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Benchmark Test 1
1. If the function f  x  is one-to-one and the
table below shows some of its points, which
table could contain points of the inverse of
f  x ?

2. In business, economists can predict how much
of a product should be produced by studying
the supply and demand curves. The
equilibrium price is found where the lines
meet. At a price of $3, a supplier will produce
1 thousand units of a product. When the
equilibrium price of $9 is charged, suppliers
will produce 4 thousand units of a product.
The demand curve is perpendicular to the
supply curve. What is the equation of the
demand curve?

A

B

C

F

y

x
1
2

G

y

x
 11
2

H

y  2x  1

J

y  2 x  11

D
3. Find the domain of f ( x)  x 3  8 .
A

,  

B

 2,  

C

, 2

D

 2, 2
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4. Which of the following could be the graph of
3x
in the standard viewing
2
x  5 x  36
window?
F

6. As an employee at Shoes Unlimited, you earn
a weekly pay of $13.00 for each pair of shoes
you sell plus a base pay of $45.00. Shoes
Unlimited must contribute 6.2% of your
weekly pay as Social Security tax. If your pay
is represented by the function f  x  and the

Social Security contribution for Shoes
Unlimited is represented by the function
g  x  , calculate  g  f 15 .
G

H

F

$4.53

G

$14.88

H

$57.09

J

$240.00

7. Rugs, Inc. charges $9 for each square foot of
their square rugs. The cost to produce the rug
is $3.50 for each square foot of material and
an additional $6.25 of overhead. Use f  x  as

the function for the revenue for selling 1 rug
and g  x  as the function for the cost of

J

making 1 rug, where x is the length of one
side of the rug. Calculate f  x   g  x  .

5. A circle has the equation

 x  3

2

  y  2  25. Which of the
2

A

5.5 x  6.25

B

5.5 x  6.25

C

12.5 x  6.25

D

12.5 x  6.25

following points lies outside of the circle?
A

6, 1

B

2, 6

C

3, 4

D

1,  1
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8. Which of the following graphs, shown in the
standard window, shows 2 distinct real roots?

10. If f  x  

x2
 1 and
2

f  g  x   2 x 2  4 x  1, which of the

F

following could be g ( x ) ?

G

H

F

g  x  2x

G

g  x  2  2x

H

g  x  2x  4

J

g  x  2  x

11. A topless box is formed by cutting squares of
length x from the corners of a 35-in. by 50-in.
piece of cardboard. Determine the values of x
that allow the box to meet the manufacturer’s
specification of having a volume of at least
3300 in.3 Round to the nearest hundredth.

J

A

x  2.09 in. or x  29.54 in.

B

2.09 in.  x  29.54 in.

C

2.42 in.  x  12.22 in.

D

x  2.42 in. or x  12.22 in.

9. Determine if the following functions are

inverses and why. f  x   4 x 3  7 and
g  x 

A

3

x7
4

Yes, because f  g  x   x and
g  f  x   x

B

No, because f  g  x   x

C

No, because g  f  x   x

D

Cannot be determined for these functions
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12. Roberto determined that f  x    x  4  2
2

is the function that represents the following
graph. Is his function correct? If not, explain
and provide the correct function.

F

Roberto’s function is correct.

G

Roberto’s function is incorrect. There
should be a minus sign in front of 4
because the graph went down.
f  x    x  4  2
2

H

Roberto’s function is incorrect. He mixed
up the horizontal and vertical shifts.
f  x    x  2  4
2

J

Roberto’s function is incorrect. He mixed
up the horizontal and vertical shifts, and
since 2 is moving left, it needs to be
negative. f  x    x  2  4
2

13. The graphs show the total amount of rainfall
each city received from 1996 to 2012. Which
city had the highest average rate of change
over the given interval?

Source: NOAA National Weather Service
http://www.srh.noaa.gov/ffc/?n=rainfall_scorecard
A

Athens, [1997, 2000]

B

Atlanta, [2000, 2005]

C

Columbus, [1999, 2003]

D

Macon, [2006, 2009]
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Use the following information to answer questions 14
and 15.
Your high school decided to start selling yearbooks
for the school term during the summer months
(starting in July) until April. At the end of the year,
the school determined that the demand for yearbooks
sold each month could be best be described by the
linear model y  7.80 x  811.2, where x is the price
per yearbook and y is the number of yearbooks sold.
14. The yearbook staff calculated that on average
they sold about 168 yearbooks per month for
the school year. They would like to increase
their sales per month by 20% for the next
school year. What price should each yearbook
be to meet this demand? Round to the nearest
dollar.
F

$78

G

$66

H

$98

J

$100

16. Divya is an accountant for the new Dreamy
Condos complex. Of their 3500 luxury
condominiums, 1550 have been sold at their
introductory price of $1875 per month. A
consumer interest survey showed that sales
per month would decrease by 105 buyers for
each $500 increase in the monthly price.
Using a graphing calculator, determine the
number of increases Dreamy Condos should
conduct to maximize their revenue.
F

1

G

6

H

9

J

15

17. For which of the following functions might
this be its graph?

15. The function R  x   x  y can be used to

determine revenue. Using this function, find
the yearbook price at which the revenue is
maximum, and the approximate monthly
revenue at that price.
A

B

C

D

To maximize revenue, the school should
set yearbooks at $104, and the monthly
revenue at that price would be $0.
To maximize revenue, the school should
set yearbooks at $52, and the monthly
revenue at that price would be $21,091.
To maximize revenue, the school should
set yearbooks at $52, and the monthly
revenue at that price would be $63,273.
To maximize revenue, the school should
set yearbooks at $104, and the monthly
revenue at that price would be $168,730.

A

f  x    x 2 ( x  3)( x  5) 2

B

f  x    x( x  3) 2 ( x  5)

C

f  x   x 2 ( x  3)( x  5) 2

D

f  x    x 2 ( x  3)( x  5) 2

18. Find a polynomial function of minimum
degree in standard form whose zeros include
x  3, x  1, and x  2  i .
F

f  x   x 4  2 x 3  8 x 2  18 x  9

G

f  x   x 4  6 x 3  10 x 2  2 x  15

H

f  x   x 4  2 x 3  6 x 2  22 x  15

J

f  x  x 4  6 x3  8x 2  6 x  9
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19. Find all the asymptotes of the rational
x3  x
function f  x   2
.
x  2x  3
A
B

vertical asymptote: x  3
slant asymptote: y  x  2

21. Consider the graph of the function
1
f  x   2  x  . Which of the following
2
statements is true?

vertical asymptotes: x  3 and x  1
slant asymptote: y  x  2

I.

f  x  has a vertical asymptote x  0.

II.

f  x  intersects the y-axis at 0, 1 .

III. f  x  intersects the x-axis at 1, 0 .

C

vertical asymptote: x  3
slant asymptote: y  x  2

A

I only

D

vertical asymptotes: x  3 and x  1
slant asymptote: y  x  2

B

II only

C

III only

D

I and III only

20. What is the behavior of the graph at the
asymptotes?

22. If f  x   3 x and g  x   9(3) x , which

transformation to f  x  will produce the
graph of g  x  ?

F

lim f  x   lim f  x   2 ,

x  

x 

lim  f  x    , lim  f  x    ,

x 4

x 4

lim f  x    , and lim f  x   

x  4

G

x4

lim f  x   lim f  x   2 ,

x  

x 4

lim f  x    , and lim f  x   

x4

H

x4

lim f  x    , lim f ( x)   ,

x  2

G

Translate f  x  3 units up

H

Translate f  x  9 units to the right

J

Translate f  x  2 units to the left

23. Which of the following is an inverse of
f  x   2(5) x 3 ?

A

x
g  x   2 log 5  
3

B

1
x
g  x   log 2  
5
3

C

x
g  x   3log 5  
2

D

g  x 

x2

lim  f  x    , lim  f  x    ,

x 4

Translate f  x  9 units up

x 

lim  f  x    , lim  f  x    ,

x 4

F

x 4

1
x
log 5  
3
2

lim f  x    , and lim f  x   

x4

J

x4

lim f  x    , lim f ( x)   ,

x  2

x2

x 4 

x 4

lim f  x    , lim  f  x    ,

lim f  x    , and lim f  x   

x4

x4
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24. On an island, the population of flamingos is
currently 400, and this population doubles
every 3 years. Which of the following
functions will correctly model this situation?
Assume t is measured in years.
F

f t   2  400 3t

G

f t   400  3t

2

H

f t   400  2 t

3

J

f t   400  2 3t

25. After being removed from an oven at 375°F, a
batch of cookies is left on a table in a room
where the temperature is 72°F. After 15
minutes the temperature of the cookies is
290°F. Use Newton’s Law of Cooling,

27. A customer decides to purchase a new
automobile for $19,800. If he assumes the
value of the car will depreciate by 12% each
year, which of the following functions will
correctly model the situation? (t is measured
in years)
A

f t   19800(1.12) t

B

f t   19800(0.88) t

C

f t   19800e 0.12t

D

f t   19800  0.12t

28. If $3000 is deposited into a savings account
that earns 6% annual interest, compounded
monthly, approximately how long will it take
for this investment to grow to $600,000?

T t   Tm  T0  Tm  e  kt , to determine how

F

56 years

long it will take for the cookies to cool to
110°F. Tm is the temperature of the
surrounding medium and T0 is the initial
temperature of the object.

G

89 years

H

96 years

J

116 years

A

47 minutes

B

56 minutes

C

72 minutes

D

95 minutes

26. Which of the following is a decreasing
function and has a vertical asymptote?
F

f t   5 x  2

G

f t   51 x

H

f t   log 5 ( x  1)

J

f t   log 5 ( x)

29. A company has two computers available for
updating their customer database. Computer
A, working alone, can complete the task in 5
hours. Computer A and computer B, working
at the same time, can update the database in 3
hours. How long would it take for computer
B, working alone, to complete this task?
A

1 hour

B

2 hours, 40 minutes

C

4 hours

D

7 hours, 30 minutes

30. The population of a particular city increases at
an annual rate of 1.75%. If the population was
250,000 in 1960, about what year is the
population expected to reach 1 million?
F

2020

G

2026

H

2033

J

2040
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Benchmark Test 1 Report

Common Core State Standards
Algebra
HSA-CED.A.1 Create equations and
inequalities in one variable and use
them to solve problems. Include
equations arising from linear and
quadratic functions, and simple
rational and exponential functions.
HSA-REI.A.2 Solve simple rational and
radical equations in one variable, and
give examples showing how extraneous
solutions may arise.
HSA-REI.B.3 Solve linear equations
and inequalities in one variable,
including equations with coefficients
represented by letters.
HSA-REI.B.4 Solve quadratic
equations by inspection (e.g., for
x 2  49), taking square roots,
completing the square, the quadratic
formula and factoring, as appropriate to
the initial form of the equation.
Recognize when the quadratic formula
gives complex solutions and write them
as a ± bi for real numbers a and b.
Functions
HSF-BF.A.1.a Determine an explicit
expression, a recursive process, or steps
for calculation from a context.
HSF-BF.A.1.B Combine standard
function types using arithmetic
operations. For example, build a
function that models the temperature of
a cooling body by adding a constant
function to a decaying exponential, and
relate these functions to the model.
HSF-BF.B.1.C (+) Compose functions.
For example, if T(y) is the temperature
in the atmosphere as a function of
height, and h(t) is the height of a
weather balloon as a function of time,
then T(h(t)) is the temperature at the
location of the weather balloon as a
function of time.

Test Items

Number
Correct

Proficient?
Yes or No

Precalculus
Student
Edition
Lesson(s)

28, 30

3.1, 3.2, 3.6

29

2.6, 2.7

14

1.6, 2.1

8

2.4, 2.5

24

3.2

6, 7

1.4

10

1.4
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HSF-BF.B.3 Identify the effect on the
graph of replacing f  x  by

12, 22

1.6, 3.1

9

1.5

1

1.5

23, 25

3.3, 3.5

3

1.2

17, 21, 26

2.3, 3.1, 3.3

13

2.1

16

2.4, 2.5

4, 19, 20

2.6

f  x   k , kf  x  , f  kx  , and f  x  k 

for specific values of k (both positive
and negative); find the value of k given
the graphs. Experiment with cases and
illustrate an explanation of the effects on
the graph using technology. Include
recognizing even and odd functions from
their graphs and algebraic expressions
for them.
HSF-BF.B.4.b (+) Verify by
composition that one function is the
inverse of another.
HSF-BF.4.C (+) Read values of an
inverse function from a graph or a table,
given that the function has an inverse.
HSF-BF.B.5 (+) Understand the inverse
relationship between exponents and
logarithms and use this relationship to
solve problems involving logarithms and
exponents.
HSF-IF.A.1 Understand that a function
from one set (called the domain) to
another set (called the range) assigns to
each element of the domain exactly one
element of the range. If f is a function
and x is an element of its domain, then
f(x) denotes the output of f corresponding
to the input x. The graph of f is the graph
of the equation y = f(x).
HSF-IF.B.4 For a function that models a
relationship between two quantities,
interpret key features of graphs and
tables in terms of the quantities, and
sketch graphs showing key features
given a verbal description of the
relationship. Key features include:
intercepts; intervals where the function is
increasing, decreasing, positive, or
negative; relative maximums and
minimums; symmetries; end behavior;
and periodicity.
HSF-IF.B.6 Calculate and interpret the
average rate of change of a function over
a specified interval. Estimate the rate of
change from a graph.
HSF-IF.7.C Graph linear and quadratic
functions and show intercepts, maxima,
and minima.
HSF-IF.7.D (+) Graph rational functions,
identifying zeros and asymptotes when
suitable factorizations are available, and
showing end behavior.

Precalculus
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HSF-IF.C.8.A Use the process of
factoring and completing the square in a
quadratic function to show zeros,
extreme values, and symmetry of the
graph, and interpret these in terms of a
context.
HSF-LE.A.2 Construct linear and
exponential functions, including
arithmetic and geometric sequences,
given a graph, a description of a
relationship, or two input-output pairs
(include reading these from a table).
Geometry
HSG-GPE.A.1 Derive the equation of a
circle of given center and radius using
the Pythagorean Theorem; complete the
square to find the center and radius of a
circle given by an equation.
HSG-GPE.B.5 Prove the slope criteria
for parallel and perpendicular lines and
use them to solve geometric problems
(e.g., find the equation of a line parallel
or perpendicular to a given line that
passes through a given point).
HSG-MG.A.3 Apply geometric methods
to solve design problems (e.g., designing
an object or structure to satisfy physical
constraints or minimize cost; working
with typographic grid systems based on
ratios).
Number and Quantity
HSN.CN.C.9 (+) Know the Fundamental
Theorem of Algebra; show that it is true
for quadratic polynomials.

15

2.1

27

3.2

5

P.2

2

P.4

11

P.7, 1.7

18

2.5
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Benchmark Test 2
1. John and his buddies are playing darts with a
target made of five concentric circles, shown
below. Each circle is 2.5 inches apart. To
make the game harder, more points are
awarded for a section of the dartboard marked
off by tape at a 35° angle. The last piece of
tape to outline the section will go along the
outermost circle. If the area of the innermost

3. A plane is preparing to take off on the tarmac.
There is a 150-ft radio tower in the field
straight ahead. If the plane takes off with an
angle of elevation of 25°, what is the
minimum distance the plane needs to be from
the tower in order to clear the top? Round to
the nearest foot.

circle is 28.3 in.2 , how long is the last piece
of tape? Round to the nearest tenth of an inch.

4.

A

70 ft

B

136 ft

C

166 ft

D

322 ft

Find a coterminal angle for 
the interval  0, 360.

A

6.1 in.

B

7.9 in.

C

8.9 in.

D

9.3 in.

F

150°

G

165°

H

330°

J

345°

2. If  is one of the acute angles in a right

triangle and sec  
F

16 65
455

G

4 65
65

H

7 65
65

J

49 65
260

65
sin 
, what is
?
4
cot 
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5. Emily determines that the function
representing the following graph is
f  x   2 sin(4 x) . John says that the graph

can be represented by a cosine function as
well. Which additional transformation must be
performed for John’s cosine function?

7. Using a graphing calculator, determine the
1
end behavior of y   tan 1 4 x  3 .
3
A
B
C
D

A

Cosine cannot be used to represent the
graph.



B

A phase shift to the left by

C

A phase shift to the right by

D

must be

8
performed to cause the graphs to be the
same.



lim y  

x  

lim y 

x  


6



x

x 

8. An oscillating spring is modeled by the

equation y  0.565e .125t sin 4t  . How long
does it take for the spring to be damped so that
0.25  y  0.25? Round to the nearest
hundredth of a second.

H

5.98 seconds

3
must be
8
performed to cause the graphs to be the
same.

J

6.67 seconds

G

x

H

x  n 

J

4n 2

x
3
3

6

17
19
and lim y  
x
6
6

5.24 seconds

x  n



lim y  

G

F

6

19
17
and lim y  
x 
6
6

4.95 seconds

1
 3 
csc   x  .
 4 
2



lim y  

x 

F

6. Find the domain of f  x  

x 

and lim y  

6

must be
8
performed to cause the graphs to be the
same.

A phase shift to the right by

and lim y 

9. An eagle flying 100 ft in the air spots a mouse
175 ft on a diagonal. At what angle should the
eagle descend to capture the mouse? Round to
the nearest whole angle.

4n
3


2

A

30°

B

35°

C

55°

D

60°
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10. A captain of a ship spots a lighthouse 130 feet
away on a cliff at an angle of elevation of 62°.
A person standing on the cliff at the base of
the lighthouse sees the ship at an angle of
depression of 50°. How tall is the lighthouse?
Round to the nearest foot.
F

90 feet

G

135 feet

H

155 feet

J

244 feet

11. A plane with an air speed of 550 miles per
hour takes off and follows a compass heading
(bearing) of 180°. A wind is blowing with the
bearing 295° at 30 miles per hour. What is the
actual speed of the plane relative to the
ground?
A

520 mph

B

538 mph

C

550 mph

D

563 mph

sin 
is equivalent to
1  cos 
which of the following?

12. The expression

13. A large crate is placed on a 35° incline, and a
force of 72 lb is required to keep it from
sliding down the incline. If the same crate is
placed on a 70° incline made of the same
materials, what is the minimum force required
to keep it from sliding?

A

72 lb

B

83 lb

C

118 lb

D

144 lb

14. An airplane takes off from Johnson City and
flies 250 miles on a bearing of 30°, landing in
Carson. The plane then departs Carson and
flies 350 miles on a bearing of 105°, landing
in Wolfsburg. Approximately how far is
Wolfsburg from Johnson City?
F

375 miles

F

1  tan 

G

430 miles

G

1  cos 
sin 

H

480 miles

J

600 miles

H

cos 
1  sin 

J

1  cos 
sin 

sin 2
is equivalent to which
sin 4
of the following?

15. The expression

A

1
sin 2

B

sin( 2 )

C

1
2

D

1
2 cos 2
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16. Some of the largest trees in the world are
located in Sequoia National Park in
California. One of these sequoias, named the
President, is estimated to have more than 500
branches and nearly 2 billion leaves. A
researcher decides to estimate the height of
this tree by measuring angles of elevation to
the top of the tree. When the researcher is
standing near the base of the tree, the angle of
elevation is 82°. The researcher then walks 80
feet farther away from the base of the tree and
finds that the angle of elevation is now 65°.
Based on these measurements, approximately
how tall is the President?
F

115 feet

G

172 feet

H

246 feet

J

271 feet

19. A ferry transports passengers from the south
side to the north side of a river. The ferry has
a speed of 12 miles per hour in still water. The
river is 2 miles wide and has a current of 5
miles per hour moving east to west. What
bearing should the captain select in order to
reach the docks directly across the river?
(Assume due north corresponds to a bearing
of 0°.)
A

23°

B

25°

C

68°

D

335°



20. If vector a has magnitude 5 and vector b has
magnitude 5, which of the following could be
 
the magnitude of a  b ?

17. In triangle ABC, a = x, b = 8, and A = 30°.
Two different triangles can be constructed
using these measurements. Which of the
following is true?

I. 0
II. 5
III. 10
F

II only

A

2 x4

G

III only

B

4 x8

H

II and III only

C

4  x  12

J

I, II, and III

D

8  x  12

18. An aircraft carrier is equipped with radar to
help locate other ships that may be in the area.
The first contact is a cruiser, spotted on a
bearing of 320°, at a distance of 10 miles. The
second contact is a battleship, spotted on a
bearing of 65°, at a distance of 15 miles. What
is the distance between the cruiser and the
battleship?
F

7 miles

G

18 miles

H

20 miles

J

25 miles

21. A manufacturer of kitchenware needs to ship
36 toasters and 14 blenders from a warehouse
to a retail store. There are two sizes of boxes
available, large and small. A large box can
hold 4 toasters and 2 blenders, while a small
box can hold 3 toasters and 1 blender. The
cost to ship a large box is $10.50, and the cost
to ship a small box is $6.75. What is the
minimum cost to ship all of the items?
A

$82.50

B

$85.50

C

$91.50

D

$94.50
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22. A ship must travel 120 miles along a river to
reach the docks where it unloads its cargo.
Heading upstream, the ship takes 8 hours to
reach its destination. If the return trip takes 4
hours and 48 minutes, what is the speed of the
current in the river?
F

2.5 mph

G

5 mph

H

10 mph

J

20 mph

23. Which of the following is the inverse of
 1 2
 1 3 ?


A

 3 2
 1 1



B

 2 1
 3 1



C

 3 2
 1 1



D

 1 1
 2 3



F

I only

G

II only

H

I and II only

J

I, II, and III

A

$16,500

B

$16,667

C

$24,745

D

$33,500

26. A model rocket is launched into the air, and
the height is measured at several times during
the flight. The data are shown in the table
below.
Height of Rocket

Time
(sec)

1

2

6

Height
(feet)

144

256

364

The height of a projectile can be modeled with
the equation h  at 2  bt  c. Which of the
following matrix equations will determine the
correct values of a, b, and c?

24. Which of the following can represent the
solution set to a system of linear equations in
two variables?

I. a point
II. a line
III. a plane

25. A family decides to invest their savings of
$50,000 in two companies, X and Y. The
return from company X was 6%, and the
return from company Y was 9%, and the total
value of the investment increased to $54,005.
How much money was invested in company
X?

F

144 12 1  a   1 
 256 16 1  b    2

   
 384 18 1  c   6

G

 1 1 1  a  144 
 4 2 1  b    256

  

36 6 1  c  384 

H

 1 1 1 144   a 
 4 2 1  256   b 


  
36 6 1 384   c 

J

1 4 36  a  144 
1 2 6  b    256

  

1 1 1  c  384 
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27. If matrix B is the inverse of matrix A, which
of the following must be true?

I.

0 1
BA  

1 0

II.

B 0

29. An apparel company stores merchandise at
three different locations, as shown in the 3  3
inventory matrix below. The total wholesale
value of merchandise at each warehouse is
shown in the 3  1 matrix. What is the
wholesale price of a hat?
Tees Sweatshirts Hats
Warehouse A  3
2
3

Warehouse B 2
4
1


Warehouse C  2
2
3

III. AB  BA
A

I only

B

II only

C

I and III only

D

II and III only

28. A company sells its appliances at two
different retail stores. The table below shows
the current inventory at each store.
Store Inventory
Store 1

Store 2

Oven

17

22

Dishwasher

8

14

If the retail price of the oven is $875 and the
retail price of the dishwasher is $390, which
of the following will determine the total retail
value of the inventory at each store?

Warehouse A $61.77 
Warehouse B  $60.32


Warehouse C  $55.64

A

$7.74

B

$10.08

C

$11.87

D

$15.09

30. A company builds custom tables and chairs
for delivery to its showrooms. It takes an
employee 5 hours to assemble each table and
2 hours to paint it. It takes an employee 3
hours to assemble each chair and 4 hours to
paint it. The company has 7 employees who
can assemble furniture and 5 employees who
can paint furniture. Which of the following
shows the constraints on the number of tables
(x) and chairs (y) that can be produced during
an 8-hour shift if all of the employees are
present?

F

875 17 22
390  8 14




G

17 22 875
 8 14 390




H

17 8 875
 22 14 390




F

5x  2 y  7
3x  4 y  5

J

 17 8 390
 22 14 875




G

5x  3 y  7
2x  4 y  5

H

5 x  3 y  56
2 x  4 y  40

J

5 x  2 y  56
3 x  4 y  40
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Benchmark Test 2 Report

Common Core State Standards
Number and Quantities
HSN-VM.A.1 Recognize vector
quantities as having both magnitude
and direction. Represent vector
quantities by directed line segments,
and use appropriate symbols for vectors
and their magnitudes.
HSN-VM.A.3 Solve problems
involving velocity and other quantities
that can be represented by vectors.
HSN-VM.C.6 Use matrices to represent
and manipulate data, e.g., to represent
payoffs or incidence relationships in a
network.
HSN-VM.C.8 Add, subtract, and
multiply matrices of appropriate
dimensions.
HSN-VMC.C.10 Understand that the
zero and identity matrices play a role in
matrix addition and multiplication
similar to the role of 0 and 1 in the real
numbers. The determinant of a square
matrix is nonzero if and only if the
matrix has a multiplicative inverse.
Algebra
HSA-CED.A.3 Represent constraints
by equations or inequalities, and by
systems of equations and/or
inequalities, and interpret solutions as
viable or nonviable options in a
modeling context. For example,
represent inequalities describing
nutritional and cost constraints on
combinations of different foods.
HSA-REI.C.6 Solve systems of linear
equations exactly and approximately
(e.g., with graphs), focusing on pairs of
linear equations in two variables.
HSA-REI.C.8 Represent a system of
linear equations as a single matrix
equation in a vector variable.
HSA-REI.D.9 Find the inverse of a
matrix if it exists and use it to solve
systems of linear equations (using
technology for matrices of dimension
3  3 or greater).

Test Items

Number
Correct

Proficient?
Yes or No

Precalculus
Student
Edition
Lesson(s)

20

6.1

11, 13, 19

6.1

28

7.2

29

7.2

27

7.2

21, 30

7.4

22, 25

7.1

26

7.3

23

7.2
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HSA-REI.D.10 Understand that the
graph of an equation in two variables is
the set of all its solutions plotted in the
coordinate plane, often forming a curve
(which could be a line).
HSA-REI.D.11 Explain why the
x-coordinates of the points where the
graphs of the equations y  f  x  and

24

7.1, 7.4

8

4.6

6

4.5

7

4.7

5

4.4

1

4.1

y  g  x  intersect are the solutions of

the equation f  x   g  x  ; find the
solutions approximately, e.g., using
technology to graph the functions, make
tables of values, or find successive
approximations. Include cases where
f  x  and/or g  x  are linear,
polynomial, rational, absolute value,
exponential, and logarithmic functions.
Functions
HSF-IF.B.4 For a function that models
a relationship between two quantities,
interpret key features of graphs and
tables in terms of the quantities, and
sketch graphs showing key features
given a verbal description of the
relationship. Key features include:
intercepts; intervals where the function
is increasing, decreasing, positive, or
negative; relative maximums and
minimums; symmetries; end behavior;
and periodicity.
HSF-IF.C.7.E Graph exponential and
logarithmic functions, showing
intercepts and end behavior, and
trigonometric functions, showing
period, midline, and amplitude.
HSF-BF.B.3 Identify the effect on the
graph of replacing f  x  by
f  x   k , kf  x  , f  kx  , and f  x  k 

for specific values of k (both positive
and negative); find the value of k given
the graphs. Experiment with cases and
illustrate an explanation of the effects
on the graph using technology. Include
recognizing even and odd functions
from their graphs and algebraic
expressions for them.
HSF-TF.A.1 Understand radian
measure of an angle as the length of the
arc on the unit circle subtended by the
angle.

Precalculus
Copyright © 2019 by Pearson Education, Inc. All rights reserved.
18

Name _______________________________________ Class __________________ Date _________________
HSF-TF.A.2 Explain how the unit
circle in the coordinate plane enables
the extension of trigonometric functions
to all real numbers, interpreted as
radian measures of angles traversed
counterclockwise around the unit circle.
HSF-TF.B.7 Use inverse functions to
solve trigonometric equations that arise
in modeling contexts; evaluate the
solutions using technology, and
interpret them in terms of the context.
HSF-TF.C.8 Prove the Pythagorean
2

4

4.3

9

4.7, 4.8

12

5.1

15

5.4

2

4.2

3, 9, 10, 16, 19

4.2, 4.8, 6.1

17

5.5

11, 14, 16, 18

5.5, 5.6

1

4.1

2

identity sin   cos   1 and use it
to find sin  , cos  , or tan  given
sin  , cos  , or tan  and the quadrant
of the angle.
HSF-TF.C.9 Prove the addition and
subtraction formulas for sine, cosine,
and tangent and use them to solve
problems.
Geometry
HSG-SRT.C.6 Understand that by
similarity, side ratios in right triangles
are properties of the angles in the
triangle, leading to definitions of
trigonometric ratios for acute angles.
HSG-SRT.C.8 Use trigonometric ratios
and the Pythagorean Theorem to solve
right triangles in applied problems.
HSG-SRT.D.10 Prove the Laws of
Sines and Cosines and use them to
solve problems.
HSG-SRT.D.11 Understand and apply
the Law of Sines and the Law of
Cosines to find unknown measurements
in right and non-right triangles (e.g.,
surveying problems, resultant forces).
HSG-C.B.5 Derive using similarity the
fact that the length of the arc
intercepted by an angle is proportional
to the radius, and define the radian
measure of the angle as the constant of
proportionality; derive the formula for
the area of a sector.
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Benchmark Test 3
1. Find an equation in standard form for the
parabola whose vertex is at  –6,8 and whose

directrix is x  4.
A

 y  6

B

 y  62  48  x  8

C

 y  8 2  40  x  6

D

 y  8

2

2

 16  x  8

6 x 2  5 xy  4 y 2  3 x  2 y  1  0 ?

F

hyperbola

G

parabola

H

ellipse

J

It is not possible to graph a curve that
includes both x and y terms.

 8  x  6

2. Mary wants to make a sign using a 2-ft by 3-ft
sheet of poster board. She wants to draw the
largest possible ellipse within that sheet. How
far from the edge of the paper should she
place the foci?
F

4. You can tell what the graph of a seconddegree equation looks like without graphing it.
What kind of curve is given by the graph of

5 inches

G

4.6 inches

H

6 inches

J

21.6 inches

3. Snooker Snacker, a combination billiards club
and café, has an unusual billiards table. Its two
long walls are curved inward and are
constructed so that they match the hyperbola
4 x 2  9 y 2  36 , in feet. The pool players can
use the reflective properties of hyperbolas to
sink balls into the pockets in the table. How
far apart are the foci of the hyperbolas?

A

10 feet

B

2 5 feet

C

2 97 feet

D

2 13 feet

5. An ellipse with an eccentricity of e 

2
is
3



. What is the
2
eccentricity of the resultant curve?
rotated through an angle of

A

e

B

e

C

e

D

e

3
2


3
2
3

2
3

6. Of all the planets, Neptune’s orbit has the
smallest eccentricity, at e = 0.0050. Its path
has a semimajor axis of 4497 Gm. What is the
variation in its distance from the Sun?
F

45 Gm

G

8994 Gm

H

22.5 Gm

J

62 Gm
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7. Sarah is idly goofing around with an old
calculator on which hitting the = sign repeats
the last operation. She enters 10, then divides
it by 5, and then repeatedly hits = until the
calculator tells her the last result is 0. What is
the approximate sum of all the terms Sarah
sees?
A

2

B

There is no sum.

C

50
9

D

12.5

8. Jimmy counts the number of distinguishable
permutations of the letters in his name. What
is his result?
F

5

G

24

H

60

J

120

9. What is the coefficient for the x3-term in the

11. If it’s chilly out, which it is 30% of the days at
this time of year, Marta will certainly wear her
varsity jacket. But if it’s warm out, she’ll wear
her jacket only on the two of the five school
days on which she has games. At some point
during this past school week, a photographer
from the yearbook happened to take a candid
picture of Marta. What is the probability that
she was wearing her varsity jacket?
A

0.58

B

0.40

C

0.70

D

0.60

12. Jamaal and Nina are running a test of
conditional probability by spinning fair coins
on the table, like tops. The coins collide and
stop, and Jamaal and Nina check them. At
least one coin has landed heads up. What is
the probability that the other is also heads?
F

1
2

G

1
4

H

2
3

J

1
3

expansion of (3x  2) 5 ?
A

1080

B

6480

C

243

D

10

10. Babies start out using small diapers and as
they grow, so do the diapers, so fewer diapers
fit into the same-size box. One retailer offers a
box of Size 1 diapers with 100 diapers; each
successive box of diapers fits 8 fewer diapers.
A pair of new parents buys one box of each
size diaper, up to size 6. How many diapers
did they buy?
F

720

G

600

H

480

J

540

13. Susan’s quiz scores in Precalculus this term
are 90, 83, 70, 83, 84, 85, and 100. If she gets
a 59 on her next quiz, which measure of
central tendency will change the least?
A

mean

B

median

C

mode

D

average
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14. The lifespan of a pair of running shoes, in
miles, is normally distributed. On Javier’s
cross-country team, shoes last about 400
miles, with a standard deviation of 30 miles.
At the beginning of the season, the coach
(who is also a math teacher) buys 40 new
pairs of shoes for the team. Later in the
season, she checks the shoes for wear. How
many pairs would Javier’s coach expect to
have lasted more than 460 miles?

16. Use your graphing calculator to find the mean
and standard deviation for the random sample
of a household’s daily energy usage given
below. Then, assuming a Normal distribution,
decide which option below best reflects the
percentage of days that this household’s
energy usage can be expected to be above
47.2 MWh.
Household Daily Energy Usage, MWh

48.0

F

13

G

2

F

16%

H

1

G

68%

J

0

H

84%

J

87%

15. Suzy’s Scrumptious Snacks manufactures its
16-ounce jars of Spectacular Soy Spread in
batches of 1000. Unfortunately, Suzy is using
a machine that isn’t entirely accurate, and she
is receiving many complaints that the jars are
below weight. The variability in
manufacturing can be modeled with a Normal
curve. The machine dispenses a mean of 16
ounces of spread, with a standard deviation of
1 ounce. Suzy fixes the dispensing nozzles on
the machine and also changes it to dispense a
little bit more, just to be sure; and, indeed, test
runs show that the machine now dispenses a
mean of 16.1 ounces of paste with a standard
deviation of 0.1 ounce. For a batch of 1000
jars, how many fewer will now be
underweight?
A

500

B

100

C

340

D

0

53.2

52.3

46.6

49.9

17. You buy a $2 lottery ticket for a game where
you can win $200,000 for choosing the correct
five numbers from 1 to 30, without repetition.
If you choose 4 out of 5 numbers correctly,
you win $100. Which statement below
describes your expected value of playing this
game?
A

You should expect to lose about $1.99 on
average.

B

You should expect to lose about $0.60 on
average.

C

You should expect to lose about $0.40 on
average.

D

You should expect to win about $1.40 on
average.

18. Out of 350 births at the university hospital,
210 of the babies were boys. Choose the
correct standard deviation for the number of
boys in 350 births and decide if the birth of
210 boys is a statistically significant result.
F

  9.4 ; Yes, 210 is statistically
significant.

G

  7.2 ; Yes, 210 is statistically
significant.

H

  9.4 ; No, 210 is not statistically
significant.

J

  7.2 ; No, 210 is not statistically
significant.
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19. Which description of correlated data makes
the most reasonable conclusions?
A

The value of the correlation coefficient
for this scatter plot comparing the batting
averages and scoring of baseball teams in
the local high school conference is
positive.
B

The Consumers Union reports a strong
correlation between whether certain foods
are grown organically and the presence of
pesticides.

C

20. The prom committee wants to issue an online
survey to a sample of its 500 seniors to help
decide where to hold the prom. The committee
decides to assign the numbers 1 through 5 to
each senior by spinning a 5-number spinner.
To any student who is assigned 1, the
committee will send an email containing a
link to the survey. Which statement below
best describes the flaw in this plan?
F

The committee’s plan shows
undercoverage bias.

G

The committee’s plan has voluntary
response bias.

H

The committee’s plan does not ensure
randomness in the sample.

J

The committee’s plan cannot be
replicated.

21. If a baseball is thrown in the air with a
velocity of 40 ft/sec, its height (in feet) after t

seconds can be given by h(t )  40t  16t 2 .
Find the velocity of the baseball after 2
seconds.
A

–24 ft/sec

B

16 ft/sec

C

40 ft/sec

D

104 ft/sec

The scatter plot shows a quadratic
correlation between the quantity of
textbooks and the cost to produce them.
D

A strong positive correlation between ice
cream sales and number of drowning
victims in a beach town suggests reducing
the amount of ice cream sold will also
reduce the number of drowning victims.
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22. The local AAA office offers a driver’s
education program. Enrollment has been
increasing over recent years, as shown in the
table. Calculate the average rate of growth
between the years 2008 and 2011. Your
answer should be given in terms of registrants
per year.

F

AAA Driver’s Ed Class Enrollment

F

9

G

10

H

11

J

12

Year

Number of
Registrants

2006

104

2007

110

2008

117

2009

126

2010

138

2011

150

2012

164

G

H

23. Given f  x   4 x 2  3x  5, find f   x  .
A

3

B

4x  3

C

8x  3

D

This derivative does not exist.

24. At the 24-hour-long Le Mans car race, two
drivers are utilized per car to split the driving
time. The race car’s velocity at any point
during the race can be modeled by a function
of time, v(t ) . If Driver 2 takes the leg of the
race from 10 to 18 hours, which graph would
best represent the distance Driver 2 travels?

J
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25. A student used the geometric formula for the
area of a triangle to find that the shaded area
under the curve for the graph below was 25
square units. Which integral could also be
used to find this area?

27. For which of the following examples would
the left-sided limit be different from the rightsided limit as x approaches 6?
A

The temperature inside an oven that has
been turned on for x hours

B

The number of 6-gallon containers
required to hold x gallons of water

C

The height of water in a tidal wetland
where a high or low tide occurs every 6
hours, where x measures number of hours

D

The charge for mailing a package that
weighs x pounds, where the rate is $2 per
pound unless the package qualifies for the
6lB special rate box of $10

28. Calculate lim

t 0

A

 2xdx

B

x
 2 dx

t2  9  3
t2

.

F

0

G

1
12

H

1
6

J

This limit does not exist.

5

C

 xdx

29. A long-distance runner goes out for a 60minute jog and her velocity at any time, t, in
hours can be given by the velocity equation
v(t )  10  6 sin 3t mph. How far would she
jog on this run, rounded to the nearest
hundredth of a mile?

0

5

D

 2 xdx
0

26. Which of the following is NOT a way to
rewrite the following limit, according to the
properties of limits?
lim  5 x 2  x  ( x 3  x) 9 


x 1 

F

5

x 2  lim x  (lim x 3  lim x ) 9 
 xlim
1
x 1
x 1
x 1


G

512

H

lim 5 x 2  x  lim x 3   lim x 
 x 1 
x 1
x 1

J

A

6.02 mi

B

7.24 mi

C

9.34 mi

D

596.80 mi

9

lim 5 x 2  x  lim( x 3  x) 9

x 1

x 1
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30. The table below shows the number of AIDS
cases in the United States from 1999 to 2003,
according to the Centers for Disease Control
and Prevention. These data can be modeled
best by a quadratic equation. Use your
graphing calculator to do a quadratic
regression and, using the NDER feature, find
which of the following choices is the best
estimate for the instantaneous rate of change
for the year 2000.
AIDS in the U.S., 1999−2003
Year

Number of Cases

1999

41,356

2000

41,267

2001

40,833

2002

41,289

2003

43,171

F

365

G

–261

H

–325

J

–1015
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Benchmark Test 3 Report

Common Core State Standards
Algebra
HSA-SSE.A.2 Use the structure of an
expression to identify ways to rewrite
it.
HSA-CED.A.2 Create equations in two
or more variables to represent
relationships between quantities.
HSA-APR.C.5 (+) Know and apply the
Binomial Theorem for the expansion of

 x  y n

Test Items

Number
Correct

Proficient?
Yes or No

Precalculus
Student
Edition
Lesson(s)

23, 26, 28

11.2, 11.3

21, 24, 25, 27

11.1, 11.2, 11.3

9

9.2

7

9.4

10

9.3

22

11.1

29

11.4

1

8.1

2, 3, 4, 5

8.2, 8.3, 8.4

25

11.4

6

8.2

in powers of x and y for a

positive integer n, where x and y are
any numbers, with coefficients
determined for example by Pascal’s
Triangle.
Functions
HSF-BF.A.2 Write arithmetic and
geometric sequences both recursively
and with an explicit formula, use them
to model situations, and translate
between the two forms.
HSF-IF.A.3 Recognize that sequences
are functions, sometimes defined
recursively, whose domain is a subset
of the integers.
HSF-IF.B.6 Calculate and interpret the
average rate of change of a function
over a specified interval. Estimate the
rate of change from a graph.
HSF-LE.B.5 Interpret the parameters in
a linear or exponential function in terms
of a context.
Geometry
HSG-GPE.A.2 Derive the equation of a
parabola given a focus and directrix.
HSG-GPE.A.3 (+) Derive the equations
of ellipses and hyperbolas given the
foci, using the fact that the sum or
difference of distances from the foci is
constant.
HSG-GPE.B.7 Use coordinates to
compute perimeters of polygons or
areas of triangles and rectangles.
HSG-MG.A.1 Use geometric shapes,
their measures, and their properties to
describe objects (e.g., modeling a tree
trunk or a human torso as a cylinder).
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Statistics and Probability
HSS-ID.A.2 Use statistics appropriate
to the shape of the data distribution to
compare the center (median, mean) and
spread (interquartile range, standard
deviation) of two or more different data
sets.
HSS-ID.A.4 Use the mean and standard
deviation of a data set to fit it to a
normal distribution and to estimate
population percentages. Recognize that
there are data sets for which such a
procedure is not appropriate. Use
calculators, spreadsheets, and tables to
estimate areas under the normal curve.
HSS-ID.B.6a Represent data on two
quantitative variables on a scatter plot
and describe how the two variables are
related. Fit a function to the data; use
functions fitted to data to solve
problems in the context of the data.
HSS-ID.C.9 Distinguish between
correlation and causation.
HSS-IC.B.3 Recognize the purposes of
and differences among sample surveys,
experiments, and observational studies;
explain how randomization relates to
each.
HSS-CP.A.1 Describe events as subsets
of a sample space (the set of outcomes)
using characteristics (or categories) of
the outcomes, or as unions,
intersections, or complements of other
events (“or,” “and,” “not”).
HSS-CP.A.3 Understand the
conditional probability of A given as
P  A and B  | P  B  , and interpret

independence of A and B as saying that
the conditional probability of A given B
is the same as the probability of A, and
the conditional probability of B given A
is the same as the probability of B.
HSS-CP.B.9 Use permutations and
combinations to compute probabilities
of compound events and solve
problems.
HSS-MD.A.2 Calculate the expected
value of a random variable; interpret it
as the mean of the probability
distribution.

13, 14, 15

10.3

16, 18

10.3, 10.4, 10.5

30, 65

11.4

19

10.5

20

10.5

8

9.1

11, 12

10.1

17

10.4

17

10.4
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End-of-Course Assessment
5. Which of the following situations can be
modeled by a linear function?

Selected Response
Read each question. Then circle the letter(s) of the
correct answer(s).

I.

the value of an automobile that
depreciates $4000 per year, as a
function of time
II. the value of an automobile that
depreciates 4% each year, as a function
of time
III. the sale price that decreases 10% of the
original price each hour during an eighthour sale, as a function of the original
price

1. Find the product of 6 + 3i and its conjugate.
A

–45

B

27 + 36i

C

45

D

36 + 27i

2. What is the product of 1 + i, 2 – i, and yi?

A

I only

F

2yi

B

II only

G

–y + 3yi

C

I and III only

H

y + yi

D

I, II, and III

J

3 + yi

3. Identify any asymptotes of the graph of
x4
y
.
x 1
A

vertical asymptote x = 4 and horizontal
asymptote y = 1

B

vertical asymptote x = –1 and horizontal
asymptote y = –4

C

vertical asymptote x = –1 and horizontal
asymptote y = 1

D

vertical asymptotes x = 4, x = –1, and
horizontal asymptote y = 1

4. Which of the following functions has domain
x  2 and range f ( x)  0 ?

x2

F

f ( x) 

G

f ( x) 

4
x2

H

f ( x) 

2x  2
x

J

f ( x) 

x
x2

x2  4

6. Which of the following functions could
represent this graph?

F

f ( x)  ( x  2)( x  3)

G

f ( x)  ( x  2) 2 ( x  3)

H

f ( x)  ( x  2) 2 ( x  3)

J

f ( x)  ( x  2) 2 ( x  3)
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7. Which of the following is the inverse of
1
f ( x)  (2) x 1 ?
3

10. Janelle has a radio-operated toy helicopter.
She flies it from her outstretched hand directly
north for 30 meters, turns it 45 degrees west,
and flies it another 40 meters. How far, to the
nearest tenth of a meter, has the helicopter
traveled from Janelle?

A

f 1 ( x )  1  2 3 x

B

f 1 ( x)  1  log 2 (3x)

F

28.3 meters

C

f 1 ( x)  1  log 3 (2 x)

G

50.0 meters

D

f 1 ( x)  1  log 2 (3) log 2 ( x)

H

64.8 meters

J

70.0 meters

8. If sin  

a
2

and  terminates in the

1 a
second quadrant, what expression is equal to
tan  ?

F

a

G

1

a

H

a

J

1
a

1
sin(2 x) .
2
Which of the following domains for f ( x)
would allow its inverse to exist?

9. Consider the function f ( x) 

A

  x  

B



C



D

0 x


2


4

x
x


2

11. The new marine reserve bans fishing from a
triangular area off the coast. The reserve has
sides of 4 miles, 5.5 miles, and 6.5 miles.
What is the area, to the nearest tenth of a
square mile, of the reserve?
A

8.0 square miles

B

11.0 square miles

C

120.0 square miles

D

138.4 square miles

12. Janelle is out with her toy helicopter again.
This time, its first trip from her outstretched
hand is represented by the vector 45, 70 .

Its second trip is represented by the vector
75,  30 . How far, to the nearest tenth of a
meter, has the helicopter traveled from her at
the end of its second trip?
F

35.0 meters

2

G

50.0 meters



H

51.5 meters

4

J

70.0 meters



13. On a map, P stands for Plainsville. R stands

for Rogerstown and is at (45.2, 60.3). If PR
is represented by 20.8, 10.7 , find P.
A

(–24.4, –49.6)

B

(15.1, –10.1)

C

(24.4, 49.6)

D

(66, 71)
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14. Janelle starts to fly her toy helicopter along a
vector 30, 40 , but it flies only 1 meter

before running out of batteries. Give the
vector describing the trip that Janelle’s
helicopter actually took.
F

3 4
,
7 7

G

3 4
,
5 5

H

1, 1

J

3, 4

16. Matrix A gives a store’s previous sales data
for the month of April for several different
styles of jeans. Matrix M gives the sales data
for May. The columns represent men’s jeans,
women’s jeans, and children’s jeans; the rows
represent straight-cut, slim-cut, and boot-cut
styles. This year, the store expects to double
its April sales and triple its May sales. What
matrix represents the sales forecast for the
months of April and May (combined) of this
year?
 42 19 41
15 0 19


A  34 20 0 M  16 21 40




19 22 32
 17 22 19

15. Determine the approximate polar form for the
complex number 5  12i , with 0    2 .
A

13 cos1.18  i sin1.18

B

13 cos1.97  i sin1.97 

C

13 cos 2.77  i sin 2.77 

D

13 cos112.6  i sin112.6

F

57 19 60
 53 41 40


 36 44 51

G

129 38 139
116 103 120


 91 110 134

H

156 57 161
143 102 80


 89 110 121

J

1713 1301 2870
 875 420 1503


 968 880 1811
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17. Herman is solving this system using
augmented matrices. What is the reduced row
echelon form of his solution?
4 x  2 y  5 z  15
7 x  5 y  3 z  26
6 x  8 y  6 z  8

A

B

C

D

 1 5  3 26 
7
7
7


 0 1 12 50 
43
43


1 3
0 0



 1 0 0 26 
7


50
0 1 0

43


 0 0 1 3


1
1 0 0
1 0 0 2


1 0 0 3
1
1 0 0
 0 1 0 2


 0 0 1 3

18. A flashlight’s reflector surface is 4 inches at
its widest point and 3 inches deep. Which
equation could be used to model a parabolic
cross section of this flashlight?
1
y
3

F

x2 

G

3
x   y  10
4
2

H

 x  5 2 

J

y2 

16
x
3

4
x
3

19. Find the equation of a hyperbola whose foci
are at (7, 5) and (7, –7) and whose transverse
axis has endpoints at (7, 3) and (7, –5).
A

 x  7 2  y  1 2

B

 x  7 2  y  1 2

C

 y  1 2  x  7 2

D

 y  1 2  x  7  2

16

20

16

16








20

16

36

20

1

1
1
1

20. Use the Binomial Theorem to find the

coefficient of the x 5 term of  x  3 .
10

F

243

G

252

H

756

J

61,236

21. A 100-gram sample of radioactive iodine is
decaying at a rate of 8% per day. Choose the
best equation below to give the amount of
iodine, a n , after any number n of days.
A

a n  100  0.08n

B

a n  100  0.92n

C

a n  100(0.08) n

D

a n  100(0.92) n

22. On any given day, there is a 78% chance that
the local breakfast eatery will have your
favorite kind of bagel and a 63% chance that it
will have your favorite drink. If the
availability of your favorite bagel is
independent of the availability of your favorite
drink, what is the probability, to the nearest
percent, that at least one of these favorites will
be available for breakfast tomorrow?
F

49%

G

63%

H

92%

J

100%
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23. Find the five-number summary for the data
shown in the stemplot below.

25. Which of the following has properly used the
properties of limits to rewrite the given limit
in an equivalent form?

Ages of Academy Award-Winning Best
Actors, 1977−2009

3

0

2

2

6

6

7

7

7

8

8

9

9

4

0

0

2

2

3

3

5

5

5

6

7

8

5

0

1

2

6

0

0

2

7

6

3

x3  2x 2  1
x2
5  3x
lim

4

A

lim ( x 3  1)  2 lim x 2

x2

x2

lim 5  3lim x

x 2

x2

lim x 3  lim(2 x 2  1)

B

3 0 represents age 30, and so on.

A

30, 37, 44.7, 45, 76

B

30, 37.5, 43, 50.5, 76

C

30, 38, 43, 50, 76

D

37, 43, 44.7, 45, 46

24. Which expression below would give the
percentage of data falling within one standard
deviation of the mean for the probability
distribution given in the following graph of
P ( x) ?

x2

x 2

lim 5  3lim x

x2

C

x 2

lim ( x 3 )  2 lim ( x 2  1)

x2

x2

lim 5  3lim x

x2

D

x 2

lim x 3  2 lim x 2  lim 1

x2

x2

5 lim (3x )

x2

x2

Constructed Response
In this section, show all your work in the space
beneath each item.
26.


RS has an initial point at 3, 8 and a

terminal point at 10, 2 . The resultant vector,


t, of the sum of PQ and RS is 12, 5 .
Find the component form of the vector, v,

that PQ represents.
 

F



G

 

H



J



 

P ( x )dx
P ( x )dx

P(  )  P(   )
2

 P(    )  P(  ) P(  )  P(    ) 



2
2
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27. The results from an analysis of area home
values are listed in the table. Find a linear
model for the data and explain what the slope
represents.
Year

Median Home Value

1990

$162,000

1991

$169,000

1992

$176,000

1993

$183,000

1994

$190,000

1995

$197,000

30. The height of a cypress tree is recorded at
different intervals over a 12-year period, as
shown in the table below. Find a linear
regression model for the data and use it to
predict the height of the tree when it is 20
years old.
Height of a Cypress Tree
Age of Tree (years)

Height (feet)

5

10.5

6

13.8

8

19.0

10

26.4

11

29.2

12

31.2

28. Determine the end behavior of the function
x3  1
f ( x) 
.
2 x( x 2  4)
31. If the polynomial function
f ( x)  x 3  x 2  4 x  30 has a complex root
of 1  3i , find the other roots of the function.

29. Consider the functions f ( x)  x 2  2 x  3

and g ( x)  x 2  6 x  4 . Describe how the
graph of f ( x ) can be transformed to match
the graph of g ( x ) .
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32. Sketch a graph of the function f ( x) 

4x 2
2

x 1
and identify any intercepts or asymptotes.

,

34. A new employee signs a contract that provides
a starting salary of $33,500, with a 4% salary
increase for each year the employee stays with
the company. How many years later will the
employee’s salary reach $50,000?

35. A pizza is removed from a 450° oven and set
to cool in a room. The temperature of the
room is 67°. After 3 minutes the pizza has
cooled to 380°. Newton’s Law of Cooling
states that the temperature is given by the

function f (t )  t 0  (t i  t 0 )e  kt , where t 0 is
the ambient temperature and ti is the initial
temperature. Find the value of k and write the
specific function for this problem.
33. A laboratory experiment was performed to
study the growth of bacteria. The experiment
measured the number of bacteria after 6 hours
and again after 12 hours. The results were
recorded as shown in the table. Assuming the
bacteria continue to grow at the same rate,
find an exponential model and sketch a graph
showing the bacteria growth over the first
36 hours of the experiment. Label points on
the graph at 6-hour intervals.
Growth of Bacteria
Time (hours)

13
.
8
What is the degree measure of the coterminal
angle between 0° and 360°?

36. An angle has a radian measure of 

Bacteria

6

550

12

3025

37. A sinusoid has maximum value of 25 when
x = 3 and a minimum value of –1 when x = 11.
Find two sine and two cosine functions to
model this sinusoid, with horizontal shifts that
are less than 8 units in either direction.
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38.

A moviegoer wishes to find the best seat for
watching the latest blockbuster. If the movie
screen is 16 feet tall and is positioned 11 feet
off the ground, how far away should he or she
sit in order to maximize the vertical viewing
angle? (Assume a person’s eyes are 3 feet
above the ground when the person is seated.)

42. Multiplying a complex number by ki, where
0  k  1, will generate points on a spiral
curve centered at the pole. Starting with the
1
number 8  12i, continue to multiply by  i
2
until you have generated four additional
numbers. Then plot all five numbers on the
graph below, and trace the spiral curve that
passes through them in order.

39. Find all the solutions of
2 sin 2   cos   1  0, where 0    2 .

43. The point (3, 4) can be written in matrix form

as 3 4 . When this matrix is multiplied by

 11 
40. Find the exact value of cos 
.
 12 

a certain transformation matrix, the result is
[3cos   4sin  3sin   4 cos  ] . What
type of transformation does this represent?

41. Find the magnitude and direction angle for the
sum of the vectors with component form
1, 3 and 2, 5 .
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44. Which of the following matrices do not have
an inverse? Why?
4 8 
A 

 2 16
 2 0
C

 0 2

0.75 3 
B

 3 12
 5 5
D

 5 5

45. Use inverse matrices to solve the following
system of equations.
3x  2 y  6 z  10.25
2 x  5 y  z  24.3
5 x  y  4 z  8.19

46. The new Mathland Science and Math Museum
features a novelty mini-golf hole built on top
of and just within a standard 4′  8′ piece of
plywood. The thin rails make a particular
conic section. The kids put the golf ball on a
particularly marked spot on the ground, and
hit it in any direction. The ball will bounce
exactly once and go right into the hole that is
elsewhere on the ground. How far is the
marked spot from the hole? (Give your answer
to the nearest tenth of a foot.)

47. Marni is using a computer program to graph
( x  3) 2 ( y  6) 2
the hyperbola

 1 . She
16
25
wants her viewing window to be just large
enough to show both foci. To the nearest unit,
how wide should Marni set her viewing
window?

48. Use the explicit formula to find the 17th term
of the infinite sequence defined by the
following.
r1  1
rn  2rn 1  1 for all n  1

49. Suzy is on a bus that makes regular stops. The
third stop was at 17th Street; the sixth stop was
at 29th Street. Suzy needs to get off at the stop
closest to 48th Street. At what number stop
should she get off?
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50. Tyrone is goofing around with a calculator.
He enters 12345 as the first term in a
sequence. Then he divides it by 2, repeatedly,
forming a sequence of smaller numbers. What
is the sum of the first 10 numbers in Tyrone’s
sequence, to the nearest integer?

52. The stemplot below gives the heights in
inches and genders of 70 members of a high
school drama club. Write a brief interpretation
comparing the distributions. Be sure to discuss
shape, center, spread, and outliers in your
response.
Heights of Drama Club Members
Females

Stem

1

Males

54.
55.
56.

7
51. There was a 50% chance of snow for the local
football team’s championship game. The team
had a 60% chance of winning as long as it
didn’t snow. If it snowed, the team’s chances
of winning would drop to 30%. What is the
probability that it snowed, given that the local
team won the game?

8

8

5

57.

8

6

58.

7

7

5

3

59.

5

5

4

0

60.

4

61.

7

4

4

4

62.

5

2

0

63.

8

5

64.

1

0

65.

8

4

66.

2

3

3

1

67.

4

7

7

8

2

1

68.

6

8

9

9

0

69.

2

6

6

6

2

70.

3

8

7

71.

1

5

5

5

72.

3

5

7

9

73.

4

74.

4

75.

0

76.

7

2
4

9

77.
78.
79.
80.
81.
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53. An 18-year-old student needs to choose where
to buy her car insurance. The first company
she contacts draws up the following table.
Payouts are based on her $1500 car, damage
amounts, and probabilities based on driving
records of 18-year-olds in the region. The
student is told that this plan will have a $100
deductible (the amount the student will have
to pay in the case of any claim) and will cost
her $160 for the year. What is the expected
value of this plan for the student?
Insurance Company Accident
Probability/Payout Chart
Event

Payout
Probability

Accident Accident Accident
No
Costing Costing Costing Accident
$1500
$1000
$500

$1400

$900

$400

$0

0.05

0.02

0.03

0.90

54. The following graph shows the position of a
car on a cross-country road trip. Estimate the
average velocity in the second hour of the trip
and the instantaneous velocity at h = 2.
Explain the difference between the estimated
values.

55. The U.S. Census Bureau gives the world
populations from 2003–2012 in the table
below. Use a graphing calculator to perform a
quadratic regression and then use the NDER
feature to find the instantaneous rate of
change for the population growth in the year
2012.
World Population, 2003–2012
Years Since
2003

Population (in millions)

0

6319

1

6396

2

6473

3

6551

4

6629

5

6708

6

6786

7

6863

8

6940

9

7017

Extended Response
In this section, show all your work in the space
beneath each item.
 1 2
56. Consider the 2 by 2 matrices A  
,
1
 3
0 1
 2 1
B
 , and C   2 2 .

0
1





(a) Evaluate the matrix products A(BC) and
(AB)C.

Precalculus
Copyright © 2019 by Pearson Education, Inc. All rights reserved.
39

Name _______________________________________ Class __________________ Date _________________
(b) Evaluate the matrix products AB and BA.

(c) The associative property for
multiplication of real numbers indicates
that for real numbers a, b, and c,
a(bc)  (ab)c. The commutative property
for multiplication of real numbers
indicates that for real numbers a and b,
ab  ba. Based on the results from parts
(a) and (b), what can you conclude about
the associative and commutative
properties for matrix multiplication of 2
by 2 matrices?

(b) What dimensions will minimize the
amount of material needed to construct
the box?

58. Right now the two most populous countries
are China and India. Together they comprise
almost 40% of the world population. The
approximate figures for a 5-year period are
shown in the table.
Approximate Populations of
China and India (in billions)
Year

China

India

2008

1.325

1.175

2009

1.331

1.190

2010

1.338

1.205

2011

1.344

1.221

2012

1.350

1.237

(a) Find an exponential regression model P(t)
for the population of each country, where
t is the number of years after 2008.
57. A company plans to manufacture a rectangular
box with a square base of side length x, and
height h, and an open top. The volume of the
box will be 324 cubic centimeters.
(a) Find a formula to express the surface area
of the box in terms of x.

(b) If the populations continue to grow at the
same rates, will India surpass China, and
if so, when would this happen?
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59. A large sailboat needs to pass underneath a
bridge in the harbor to reach the ocean. At
high tide the clearance is 30 feet, and at low
tide the clearance is 38 feet. A high tide
occurs every 12.5 hours, and there was a high
tide at 2:00 a.m. today.

61. A pilot wishes to fly to an airport that is 650
miles away on a bearing of 60. The plane
has an air speed of 250 miles per hour, and
there is a wind blowing at 25 miles per hour
on a bearing of 140. What compass heading
should the pilot take, and how long will it take
to reach the destination?

(a) Find a sinusoidal model for this situation.
Make sure to define the variables you are
using.

62. A company assembles bookcases and TV
stands, and the required materials for each are
listed in the first matrix. The second matrix
lists the cost of purchasing these items from
two local suppliers.
(b) The mast on the sailboat rises 37 feet
above the waterline. During what times
this morning could the boat pass under
the bridge?

Shelves
Bookcase 3
TV stand  1

Fasteners
10
4

Supplier 1
 $2.25
Fasteners $2.80
Shelves

Supplier 2
$0.60
$0.45

(a) Find the product of the matrices and
explain what it represents.

60. Prove the following identity. Provide a
justification for each step.
tan  

cos 
 sec 
1  sin 

(b) If Supplier 2 decides to raise their prices
by 6%, what adjustments should be made
to the original matrices?
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63. The figure shows a double-napped cone
intersected by a plane that does not go through
the vertex. Draw and identify the resulting
two-dimensional cross section for each
situation.
(a) Plane is perpendicular to the bases of the
cones.

(b) Plane is parallel to the bases of the cones.

64. Each of the following experiments suffers
from at least one flaw in design. Identify the
flaws and tell how each experiment can be
improved.
(a) A beverage company was concerned
about poor sales for their sports drink and
designed a taste test to evaluate their
product against a competitor. A random
sample of adults was asked to participate.
Each subject was given a sample of the
company’s sports drink, followed by a
sample from the competitor. The drinks
were all served in identical, unmarked
cups. The subjects reported a strong
preference for the competitor, causing the
company to spend money to improve the
taste of their drink.

(b) A family is trying to decide whether to
plant wheat or corn on their property.
They have two large plots of land with a
road running between the plots. The
family chooses to plant wheat on one plot
and corn on the other. The yield for the
wheat is much higher than the yield for
the corn, causing the family to choose
wheat for both plots the following year.
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65. An irrigation system is turned on and the
water flow (gallons/minute) through a pipe is
recorded at 2-minute intervals, as shown in the
table.
Time
(min)

0

2

4

6

8

10

Rate
(gal/min)

0

0.4

1.0

1.8

2.9

4.6

Time
(min)

12

14

16

18

20

Rate
6.8 10.0 14.6 21.0 30.0
(gal/min)
(a) Estimate the amount of water that flows
through the pipe during the 20-minute
time period.

(b) If the flow of water is strictly increasing
during the 20 minutes, is your estimate
greater or less than the actual amount of
water that flowed through the pipe?
Explain your reasoning.
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End-of-Course Assessment Report
CCSS Standards

Test Item(s)

Number and Quantity
HSN-CN.A.3 Find the conjugate of a
complex number; use conjugate to find
moduli and quotients of complex
numbers.
HSN.CN.B.4 (+) Represent complex
numbers on the complex plane in
rectangular and polar form (including
real and imaginary numbers), and
explain why the rectangular and polar
forms of a given complex number
represent the same number.
HSN-CN.B.5 (+) Represent addition,
subtraction, multiplication and
conjugation of complex numbers
geometrically on the complex plane;
use properties of this representation for
computation. For example,
(1  i 3) 3  8 because (1  i 3) has
modulus 2 and argument 120.
HSN-CN.C.9 (+) Know the
Fundamental Theorem of Algebra;
show that it is true for quadratic
polynomials.
HSN-VM.A.1 Recognize vector
quantities as having both magnitude
and direction. Represent vector
quantities by directed line segments,
and use appropriate symbols for vectors
and their magnitudes.
HSN-VM.A.2 Find the components of a
vector by subtracting the coordinates of
an initial point from the coordinates of
a terminal point.
HSN-VM.B.4.A Add vectors end-toend, component-wise, and by the
parallelogram rule. Understand that the
magnitude of a sum of two vectors is
typically not the sum of the magnitudes.
HSN-VM.B.4.B Given two vectors in
magnitude and direction form,
determine the magnitude and direction
of their sum.

HSN-VM.B.5.B Compute the
magnitude of a scalar multiple cv using
||cv|| = |c|v. Compute the direction of cv
knowing that when |c|v ≠ 0, the
direction of cv is either along v (for c >
0) or against v (for c < 0).

Type

Precalculus Student
Edition Lesson(s)

1, 2

P.6, 2.5

15

6.4

42

6.6

31

2.5

12

6.1

13

6.1

41

6.1

61

6.1

14

6.1
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HSN-VM.C.6 (+) Use matrices to
represent and manipulate data, e.g., to
represent payoffs or incidence
relationships in a network.
HSN-VM.C.8 (+) Add, subtract, and
multiply matrices of appropriate
dimensions.
HSN-VM.C.9 (+) Understand that,
unlike multiplication of numbers,
matrix multiplication for square
matrices is not a commutative
operation, but still satisfies the
associative and distributive properties.
HSN-VM.C.10 (+) Understand that the
zero and identity matrices play a role in
matrix addition and multiplication
similar to the role of 0 and 1 in the real
numbers. The determinant of a square
matrix is nonzero if and only if the
matrix has a multiplicative inverse.
HSN-VM.C.12 (+) Work with 2 × 2
matrices as transformations of the
plane, and interpret the absolute value
of the determinant in terms of area.
Algebra
HSA-SSE.A.2 Use the structure of an
expression to identify ways to rewrite
it.
HSA-SSE.B.4 Derive the formula for
the sum of a finite geometric series
(when the common ratio is not 1), and
use the formula to solve problems.
HSA-APR.B.3 Identify zeros of
polynomials when suitable
factorizations are available, and use the
zeros to construct a rough graph of the
function defined by the polynomial.
HSA-APR.C.5 Know and apply the
Binomial Theorem for the expansion of
(x + y)n in powers of x and y for a
positive integer n, where x and y are
any numbers, with coefficients
determined for example by Pascal’s
Triangle.
HSA-REI.A.1 Explain each step in
solving a simple equation as following
from the equality of numbers asserted at
the previous steps, starting from the
assumption that the original equation
has a solution. Construct a viable
argument to justify a solution method.
HSA-REI.A.2 Solve simple rational and
radical equations in one variable, and
give examples showing how extraneous
solutions may arise.

62

7.2

16

7.2

56

7.2

44, 62

7.2

43

7.2

25

11.2, 11.3

50

9.4

6

2.3

20

9.2

60

5.2

57

2.7
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HSA-REI.C.8 Represent a system of
linear equations as a single matrix
equation in a vector variable.
HSA-REI.C.9 (+) Find the inverse of a
matrix if it exists and use it to solve
systems of linear equations (using
technology for matrices of dimensions
3  3 or greater).
Functions
HSF-IF.A.1 Understand that a function
from one set (called the domain) to
another set (called the range) assigns to
each element of the domain exactly one
element of the range. If f is a function
and x is an element of its domain, then
f(x) denotes the output of f
corresponding to the input x. The graph
of f is the graph of the equation y=f(x).
HSF-IF.A.3 Recognize that sequences
are functions, sometimes defined
recursively, whose domain is a subset
of the integers.
HSF-IF.B.6 Calculate and interpret the
average rate of change of a function
(presented symbolically or as a table)
over a specified interval. Estimate the
rate of change from a graph.
HSF-IF.C.7.D (+) Graph rational
functions, identifying zeros and
asymptotes when suitable factorizations
are available, and showing end
behavior.
HSF-IF.C.7.E Graph exponential and
logarithmic functions, showing
intercepts and end behavior, and
trigonometric functions, showing
period, midline, and amplitude.
HSF-BF.A.1.A Determine an explicit
expression, a recursive process, or steps
for calculation from a context.
HSF-BF.A.2 Write arithmetic and
geometric sequences both recursively
and with an explicit formula, use them
to model situations, and translate
between the two forms.
HSF-BF.B.3 Identify the effect on the
graph of replacing f(x) by f(x) + k, kf(x),
f(kx), and f(x + k) for specific values of
k (both positive and negative); find the
value of k given the graphs. Experiment
with cases and illustrate an explanation
of the effects on the graph using
technology. Include recognizing even
and odd functions from their graphs and
algebraic expressions for them.

17

7.3

45

7.3

4

1.2

49

9.3

54

2.1, 11.1

3, 28, 32

2.3, 2.6

33

3.1

21

3.2, 3.2

48

9.3

29

1.6
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HSF-BF.B.5 (+) Understand the inverse
relationship between exponents and
logarithms and use this relationship to
solve problems involving logarithms
and exponents.
HSF-LE.A.1.B Recognize situations in
which one quantity changes at a
constant rate per unit interval relative to
another.
HSF-LE.A.C Recognize situations in
which one quantity grows or decays by
a constant percent rate per unit interval
relative to another.
HSF-LE.A.2 Construct linear and
exponential functions, including
arithmetic and geometric sequences,
given a graph, a description of a
relationship, or two input-output pairs
(including reading these from a table).
HSF-TF.A.1 Understand radian
measure of an angle as the length of the
arc on the unit circle subtended by the
angle.
HSF-TF.A.3 (+) Use special triangles to
determine geometrically the values of
sine, cosine, tangent for π/3, π/4, and
π/6, and use the unit circle to express
the values of sine, cosine, and tangent
for x, π + x, and 2π – x in terms of their
values for x, where x is any real
number.
HSF-TF.B.5 Choose trigonometric
functions to model periodic phenomena
with specified amplitude, frequency,
and midline.
HSF-TF.B.6 (+) Understand that
restricting a trigonometric function to a
domain on which it is always increasing
or always decreasing allows its inverse
to be constructed.
HSF-TF.B.7 (+) Use inverse functions
to solve trigonometric equations that
arise in modeling contexts; evaluate the
solutions using technology, and
interpret them in terms of the context.
HSF-TF.C.8 Prove the Pythagorean
2

7, 35

3.3

5

2.1

34

3.2

27, 58

P.4, 3.2

36

4.1

8

4.3

37, 59

4.4

9

4.7

38

4.7

39

5.1

40

5.3

2

identity sin   cos   1 and use it to
find sin  , cos  , or tan  given
sin  , cos  , or tan  and the quadrant
of the angle.
HSF-TF.C.9 (+) Prove the addition and
subtraction formulas for sine, cosine,
and tangent and use them to solve
problems.
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Geometry
HSG-SRT.D.11 (+) Understand and
apply the Law of Sines and the Law of
Cosines to find unknown measurements
in right and non-right triangles (e.g.,
surveying problems, resultant forces).
HSG-GPE.A.2 Derive the equation of a
parabola given a focus and directrix.
HSG-GPE.A.3 (+) Derive the
equations of ellipses and hyperbolas
given the foci, using the fact that the
sum or difference of distances from the
foci is constant.
HSG-GMD.B.4 Identify the shapes of
two-dimensional cross-sections of
three-dimensional objects, and identify
three-dimensional objects generated by
rotations of two-dimensional objects.
HSG-MG.A.1 Use geometric shapes,
their measures, and their properties to
describe objects.
Statistics and Probability
HSS-ID.A.2 Use statistics appropriate
to the shape of the data distribution to
compare center (median, mean) and
spread (interquartile range, standard
deviation) of two or more different data
sets.
HSS-ID.A.3 Interpret differences in
shape, center, and spread in the context
of the data sets, accounting for possible
effects of extreme data points (outliers).
HSS-ID.A.4 Use the mean and standard
deviation of a data set to fit it to a
normal distribution and to estimate
population percentages. Recognize that
there are data sets for which such a
procedure is not appropriate. Use
calculators, spreadsheets, and tables to
estimate areas under the normal curve.
HSS-ID.B.6.A Fit a function to the
data; use functions fitted to data to
solve problems in the context of the
data. Use given functions or choose a
function suggested by the context.
Emphasize linear, quadratic, and
exponential models.
HSS-ID.B.6.C Fit a linear function for a
scatter plot that suggests a linear
association.
HSS-IC.B.3 Recognize the purposes of
and differences among sample surveys,
experiments, and observational studies;
explain how randomization relates to
each.

10, 11

5.6

18

8.1

19, 47

8.3

63

8.1

46

8.2

23

10.2

52

10.2, 10.3

24

10.3, 10.4, 11.2

55

2.1, 11.4

30

2.1

64

10.5
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S-CP.A.3 Understand the conditional
probability of A given B as
P(A and B)|P(B), and interpret
independence of A and B as saying that
the conditional probability of A given B
is the same as the probability of A, and
the conditional probability of B given A
is the same as the probability of B.
S-CP.A.5 Recognize and explain the
concepts of conditional probability and
independence in everyday language and
everyday situations.
S-CP.B.7 Apply the Addition Rule
P(A or B) = P(A) + P(B) – P(A and B),
and interpret the answer in terms of the
model.
S-CP.B.8 (+) Apply the general
Multiplication Rule in a uniform
probability model, P(A and B) =
P(A)P(B|A) = P(B)P(A|B), and interpret
the answer in terms of the model.
S-MD.A.2 (+) Calculate the expected
value of a random variable; interpret it
as the mean of the probability
distribution.

51

10.1

51

10.1

22

10.1

22

10.1

53

10.4
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Performance Task 1: Estimating Future Salaries
Complete this performance task in the space provided. Fully answer all parts of the performance task with
detailed responses. You should provide sound mathematical reasoning to support your work.
A company has decided to reward one of their employees with a salary increase. The employee’s current annual
salary is $40,000. The employee is offered two options in relation to this increase.


Option A: The employee will receive a salary increase of $2500 each year the employee continues to
work for the company.



Option B: The employee will receive a salary increase of 5% each year the employee continues to work
for the company.

Task Description
Choose the salary option that you think is the best. In calculating any salary figures, round the results to the nearest
dollar.
a. Write functions A(x) and B(x) that give the annual salary x years from now, for options A and B. Describe the
type of function used for each situation.

b. Based on the models created for each option, what would the employee’s salary be in 1 year? In 2 years? In 3
years? After the first 3 years, what are the total earnings under each option?

c. With option A, the salaries form an arithmetic sequence, a sequence of numbers with a constant difference
between consecutive terms. The formula to calculate the sum for an arithmetic sequence is:
n
S  t1  t n  , , where t1 = first term, t n = last term, and n = number of terms
2

Under option A, what would be the employee’s salary in 10 years? And what would be the total earnings for
the 10-year period?
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d. With option B, the salaries form a geometric sequence, a sequence of numbers with a constant ratio between
consecutive terms. The formula to calculate the sum for a geometric sequence is:
 r n  1
S  t1 
 , where t1 = first term, r = ratio between consecutive terms, and n = number of terms
 r 1 

Under option B, what would be the employee’s salary in 10 years? And what would be the total earnings for
the 10-year period? How do the total earnings compare to the result from part c?

e. Suppose the employee works for 30 years with the company. Repeat parts c and d to find the employee’s
salary in 30 years, and calculate the total earnings under each option. Which option provides greater total
earnings? If the result is different from the 10-year period, explain why.

f. If you were the employee, which option would you choose? What factors would affect your decision?
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Performance Task 2: Rescue at Sea
Complete this performance task in the space provided. Fully answer all parts of the performance task with
detailed responses. You should provide sound mathematical reasoning to support your work.
A commercial deep-sea fishing boat has stalled off the Gulf Coast shore. A distress signal is sent out for help. The
signal reaches two different Coast Guard stations along the Florida panhandle. Destin has the ship located S33°E
(33° east of south) and Panama City, which is 56 miles due east of Destin, has the ship located S17°W.

Task Description
Who should respond to the distress call? What is the total time of the rescue mission?
a. Draw a diagram of the situation. Label all knowns und unknowns.

b. How far is each station from the boat? Round to the nearest hundredth. Which station is closer?

c. A rescue boat is dispatched from the closest station. It travels at a speed of 50 miles per hour. If it travels
directly to the stalled vessel, how long will it take to reach the stalled vessel? Round to the nearest minute.
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d. 25 minutes into the rescue mission, the captain of the rescue boat notices that the current has caused the boat
to drift off course 8° west. Draw a diagram to model the new situation. How far is the rescue team from the
fishing boat now? Through what angle does the captain need to turn to correct the boat, rounding to the
nearest degree?

e. After hitching up the stalled fishing boat, the rescue team again corrects for the current and heads back to
shore. The boat is assisted back to shore by a wind blowing inland at 25 miles per hour, causing the speed of
the boat to increase by 5%. How fast is the boat traveling now? Round to the nearest whole number of miles
per hour.

f. How long did the rescue mission take? Round to the nearest minute.
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Performance Task 3: Lost (or Not) on Mars
Complete this performance task in the space provided. Fully answer all parts of the performance task with
detailed responses. You should provide sound mathematical reasoning to support your work.
You are part of the team designing a location system for the upcoming manned mission to Mars. Your team has
decided to use radio transmitters that are synchronized so that each sends out a pulse at exactly the same time,
traveling at 299.8 m/ sec , the speed of light. The explorers will carry radio receivers. The astronauts’ first job will
be to place some transmitters as far from the base as they can—without getting lost doing so!

Task Description
The goal is to allow astronauts and robot-driven rovers to roam around the surface of the Red Planet, to know their
location, and to know how far they need to travel and in what direction to get back to base.
a. Are two transmitters enough? If so, why? If not, why not?

b. If two transmitters are not enough, how many are needed?

Ten years have passed, and the project has been implemented. The members of the first mission to Mars are
exploring the Vastitas Borealis plains of Mars. Several transmitters have been placed around the plain. One is at
Station Rio. A second is at Station Tango, 10 km due east of Station Rio; a third is at Station Bravo, 20 km due
north of Station Rio.
c. Astronaut Yasmina is picking up rock samples when she realizes that her rover’s batteries are getting low.
She checks her location. Her locator picks up the signal from Station Bravo first, followed by the signal from
Station Tango after 9.1  sec, and by the signal from Station Rio after another 20.4  sec. Where is
Yasmina?
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d. Every radio transmitter also has a solar-powered battery-charging station. Which one is closest? How far is
she from it? In which direction should she go to get there? Write your answer using vector notation.
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Performance Task 4: Analyze a Marketing Study
Complete this performance task in the space provided. Fully answer all parts of the performance task with
detailed responses. You should provide sound mathematical reasoning to support your work.
A U.S. marketing company located in Alaska has performed a study to decide whether to air one of two new TV
commercials to market a new multifunction power tool. The marketing executive approaches you for help
interpreting and analyzing their statistical approach: A volunteer test sample of 200 state residents is split into two
groups of 100 each. In a controlled setting, Group A watches commercial A and Group B watches commercial B.
From the results given below, the marketing executive concludes that they should air commercial A.
Results of Marketing Experiment
Will you buy the power tool?
Commercial Viewing Group

Yes

No

A

25

75

B

20

80

Total

45

155

Task Description
Help the marketing executive analyze her study, ensuring that it addresses the principles of experimental design.
Then help her make conclusions about the study’s significance. Should she continue to air commercial A?
a. The marketing executive simply split her 200 volunteers into two groups. What would you suggest in order
to ensure randomness? What about blocking? Explain.

b. When asked why she only used two treatment groups, the marketing executive scoffs that there are only two
commercials to test. What problem might exist with this plan? Explain.
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c. Is there a correlation between viewing the TV commercial and being likely to buy the product? If so, describe
it. If not, explain why not.

d. The marketing executive concluded that the company should air commercial A because it generated a better
positive buying response than commercial B by a difference of 5%. Based on the executive’s initial
experiment design, tell how you would create a simulation to estimate percentage differences among 200
Yes/No answers that would test the study’s result for statistical significance.

e. Assume that after running your simulation for 1000 trials, you found a 5% difference or higher to occur 206
times. Would you consider the 5% difference statistically significant? Explain.

f. Do you agree with the marketing executive’s decision to air commercial A? Explain your position.
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Common Core Standards Practice
Constructed Response

Selected Response
1. [P.1] Simplify the expression. [HSN-RN.A.1]
2 4 2

5 3 2 4

 4ab c
 6a b c

 

3
 3a c   5ab 6 c 

A
B
C
D

Week 1

3. [P.2] Calculate the perimeter of △ ABC. Round
to the nearest tenth. [HSG-GPE.B.7]

8a12c10
5b 8
6912a14bc10
5
6912a 4 c10
1875b 3
2304a12 c10
625b 8

2. [P.3] Which of these is the graph of the solution
2 x  7
of the inequality 4 
 4  5?
3
[HSA-REI.B.3]
A
B
C
D

Extended Response
4. [P.4] The line L has equation 5 x  2 y  4 .
(a) Explain how to find an equation of a line perpendicular to line L. [HSA-CED.A.1]

(b) Find an equation of a line through P (3, 4) that is perpendicular to line L. [HSA-CED.A.1]
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Common Core Standards Practice
Constructed Response

Selected Response
1. [P.6] Find the quotient. [HSN-CN.A.3]

2  3i 5  i 
1  4i

A

1696
289

B



2704
289

C



1352
17

D



1192
17

Week 2

2. [P.7] Solve the following inequality
algebraically. Write the solution in interval
notation. Verify the solution graphically.
[HSA-REI.B.3]
3x  1
 6  2
5

Extended Response
3. [P.5] Given 5 x 2  2 x  3  0,
(a) describe the nature of the solutions for this quadratic equation. What does this reveal about the
function’s graph? [HSA-REI.B.4.B]
(b) find the solutions for the equation. [HSA-REI.B.4.B]
4. [P.7] Consider all rectangular prisms that have length 3 more than four times their width and height 2 less
than their width.
(a) Find all possible widths (in feet) of these rectangular prisms if their surface areas are at least 1500 ft2.
Round your answer to the nearest hundredth. [HSG-MG.A.3]
(b) Find all possible widths (in feet) of these rectangular prisms if their volumes have a maximum of 275 ft3.
[HSG-MG.A.3]
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Common Core Standards Practice
Constructed Response

Selected Response
1. [1.2] A student determines the domain of
2x  3
to be
f  x  2
x  1  x  4



Week 3



2. [1.3] Sketch the graph of an odd function. Justify
your answer by explaining how you know the
function is odd. [HSF-IF.B.4]

, 4  4,1  1,   . Is the student correct?
If incorrect, explain why and give the correct
domain. [HSF-IF.B.5]
A

The student’s domain is correct.

B

The student’s domain is incorrect because
the student forgot all restrictions on the
denominator. The domain should be
, 4  4, 1  1,1  1,   .

C

The student’s domain is incorrect because
the student forgot all restrictions on the
denominator, and there are restrictions on
2x + 3. The domain should be
3
3
, 4   4,      , 1
2
2
  1,1  1,   .

D

The student’s domain is incorrect because
the student forgot all restrictions on the
numerator, and there are restrictions on
2x + 3. The domain should be
 3

  2 , 1   1,1  1,   .

Extended Response
3. [1.1] April tutors high school students to make extra spending money. For each student she tutors, she
charges $7.50 per hour plus a flat daily fee of $20.00.
(a) Find an algebraic model that represents the situation for April tutoring one student. [HSA-CED.A.1]
(b) Create a table on the interval [1, 10], using the algebraic model from part (a). [HSA-CED.A.1]
(c) April tutors two students Monday through Thursday. If April wants to make at least $325.00 a week,
how many hours a day, on average, should she tutor each student? [HSA-CED.A.1]
4. [1.2] Explain why the statement “All functions are relations” is true, but its converse, “All relations are
functions,” is not true. [HSF-IF.A.1]
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Common Core Standards Practice
Selected Response

Constructed Response

1. [1.4] Given f  x   x 2  5 x  1 and
g  x 

A
B
C
D

Week 4

x2
, find f  g. [HSF-BF.A.1C]
2x  3

x 4  10 x 3  11x 2  12 x  9
4 x 2  12 x  9
x 4  2 x 3  x 2  12 x  9

2. [1.4] A machine can make snow at a constant rate
of 15.5 cubic inches per second and form it into a
sphere. If the machine started at 0, after 3.25
minutes, what will be the diameter, to the nearest
tenth of an inch, of a snowball formed by this
machine? If the snowball will become the base of
a snowman, how much longer, in seconds, will it
take to build the sphere to a diameter of 24
inches? [G-MG.A.1, G-GMD.A.3]

4 x 2  12 x  9
x 4  10 x 3  27 x 2  10 x  1
2 x 2  10 x  5
x 4  5x 3  x 2
2x  3

Extended Response
3. [1.5] Let f  x  

2
x3

 5.

(a) Find the inverse of f  x  . [HSF-BF.B.4.A]
(b) Verify that the inverse found in part (a) is correct, both algebraically and graphically. [F-BF.4b]
(c) What are the domain and range of both functions? [HSF-IF.A.1]
4. [1.5] A cannonball is fired from a tower 7 meters off the ground (which is at sea level) at a velocity of 55
meters per second at an angle of 30° to the horizontal. In physics, projectile motion is represented by the
parametric equations
x  (v0 cos  )t
1
y   gt 2  v0 sin   t  h
2





where t = time, v0  initial velocity,   angle of inclination, g = acceleration due to gravity 9.8m s 2 ,
and h = initial height.
(a) How long is the cannonball in the air? Round to the nearest hundredth. [HSA-REI.B.4.B]
(b) What is the maximum height of the ball? Round to the nearest hundredth. [HSA-REI.B.4.B]
(c) If the cannon is being fired at a ship that is 275 meters away, will the ball strike the ship upon its landing
if the ship is 3 meters wide? [HSA-REI.B.4.B, HSF-LE.B.5]
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Common Core Standards Practice

Week 5
Constructed Response

Selected Response
1. [1.7] To form an open-topped box, a square of side
x centimeters is cut off each corner of a 25-cm by
40-cm piece of cardboard. Which function can be
used to represent the volume of the box formed?
[HSG-MG.A.3]
A

V  x   x 3  65 x 2  1000 x

B

V  x   4 x 3  130 x 2  1000 x

C

V  x   4 x 3  130 x 2  1000 x

D

V  x   x 3  65 x 2  1000 x

2. [1.7] Jack is riding his bicycle at 10 miles per
hour. His younger sister, Jill, is trailing him on
her bicycle at 6 miles per hour. If the tires on her
bicycle have radii of 8 inches, how many more
rotations per second must Amy’s tires make for
her to reach her brother’s speed? [HSF-BF.A.1,
HSN-Q.A.1, HSG-MG.A.1]

Extended Response
3. [1.6] Given the graph of f  x  , sequentially sketch y 

1
f    x  3  1 in each graph. Explain each step.
2

Label coordinates of points. [HSF-BF.B.3]

(a)

(b)

Step 1

Step 2
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(c)

(d)

Step 3

Step 4

4. [1.7] The table below shows the total number of visits to the Smithsonian National Museum of Natural
History in Washington, DC, annually from 2001 to 2012.
Museum Annual Visits
Year

Number of Visits (in millions)

2001

8.4

2002

6.26

2003

5.2

2004

4.4

2005

5.6

2006

5.8

2007

7.1

2008

7.0

2009

7.4

2010

6.8

2011

6.6

2012

7.6

(a) Construct a scatter plot of the number of visits (y) as a function of years after 2000 (x). [HSS-ID.B.6.A]

Precalculus
Copyright © 2019 by Pearson Education, Inc. All rights reserved.
63

Name _______________________________________ Class __________________ Date _________________
(b) Using your calculator, find the linear regression equation for the data. Round coefficients to the nearest
hundredth. [HSS-ID.B.6.C]

(c) Based on the equation, how many visits should the museum expect in 2015? In 2020? [HSF-IF.A.2]
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Common Core Standards Practice

Week 6
Constructed Response

Selected Response
1. [2.1] Which of the following is a polynomial
function? [HSA-SSE.A.1.A]
A

f ( x)  3x 5  x 9 4  1

B

f  x   x 2  2 x 6

C

f  x  8x 3  9

D

f  x 

2. [2.1] Use the process of completing the square to
find the vertex and axis of symmetry for the

function f  x   5 x 2  15 x  7. [HSF-IF.C.8.A]

1 4
x  7x2  x  5
2

Extended Response
3. [2.2] Analyze the function f  x   4 x 3/5 by describing its domain, range, continuity, increasing and

decreasing intervals, symmetry, extrema, boundedness, asymptotes, and end behavior. Graph the function.
[HSF-IF.B.4]

4. [2.2] Miss Mary would like to enclose her rectangular garden of silver bells, cockleshells, and pretty maids
with new lattice fencing. She has 75 feet of lattice to use.
(a) What is the maximum area of garden that Miss Mary can surround? Round to the nearest hundredth.
[F-BF.1a, A-CED.2, HSF-IF.C.8.A]
(b) What are the dimensions of this garden? Round to the nearest hundredth.
[HSA-CED.A.2, HSF-IF.C.8.A]
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Constructed Response

1. [2.3] Without using a calculator, determine which
of the following functions has the end behavior
lim   and lim   ? [HSF-IF.B.4]
x  

Week 7

2. [2.4] Using synthetic division, determine if x  2

x 

A

f  x   x( x  1) 2  x  5

B

f  x    x 2  x  3 x  1

C

f  x    x  x  2

D

f  x   x  x  6 x  2

3

is a factor of 3x 7  x 6  4 x 3  4 x 2  10.
Explain why or why not. [HSA-APR.A.2]

4
3

 x  4 3
2

Extended Response
3. [2.4] Given the function f ( x)  2 x 4  5 x 3  7 x 2  10 x  6,
(a) determine an interval that contains the real zeros of the function. The upper bound of this interval should
not be more than 2 units to the right of the greatest real zero. The lower bound of this interval should not
be more than 2 units to the left of the least real zero. [HSA-APR.B.3]
(b) find all real zeros of the function, finding exact values when possible. [HSA-APR.B.3]
(c) how do you know the function has no more real zeros? [HSA-APR.B.2]

4. [2.4] The box below has a volume represented by the equation V  6 x 3  53x 2  67 x  70.

(a) Find an expression for h in terms of x. [HSA-CED.A.4]
(b) What values are possible for x? [HSF-LE.B.5]
(c) For what values of x will the volume be at least 85 cubic inches? Round to the nearest hundredth.
[HSA-REI.C.7]
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Week 8

Selected Response

Constructed Response

1. [2.6] Consider the function f ( x) 

1
2

.

x 2
Which of the following statements is or are true?
[HSF-IF.B.4]

I.

f  x  is an even function.

II.

1
lim f ( x)  .
x 
2

2. [2.5] Find a polynomial function of minimum
degree with roots 2 and 1 – 3i. The function must
have real coefficients. [HSN-CN.C.9]

III. f  x  is undefined at x   2.
A

None of these

B

I only

C

II only

D

I and III only

Extended Response
3. [2.5] Given the functions f ( x)  x 3  4 x and g ( x)  x 3  4 x,
(a) find all of the complex roots for each function. Then determine the x-intercepts for each function.
[HSA-APR.B.3, HSN-CN.C.9]
(b) does the number of complex roots equal the number of x-intercepts? Explain your answer.
[HSA-APR.B.3, HSN-CN.C.9]
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Constructed Response

1. [2.7] A company plans to manufacture a box with
a square base and an open top. The volume of the
box is to be 125 cubic centimeters. If each side of
the base measures x centimeters, which of the
following is a correct formula for the surface area
of the box? [HSG-MG.A.3]
A

S  125  x 2

B

250 

S  2  x2 


x 

C

500
Sx 
x

D

S  x 2  20 x

2

Week 9

2. [2.7] Solve

3. [2.8] Solve

3
6

 1 . [HSA-REI.A.2]
x  2 x 2  2x

x 2  25

16  x 2
[HSA-APR.B.3]

 0 using a sign chart.

Extended Response
4. [2.7] The volume of a 12-ounce soda can is approximately 7 cubic inches.
(a) Determine a formula for the surface area of the can, in terms of the radius r. [HSG-MG.A.1,
HSG-MG.A.3]
(b) Find the value for the radius that will minimize the amount of material required to construct the can.
[HSF-IF.B.4]
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Week 10
Constructed Response

Selected Response
1. [3.1] A customer deposits $7000 into a savings
account that pays 4.5% annual interest,
compounded monthly. If no further deposits or
withdrawals are made, at the end of which year
will the value of the account first exceed
$40,000? [HSA-CED.A.1]
A

105

B

40

C

39

D

4

2. [3.1] Determine the domain and range of the

function f ( x)  3  3 2  x , and calculate any
asymptotes or intercepts of the graph.
[HSF-IF.B.4, HSF-IF.B.5]

Extended Response
3. [3.2] A scientist measures the growth of bacteria in a lab culture and records the data in the following table.
t

2

3

4

5

f(t)

52

104

208

416

(a) Explain why an exponential model is a better choice than a linear model for these data. [HSF-LE.A.1.C]
(b) Create two exponential functions to model these data, first using 2 as the base and then using e as the base.
[HSF.LE.A.2]
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Week 11

Selected Response

Constructed Response

1. [3.3] Which of the following functions has a
vertical asymptote x = a (with a > 0) and
intersects the y-axis at (0, 2)? [HSF-IF.B.4]
A

f ( x)  1  log a ( x  a)

B

f ( x)  1  log a ( x)

C

f ( x)  3  log a ( x  a)

D

f ( x)  1  log a (a  x)

2. [3.4] A decibel scale can be used to measure the
intensity of sounds we hear, from a soft whisper
to a loud rock concert. The decibel value (D) of a
 I 
sound is calculated by D  10 log   , where I
 I0 

is the intensity of the sound and I 0 is the
intensity of the softest sound the human ear can
detect. Sound intensity is measured in watts per





square meter W m 2 .
The sound of an airplane taking off measures
about 150 decibels (dB), while the sound of an
average conversation is 60 decibels. What is the
ratio of the sound intensity of the airplane to the
sound intensity of the conversation?
[HSF-BF.B.5]

Extended Response
3. [3.3, 3.4] Consider the functions f ( x)  log 4 ( x  2) and g ( x)  log 8 ( x  2) .
(a) Complete the tables for each function. [HSF-BF.B.5, HSF-LE.A.4]
x
f(x)

x

0

1

2

g(x)

0

1

2

(b) Convert f ( x) and g ( x) to equivalent functions using logarithms in base 2. [HSF-BF.B.5, HSF-LE.A.4,
HSA-SSE.B.3.C]
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Week 12
Constructed Response

1. [3.5] Many household smoke detectors contain
americium-241. This is a radioactive isotope that
emits alpha particles, which work to ionize the air
and generate an electrical current within the
detector. When smoke enters the detector and
begins to neutralize this ionization, the electrical
current drops and the alarm sounds. A function
that approximately models the radioactive decay

2. [3.6] An unspecified amount of money is
deposited into a savings account that pays 6%
annual interest, compounded monthly. If no
additional deposits or withdrawals are made, after
how many years will the account first be at least
triple in value? [HSF-LE.A.1.C]

of americium-241 is A(t )  A0 e 0.0016t , where
A0 is the initial amount of americium-241 and t
is the time in years. Which of these is closest to
the half-life of the isotope? [HSF-LE.A.1.C]
A

500 years

B

433 years

C

312 years

D

241 years

Extended Response
3. [3.5] Newton’s Law of Cooling states that the rate of change of the temperature of an object is proportional
to the difference between the temperature of the object and the ambient temperature (i.e., the temperature of

its surroundings). This leads to the equation T  T0  (Ti  T0 )e  kt , with Ti  initial temperature of object
and T0  ambient temperature.
A cup of coffee at 180°F is left in a room with the temperature equal to 68°F. After 3 minutes, the coffee has
cooled to 155°F.
(a) What will be the temperature of the cup of coffee 10 minutes after it was left in the room?
[HSF-BF.A.1.A, HSF-LE.A.2]
(b) How long will it take for the temperature of the coffee to reach 68°F? [HSF-LE.A.4]
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Week 13
Constructed Response

1. [4.2] Suppose that A and B are a pair of
complementary angles and that A and C are a pair
of supplementary angles. Which of the following
must be true? [HSG-SRT.C.7]

2. [4.1] The sector shown below has a perimeter of
6 centimeters and an area of 9 square centimeters.
Find the radius and the value of  (to the nearest
degree). [HSG-C.B.5]

I. sin B  cos A
II. cos A  cos C
III. sin B  sin C
A

I only

B

II only

C

I and II only

D

I and III only

Extended Response
3. [4.2] A photographer is preparing to take a class picture. The horizontal viewing angle of the camera is 72°,
as shown. There are 17 students, who will all be standing side by side. (Assume a width of 2 feet for each
student.)

(a) How far away must the photographer stand in order to just fit all of the students in the picture?
[HSG-SRT.C.8]
(b) As the photographer is preparing to take the picture, 4 additional students arrive and get in line next to
their classmates. How far back will the photographer need to move to take the picture with no one left
out? [HSG-SRT.C.8]
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Selected Response
1. [4.5] Without using a calculator, find the largest
value of x between 0 and  such that
tan( x)   3. [HSF-TF.A.3]
A

3. [4.4] You have seen the graph of the sine
function, f  x   sin x, and you know that a

function of the form f  x   a sin x changes the



amplitude to a . But what happens when the

3

multiplier is not a constant, such as a, but a
variable? Analyze the graph of f  x   x sin x,

B

2
3

C

5
6

D

Week 14

naming any changes from the parent function,
f  x   sin x, and specifying any lines of
significance that the graph intersects or
approaches asymptotically.
[HSF-TF.A.4]


6

2. [4.4] Let y  f ( x) be an odd, sinusoidal function
with a period of 2 . Which of these is NOT also
odd? [HSF-TF.A.4]
A

y  f (x   )

B

y   f ( x)

C



y  f x  

2

D

y  f ( x  2 )

Extended Response
4. [4.3, 4.4] The Mathland Carnival is in town, and the Ferris wheel is running. The height of a seat h (in feet)


on the ride at time t (in seconds) can be modeled by the function h t   40  38sin  t   .
8
2
(a) What is the maximum height the Ferris wheel reaches? [HSF-TF.A.4]
(b) What is the minimum height the Ferris wheel reaches? [HSF-TF.A.4]
(c) What is the average height during the ride? [HSF-TF.A.4]
(d) What is the period of the ride? [HSF-TF.A.4]
(e) What does the period of the ride tell you about it? [HSF-TF.A.4]
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1. [4.7] Without using a calculator, find the exact

2
value of the expression sin 1  
.
 2 
[HSF-TF.B.6]
A



B



C
D

Week 15



3. [4.6] Find the domain and range of each function.
[HSF-IF.A.1, HSF-TF.B.5]
(a)

f  x   sin x  x

(b) f  x   x cos x

4


6

(c)

f  x   3sin x  4 cos x


4

(d) f  x   1  x  cos 3 x


3

2. [4.7] Without using a calculator, find the exact

 15  
value of the expression tan  cos 1    .
 17  

[HSF-BF.A.1.C, HSF-TF.B.6]
A

8
17

B

8
15

C

15
8

D

17
8
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Extended Response
4. [4.8] The invaders from Leibnizburg have arrived in Newton Village to lay siege to the castle, but they find
that the tall castle is surrounded by a moat 4 meters wide. Not only that, but the moat is then surrounded by a
sturdy fence 2 meters high.

The invaders wish to place a ladder on the ground such that it rests on top of the fence, goes over the moat,
and then rests on the castle wall. The Leibnizburgians are notoriously lazy marauders, so they do not want to
build or carry ladders that are any heavier or longer than they need.
(a) What is the shortest possible ladder that they could possibly need? [HSG-SRT.C.8]
(b) What angle does the shortest possible ladder make with the ground? [HSF-TF.B.7]
(c) How far should the lower end of the shortest possible ladder be placed from the fence? [HSG-SRT.C.8]
(d) How high up the wall is the spot at which the shortest ladder will rest? [HSG-SRT.C.8]
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Constructed Response

Selected Response
1. [5.1] Find all solutions to the equation
sin 2 x  0.75, using a calculator where needed.
[HSF-TF.C.7]

A

x  1.05  n or 2.09  n , n  0, 1, 2,...

B

x  0.85  n or 2.29  n , n  0, 1, 2,...

C

x  1.05  2n or
2.09  2n , n  0, 1, 2,...

D

x  0.85  2n or
2.29  2n , n  0, 1, 2,...

3. [5.1] Find cot  and tan  if csc   5 and
cos   0, using the Pythagorean identities.
[HSF-TF.C.8]

2. [5.2] Which of the following is a true
trigonometric statement? [HSF-TF.C.8]

A
B
C
D



tan   x  csc x
2

csc 2 x



sin 2 x
cos x

sin 2 ( x)  cos 2 ( x)  1
sec 2 u  tan 2 u
csc 2 v  cot 2 v

1

1  cos 2 x  sin x

Extended Response
4. [5.1, 5.2]
(a) Explain how cos 2 x  sin 2 x  1 follows logically from the Pythagorean Theorem. Draw a diagram if it
helps your explanation. [HSF-TF.C.8]
(b) Show how to prove cot 2 x  1  csc 2 x from cos 2 x  sin 2 x  1. [HSF-TF.C.8]
(c) A classmate of yours tried to use the Pythagorean identities to prove (1  tan x) 2  csc 2 x  2 tan x .
Show your classmate why this statement is impossible. Explain in words what your classmate may have
done wrong. [HSF-TF.C.8]
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Week 17
Constructed Response

Selected Response
1. [5.3] For an experiment, an oscillating spring is
 9  t 
.
represented by the equation x t   sin 
 12 
Which of the following functions could be used
for this experiment instead? [HSF-TF.C.9]
A

x(t ) 

2
2


 t 
 t 
cos    sin   
 12 
 12  


B

2
x(t ) 
2


 t 
 t 
 cos  12   sin  12  

C

x(t ) 

2
2


 t 
 t 
 cos    sin   
 12 
 12  


D

x(t ) 

2
2

  t 
 t 
 sin  12   cos  12  

2. [5.4] Solve cos 3x cos x   sin 3x sin x
algebraically for exact solutions on the interval
[0, 2 ). [HSF-TF.C.9]

3. [5.3] Graph y  sin x cos 2  cos x sin 2 in your
graphing calculator. Using what you know about
the sum/difference formulas, explain why the
resulting graph appears to be the typical sine
curve shifted two units to the left. [HSF-TF.C.9]

Extended Response
4. [5.3] Any function in the form f ( x)  a sin(bx  c) is a sinusoid.
(a) Using the sine of a sum formula, rewrite the generic sinusoid equation in its expanded form.
[HSF-TF.C.9]
(b) Given that f ( x)  3sin x  7 cos x is a sinusoid with b = 1, find the amplitude of the curve by using the
expanded form you wrote in part (a) to solve for a. [HSF-TF.C.9]
(c) Assuming a > 0, solve for c and rewrite f ( x)  3sin x  7 cos x in the form of f ( x)  a sin( x  c).
[HSF-TF.C.9]
(d) Explain how you could verify that your two equations represent the same function. [HSF-TF.C.9]
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Week 18
Constructed Response

Selected Response
1. [5.5, 5.6] A building surveyor is measuring the
height of the Washington Monument. The
surveyor uses a level that is 5 feet high to make
two different observations of the top of the
monument. The first observation results in an
angle of elevation of 52°. The second
observation, which is taken 50 feet farther from
the monument than the first, results in an angle of
elevation of 38°. Which method would you use
for your first step in determining the height of the
Washington Monument? [HSG-SRT.D.10, HSGSRT.D.11]

A

Law of Sines

B

Law of Cosines

C

Right triangle trigonometry

D

Not enough information

2. [5.6] An airplane flies 596 air miles from Miami
to Atlanta. The pilot then turns the plane 73° and
flies another 548 air miles to Washington, DC.
How many air miles is Miami from D.C.? Round
to the nearest air mile. [HSG-SRT.D.10,
HSG-SRT.D.11]

Extended Response
3. [5.5] Ayanna, who is looking east, views a helicopter flying in the air at an angle of elevation of 42° from the
observatory on the Empire State Building’s 102nd floor (1,224 feet). Rocco, who is looking west, views
the same helicopter flying at an angle of elevation of 86° from a hot dog stand that is 150 feet due east
from the building, on the ground. [HSG-SRT.D.10, HSG-SRT.D.11]
(a) Draw a diagram of the situation and label the points, angles, and distances.
(b) Explain how to find the altitude of the helicopter.
(c) What is the helicopter’s altitude? Round to the nearest tenth.
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1. [6.2] Find the work done by a force F of 50 N
acting in the direction 3, 5 in moving an object

8 m from (0, 0) to (8, 0). [HSN-VM.A.3]
A

35.28 J

B

205.78 J

C

343.01 J

D

400 J

Week 19

2. [6.2] Find the degree measures, to the nearest
tenth, of all three angles. [HSN-VM.A.1,
HSN-VM.A.2, HSN-VM.A.3]

Extended Response
3. [6.1] An airplane is flying on a bearing of 265° at 410 mph. There is a 50-mph wind blowing with the bearing
237.5°. [HSN-VM.A.3, HSN-VM.B.4.B]
(a) Find the component form of the velocity of the airplane.
(b) Find the actual ground speed and direction of the airplane.
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Week 20
Constructed Response

Selected Response
1. [6.6] Find the polar form of 8  3i.
[HSN-CN.B.4]

2. [6.4] A submarine detects two ships through
radar. The locations for the ships are 6 mi, 85

A

73 cos 290.6  i sin 290.6

and 15 mi, 33 . Find the distance between the

B

73 sin 290.6  i cos 290.6

C

73 cos 339.4  i sin 339.4

D

73 sin 339.4  i cos 339.4

ships. Round to the nearest hundredth.
[HSG-SRT.D.11, HSG-GPE.B.7]

Extended Response
3. [6.5] Analyze the function r  6 sin 8 .
(a) Describe its domain, range, continuity, symmetry, boundedness, and maximum. [HSF-IF.B.4]
(b) Describe its graph in words. [HSF-IF.B.4]
4. [6.3] The parametric equations for the path of a projectile are x  v0 cos   t , y  16t 2  v0 sin   t  y 0 ,

where v0 is the initial velocity of the projectile, y 0 is the initial height, and t is the time in the air.
(a) Janine hits a ball when it is 3 feet above the ground with an initial velocity of 105 ft/sec. The ball leaves
the bat at an angle of 24°. There is a 10-ft fence 250 feet from home plate. Will the ball clear the fence?
Explain why or why not. [HSF-IF.B.4]
(b) How strong must a split-second gust of wind be, in feet per second, in order for the ball to clear the wall?
Round your answer to the nearest hundredth. [HSF-IF.B.4, HSA-CED.A.2]
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Constructed Response

1. [7.1] Graphically find the dimensions of a
rectangle with a perimeter (in inches) that is 35%
less than its area of 475 square inches.
[HSA-REI.C.6]
A

Week 21

2. [7.2] Find the inverse of the following matrix, if
it exists. Verify. [HSN-VM.C.10]
 5 4
A 2 9 


 3 10 

B

C

D
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Extended Response
3. [7.1] At last week’s football game, the concession stand made a total of $431.25, selling 75 trays of nachos
and 100 bags of popcorn. During this week’s football game, the concession stand made a total of $513.75,
selling 105 trays of nachos and 80 bags of popcorn.
(a) What was the price of each item? [HSA-REI.C.6]
(b) If concession stand managers want to increase the total earnings from this week’s game to next week’s
game by 20%, how many more trays of nachos should be sold if popcorn sales stay the same? Round to
the nearest whole number. [HSA-REI.C.6]
4. [7.2] Explain why matrix multiplication is not commutative. [HSN-VM.C.9]
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Week 22
Constructed Response

1. [7.3] A classmate was given the following system
of equations. [HSA-REI.C.8]
2 x  5 y  33
3x  11 y  49

Which of the following is the correct equation to
solve using the inverse matrices method?
A

 5 2  x   33
 11 3  y    49

   

B

5  33  x 
 2
 3 11  49   y 


  

C

5  x   33
 2
 3 11  y    49

  


D

5
 33  x   2
 49  y    3 11

  


2. [7.3] Grace has a total of 128 coins, consisting of
nickels, dimes, and quarters, in her bank. The
coins have a value of $21.40. If she has 2 more
quarters than the number of dimes and nickels
combined, how many of each coin does Grace
have in her bank? [HSA-REI.C.9]
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Extended Response
3. [7.4] A manufacturer of laptops and tablets wants to maximize its weekly profit. Use the table below to
answer the questions that follow.
Laptops

Tablets

Maximum Time
Available Each Week

2.5 hr

1.75 hr

35 hr

Quality Assurance

1 hr

1 hr

18 hr

Profit per Product

$225

$200

Production

(a) What are the objective function and the constraints? Graph the system that represents this scenario,
shading the feasible region and labeling the corners. [HSA-CED.A.3, HSA-REI.C.6, HSA-REI.D.12]

(b) How many laptops and tablets should be produced weekly to achieve the maximum profit? What is the
weekly maximum profit? Round to the nearest whole number for the number of laptops and tablets.
[HSA-CED.A.3, HSA-REI.D.12]
(c) If the maximum time for quality assurance were decreased by 15%, what would be the new weekly
maximum profit? [HSA-CED.A.3, HSA-REI.C.6, HSA-REI.D.12]
4. [7.4] Write a real-world scenario that uses linear programming to minimize the objective function. Provide
the objective function and constraints for the situation. [HSA-CED.A.3]
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Week 23
Constructed Response

1. [8.1–8.3] Which conic section does the equation
y 2  4 y  4 x 2  8 x  4 represent?
[HSG-GPE.A.3]

A

Circle

B

Ellipse

C

Hyperbola

D

Parabola

2. [8.1] A mirror used as a heating source is shaped
like a paraboloid of revolution. If the mirror is 30
feet across its opening and is 8 feet deep, how far
from the vertex is the heating source located?
Round to the nearest hundredth of a foot.
[HSG-MG.A.1, HSG-GPE.A.2]

Extended Response
63 
65

3. [8.1] A parabola has focus  7,   and directrix y  .

8
8

(a) Find the equation of the parabola. [HSG-GPE.A.2]
(b) What are the vertex and axis of symmetry? [HSF-IF.B.4]
(c) Does this parabola represent a function? Why or why not? [HSF-IF.A.1]
4. [8.2] A circle is a special type of ellipse. Describe the changes you would have to make to an equation
representing an ellipse in order for it to represent a circle. [HSG-GPE.A.3]
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Common Core Standards Practice
Selected Response

Constructed Response

1. [8.4] What axis rotation formulas can be used to
transform the graph of
3x 2  5 xy  15 y 2  12 x  20 y  35  0 into one
in (u,v) space, where the u-axis makes a firstquadrant angle of  with the x-axis and there is
no uv cross-product term? [HSG-CO.B.6,
HSF-IF.C.7, HSF-IF.C.8]

3. [8.5] Michelle has spilled hot cocoa on her takehome exam. Now she sees a question that begins:

In the ellipse given by r 

x

B

x

C

x



11
2
u v
13
13
2
11
y u v
13
13

25
1
u
v
26
26
1
25
y
u
v
26
26

1
1
x u v
5
5
1
1
y u v
5
5

2. [8.4] What kind of conic section is the graph in
Problem 1? [HSG-CO.B.6, HSF-IF.C.7,
HSF-IF.C.8]
A

Hyperbola

B

Parabola

C

Ellipse

D

The graph is a degenerate conic section and
no values satisfy the equation.



24
, find …
 8 cos 

What is the range of possible values for the
splotch ? [HSN-CN.B.4]

17
7
u
v
10
10
7
17
y
u
v
10
10

A

D

Week 24
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Extended Response
4. [8.6] Jamal is at a gallery of modern art, and he is intrigued by a sculpture, Flying Dreams, of a large penguin
with its wings outstretched. The security guard tells him that the penguin is made of cast iron and weighs
300 pounds. The penguin is suspended by three cables that attach to the walls of the gallery. One attachment
point is 15 feet high, in the corner between north and west walls; another, on the north wall, is 12 feet high
and 20 feet from that corner; the last is on the west wall, 16 feet high and 30 feet from that corner. Jamal
walks directly under Flying Dreams to get a better look; he is then 8 feet from the north wall and 6 feet
from the west wall. He can see that the penguin is attached at a point 10 feet above the floor.

Jamal gets curious about the tension on each cable. He can see that each is rated for 400 pounds. Is that
enough? Help him make some calculations.
(a) Express the coordinates using three-dimensional Cartesian space. [HSG-GMD.B.4]
(b) What is the force on each cable? [HSN-VM.B.4]
(c) Are the cables strong enough? Explain. [HSN-VM.B.4]

Precalculus
Copyright © 2019 by Pearson Education, Inc. All rights reserved.
87

Name _______________________________________ Class __________________ Date _________________

Common Core Standards Practice
Selected Response

Constructed Response

1. [9.2] Find the x 4 -term of the expanded





5

expression 3 x 2  y . [HSA-APR.C.5]
A

30x 4 y 3

B

30x 4 y 3

C

90x 4 y 3

D

90x 4 y 3

Week 25

2. [9.1] A mother with five children takes three of
them at a time to an amusement park as often as
she can, without taking the same three children
more than once. How many times must the
mother go in order to take all her children at least
once? [HSS-CP.B.9]

Extended Response
3. [9.3] A ball is dropped from 45 ft. Each successive bounce is 0.85 the previous height.
(a) Write a formula to model the situation. [HSF-BF.A.1.A, HSF-BF.A.2]
(b) How high does the ball bounce after 6 bounces? Round to the nearest hundredth. [HSF-BF.A.1.A,
HSF-BF.A.2]
(c) How many times will the ball bounce before its height is less than 1 ft? [HSF-BF.A.1.A, HSF-BF.A.2]
12 n 1 
4. [9.3] Given the sequence a n   n  ,
 5 

(a) prove that the sequence is geometric. [HSF-BF.A.2]

(b) write the recursive and explicit formulas for the sequence. [HSF-BF.A.2]
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Common Core Standards Practice
Constructed Response

Selected Response
1. [9.4] Which infinite geometric series converges?
[HSA-SSE.B.4]
A

3
3
3 3

  
64 32 16 8

B

 57 2



1

Week 26

n 1

2. [9.4] A pendulum swings through an arc of 5
meters. On each swing afterward, the length of
the arc is 82% of the previous length. What will
be the total distance that the pendulum has swung
after 18 swings? Round to the nearest tenth.
[HSA-SSE.B.4]

n 1

4 4
 
3 9

C

12  4 

D

 5  3 



4

n 1

n 1

Extended Response
3. [9.4] A city has decided to build a new amphitheater to host bigger headliners and bring in more revenue.
The seating follows an arithmetic sequence.
(a) The third row has 18 seats and the seventh row has 34 seats. How many seats are in the first row? What
is the common difference? [HSF-BF.A.2, HSA-CED.A.2]
(b) If there are 9 sections of 11 rows of seats, how many people will the theater hold at full capacity?
[HSF-BF.A.2]
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Common Core Standards Practice

Week 27
Constructed Response

Selected Response
1. [10.2] Which of the following data sets could be
represented by the histogram? [HSS-ID.A.3]

A

Retirement age of American workers

B

Number of children in U.S. households

C

Number of missed free throws in a
professional basketball game

D

Heights of male students in your class

2. [10.3] The five-number summary for a data set is
{15, 40, 48, 62, 77}. Are there any outliers?
Explain. [HSS-ID.A.2, HSS-ID.A.3]

Extended Response
3. [10.1] In a survey of favorite subjects, 60% of students said science was their favorite subject, 45% said
math, and 20% said both.
(a) Draw a Venn diagram that models this situation. [HSS-CP.A.1]
(b) What is the probability that a student’s favorite subject is neither math nor science? [HSS-CP.A.2]
(c) What is the probability that a student who likes math also likes science? [HSS-CP.A.2]
(d) What is the probability that a student who likes science also likes math? [HSS-CP.A.2]
(e) Among students, are liking math and liking science independent? Explain. [HSS-CP.A.2, HSS-CP.A.5]
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Common Core Standards Practice

Week 28
Constructed Response

Selected Response
1. [10.5] The mayor of Friendville would like to add
a special tax for improving infrastructure in the
town. He decides to attach a mailer explaining
the special tax to the property tax bill sent to
residents who have an odd address number.
When the residents send back their payments,
they also send back the mailer to give their
opinion in support of or against the special tax.

2. [10.4] A raffle is being held at a weekend
festival, and 400 people bought raffle tickets for
$3.50. The top prize is worth $150, the second
prize is worth $100, and 4 people can win the
third prize of $25. What is the expected value?
Explain its meaning. [HSS-ID.A.4]

Which type of bias does the sampling method
suffer from? [HSS-IC.B.3]
A

Convenience sample

B

Under-coverage bias

C

Response bias

D

Voluntary response bias

Extended Response
3. [10.4] In the junior class, the average on the U.S. History test was an 80 with a standard deviation of 6, while
the average on the Physics test was a 75 with a standard deviation of 10. A student scored an 85 on both tests.
On which test was the student’s performance better, compared to the rest of each class? Explain.
[HSS-ID.A.4]
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Common Core Standards Practice
Constructed Response

Selected Response
1. [11.2] Li Mei is participating in the egg drop
experiment in her Physics class. Suppose she
drops her egg from the roof so that its downward
velocity after t seconds is always 32t feet per
second. How far does the egg drop in the first 5
seconds? [HSF-IF.B.4]
A

80 feet

B

160 feet

C

480 feet

D

800 feet

Week 29

2. [11.1] Find the derivative, f   x  , of

f  x   5 x 2  x  1. [HSF-IF.B.4]

Extended Response
3. [11.1] A ball is dropped from the top of a 250-foot building at an initial velocity of 36 ft/sec. The height, s, of

the ball over time, t, is represented by the function s t   16t 2  36t  250.
(a) How long is the ball in the air before it hits the ground? Round to the nearest hundredth. [HSAREI.B.4.B]
(b) What is the average velocity of the ball over the interval 1, 2 ? [HSF-IF.B.6]
(c) What is the instantaneous velocity at t = 2? [HSF-IF.B.6]
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4. [11.2] Given the function f ( x)   x 3  4 x 2  x,
(a) graph the function over the interval 1, 3 . Shade the area under the curve for the interval.

[HSF-IF.C.7.C]

(b) draw and shade the approximating rectangles for the RRAM by partitioning the interval into 4
subintervals. Without using a calculator, approximate the area, A. [HSG-MG.A.1]
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(c) repeat part (b) using the LRAM. [HSG-MG.A.1]

(d) average the approximations from parts (b) and (c) to obtain an average estimate of the area.
[HSG-MG.A.1]
(e) express the area A as a definite integral. [HSF-BF.A.1.A]
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Common Core Standards Practice

Week 30

Selected Response

Constructed Response

1. [11.4] A tourist bus is driven at a variable rate for
2.5 hours so that its velocity at any time t
0  t  2.5 is given by v t   15  7 sin 2t

2. [11.3] Casey turns in the following work for
finding the limit. Explain why Casey’s work is
incorrect. Find the correct limit. [HSF-IF.B.4]

miles per hour. Using your calculator, find how
far the tourist bus travels during the 2.5 hours.
Round to the nearest hundredth. [HSF-BF.A.1.A]
A

36.74 miles

B

37.12 miles

C

37.88 miles

D

38.26 miles

lim

1

x  0 csc 2

x 1

 lim

x0

1
1
sin 2 x

1

1
1
1
0
The limit is undefined because
you can’t divide by 0.


Extended Response
3. [11.3] Explain why lim

x4

x 2  3x  4
2

x  16

does exist, but lim

x4

x
2

x  16

does not exist. [HSF-IF.C.7D]

4. [11.4] The following table shows the height of a dropped ball after every half second.
Time (seconds)

Height (feet)

0

335

0.5

330

1

315

1.5

295

2

265

2.5

225

3

180

3.5

125

4

65

4.5

20

5

5

(a) Find the average velocity on the interval [2, 3] to get an estimate of the velocity at t = 2.5 seconds.
[HSF-IF.B.6]
(b) Find a quadratic regression model for the data. Round coefficients to the nearest thousandth.
[HSS-ID.B.6.A]
(c) Use your calculator and the model from part (b) to estimate the velocity of the ball at t = 2.5 seconds.
[HSF-BF.A.1.A]
(d) Compare your results from parts (a) and (c), and explain why they are different. [HSF-IF.C.9]
Precalculus
Copyright © 2019 by Pearson Education, Inc. All rights reserved.
95

ANSWERS
yearly increase in median home value from
1990 to 1995.

Benchmark Test 1
1. C 2. G 3. B 4. H 5. C 6. G 7. A 8. J 9. A
10. B 11. C 12. H 13. D 14. F 15. B 16. H 17. D
18. H 19. B 20. G 21. C 22. J 23. C 24. H 25. D
26. J 27. B 28. G 29. D 30. J

28.

Benchmark Test 3
1. C 2. G 3. C 4. F 5. D 6. F 7. D 8. H 9. A
10. H 11. A 12. J 13. C 14. H 15. C 16. H 17. B
18. F 19. A 20. G 21. A 22. H 23. C 24. G
25. D 26. H 27. B 28. H 29. A 30. H

g ( x)  ( x  3) 2  5 . Translate f ( x ) 4 units to
the right and 7 units down to match the graph
of g ( x) .

30. Use a calculator to find the linear regression
model y  3.03x  4.62 . The height of the
tree at 20 years is predicted to be 56.0 feet.
31. If function f ( x ) has the root 1 – 3i, then it
must also have the conjugate root 1 + 3i, and
these together form the quadratic factor
x 2  2 x  10 . Divide f ( x) by the quadratic
factor and the result is x + 3. The roots of
f ( x) are 1 + 3i, 1 – 3i, and –3  3 .

End-of-Course Assessment
1. C 2. G 3. C 4. G 5. C 6. J 7. B 8. F
9. C 10. H 11. B 12. G 13. C 14. G 15. B
16. G 17. D 18. H 19. D 20. J 21. D 22. H
23. B 24. G 25. A

1
1
and lim f ( x) 
x  
2
2

29. Rewrite f ( x)  ( x  1) 2  2 and

Benchmark Test 2
1. B 2. J 3. D 4. J 5. C 6. G 7. D 8. H 9. B 10. F
11. B 12. G 13. C 14. H 15. D 16. H 17. B 18. H
19. D 20. J 21. B 22. G 23. A 24. H 25. A 26. G
27. D 28. H 29. A 30. H

lim f ( x) 

x

32.


26. First, find the component form of RS by
subtracting the coordinates of the initial point
from the coordinates of the terminal point.

RS represents the vector
10  3, 2   8  7,10 .We will call this

vector u. Next, find the component form of

the vector that PQ represents through the
equation. We will call this vector v.
t =u+v
12, 5  7,10  v
12, 5  7,10  v1 , v 2
5,  15  v1 , v 2
The component form of vector v, represented

by PQ , is 5, 15 .
27. Using any two pieces of data, the linear model
is y  7000 x  13768000, where y represents
the median home price in the area and x is the
year. It could also be written
y  7000 x  162000, where y represents the
median home price in the area and x is the
year after 1990. The slope represents the

There is an intercept at (0, 0).
There are asymptotes at x = 1, x = –1, and
f ( x)  4 .
33. Find the exponential proportion constant:
f (t )  ce kt
3025  ce12 k  550  ce 6 k 

3025
 e 6k 
550

 3025 
 k  0.284
6k  ln 
 550 
Now find the exponential model:
f (t )  ce 0.284t
550  ce 0.284(6)  c  100
f (t )  100e 0.284t
The graph of the first 36 hours should look
like the following:
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38. First, find the viewing angle in terms of
horizontal distance from projection wall.

The values of the function were obtained
using the exponential regression function on a
TI-84. The values obtained using
f (t )  100e 0.284t may vary slightly.

34. Two possible functions are
f (t )  33500(1.04) t or f (t )  33500e 0.039t .
Solving for a salary of $50,000 gives
50000  33500(1.04) t
 50000 
t ln(1.04)  ln 
 t  10.2
 33500 
The employee’s salary will reach $50,000 in
the 11th year of employment.
 kt

35. The function is f (t )  t 0  (t i  t 0 )e .
Find the proportionality constant k:
380  67  (450  67)e 3k 
313
313  383e 3k  3k  ln
 k  0.067
383
The function is f (t )  67  383e 0.067t .
36. Convert the angle to degrees:
13 180


 292.5

8
Rewrite as a positive angle between 0 and
360: –292.5° + 360° = 67.5°
The angle is 67.5°.
37.

f  x   12  13cos



f  x   12  13cos



f  x   12  13sin



f  x   12  13sin



8
8

8
8

 x  3
 x  5
 x  1
 x  7

3 ft
 24 
8
 tan 1  
 x 
x
To find the maximum value of  , graph
 24 
8
tan 1    tan 1   and calculate the
 x 
x
maximum. This occurs when x  13.85 . To
maximize the vertical viewing angle, find the
row of seats that is approximately 14 feet from
the front of the theater.

  tan 1 

39. Factor the equation with use of a Pythagorean
identity:
2 sin 2   cos   1  0
2(1  cos 2  )  cos   1  0
2 cos 2   cos   1  0
(2 cos   1)(cos   1)  0
2 cos   1  0
cos   1  0
1
cos   1
cos  
2
 
 5
 ,
3 3

5
The solutions are   ,  ,
.
3
3

40. Apply symmetry of cosine function:
cos( x)  cos( x)
Then use cosine formula of a sum.
 11 
 2  
cos 
 cos 
 

 12 
 3
4
 2 
 
 cos   cos  
 3 
4
 2 
 
 sin   sin  
 3 
4
3 2
1 2




2 2
2 2
 2 6

4
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41. The sum of the vectors is 1, 3  5 . The
magnitude is
12 



3 5



2

 11.679  3.42

The direction angle is
 3  5
  tan 1 
  73  287
 1  2 
42. The results of the multiplications are –6 – 4i,
3
1 3
–2 + 3i,  i, and  i. The graph is
2
2 4

1

 x   3 2 6  10.25  2.13
 y    2 5
1  24.3    3.7 
  
 
 

 z   5 1 4  8.19  1.54
The solution is x = 2.13, y = –3.7, z = 1.54.

46. The conic section that offers this property of
reflection is the ellipse; the ball is at one
focus, and the hole is at the other, and any
shot will bounce once and go into the hole.
The general equation for an ellipse is
x2 y2

 1. The value a is half the width of
a2 b2
8
the table, so a   4; the value b is half the
2
4
length of the table, so b   2 . Then the
2
distance from the center to each focus is
c2  a2  b2
c 2  16  4  12
c  12  3.46

Thus, the two points are about 2 12  6.9
feet apart.

43. The original point is at distance 5 units from
the origin, at direction 306.87°.
If   30, the new coordinates are

 3 3  4 3  4 3 

 . This point is at
2
 2

distance 5 units from the origin, at direction
276.87°. If   45, the new coordinates are

 3 2  4 2 3 2  4 2 

 , which is 5
2
2


units from the origin, at direction 261.87°.
The result of the transformation is a clockwise
rotation about the origin by angle  .
44. Matrices B and D do not have inverses
because the determinant of each is zero.
45. Write equation in matrix form:
 3 2 6  x   10.25
 2 5
1  y    24.3 

  

 5 1 4  z   8.19

Solve using an inverse matrix.

47. The vertices are at (3 – c, –6) and (3 + c, –6),
where a = 4, b = 5, and c is given by
c2  a2  b2
c 2  16  25
c  41  6.4
Twice this distance is 12.8, so a viewing
window 13 units wide (and centered correctly)
shows both foci.
48. The first few terms are
r1  1
r2  2(1)  1  3
r3  2(3)  1  2(2(1)  1)  1  7
r4  2(7)  1  2(2(2(1)  1)  1)  1  15
Expanding, we have
r n  2 n 1  2 n  2  2 n 3    2 0 , which is

equivalent to r (n)  2 n  1. So,
r17  r (17)  217  1  131071

49. The sequence is arithmetic with a constant
difference of 4; from the first stop, it is 9, 13,
17, 21, 25, 29, 33, 37, 41, 45, 49 … The 11th
term is 49, close to the 48 that Suzy is looking
for. She should get off at the 11th stop.
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50. The sum is given by



a1 1  r n

 , where n = 10,

1 r
r = 1/2, and the first term is 12345.
  1 10 
12345 1    
 2 
 24666
1
1
2

51.

P (winning)  (0.5)(0.6)  (0.5)(0.3)  0.45
(0.5)(0.3)
P (snow winning) 
 0.33
0.45
The probability that it was snowing for the
championship game, given that the team won,
1
is 33 %.
3

52. Comparing the two sets of data in the back-toback stemplot, we see that both sets of data
appear bimodal. The male data indicate a
higher center, meaning that in general, the
males are taller than the females. The tallest
male is an outlier in the data. Ignoring this
outlier, the female data are a bit more spread
out than the data for the males.
53. First, check that the probability distribution
sums to 1: 0.05  0.02  0.03  0.9  1.
Expected Value
 1400(0.05)  900(0.02)  400(0.03)
 0(0.9)  160
 60
Based on the probabilities in the table, the
student’s expected value for this insurance
company is a loss of $60.
54. To find the average velocity, estimate the
points on the graph that correspond to the
required interval, (1, 35) and (2, 95).
95  35
v ave 
 60 mph
2 1
To find the instantaneous velocity, estimate
two points on the tangent to the curve at
(2, 95), (1.2, 40), and (2.5, 130). [Note:
Students may estimate different points for the
tangent line.]
130  40
vins 
 69 mph
2.5  1.2
The average velocity shows how fast the car
was going on average over the entire second
interval. It may have been going faster or
slower at any given point. The instantaneous
velocity shows the car was going faster than
average at the 2-hour moment.

55. The quadratic regression function is
P ( x )  0.0265 x 2  77.9598 x  6318. Using
NDER capabilities of the graphing calculator
gives
NDER(0.0265 x 2  77.9598 x  6318, X, 9)
 77.4826.
This means that the population growth rate for
the year 2012 is about 77.5 million people per
year.

 1 2   2 1  0 1  
56. (a) A( BC )  
1   0 1  2 2 
 3
 1 2  2 0  2 4


1  2 2  4 2
 3
  1 2  2 1   0 1 
( AB)C   
1  0 1   2 2
  3
 2 1  0 1   2 4




 6 2  2 2  4 2

 2 1
(b) AB  

 6 2

5 5
BA  

3 1

(c) The two products in part (a) are equal.
Based on this, we can conclude that an
associative property of 2 by 2 matrices
might exist for matrix multiplication. The
two products in part (b) are not equal.
Based on this, we can conclude that a
commutative property does not exist for
matrix multiplication of 2 by 2 matrices.
57. (a) If the length of a side of the base is x and
the height is h, then the surface area is
S  x 2  4 xh and the volume is
V  324  x 2 h . The surface area can be
expressed as
1296
 324 
S  x 2  4x  2   x 2 
.
 x 
x

(b) The minimum occurs when x  8.65 .
Thus, the dimensions that minimize the
surface area are 8.65 inches by 8.65
inches by 4.33 inches.
58. (a) The regression model for China is
y  1.325(1.004) x .
The regression model for India is
y  1.175(1.013) x .
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(b) The point of intersection occurs when
t  15. Thus, India will surpass China in
population around 2023.

59. (a) Sinusoidal model (one possibility using
2
cosine): y  34  4 cos
(t  8.25),
12.5
where t = the hours elapsed since
12:00 a.m. and y = the vertical clearance
under the bridge.
(b) Graph the function and find the
intersection with the graph of y = 37,
or solve algebraically.
2
34  4 cos
(t  8.25)  37
12.5
2
cos
(t  8.25)  0.75
12.5
(t  8.25)  1.438
This gives t = 6.812 and t = 9.688. The
sailboat can pass beneath the bridge
between 6:49 a.m. and 9:41 a.m.
60. One possible proof is
cos 
 sec 
tan  
1  sin 
cos   1  sin  
tan  

  sec 
1  sin   1  sin  
cos  (1  sin  )
 sec 
tan  
1  sin 2 
cos  (1  sin  )
 sec 
tan  
cos 2 
1  sin 
 sec 
tan  
cos 
sin  1  sin 

 sec 
cos 
cos 
1
 sec 
cos 
sec   sec 

Use the Law of Sines to find the ground speed
of the plane.
sin110 sin 64.6

250
x
x  240.3 mph
Divide distance by rate to find the required time.
650
 2.7
240.3
The trip will take approximately 2 hours and
42 minutes.
62. (a) The matrix product is
3 10 $2.25 $0.60
 1 4 $2.80 $0.45



Supplier 1 Supplier 2
Bookcase $12.75
$12.90

TV stand  $4.65
$4.60
It represents the cost of materials for a
bookcase and TV stand, for each supplier.
(b) Multiply each value in the second row of
the pricing matrix by 1.06.
63. (a) The cross section is a hyperbola:

(b) The cross section is a circle.

61. Use the Law of Sines to find the recommended
compass heading.
sin110 sin x

250
25
sin x  0.094
x  5.4
The plane should take a compass heading of
65.4°.
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64. (a) One possible answer involves the sequence of the tasting. The subjects were all given the samples in the
same order. It’s possible that the order had some effect on the perception of taste. The company could
have reversed the order for half of the subjects to try to eliminate this as a possible factor.
(b) One possible answer involves a comparison of the plots of land. Maybe there are some differences in the
soil or the amount of irrigation. These factors may have caused a higher yield for the wheat crop. The
family could have broken the plots into smaller pieces and plotted wheat and corn equally in each plot.
This would help to eliminate advantages caused by the location.
65. (a) Using a RRAM to estimate the integral:
20



f (t )dt  2(0.4  1.0  1.8  2.9  4.6  6.8  10  14.6  21  30)  186.2

0

186.2 gallons of water flowed through the pipe.
Using a LRAM to estimate the integral:
20



f (t )dt  2(0  0.4  1.0  1.8  2.9  4.6  6.8  10  14.6  21)  126.2

0

126.2 gallons of water flowed through the pipe.
(b) The RRAM will overestimate the actual total, and the LRAM will underestimate the actual total, because
the function is strictly increasing.
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Performance Task 1 Scoring Rubric
Estimating Future Salaries
The Scoring Rubric proposes a maximum number of points for each of the parts that make up the Performance Task.
The maximum number of points is based on the complexity and difficulty level of the sub-task. For some parts, you
may decide to award partial credit to students who may have shown some understanding of the concepts assessed
but may not have responded fully or correctly to the question posed.
Task Parts
a.

Maximum Points

A( x )  40000  2500 x, linear function

2

B ( x )  40000(1.05) x , exponential function

b. In year 1, salary A = $42,500 and salary B = $42,000
In year 2, salary A = $45,000 and salary B = $44,100
In year 3, salary A = $47,500 and salary B = $46,305
Total earnings for option A = $135,000
Total earnings for option B = $132,405

2

c. In year 10, salary A = $65,000
Total earnings for option A = $537,500

3

d. In year 10, salary B = $65,156
Total earnings for option B = $528,271
Option A gives greater total earnings after 10 years.

3

e. In year 30, salary A = $115,000
Total earnings for option A = $2,362,500
In year 30, salary B = $172,878
Total earnings for option B = $2,790,432
Option B has become the much better choice; this is because exponential growth
eventually outpaces linear growth.

3

f. Sample answers: I enjoy my job and expect to spend my entire career working at
this company, and so I would choose option B.
I might decide to leave the company in the near future, or the maybe the company
won’t survive for 30 more years, so I would choose option A.

3

Total points

16
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Performance Task 2 Scoring Rubric
Rescue at Sea
The Scoring Rubric proposes a maximum number of points for each of the parts that make up the Performance Task.
The maximum number of points is based on the complexity and difficulty level of the sub-task. For some parts, you
may decide to award partial credit to students who may have shown some understanding of the concepts assessed
but may not have responded fully or correctly to the question posed.
Task Parts

Maximum Points

a.

4

D = Destin, PC = Panama City, B = Boat
d = distance the boat is from Destin
p = distance the boat is from Panama City
b. First, find the measure of the unknown angle, B.
mB  180  57  73 = 50
Use the Law of Sines to find unknown distances.
sin 73 sin 50

56
d
56 sin 73
d
 69.91 miles
sin 50

5

sin 57 sin 50

56
p
56 sin 57
p
 61.31 miles
sin 50
The Panama City Station is closest.
1 hour
60 minutes
 1.23 hours 
 74 minutes
50 miles
1 hour
It will take the rescue boat 74 minutes to reach the stalled vessel.

c. 61.31 miles 
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2

7

d.

C = corrected angle, x = new distance between the rescue boat and the fishing boat
First find out how far the rescue boat has traveled.
50 miles
hr
25 min 

 20.83 miles
hr
60 min
Use the Law of Cosines to find the distance between the rescue boat and the fishing
boat.
x  20.83 2  61.312  2 20.8361.31 cos 8°  40.79 miles

The rescue boat is now 40.79 miles away.
Use the Law of Cosines to find the corrected angle.
61.312  20.832  40.79 2  2  20.83 40.79 cos A
 61.312  20.832  40.79 2 
cos 1 
  mA
2  20.83 40.79


mA  168°
mC  180°  mA  180°  168°  12°
Alternatively,
sin A sin(8)

61.31 40.79
 61.31sin(8) 
mA  sin 1 
  12° or 168°

40.79

Only the obtuse angle measure can be used for A because it is across from the
longest side. Therefore, mC  180°  168°  12. The captain needs to turn the
boat through an angle of 12°.
e. 50  .05  2.5
50  2.5  52.5  53 miles per hour

2

hr
60 min 


f. Total time  25   40.79 miles 


50 miles
hr 
hr
60 min 

  61.31 miles 



53 miles
hr 
 143 minutes

5

Total points

25
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Performance Task 3 Scoring Rubric
Lost (or Not) on Mars
The Scoring Rubric proposes a maximum number of points for each of the parts that make up the Performance Task.
The maximum number of points is based on the complexity and difficulty level of the sub-task. For some parts, you
may decide to award partial credit to students who may have shown some understanding of the concepts assessed
but may not have responded fully or correctly to the question posed.
Task Parts

Maximum Points

a. No, two transmitters are not enough. The astronaut’s location is determined by the
time difference in the signals arriving from the stations. With two stations, the
location can be anywhere along the curve, along that hyperbola, on which there is a
constant difference. There is not a single point that is the astronaut’s location.

2

b. Three is enough to provide the extra information needed to make the location
unique. A third station that is not along the same line as the first two can uniquely
identify the astronaut’s location.

2

c. Imagine a coordinate system, in kilometers with the x-axis east-west and the y-axis
north-south. Station Rio is at the origin, Station Tango is at (10, 0), and Station
Bravo is at (0, 20). The general equation for a hyperbola with its foci along the

7

y2



x2

 1.
a2 b2
The time difference in the signals from Station Rio and from Station Bravo is
9.1  sec  20.4  sec  29.5  sec . That means that the difference in distance

y-axis is

between those two stations can be calculated.
299.8 m
1 km
29.5  sec 

 8.84 km
1  sec 1000 m
Yasmina is somewhere along the hyperbola whose foci are at Rio and Bravo with
8.84
a
 4.42 . The foci are 20 km apart, which is 2c, so c = 10, and the center of
2
the hyperbola is the midpoint between the foci, at (0, 10). Then
b2  c2  a2
b 2  10 2  4.42 2  b  8.97
( y  10) 2



x2

 1.
4.42 2
8.97 2
In the same way, Yasmina is also along the hyperbola whose foci are at Rio and

So Yasmina is somewhere along the curve

x2

2



y2

 1.
a
b2
In this hyperbola, the center is at (5, 0) and c = 5. Then the distance between
299.8 m
1 km
6.12

 6.12 km. So a 
 3.06 and
stations is 20.4  sec 
2
1  sec 1000 m

Tango. The equation for a hyperbola with its foci along the x-axis is

b2  c2  a2
b 2  5 2  3.06 2  b  3.95

Yasmina is then also along this curve:

( x  5) 2
3.06 2



y2
3.95 2

1

Precalculus
Copyright © 2019 by Pearson Education, Inc. All rights reserved.
105

Graphing these two equations shows that there are four points of intersection
between these two hyperbolas. Because the signal arrived from Bravo first,
followed by Tango, followed by Rio, Yasmina’s location is the one at the
upper right: (22.1, 21.8).

d. Station Bravo is closest, because its signal was picked up first. Make a right
triangle from Yasmina’s location to the y-axis to Station Bravo and back to

5

Yasmina. By the distance formula, Yasmina is (22.1  0) 2  (21.8  20) 2 away
from Station Bravo, or 22.2 km. And, using that triangle again to get the angle,
 1.8 
tan 1 
 4.7 . So her heading should be 4.7° below due west (that is, 94.7°
 22.1 
counterclockwise from north). In vector notation, her path should follow
22.1, 1.8 .
Total points

16
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Performance Task 4 Scoring Rubric
Analyze a Marketing Study
The Scoring Rubric proposes a maximum number of points for each of the parts that make up the Performance Task.
The maximum number of points is based on the complexity and difficulty level of the sub-task. For some parts, you
may decide to award partial credit to students who may have shown some understanding of the concepts assessed
but may not have responded fully or correctly to the question posed.
Task Parts
a. To ensure randomness, the volunteers should be assigned to groups randomly,
perhaps by using a random-number generator. Blocking is an issue in this
experiment because of the nature of the product, a power tool. It is likely that this
product would be more enticing to male consumers, so the researcher should adjust
the groups for gender. Also, depending on where the commercial will be aired,
consideration should be given to using residents from more than just the state of
Alaska.

Maximum Points

b. Although there are only two commercials to test, the researcher should include a
control group to see how many people may buy the product without seeing a TV
commercial. This would help her test whether either commercial is effective.

3

c. One cannot discuss correlation in relationship to these data because the variables
are categorical, not quantitative.

2

d. Sample response: You could generate a random list of 45 ones (to represent those
who responded Yes) and 155 zeros (to represent those who responded No) and split
them into two groups of 100. Find the percentages of ones that occur in each group
and subtract to find the difference. Run this trial many times and find the
percentage of trials where 5% or more occurs.

4

e. The fact that 5% or more occurs 206 times in 1000 trials represents about 20% of
the time. This is certainly often enough to expect a 5% difference to have occurred
by chance. Therefore, this study’s results are not statistically significant.

4

f. Sample response: For many reasons, I do not agree with the researcher’s decision.
First of all, she should conduct a new study that addresses control, bias,
randomness, and blocking. Second, since the 5% observed difference is not
statistically significant, her results are poor proof of commercial A’s effectiveness.
She should not waste money airing a commercial, especially without seeing the
commercial’s effectiveness over a control group’s likelihood to buy.

4

Total points

3

20
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(b) The volume has to be less than or equal to
275 but greater than 0 so the inequality
that represents this situation is

Weekly Test 1
1. D

0  4 w3  5w 2  6 w  275 . The graph of
this cubic inequality shows that the
widths fall in the interval 2  w  4.69 .

2. C
3. 46.5
4. (a) Determine the slope of line L, calculate
the opposite of the reciprocal of this
slope, and use this slope with a known
point on the line whose equation is to be
determined.
(b) Equation could be 2 x  5 y  26 or
y

2
26
x .
5
5

Weekly Test 3

Weekly Test 2

1. D

1. B
2.

[0, 8]  [–50, 350]

, 7   

19 
, 

3

2. Student graphs will vary. Check graphs for
symmetry with respect to the origin. Student
justifications should include that the graph has
symmetry about the origin and show that
f  x    f  x  .

Sample Answer: graph of
f  x  x5  4 x3  2 x :

3x  1
 6 is
5
greater than or equal to –2 for values of x that
are to the left of and including –7 and to the
19
.
right of and including
3

The graph verifies that y 

3. (a) Since b 2  4ac  56  0, the solutions
of this quadratic equation will be a
complex conjugate pair. Based on this
information, the function’s graph will fall
entirely below the x-axis, never touching
or crossing it.
1
14
1
14
(b) x   
i or x   
i
5
5
5
5

The graph appears to show symmetry with
respect to the origin, so we can assume that
the function is odd.
f  x    x   4  x   2  x 
5

3

  x5  4x3  2x



 f  x   x5  4 x3  2 x
5

3



  x  4x  2x
Since f   x    f  x  is true, the function is

odd.

4. (a) w  9.39 or 9.39,   .
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3. (a) Let h = number of hours and p = total
pay. Then p  7.5h  20.
(b)

Hours

Total Pay

1

$27.50

2

$35.00

3

$42.50

4

$50.00

5

$57.50

6

$65.00

7

$72.50

8

$80.00

9

$87.50

10

$95.00

(c) On average, April should tutor each
student at least 2.75 hours a day to make
$325 or more a week.
4. Student answers will vary.
Sample: A relation is simply a set of ordered
pairs. A function is a set of ordered pairs
where each input value has one unique output
value. Therefore, all functions are relations
because they consist of a set of ordered pairs,
but not all relations are functions because in
relations, the ordered pairs are not restricted
by the rule that each input must be paired with
one and only one output.

(b) Algebraically:





2

f f 1  x  

5
3


2
3
 x5


2

5
 2 


x  5
 x55 x
2
f  1  f  x  
3  2

 3  5   5
x


3

2
 2 
 3 
x

 3 x3  x
Graphically: Students’ graphs should
show a vertical asymptote for f  x  at

x = 0 and a horizontal asymptote at y = 5
as well as a vertical asymptote for
f 1  x  at x = 5 and a horizontal

asymptote at y = 0.
Students should show that the two
functions are symmetric with respect to
the line y = x.

Weekly Test 4
1. A
2. Diameter after 3.25 minutes  17.9 inches
Time remaining to build base: 272 seconds
3. (a)

f 1  x  

3

2
x5

, 0  0,  
Range of f  x  :  , 5  5,  
Domain of f 1  x  :  , 5  5,  
Range of f 1  x  : , 0  0,  

(c) Domain of f  x  :

4. (a) The cannonball is in the air for 5.86
seconds.
(b) The ball reaches a maximum height of
45.58 meters.
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(c) First, it should be understood that if the
cannonball landed anywhere between 275
meters and 278 meters (distance the ship
is away plus its width), the ball struck the
ship. To determine if the ball struck the
ship when it landed, we must find how far
the ball traveled horizontally, using
x  55 cos 30 t  55 cos 305.86
 279.12 meters
No, the ball did not hit the ship.

Weekly Test 5

(d)

4. (a)

1. B
2. 1.4 more rotations per second
3. (a)

(b) y  0.09 x  5.92
(b)

(c) 2015:
y  0.09 15  5.92  7.27 million visits
2020:
y  0.09  20  5.92  7.72 million visits

Weekly Test 6
1. D
 3 73 
2. The vertex of the function is   ,  and
 2 4

(c)

3
the axis of symmetry is x   .
2

3. Domain: , 0  0,  

Range: , 0  0,  

Continuity: The function is continuous for all
x in its domain. Discontinuous at x = 0.
Increasing on  , 0 and 0,  
Symmetry: The function is symmetric with
respect to the origin and therefore is odd.
Extrema: none
Boundedness: unbounded
Vertical Asymptote: x = 0
Horizontal Asymptote: y = 0
End Behavior: lim f  x   lim f  x   0
x 
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x

3. (a) The roots of f ( x ) are 0, 2, and –2.
These are also the x-intercepts of the
function.
The roots of g ( x) are 0, 2i, and –2i. The
function has one x-intercept at 0.
(b) If all of the roots are real, the number of
roots is the same as the number of xintercepts (counting repeated intercepts).
But imaginary roots do not correspond to
actual x-intercepts on the graph.
4. Let x represent the length and y represent the
width. The perimeter is 2x + 2y = 75 and the
area is A = xy.
(a) 351.56 ft 2

3.

Weekly Test 7
1. C
3

1

3

6 14
7 14

0

0

4

4

0

10

28 56 120 232 464
28 60 116 232 474

No, x + 2 is not a factor because the remainder
is not 0.
3. (a)

1. C
2. The only solution is x = 3. The other value,
x = –2, is an extraneous solution.

(b) 18.75 ft by 18.75 ft

2.
2

Weekly Test 9

 2, 4

1
(b) 3,  , 2,  2
2

(c) There are no other real zeros for this
function because a polynomial can only
have as many real zeros as its degree.
Since this is a quartic function, it can
have up to four real zeros. Part (b) shows
that we have found four real zeros to
satisfy this function, so no others can
exist.

,  5  4, 4  5,  

7

4. (a) S  2  r 2   , where S is the surface

r
area and r is the radius.

(b) r = 1.52 inches

Weekly Test 10
1. D
2. The domain is all real numbers.
The range is 3,   .

There is an intercept at (0, 12) and a
horizontal asymptote y = 3.

[–5, 5]  [–2, 20]

4. (a) h = –2x + 5

3. (a) The bacteria double over equal intervals
of t; therefore, an exponential model is
the correct choice.

5
2

(b) The two functions are f (t )  13  2 t and

(b)  32  x 

(c) The volume will be at least 85 in.3 when
0.29 in.  x  1.18 in.

f (t )  13e t ln 2  13e 0.69t .

Weekly Test 8
1. B
2.

f ( x)  x 3  4 x 2  14 x  20
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3. The graph is like a sine curve, but the values
bounce between the lines y  x and y   x ,
expanding as x values move further from the
origin. The graph touches the lines every time

Weekly Test 11
1. A
2. Sound intensity of an airplane:
I a  1015  I 0
Sound intensity of a conversation:
I c  10 6  I 0
The intensity ratio of the sounds is
I a I 0  1015 10 9
1, 000, 000, 000


or
.
Ic
1
1
I 0  10 6

3. (a)

x

3

6

18

f(x)

0

1

2

x

3

10

66

g(x)

0

1

2

(b) Converting f ( x) to base 2:
1
f  x   log 2 ( x  2)
2
1
g ( x)  log 2 ( x  2)
3

Weekly Test 12
1. B
2. The account will first be at least triple in value
after 19 years.
3. (a) After 10 minutes, the temperature of the
coffee will be about 116°F.
(b) The temperature of the coffee can never
be equal to the ambient temperature,
although it will come close to it.

Weekly Test 13
2. The radius is 3 centimeters. The value of  is
2 radians, or 115°, rounded to the nearest
degree.
3. (a) The photographer must stand
approximately 23.4 feet from the
students.
(b) The photographer will need to move back
approximately 5.5 feet.

1. B



2
every  radians in either direction.

and

4. (a) 78 ft
(b) 2 ft
(c) 40 ft
(d) period = 16
(e) This means that it takes 16 seconds for
the ride to go all the way around: from the
lowest loading position, all the way up to
get the best view, and back to the loading
position.

Weekly Test 15
1. A
2. B
3. (a) domain:  ,   , range:  , 0
(b) domain:  ,   , range: ,  
(c) domain:  ,   , range:  5, 5

1. A

Weekly Test 14

that sin x  1, which happens at

(d) domain:  ,   , range: ,  
4. (a) 8.3 m
(b) 38.4°
(c) 2.5 m
(d) 5.2 m

Weekly Test 16
1. A
2. C

2. C
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3. cot    24  2 6, tan   

1
2 6



6
12

4. (a) Draw a radius to any point on the
circumference of a unit circle on the
coordinate plane. We know the x and
y values of the point can be identified as
(cos x, sin x), so cos x is the base and
sin x is the height of a right triangle with
hypotenuse of 1 unit. By the Pythagorean
Theorem, the squares of the legs sum to
the square of the hypotenuse, or

cos 2 x  sin 2 x  1.
(b)

(c)

(d) You could graph each function in your
graphing calculator to verify that they are
the same.

Weekly Test 18
1. A
2. 920 miles
3. (a)

cos 2 x  sin 2 x  1
cos 2 x  sin 2 x
1

2
sin x
sin 2 x
2
2
cos x sin x
1


2
2
sin x sin x sin 2 x
cot 2 x  1  csc 2 x

(c) Possible solution: To show the result is
impossible, identify a value for x in the
domain of both sides of the equation and
show that both sides evaluate differently.
Alternatively, simplify the left side of the
equation properly as follows, to identify
what the classmate did wrong.
(1  tan x) 2
1  2 tan x  tan 2 x
(1  tan 2 x)  2 tan x
sec 2 x  2 tan x
The classmate mixed up the Pythagorean

(b) Step 1: Find the length of AQ : Draw a
perpendicular line from Q to the ground;
use the Law of Sines to find the length of
the base of the right triangle formed;
subtract the base length from 150 ft.

Step 2: Find either AH or HQ : Since
slope is constant on a straight line, it is
understood that mHQA  86 .
Therefore, the Law of Sines can be used
to find one of the other missing sides of
△HQA .

identities, replacing 1  tan 2 x with
csc 2 x when the proper identity is
1  tan 2 x  sec 2 x .

Weekly Test 17

Step 3: Find the height of △HQA : Draw

1. A
2.

x

a perpendicular line from H to AQ . Use
either the Law of Sines or right triangle
trigonometry to find the height.

 3 5 7
4

,

4

,

4

,

4

3. By the sine of a sum formula,
y  sin x cos 2  cos x sin 2 is equivalent to

Step 4: Find the helicopter’s altitude:
Add the height of △HQA to 1224 ft.

y  sin  x  2 , which is a sinusoid that has

been shifted two units to the left.
4. (a)


 3 
f ( x)  58  sin x  cos 1 
 58  


f  x   a sin bx cos c  a cos bx sin c

(b) a   58; a  58

(c) 1278.6 feet

Weekly Test 19
1. B
2.

mA  23.8, mB  123.5, mC  32.7
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3. (a)

408.44, 35.73

(b) The actual ground speed is 455.93 mph
on a bearing of 261.2°.

Weekly Test 20
1. C
2. The ships are 12.25 miles apart.
3. (a) Domain: (, )
Range: [–6, 6]
Continuous
Symmetry: about the y-axis, the x-axis,
and the origin because n is even in the
function
Bounded
Maximum: 6
(b) The graph is a rose curve with 16 petals.
The petals do not intersect the axes
(except at the origin).
4. (a) The ball will not clear the fence. Using a
graphing calculator shows that the ball
will hit the fence at t  2.6 seconds,
about 5.9 ft above the ground.

(b) Approximately 27 more trays of nachos
need to be sold next week.
4. Sample Answer: Matrix multiplication is not
commutative because of the restrictions
necessary to multiply matrices. In order for
matrices to be multiplied, the number of
columns in the first matrix must equal the
number of rows of the second matrix being
multiplied. However, there are no restrictions
on the number of rows in the first matrix or
the number of columns in the second
matrix. So, even though you can multiply a
3  4 matrix by a 4  5 matrix, the reverse
(multiplying a 4  5 matrix by a 3  4 matrix)
can’t be done because 5  3 .

Weekly Test 22
1. C
2. Grace has 23 nickels, 40 dimes, and 65
quarters.
3. (a) Objective function: P  225 x  200 y
Constraints:
x0
y0
2.5 x  1.75 y  35
x  y  18

(b) The wind will need to blow about 4.33
ft/sec for the ball to clear the wall.

Weekly Test 21
1. D
2. Since determinant is nonzero, an inverse
exists.
24 
 27
161  43 
1
A 

30 
 4
 43
43 
 1 0
1
To verify, show that AA 1  
  A A.
0
1



(b) To maximize profit, the manufacturer
should produce approximately 5 laptops
and 13 tablets each week. The weekly
maximum profit is approximately $3725.
Note: Students should use approximation
in their interpretation of the results
because they are not using the exact
values from the system. The corner point
 14 40 
.
is actually  ,
 3 3 
(c) The new weekly maximum profit will be
$3275.

3. (a) A bag of popcorn costs $1.50 and a tray
of nachos costs $3.75.
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4. Answers will vary. Sample answer: Ms.
Sanchez’s two most popular breakfast specials
call for at least 30 bushels of apples and 25
bushels of peaches. Supplier A sells a bin of
10 bushels of apples and 8 bushels of peaches
for $16.50 per shipment. Supplier B sells a bin
of 12 bushels of apples and 12 bushels of
peaches for $20.75 per shipment. How many
shipments should Ms. Sanchez by from each
supplier to minimize cost?

Weekly Test 23

(c) No, the cable to the west wall exceeds its
rating. Although it could support the
weight of the sculpture were it hanging
straight up and down, in this arrangement,
the cable is not strong enough and could
fail at any time.

Weekly Test 25

1. C
2. The heating source is located inside the mirror
approximately 7.03 ft from the vertex along
the axis of symmetry.
3. (a)

(b) The cable to the corner has about 332.8
pounds of tension, the cable to the north
wall has about 334.8 pounds of tension,
and the cable to the west wall has about
432.0 pounds of tension.

 x  7 2  32  y 

1

8

1

(b) The vertex is  7,  and the axis of

8
symmetry is x = –7.

(c) Yes, this parabola represents a function
because the independent variable, x, is
paired with one unique y. The parabola
axis of symmetry is parallel to the y-axis;
therefore, it will pass the vertical line test.
4. In order for an ellipse to become a circle, the
major axis has be the same length as the minor
axis, meaning a = b. The foci would become
points on the circle that are still equidistant
from the center.

Weekly Test 24

1. D
5!
 10 combinations of
3!2!
three children, so the mother will go to the
park 10 times.

2. There are 5 C3 

3. (a) a n  38.25 0.85

(b) After 6 bounces, the ball’s height is
approximately 16.97 ft.
(c) The ball will bounce 24 times before the
height is less than 1 ft.
12 n 1 
4. (a) To prove that a n   n  is a
 5 

geometric sequence, you must show that
a
the ratio of successive terms, n , is a
a n 1
nonzero constant.
an 

1. C
2. C

a n 1 

3. For the shape to be an ellipse, the eccentricity
must be less than 1, which makes the value
under the splotch at least 8. Thus,  8.



4. (a) The gallery is a three-dimensional space.
Using the intersection of the north and
west walls and the floor as the origin, and
using their intersections as the axes, the
first anchor point is at C(0, 0, 15); the
second is at N(0, 20, 12); and the third is
at W(30, 0, 16). The penguin is then
attached at P(8, 6, 10). (Note: The student
may choose different coordinates.)

n 1

12 n 1
5n
12 n 1 1
5 n 1
12 n 1



12 n  2
5 n 1

n
an
12 n 1 5 n 1
 5n  2  n  n  2
a n 1 12
5
12

5 n 1
 12 n 1 n  2  5 n 1 n
12
 12  5 1 
5

Since the ratio of successive terms,
a nonzero constant, the sequence is
geometric.
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12
, is
5

(b) Recursive formula:
1
 12 
a1  , a n    a n 1
5
5

Explicit formula: a n 

1  12 
 
5 5 

Weekly Test 29
1. C
n 1

Weekly Test 26

2.

f   x   10 x  1

3. (a) The ball is in the air for approximately
2.98 seconds before it hits the ground.
(b) –84 ft/sec

1. C

(c) –100 ft/sec

2. 27.0 meters
3. (a) There are 10 seats in the first row. The
common difference is 4.

4. (a)

(b) The theater will hold 2,970 people at full
capacity.

Weekly Test 27
1. A
2. There are no outliers in the data set because
all values are greater than 7 and less than 95.
(b)

3. (a)

(b) 0.15
(c) 0.44

A = 11.5

(d) 0.33

(c)

(e) No, liking science and liking math are not
independent because P  S | M   P  S  ,

or alternatively, P  M | S   P  M  .

Weekly Test 28
1. C
2.

E  X   2.625

This means that, on average, people who
participated in the raffle lost approximately
$2.63.
3. The student’s performance was better on the
Physics test than on the U.S. History test
because the student was in the 84th percentile
on the Physics test and in the 80th percentile
on the U.S. History test.

A = 9.5
(d) A = 10.5
3





(e) A    x 3  4 x 2  x dx
1
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Weekly Test 30

3. The lim

x 2  3x  4

exists because although
x 2  16
the limit of the denominator is zero, the limit
of the numerator is also zero and factors of
x  4 can be canceled, resulting in a limit
x
5
equal to . However, for lim 2
, the
x  4 x  16
8
limit of the denominator is zero and the limit
of the numerator is not zero, making it a
vertical asymptote on the graph. As the
function approaches 4 from the left and the
right, the function decreases and increases
without bound toward ± infinity, respectively.
Since a limit must be a finite real number, the
limit does not exist.
x4

1. A
2. Although the limit of the denominator is
undefined, Casey was incorrect to assume that
this means the limit of the entire fraction is
undefined.
Corrected Answer:
1
1
lim
 lim
1
x  0 csc 2 x  1 x  0
1
sin 2 x
1
 lim
x  0 1  sin 2 x
 lim


sin 2 x
sin 2 x

x  0 1  sin 2
2

x

sin (0)

1  sin 2 (0)
0

1 0
0
Note: Students may have also substituted

csc 2 x  1 for cot 2 x and solved.

4. (a) The average velocity is –85 ft/sec over
the interval [2, 3].
(b) v(t )  9.114t 2  28.338t  346.958
(c) –73.909 ft/sec
(d) Part (c) answer is approximately 13%
less than part (a). Because the ball is
accelerating as it continues to fall,
the average over the interval is an
underestimate.
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