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PRECALCULUS
SECTION I, Part A

Time—1 hour and 20 minutes 1. The pobynominl fencSoa f i given by f(x) = x(x? — 9). What are all intervals on which f(x) < 0 ?

28 Questions (A4) (—=—3) and (. 3)
B (—= —5) wd G.)
NO CALCULATOR ISALLOWED FOR THIS PART OF THE EXAM. 0 {(-3.0) =d (3, @)
(D) (3.3

Directions: Solve each of the following problems, using the available space for scralch work, After examining the
choices, decide which is the best of the choices given and fill in the corresponding circle on the answer sheet. No
credit will be given for anything written in this exam booklet. Do not spend too much time on any one problem.

In this exam:

1. 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.

2. Angle measures for trigonometric functions are assumed to be in radians.
2. K logge =4, which of the following must be mue?

@) £=¢
B =8
0 & =4
® 8 =c

-3- GO ON TO THE NEXT PAGE.
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3. The functions f and g are inverse functions such that g(x) = £~ (x). Which of the foflowing could be the
graphs of y =f(x) and y = g(x) in the same xy-plane? 4. The number of c¢lls in 4 culture is known o double every 5 hours, There are 37 cells at time £ = 0 hours.
4) @) Which of the following is an appropriate model for N(f), the number of cells in the culture at time 1 hours?
¥ b4
At 1 (A) N() =37 429
‘i 2 (B) N(f) =37 +201)
1\ " = ]
| T4 15 10 Y T TN D ; > ©  N(t) =37 9l5)
! i [
] : o i ©) N =37. 260
4 4_4 [l
; ; —
© o ;
Lf 1y s g T
4 {, > ; -
2. A 2 /’,
N/ I TS T3 0 T
= < |
[
L I 1
T 1 T T T T
B GO ON TO THE NEXT PAG
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5. The figure shows a circle of radius 3 centered at the origin in the xy-plane and an angle of measure ~§ n

1
waf;

standard position. What are the coordinates of point P on the terminal ray that intersects this circle of

radins 3 7
1 43 3 33 BL 33 3
) [gs ——2‘] [5’ _T] @ [ 2" 2] e [ 272
Unsuthorized copying or reuse of -7- GO ON TO THE NEXT PAGE
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804 £
Fosition: (miles) 60-1}

40
204
0

0051 L5225 3
Time (hotrs)

& Acris gaveling ona stright road. A graph of the car’s position, in miles, from its starting poin at
timne £ = O hours ou a particulur day is shown. Which of the following is true about the car’s position
for 0 < # < 3 hous?

(A} The ee of change of the car’s position s increasing until about time 7 = 1.25, when the position begins
o increase at @ constant mte.

(B} The rate of change of the car’s position is increasing until about time 7 = 1.25; after this tme, the position
is coastint.

(0} The rate of dmee of the car’s position is increasing at an increasing rate during the entire time interval

(D) The mte of change of the car’s position is increasing at a constant rate during the entire fime interval.
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7. Values for an exponential function k are given in the (able at selected values of x. Based on this informerion.

which of the following describes k ?

(A) k is always decreasing, and the graph of k is always concave up,
(B) k is always decreasing, and the graph of k is always concave down.
(C) K is always increasing, and the graph of £ is always concave up.
(D) k is always increasing, and the graph of k is always concave down.

x |=2|-1[0 1 2
fol-4|-2|-1]-1] 4
g)| -2 4|2 |43

8. The functions f and g both have a domain of all real numbers. The table gives values for f(x) and g(x}) at
selected values of x. Which of the following statements gives a solution to the equation j{g(x)) =4 with

correct reasoning?

(A) x=0,because f(0) = —1and g(—1) =4.
(B) x=0,because g(0) =2 and f(2) =4

(C) x=1,because f(1) = —1 and g(—1) =4.
(D) x =1, because g(1) = —4 and f(1) = —1.

Unauthorized copying of reuse of| -0-
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9. The function g is graphed in the xy-plane and has a minimum at the point (~2, 3). The function £ resmlis &or
two additive transformations of the function g and is graphed in the same xy-plane. If A(x) = glx + 1) — 3.
which of the following points must be the location of @ minimum of & ?

(Aa) (-5,2)
B) 3.0
© L0
O =16

10. Let f and g be polynomial functions given by f(r) = 3x* + 2x> — 5x + 1 and g(x) = x> + x + 1. What is the
remainder when f is divided by g ?

(A) —4x

® 3

C) -4x—1
D) 6x+9
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; 13. Let r be the function given by r(x) = M&\‘P—lg(x;l—)- Which of the following is true about the Jocation
11. The temperature of a hot object that is cooling can be modeled by the function /. Time 1 is mea.s‘ured lr_J (xek D(x = D*(x+2)
minutes since the object started cooling, and /() is measured in degrees Celsius (°C). ‘The function / is an of holes In the graph of 7 fn the xy-plane?
exponential decay function.

Itis known that the temperature of the object decreases 10°C from time = 4 to t = 7 minutes. [t is also

known that after time / = 7 minutes, the temperature of the object decreases an additional IQ“'C,Whlch of the (B) The graph of r has exactly two holes, which are at x = —1 and x = L.
following statements is true about the amount of time the object will require to cool that additional 10°C 2

(C) The graph of r has exactly two holes, which ate at x = =2 and x = 1,
(D) The graph of » has exaclly two holes, which are at x = 1 and x = 3,

(A) The graph of r has exactly one hole, which is at x = —1.

(A) The object will require more than 3 minutes to cool that additional 10°C because 45 f increases, the rates
of change of h are negative and increasing toward 0.

(B) The object will require more than 3 minutes to cool that additional 10°C because as 7 increases, the rates
of change of 1 are negative and decreasing without bound.

(C) The object will require fewer than 3 minutes to cool that additional 10°C because as ¢ increases, the rates
of change of / are negative and increasing toward 0.

(D) The object will require fewer than 3 minutes to cool that additional 10°C because as ¢ increases, the raizs
of change of h are negative and decreasing without bound.

12. A cubic polynomial function p has a non-real zero of x = —3 + i. The graph of y = p(x) has an x-intercept
of (1, 0). Which of the following could be an expression for p(x) ?

(A) (x—1)(?—6x—10)
® (r—1)(*—6x+10)
© (—1)(2+6x+10)
D) (x+1)(x*+6x— 10)

Unauthorizsd copying or reuse of -11- GO ON TO THE NEXT PAGE.
any part of thia nana [s anal, . .
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x |0]4]|8]|12(16|20|24

g(x)[35]30(35 (40|35 |30 (35

14. The table provides values for # periodic function g at selected values of x, The function g can be defined
by g(x) = Scos(B(x + C)) + 35, where If and C are nonzero constants, Which of the following are possible
values for B and C 7

@ B=Zadc=4

4
®) B=§andc=s
© B=§- dC=4

o)) B=§andC=s

15, The polynomial function p is given by p(x) = ax" + 2¢® — 4x% — 8, where @ > 0 and n is an odd integer
greater than 3. Which of the following describes the end behavior of p ?

(A) As the input values of p increase without bound, the output values can be described by lim p(x) = —c0.

X0
(B) As the input values of p increase without bound, the output values increase without bound.

(C) As the input values of p decrease without bound, the output values can be described by lim p(x) = co.
x—y—c0

(D) As the input values of p decrease without bound, the output values get arbitrarily close to —8 and stay
arbitrarily close to —8.

Unauthorlzed copyling or reuse of -1 3-
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16. Let f be the rational function defined by /(x) = e 1P —ay

. Which of the following represezss ==
(x+2)

intervals wheme f{x) < 0%

(A) (A o) anly

B) (—=, —2) aud (4. )
©) (-2 -1) md(-14)
D) (=2, -1) and (4,=)

17. The function f is given by f(x) =2 -+ log,%, and the function g is given by g(x) = 2°~2). Which of th=
following statements provides correct reasoning for why functions f and g are inverse finctions of e=—h ===
{A) Because both functions have the same domain and the same range

)

(B) Becanse2 +]og2(2(‘_2)) =x and 2(('“"5?‘)‘2) =x

(C) Because f imvolves a logarithmic fanction with base 2, and g involves an exponential funcsion w3t
base 2

{D) Because the reflection of the graph of f over the y-axis produces the graph of g, and the refiection of ™=
graph of g over the y-axis prodoces the graph of f

—Tiomdnorreussol| . AOLMALYA TLE ARV RA NS
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00 + 100 q(l
18. The population of rabbits in o natlonal pack & modeled by (e (unctlon 7 glver by P(f) = 500 + 100 cos 3 f)v = T
where ¢ s measared 0 yers for 0 € ¢ 18, Based on this modol, for 0 S 5 15, at what fime 1 is the firs I
2
time that the rmbbit population equals 400 ¢

Nzl o=
- 4

() =15 g
B) =43 0 0

< t=rn e
J2 x
D) t=3 5 1
T
S

19. The w=ble gives vahues for a fiunctdon J at selected values of x. Which of the following could be 2n expressice
far fx) ?
D= ®—— © sk @ ek
W FHx cos x ) :
- eisesconpnd] . GO ON TQ THE NEXT PAGE
= e
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Residual Plot for f*

1.0

05

Residuals 0
-05

-1.0

Residual Plot for g

Residuals

J’!‘LII\JOMI‘-O\

X

30. Two regression models f and g are constructed from a data set. The residual plots for both models are shown.
Which of the following statements is true?

(A) Model f is justified as appropriate for the data set becanse the residual plot does not show a pattern.
(B) Model f is justified as appropriate for the data set because the residual plot does show a panern.
(C) Model g is justified as appropriate for the data set because the residual plot does not show a pattern.
(D) Model g is justified as appropriate for the data set because the residual plot does show a pattern.

e T T A7 GO ON TO THE NEXT PAGE.

B

21. Let f(x) = Inx and g(x) = 31n(x + 2). In the xy-plane, which of the following statements about the verticul

asymptotes of the graphs of f and g is true?

(A) The vertical asymptote of the graph of g is shifted 3 units to the left of the vertical asymptote of the
graph of f.

(B) The vertical asymptote of the graph of g is shifted 3 units to the right of the vertical asymptote of the
graph of f.

(C) The vertical asymptote of the graph of g is shifted 2 units to the left of the vertical asymptote of the
graph of f.

(D) The vertical asymptote of the graph of g is shifted 2 units to the right of the vertical asymptote of the
graph of f.

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

x [—=3] —25 [-2]|-15|-1[-0.5]0] 05 |1| 1.5 |2

p(x)|—12|—4.375| 0 (1.875] 2 |1.125|0|—0.625|0]2.625|8

22. The table provides values for a cubic polynomial function p at selected values of x, What are all intervals

of x for which p(x) =20 ?

(A) [-2,0)

(B) [—2,0] and [1, ) only

(C) [—2,0) and [1, 2] only

(D) [-1.5, —0.5] and [1.5, 2] only

[Unasthortzed copying o recsoof] __ g ____GO ON TO THE NEXT PAGE.
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23. Which of the following is an equivalent form of the cxpression sin x cos(—3x) + sin(~3x) cos x 2 25. Consider the graph of the polar function r = f(8), where [(8) = =6¢os 0, in the polar coordinate system

£
(A)  costax) Which of the following is the graph of = /(@) for 0 £ 0 % = 7
(B) sin(4x) 2
(C)  cos(—2x) (&) (B)

(D) sin(—2x)

24. A computer program can find a specific name in an alphabetical list of names. The function # models the
number of steps the program goes through to find the name in a list with a total of x names, The values
of x change proportionately as values of i(x) increase in equal-length intervals. Which of the following could

be an expression for h(x) ?
(&)

®)
(&) 3+2x%
®) 3¢~

(©) 3log,x

(D) 3sin(2x)

19- GO ON TO THE NEXT PAGE.
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26. The function k is given by k(x) = 2sec x on the interval [0, 2], Which of the following describes the

asymptotes of the graph of & in the xy-planc?

(A) The graph of & has vertical asymptotes at ¥ = 0, x =, and x = 2x because the graph
of y = sinx has x-intercepts ot x =0, x =, and x = 2r,

n 3
(B) The graph of k has vertical asymptoles at x = 7 and x = —-27-5 because the graph
. w 3
Of_)’ =COosx hﬂS .x-xmercepl.s atx = E and X = 7-

(C) The graph of k has vertical asymptotes at x = 0, x = &, and x = 27 because the graph
of y = cos x has x-intercepts at x =0, x = 7, and x = 27.

(D) The graph of ¥ has vertical asymptotes at x = Z— and x = 3—;- because the graph

s : n 3n
of y = sin x has x-intercepts at x = 7 and x = R

27. The function k is a transformation of a logarithmic function with base 2. The domain of & is all real numbers
less than 2. In the xy-plane, the graph of k has a y-intercept of (0, 1) and a vertical asymptote at x = 2. Which

of the following could be an expression for k(x) ?

(A) logy(x—2)
(B) log,(x+2)
(C) logy(2-x)
(D) log,2—-x)+1

32‘3‘#‘3‘3‘3% copyin ."ITIZU.I“' -21- GO ON TO THE NEXT PAGE.
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28, The polar functon r = f(8), where f(8) = 2 + sin 8, is graphed in the polar coordinate system for > <6<z

£ . r
Which of the following statements is true for the polar function as & increases rom 7 tomr?

(A) The distance between the point with polar coordinates (f(@), 6) and the origin is increasing.

(B) The distance between the point with polar coordinates (f(8), 8) and the origin is decreasing.

(C) The distance between the point with polar coordinates (f(6), 8) and the origin is increasing, then
decreasing.

(D) The distance between the point with polar coordinates (f(8), §) and the origin is decreasing, then
increasing.

END OF PART A

IF YOU FINISH BEFORE TIME IS CALLED,
YOU MAY CHECK YOUR WORK ON PART A ONLY.

DO NOT GO ON TO PART B UNTIL YOU ARE TOLD TO DO SO.

Unauthorized copying or reuse of -22-
any part of thla page Is litagal.
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PRECALCULUS
SECTION I, Part B
Time—40 minutes

12 Questions

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

Directions: Solve each of the following problems, using the available space for scratch work. After examining the
choices, decide which is the best of the choices given and fill in the corresponding circle on the answer sheet. No
credit will be given for anything written in this exam booklet. Do not spend too much time on any one problem.

BE SURE YOU FILL IN THE CIRCLES ON THE ANSWER SHEET THAT CORRESPOND TO
QUESTIONS NUMBERED 76-87.

YOU MAY NOT RETURN TO QUESTIONS NUMBERED 1-28.

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. Angle measures for trigonometric functions are assumed to be in radians. Make sure your calculator is in
radian mode.

Unauthortred copying or reuse of -26-
any part of this page ls illegal.

GO ON TO THE NEXT PAGE.

75 The figure shows a container in the shape of a circular cone. The container is being filled with water at a
cosstant rate unt] the container is completely full. Which of the following could be the graph that models the

dependent varizble of depth of the water, in centimeters, as a function of the independent variable of time, in
bors?

(A y (B) ¥
Depth
(centimeters) (centimeters)
—x 5 x
Time (hours) Time (hours)
© y D) y
Depth Depth
(centimeters) (centimeters)
o — Time (hours)

a7 GO ON TO THE NEXT PAGE.
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1
77. The first four terms of 2 geometric sequence are given by g, = 35" 1, g3 = 5,and g, = 25. Which of the

following could be an expression for the general term of the sequence, g, 7
Lisn-1)
® =306
1 (n—1)
®) %= 5[;}
1] 4
© g=35%3"

1 4
©) g=35+30-1)

78. The rate, in liters per hour, at which water is being pumped from a well is modeled by the function r given
t

by r(#) = (¢ +2)cos ( 5) + 14, where ¢ is measured in hours since midnight (z = 0). What is the absolute

maximum rate, in liters per hour, at which water is being pumped from the well over the 24-hour period

for0<1<247

(A) 52206
(B) 35.06]
© 17.145
(D) 10217

Unauthorized copying or reuse of
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Graphof f

~The figure shows the graph of a polynomial function /., Consider the five points labeled A, B, C, D, and £,
These points indicate locations of intercepts and extrema for f and points of inflection of the graph of f.
~Which of the following statements is true?

A)

1€=))

(&)

(D)

A is the location of a relative minimum, C is the location of a relative maximum, and D is a point of
inflection of the graph,

E is the location of a relative minimum, C is the location of a relative maximum, and B is a point of
inflection of the graph,

E is the location of a relative minimum, D s the location of a relative maximum, and B is a point of
inflection of the graph,

E is the location of a relative minimum, C is the location of a relative maximum, and A is a point of
inflection of the graph.

GO ON TO THE NEXT PAGE.



Ll 1152
15]5
2101
57|15
85| 3
10.6| -4
143( 2

80. The table presents values for a function g at selected values of x. A quartic regression is used to mode! the
data, What is the value of g(6.5) predicted by the quartic function model?

(A) 3913
(B) 5.466
©€) 10900
(D) 12208

2x—1
P +15

. If the function 4 is

3
81. The rational functions f and g are defined by f(x) = 3 Oxm and g(x) =
X+

defined by h(x) = f(x) — g(x), what arc all real zeros of h 7

(A) Oand05

(B) ~1.901 and 3.230
€y ~2.395 and ~0,023
Dy  -4.566 and —0,067

Unauthorized copylng or reuss of i
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83. The decreasing function f has the property that for all real numbers a and & in the domain of f,if a <b,
then f(a) > f(b). In the xy-plane, the graph of f is always concave up. Of the following, which isa possible

table of values for f ?

® T i@
-1 7

0 6

1 4

2 2

O T>T 1
6.39

3 7.70

4 9.29

5 11.19

Unauthorized copyling or reusa of
any part ol this page ls Illegal.

(B)

(D)

x| fx)
1| 705
2| 535
3| 265
4 | -105
x| J&)
7 | 434
3 | 187
9 | 080
10 | 035

GO ON TO THE NEXT PAGE.
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4. Attime t = Q, a bank account that earns 4% annual intercst containg $100, The amount of money, in dollars, in
the account can be modeled by the exponential function v given by v(r) = 100(1.04)’, with time f measured in
years. How many years would it take for the value of the account to increase from $200 (o $300 7 Assume that
no money was taken out of the account, and no additional money besides interest was added to the account.

(A) 10338
B) 14.006
(©) 17.673
D) 28.011

-33-

GO ON TO THE NEXT PAGE.
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$5. & dru ser b mwodelte? Ty am exponenminf fmetion of ths formw glr) = e, wiesz 0 > 0 and b > [ & seai-Rg . The function g is givenby g(x) = ’:2"3)5“] (o~ 1). The function k is given by kix) = cos x. On the chosed
pior et the Cux sox is consrmoed. B g & am approprise modell which of te following couls be 2 semri-lne plor mtﬁr\'al [0. 27), what are the x-coordinates of the points of intersection of the gruphs of g and £ m the
3 g x-plane?

B 10050

¥ e (A) x=—0510, x=—0.110,and x = 0,772
®) x=0.689, x=1681,and x = 4177
() x=1x=1732,and x=4.142

{D) x = 1379, x =3274, and x = 6.058

TOLG0

l‘ = ™ - r y
9 I MmO W WD

im0 0l
a1

-34- GO ON TO THE NEXT PAGE
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87, Lk r = f(0) be 8 par funetion with f(0) = ~4 1 § co(26) Wikich of due Foffming & 2o epfmuse

for r = f(1,5), psing the zverape sne of change of r wich seapedt 10 8 grey G vl é— 'y

A) 0,643
B) 0366
(©) 0698
(D) 1.609
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(]

IHeual,
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1. The domainof / consists of the six real numbers 1, 2, 3, 4, 5, and 6, The inblo defines the function f* for

" : yo ox X—=2
these values, The function g is given by g(v) = G l_f(z; & _) 5

(A) (i) The function h is defined by Ii(x) = (g of }(x) = g(f(x)). Find the value of /i(6) as a decimal
approximation, or indicate that it is not defined.

(ii) Find the value of [ "‘(4), or indicate that it is not defined,
(B) (i) Find all values of x, as decimal approximations, for which g(x) = 5, or indicate that there are nos

values,
(i) Determine the end behavior of g as x increases without bound. Express your answer using the
mathematical notation of a limit.
(C) (i) Use the table of values of f(x) to determine if f* is best modeled by a linear, quadratic, exponens
or logarithmic function.
(ii) Give a reason for your answer based on the refationship between the change in the output values a
and the change in the input values of f.

Write your responses to this question only on the designated pages in the separate Free Response
booklet. Write your solution to each part in the space provided for that part.
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Note: Figure not drawn to scale.

w

. The figure shows two people turning a jump rope at a constant rate as a third person attempts to jump over the
rope as it passes below their feet. Point X is located in the middle of the jump rope and is touching the ground
attime ¢ = 0 seconds. The next time that point X touches the ground is at time f = | second. The maximum
height of X above the ground is 78 inches, As the rope turns, the height of X above the ground periodically
increases and decreases.

The sinusoidal function /i models the height of point X above the ground, in inches, as a function of time 7, in
seconds. ’

(A) The graph of /& and its dashed midline fortwo full cycles is shown. Five points, F, G, J, K, and P, are
labeled on the graph. No scale is indicated, and no axes are presented.

Determine possible coordinates (7, (1)) for the five points: F, G, J, K, and P.

P

9

(B) The function /1 can be written in the form A(t) = a cos(b(t + c)) + d. Find values of constants a, b, ¢,
and d.
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(C) Refer to the graph of / in part (A), The r-coordinale of G is 1, and the {-coordinate of J is f;.
(i) On the interval (1, {3), which of the following is true about 1 ?
a, It is positive and increasing,
b. h is positive and decreasing.
¢. h is negative and increasing.

d. It is negative and decreasing,

(ii) Describe how the rate of change of h is changing on the interval (#, 7).

Write your responses to this question only on the designated pages in the separate Free Response
booklet. Write your solution to each part in the space provided for that part.

Unauthorized copylng or reuse of
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4, Directions:

* 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. Angle measures for trigonometric functions are assumed to be in
radians.

+ Solutions to equations must be real numbers, Determine the exact value of any expression that can be

w
obtained without a calculator. For example, log, 8, COS('Z“). and sin~ (1) can be evaluated without a

calculator.
» Unless otherwise specified, combine terms using algebraic methods and rules for exponents and
; "
logarithms, where applicable. For example, 2%+ 3x, 5° - 5, =, and In3 + In should be rewritien in

equivaleat forms.

» For each part of the question, show the work that Jeads to your answers.

(A) The functions g and h are given by
8(x) = arcsin(2x— 1)
h(x) = 285+,
@ Solve g(x) = % for values of x in the domain of g.
(ii} Solve h(x) = 7 for values of x in the domain of A,

(B) The functions j and & are given by

J@) =Inx+2)-lnS5+3Inx

k) = [$2X °°”]

() Rewrite j(x) as a single natural logarithm without negative exponents in any part of the expression.
Your result should be of the form In(expression).

(ii) Rewrite k(x) as an expression in which sin x appears once and no other trigonometric functions are
involved.

(C) The function m is given by

m(x) = 20087 — cos X,

Find all values in the domain of m that yield an output value of 1.

Write your responses to this question only on the designated pages in the separate Free Response
booklet. Write your solution to each part in the space provided for that part.
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Answer QUESTION 1 parts (B) and (C) on thls page.

Response for quastion 1(8)

)

{ Response for question 1(C)
0

Page &

Use a pencll or a pen with black or dark blus Ink. Do NOT write your nama. Do NOT write otitslde the box.
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Answer QUESTION 2 part (A) on this page.

Respanse for question 2(4)
]

Page 6

L2 a pencd or 2 pen with black or dark blus ink. Do NOT writs »* 1 ~ame. Do NOT ¥

2 222 2 2 2423

Answer QUESTION 2 parts (B) and (C) on this page.

Response for question 2(B)

®

Response for question 2(C)

Page 7

Use a pencil or a pen with black or dark blue Ink. Do NOT wrile your namea. Do NOT write outside the box.
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