cy = 0. 

Mean Value Theorem 

If fis continuous on [a,b] and differentiable on (a,b), then there is at least one number c in (a,b) 

such that sy Ia = f'(c). 

Let f be differentiable for a < x < b and continuous for a S x =D; 

1. If f’(x) > 0 for every x in (a,b), then fis increasing on [a,b]. 

2. If f’(x) < 0 for every x in (a,b), then fis decreasing on [a,b]. 

Suppose that f” (x) exists on the interval (a,b). 

1. Iff” (x) >in (a,b), then fis concave upward in (a,b). 

2. If f” (x) <0in (a,b), then f is concave downward in (a,b). 

To locate the points of inflection of y = f(x), find the points where f ” (x) = 0 or-where f” (x) 

fails to exist. These are the only candidates where f(x) may have a point of inflection. Then test 

these points to make sure that f” (x) < 0 on one side and f” (x) > 0 on the other. 

Extreme Value Theorem 

If fis continuous on a closed interval [a,b], then f(x) has both a maximum and a minimum on 

[a,b]. 

First Derivative Test for Maximum and Minimum Points 

e Locate the critical points x = c of the function f(x), that is, where f’(c) = 0 or f’(c) is 

undefined. 

e Check any changes in signs of f’(x) to the left and right of x =c. 

° If f’(x) changes from negative to positive then there exists a relative minimum point at 

t=O 

° If f’(x) changes from positive to negative then there exists a relative maximum point at 

Nir 
Note: On a closed interval the endpoints must also be checked and compared to the values 

above so as to determine the absolute maximum and minimum points for f(x). 
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16. 

WE 
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FORMULAS AND THEOREMS FOR REFERENCE 

Second Derivative Test for Maximum and Minimum Points 

If f(x) is a twice-differentiable function at a critical point c, such that f’(c) = 0, substitute the 

value of c into the second derivative. If the second derivative is positive at x = c, the function 

is concave up at that point and there is a relative minimum there. If the second derivative is 
negative at x = c, then the curve is concave down at that point and there is a relative maximum 

atx =c. 

Note: If f’(c) and f’’(c) are both equal to 0, the second derivative test fails. 

Differentiability implies continuity: If a function is differentiable at a point x = a, it is 
continuous at that point. The converse is false, i.e., continuity does not imply differentiability. 

Local Linearity and Linear Approximation 

The linear approximation of f(x) near x = x9 is given by y = f(xy) +f (x0) (X — Xo). 

Comparing Rates of Change 

The exponential function y = e* grows very rapidly as x — oo while the logarithmic function 

= In x grows very slowly as x — o. 

Exponential functions like y = 2* or y = e* grow more rapidly as x — oo than any positive power 

of x. The function y = In x grows slower as x > oo than any nonconstant polynomial. 

1. f(x) grows faster than g(x) if lim nL = co or if lim Bia) = 

If f(x) grows faster than eae as x — oo, then g(x) grows slower than f(x) as x — oo. 

2. f(x) and g(x) grow at the same rate as x — oo if lim is = L £0 (Lis finite and nonzero). 

For example, : 

1. e* grows faster than x° as x — oo since lim =; &. = 760 
xXx—©oo x? 

si 

Mats eTOWS faster than In x as x — o since lim sia = 00 

2 ‘ bende ee 25 
3. x24 2x grows at the same rate as x? as x + co since lim 7+ = 1 

xX— 00 xX 

To find some of these limits as x — oo, you may use the graphing calculator. Make sure that an 

appropriate viewing window is used. L’Hospital’s Rule would be another option. 

Unauthorized copying or reusing any part of this page is illegal. 
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19. Inverse Functions 

20. 

ay; 

If f and g are two functions such that F( g(x)) =x for every x in the domain of g, and, 

g(f(x)) =x, for every x in the domain of f, then, f and g are inverse functions of each other. 

A function f has an inverse function if and only if no horizontal line intersects its graph 

more than once. 

If fis either increasing or decreasing in an interval, then fhas an inverse function over that 

interval. 

If fis differentiable at every point on an interval I, and f ‘(x) #0 on I, then g=f St (elds 

differentiable at every point of the interior of the interval f (I) and g’(f eae Pay 

Properties of e* 

Seon Ses ee 

The exponential function y = e” is the inverse function of y= In. 

The domain is the set of all real numbers, — oo < x < ©. 

The range is the set of all positive numbers, y > 0. 

f (e*) =e". 

y = e* is continuous, increasing, and concave up for all x. 

lim e* =+co and Jim =). 
X—+00 

e™* — x, for x > 0; In (e*) = x for all x. 

Properties of In x 

s© 

COM EY a soe ee re 

The domain of y = In x is the set of all positive numbers, x > 0. 

The range of y = In x is the set of all real numbers, — oo < y < oo. 

y = In x is continuous, increasing, and concave down everywhere on its domain. 

In(ab)=Ina+Inb 

In (a/b) =Ina—Inb 

Ina’=rlina 

y=Inx<0if0<x<1landInx > Oifx> te Int 1 -—Oj4n € S41, 

lim Inx =+c and lim In x =—oo. 
25S Leu y= 0 

lex 
loge x = 7 

8a Ina 
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22. Properties of the Definite Integral 

ZS: 

24. 

Let f(x) and g(x) be continuous on [a,b]. 

b b 
Ie | aif eid e| f(x) dx, c is a nonzero constant. 

a 

pak [fe nx 0 

['Fe dx =f f(x) dx Go 

aN ; [ if Ce) acs ) 3 f(x) a + | ‘ f(x) dx, where fis continuous on an interval containing the 

numbers a, b, and c, regardless of the order a, b, and c. 

5. If f(x) is an odd function, then ib T(x) dx 0 

6. If f(x) is an even function, then \) eae 2" f(x) dx 

7. If f(x) =0on [a,b], then | Ory a0 
b b 

8. If g(x)= f(x) on[a,b], then | g(x) dx >| fix) ax 

Definition of Definite Integral as the Limit of an Infinite Riemann Sum 

Suppose that a function f(x) is continuous on the closed interval [a,b]. Divide the interval into 

b-—a 
n 

n equal subintervals, of length Ax = . Choose one number in each subinterval that is, 

x, in the first, x, in the second, ...,x, in the Ath, ..., and x,, in the nth. 

Then lim 97 f(x,) Ax = i Flower 
fo tnkek Gel: a 

Fundamental Theorem of Calculus 

1. | faye = Eb) F(a), where F(x) = f(x). 

2. Lf ple) de= flex) and Lf fle) de= flee) 8'(o) 

Unauthorized copying or reusing any part of this page is illegal. 
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25. Linear Velocity, Speed, and Acceleration 

ilk The velocity of an object tells how fast it is going and in which direction. Velocity is an 

instantaneous rate of change: * “°° 

The speed of an object is the absolute value of the velocity, |v (t)|, It tells how fast it is going 

disregarding its direction. 

The speed of a particle increases (speeds up) when the velocity and acceleration have the 

same signs. The speed decreases (slows down) when the velocity and acceleration have 

opposite signs. 

The acceleration is the instantaneous rate of change of velocity — it is the derivative of the 

velocity — that is, a(t) = v’(t). Negative acceleration (deceleration) means that the velocity 

is decreasing. The acceleration gives the rate at which the velocity is changing. 

Therefore, if x is the displacement of a moving object and ¢ is time, then: 

i) velocity = v(t) =x'(t)=& 
oe . tes oy u” wale, , ac, dv — ax 

ii) acceleration = a(t)=x" (t)=v'(t)= = ae 

iii) v(t)= fae) dt 

iv) x(t)= [v(t dt 

b 
v) total distance = | lv (t)| dt 

Note: The average velocity of a particle over the time interval from ¢) to another time f, is 

Average Velocity = 
change of position _ 5(t)—S (to) au 
space where s(t) is the position of the particle 

at time f. 

b—a 

b 
26. The average (mean) value of f(x) on [a,b] is J | f(xyde 

27. Area Between Curves 

If f and g are continuous functions such that f(x) = g(x) on [a,b], then the area between the 

b 
curves is ( [f(x)—g(x)] dx. 



28. 

29. 

30. 

31. 

FORMULAS AND THEOREMS FOR REFERENCE 

Volume of Solids of Revolution 

Let f be nonnegative and continuous on [a,b], and let R be the region bounded above by 
y = f(x), below by the x-axis, and on the sides by the lines x = a and x = b. 

When this region R is revolved about the x-axis, it generates a solid (having circular cross 

sections) whose volume V = | TeV Gx) hax. 
a 

Volumes of Solids with Known Cross Sections 

Lae OL Eres sections of area A(x), taken perpendicular to the x-axis, the volume of the solid 

equals | A (x) dx. 

2 gor cross sections of area A(y), taken perpendicular to the y-axis, the volume of the solid 

equals | A(y) dy. 

Solving Differential Equations: Graphically and Numerically 

Slope Fields: 

At every point (x,y) a differential equation of the form ee = f(x,y) gives the slope of the 

member of the family of solutions that contains that point. A slope field is a graphical 

representation of this family of curves. At certain points in the plane, a short segment is drawn 

whose slope is equal to the value of the derivative at that point. These segments are tangent to 

the solution’s graph at the given points. 

The slope field allows you to sketch the graph of the solution curve even though you do not 

have its equation. This is done by starting at any point (usually the point given by the initial 

condition), and moving from one point to the next in the direction indicated by the segments of 

the slope field. 

Some calculators have built in operations for drawing slope fields; for calculators without this 

feature there are programs available for drawing them. 

Solving Differential Equations by Separating the Variables 

There are many techniques for solving differential equations. However, any differential 

equation you may be asked to solve on the AB Calculus Exam can be solved by separating the 

variables. Rewrite the equation as an equivalent equation with all the x and dx terms on one 

side and all the y and dy terms on the other. Antidifferentiate both sides to obtain an equation 

without dx or dy, but with one constant of integration. Use the initial condition to evaluate this 
constant. 

Unauthorized copying or reusing any part of this page is illegal. 



NO TESTING MATERIAL ON THIS PAGE 



INDEX 
(for Multiple-Choice Questions) 

AA ET EY I SS I Sa PE BG 
Roman numerals in boldface type are Sample Examination numbers, followed by question 
numbers for the topic. 

Absolute Maximum, IV-31,32,34; V-6; VI-35 

Absolute Minimum, I-37; [V-11 

Acceleration: 

instantaneous, VI-5 

negative, I-21; IV-37 

positive, I-27; 1'V-37 

Accumulation, I-3,8; If-33; MI-7,44; V-35,40; 

VI-42 

Antiderivative, I-41; 11-10; MI-35; VI-8,21 

Applied Maximum/Minimum, I-42; II-28,31; 
I-42; VI-16,35 

Approximation, I-33,41; T-7,38,42; MM-28,30,44; 

IV-15; V-11,40; VI-25,43 

Area: 

as an integral, 1-24; IV-29; V-33; VI-36 

between two curves, I-11,37; II-24,36; 

III-1,33,42; [V-10,17; V-32; VI-10,16 

Asymptote: 
horizontal, I-34; IV-24; V-11; VI-4 

vertical, HI-14 

Average: 
mean value of a function, I-27,40; I-2; T1-29; 

IV-45; V-38; VI-12,45 
rate of change, I-32; III-10; V-43; VI-32 

velocity, [V-6 
Chain Rule, I-6,7,19,35; T-20; MI-9,19,24; I'V-23; 

V-1,4,12; VI-3 

Composite Function, I-35; PV-18; V-16,20; VI-14 

Concavity, I-15; I-22; M-11,16; PV-40,42; 
VI-15 

Continuous function, I-1; I-43; II-2,29,39; 

IV-3,40; V-29; VI-38 

Decreasing Function, I-34; IV-40; V-20 

Definite Integral: 
antiderivative, I-23,26; II-1,4,14,18; 

II-8,22,41; V-18,29; V1-8,21 

properties, I-30; I-14; I-23; V-22 

graphical interpretation, II-2; VI-36 

Derivative: 

absolute value function, IV-4 

approximation, [I-38 
Chain Rule, I-6,7,19,35; I-20; M-9,19,24; 

IV-23; V-1,4,12; VI-3 

composite function, I-35; IV-18; V-16,20; 

VI-14 

definition of, I-22,45; III-7; IV-26; V-21; 

VI-30 

exponential function, II-10,24; ['V-7; V1-18 

geometric interpretation, I-21,39; I-31,35; 

I-17; IV-33; V-31; VI-9 
higher order, I-45; V-12 

implicit function/relation, I-9; I1-13,29; TIT-25; 

IV-7,43; V-3,8; VI-11,34 _ 

inverse function, I-16; II-40; [V-23; V-24 

interpretation, I-18; I-43; MI-7,43; [V-19; 

V-14; VI-38 } 
natural log function, I-6; I-20; II-9; 

IV-8; V-4; VI-18 
of an integral, I-19,43; I-30,35; MI-18; IV-34; 

V-7; VI-19 
piecewise function, I-12; MI-32,43; V-5; 

VI-38 
Product Rule, If-12,29; IV-8; V-42; VI-3,18 

Quotient Rule, I-17; I-9; MI-32; [V-14,29; 

V-37; VI-23 

second derivative, I-6; If-29; I-25; V-3 

trigonometric function, I-7; I-41; [V-23; 

V-8,12; VI-23 

Differential equation, IV-41 

separable, I-18; I-19; M1-20; IV-25; 

VI-24 

with y’ = ky, V-41 

Differentiation: 

implicit function/relation, I-9; I-13,29; MM-25; 

IV-7,43; V-3,8; VI-11,34 

Distance a particle travels, II-5; ['V-35 

Exponential growth/decay, I-44; III-7; V-41 

261 
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Extreme Value, I-2; T-5,28; I-15; ['V-20; 

V-6,14,25; VI-25 

Even Function, I-30 

Function: lve a8 

average value of, I-27,40; I-2; II-29; 

IV-45; V-38; VI-12,45 

composite, I-35; IV-18; V-16,20; VI-14 

concavity of, I-15; I-22; MM-11,16; IV-40,42; 

VI-15 

continuity, I-1; [V-40 
decreasing/increasing, I-43; I-17,31, 

I-34,37; [V-40; V-20,44; VI-26 

exponential, III-10,24; IV-7; VI-18 

piecewise, I-26; I-12,28; MI-2,32,43; V-5; 

VI-27,38 

position, M-15,21,27; M-27; IV-6,32,37; V-30; 

VI-5 

slope, IV-39; V-42 

trigonometric, I-7,12,14; I-41; IV-23; V-8,12; 

VI-23 

zeros of, I-4 

Fundamental Theorem of Calculus: 

first, I-23,26,41; II-1,4,14,18; MI-2,6,8,22,29,35; 

IV-17; V-7,29; VI-7,21 

second, I-19,43; If-30,35; MI-18; PV-22,39; 

V-7,45; VI1-19 

Graphical interpretation of: 
f(x), 1-21; M1-21,25,27,34,35; H-16; V-31,45; 

VI-9,33 

f(x), 1-39; TI-31,35; MM-17; IV-28,33; VI-9,20 

f’ (x), VI-39 

Higher order derivatives, I-45; V-12 

Horizontal asymptote, I-34; PV-24; V-11; VI-4 

Horizontal tangent, I-8; PV-43 
Implicit differentiation, I-9; -13,29; M-25; 

IV-7,43; V-3,8; VI-11,34 

Increasing Function, I-43; H-17,32; MM-37; IV-40; 

VI-26 

Indefinite Integral, I-12,14; II-6; IV-5; V-2,28; 

VI-2 

Indeterminate value of a limit, I-5,38,45; II-3; 

I-12; FV-1,26; V-21; VI-6 

Inflection point, I-13,39; I-8,25; MM-21,36; IV-3; 

V-10; VI-39 

Integral: 
absolute value, IV-9 

definite, I-23,26; II-1,4,14,18; IM-8,22,41; 

IV-9,17; V-18,29; VI-8,21 

derivative of, I-19,43; I1-30,35; III-18; I'V-34 

V-7; V1-19 

indefinite, I-12,14; -6; IV-5; V-2,28; VI-2 

of a derivative of a function, IV-13 

piecewise function, I-26; I-28; Iil-2; VI-27 

trigonometric function, I-12,14 

Integration: 
application, I-3,8,34; MI-17,41; 

TV-17,28,31,34,39; V-35,39,40 

limit of a Riemann Sum, II-39; I'V-36 

properties of, 1-30; MI-23; I'V-44; V-7,22 

VI-31,44 

using substitution, I-12,14,28; I-4,16; I-8,22; 

IV-5; V-2; VI-2,8,31 

Intermediate Value Theorem, V-25 

Inverse Function-derivative of, I-16; I-40; V-24 

Inverse trigonometric functions: 

derivative of, IV-23 

L’Hospital’s Rule, I-5,45; 1-3; T-12; IV-1,26; 

V-21 

Limit: 

application, I-44; I-34; I-14,39; V-23; VI-38 

definition of a derivative, I-22,45; III-7; 

IV-26; V-21; VI-30 
indeterminate value, I-5,38,45; II-3; I-12; 

IV-1,26; V-21 
infinite or at infinity, I-3,34; IM-39; VI-6 

of a Riemann sum, II-39; I'V-36 

Linear approximation, III-30; VI-43 

Logarithm, natural: 
derivative of, 1-6; I-20; II-9; IV-8; V-4; 

VI-18 
involving integration, V-18; VI-28 

Maximum: 

relative, I-2; III-15,16; V-44; V1I-41 

value of a function, II-28; V-6 

Mean Value of a Function, I-27,40; If-2; M1-29; 

IV-45; V-38; VI-12,45 

Mean Value Theorem: 

application of, 1-32,36; I-11; I-10; PV-12; 

V-19 

Midpoint method for Riemann sum, II-42 



Minimum: 

absolute, IV-11 

relative, II-5; II-15,16; IV-20; V-44 

value of a function, FV-11,40 

Natural logarithm: 

derivative of, I-6; I-20; III-9; IV-8; V-4; 

VI-18 

integral of, V-18; VI-28 

Normal to a curve, I-26 

Numerical integration using: 

left/right Riemann Sum, I-33; I-7; IV-15; 

V-15; VI-25 

midpoint method, I-42; VI-25 

trapezoids, I-33; VI-25 

Odd Function, I-32; I-39; [V-44 

Piecewise Function, I-26; I-12,28; Il-2,32,43; 

V-5; VI-27,38 

Point of inflection, I-13,39; II-8,25; IM-21,36; 

IV-3; V-10; VI-39 

Position function, H-15,21,27; IM-27; IV-6,32,37; 

V-30; VI-5 

Probability, ['V-38 

Product Rule for derivatives, II-12,29; I'V-8; 

V-42; VI-3,18 
Quotient Rule for derivatives, I-17; II-9; I-32; 

IV-14,29; V-37; VI-23 

Rates of change, I-18; V-43 

Related rates, I-25; I-23; Ii-4; 'V-16; V-27 

V1-37,40 
Relative maximum/minimum, I-2; II-5,43; 

I-15,16; IV-20,36,42; V-44; VI-39,41 

Riemann Sum, [I-13 

infinite series, I-39; I'V-36 

left/right, I-33; II-7; [V-15; V-15; VI-25 

midpoint method, I-42; VI-25 

Rolle’s Theorem, V-25 

Second Derivative, I-6; I-29; I-25; V-3 

Separable differential equation, I-18; I-19 

I-20; PV-25; VI-24 

Slope field, 1-20; V-26; VI-1 

Solid of revolution, I-29; 1-44; MI-31; [V-30; 

V-9; VI-29 

Solid with known cross-sectional area, III-26; 

IV-21; V-36; VI-22 

Speed, I-10; IV-32; V-34; VI-13,45 

Tangent line: 

equation, I-9; If-9,24; TI-21,45; IV-2,29; 

V-13,19,37; VI-43 

horizontal, I-8; [V-43 

parallel, I-31 

slope, I-17; V-42 

vertical, VI-34 

Total distance, TI-5; IV-35 

Trapezoidal sum/ approximation, I-33; III-28; 
VI-25 

Trigonometric Function, I-7,12,14; 1-41; I'V-23; 

V-8,12; VI-23 

Units of measure, II-3; 1V-19; V-17; VI-17 

u-substitution, I-12,14,28; I[-4,16; MWI-8,22; IV-5; 

V-2; VI-2,8,31 
Velocity: 

average, IV-6 
function, I-10; T-15; MM-5; PV-35; V-34; VI-13 

negative/positive, II-27; ITI-27; V-30; 

VI-13,20 
Vertical asymptote, III-14 

Volume: 

of solid of revolution, I-29; I-44; MI-31; 

IV-30; V-9; VI-29 
solid of known cross sectional area, III-26; 

IV-21; V-36; VI-22 

Zeros of a function, I-4; I-41; IV-42; VI-33 
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