Free Response Questions

1.
In a baseball game, the center fielder throws the ball to home plate so

that the ball reaches the plate just in time for the catcher to tag the

sliding runner. The height of the throw is modeled by the function

h(t)=-4.9t 2 + 20t + 1.3, where t is the time after the ball is released

in seconds and h(t) is the height of the ball in meters.

a. 
Find h(0) and explain what the value means in the context of this

problem.

b. 
How long does it take the ball to reach the plate? Show and explain

your work.

c. 
What is the maximum height of the ball? When is the maximum

height reached? Show and explain your work.

d. 
The runner on third base hesitates for half a second and then

sprints the 90 ft to home plate, arriving at exactly the same time as

the ball. What is the runner’s speed in meters per second? Explain

how you found your answer. (Note: 1 in. = 2.54 cm.)

e. 
Graph y = h(t). Is the graph a good picture of the path of the ball?

Explain.
2.
A pitcher pitches a ball to home plate from a height of 5 ft (which includes the mound) atangle θ. The initial velocity of the ball is 70 mi/h. The pitcher is 60 ft from the plate.

a. 
Write parametric equations to model the pitch. 
b. 
The pitch was timed and found to take 0.586 seconds until it 
hit the catcher’s glove.  Find the initial angle of the ball’s trajectory.

c.
The strike zone is between 2 and 4.5 ft above the plate. 
Was the ball in the strike zone.

d. 
Suppose that the pitcher increased the speed of the pitch to 80 mph.  Will the pitch 


still be in the strike zone if the angle is kept the same?  Show how you determined 


your answer.

e. 
If the pitcher wants to throw a strike discuss how the angle that the ball is 


thrown is related to the speed of the pitch.
3.
Consider the function
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Complete parts a–g without using a graphing calculator.


a. 
Find any x-intercepts of f(x).


b. 
Find any vertical asymptotes of f(x).


c. 
Identify any other asymptotes.


d. 
Sketch a graph of f(x).


e. 
What are the domain and range of f(x)?


f. 
For which x-values is f(x) positive? For which x-values is f(x) negative?

4.
Use combinations and permutations to complete parts a–c. Explain


each answer.


a. 
Robert’s favorite shirt has seven buttons. Every time he wears it, he



fastens the buttons in a different order (always matching a button



with its correct hole). If he wears the shirt twice a week, how long



will it take him to go through every possible sequence of buttons?


b. 
Ashton, Bart, and Carlos are among 11 students who volunteer to



participate in a school study. Participants are called in a random



order. What is the probability that the three boys will be called one



immediately after the other?


c. 
Sandy, Aisha, and 10 other girls play baseball. Only 9 girls can be



on the field at a time. (Assume that any girl can play any position.)



i. 
How many different teams of 9 girls can be formed?



ii. 
Consider two teams to be different if any player is in a new




position. How many different teams can be formed?



iii. 
If a team is randomly selected from among the 12 girls, what is




the probability that both Sandy and Aisha will be on the team?



iv. 
What is the probability that Aisha will be the pitcher and Sandy




will not be on the team?
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5. 
Rope Swing Problem: Zoey is at summer camp.  One day she is swinging on a rope tied 
to a tree branch, going back and forth alternately over land and water.  Nathan starts a 
stopwatch.  When x = 2 s, Zoey is at one end of her swing, at a distance y = -23 ft from 
the riverbank.  When x = 5 s, she is at the other end of her swing, at a distance y = 17 ft 
from the riverbank.  Assume that while she is swinging, y varies sinusoidally with x.


a. 
Sketch the graph of y versus x and 



write a particular equation.


b. 
Find y when x = 13.2 s. Was Zoey over 



land or over water at this time?


c. 
Find the first positive time interval when Zoey 



was directly over the riverbank (y = 0).


d. 
Zoey lets go of the rope and splashes into the water. 



What is the value of y for the end of the rope when it 



comes to rest?  What part of the mathematical model 



tells you this?

6.
Without your calculator find the zeros of the following polynomials 


and explain the techniques you used.


i.
y = x4 + 5x2 – 24


ii.
y = 2x3 – 5x2 + 12x – 5 


iii.
y = x3 + 27 


iv.
y = x4 – 81 


v.
y = 2x3 + 3x2 – 16x – 24 

1.
a.
1.3 m
This is the height of the ball when it is thrown.


b.
0=-4.9t2 + 20t + 1.3
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The ball will hit home plate when it has a height of 0.  You can find this time by letting h(t) = 0 and solving for t.  The ball will hit the plate after 4.14563 seconds.


c.
Find the vertex by converting to vertex form by completing the square, or using 
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The maximum height of 21.7083 m occurs after 2.04082 seconds.


d.
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No because it represents height vs. time.  This 

graph is much narrower that the graph of the 

path of the ball.

2.
****Note Replace 0.88 sec with 0.586 sec in part c.
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b.
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c.
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Yes the pitch will be in the strike zone
d.


new speed = 117.333 ft/sec
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No the new pitch is not in the strike zone.

e.
As the pitcher throws faster, he needs to make his angle of trajectory smaller or else the ball will not drop far enough so it is in the strike zone.
3.
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a.
(-2, 0)   (2, 0)   (-1, 0)

b.
x = 4   x = -3

c.

[image: image14.wmf]12

52

24

4

2

8

8

2

2

12

2

2

3

2

-

-

-

-

+

-

-

+

+

-

-

-

-

x

x

x

x

x

x

x

x

x



Slant Asymptote y = -2x – 4 
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e.
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f.
f(x) positive      x < -3     -2 < x < -1     2 < x < 4

f(x) negative      -3 < x < -2     -1 < x < 2      x > 4


g.
you can skip

4.
a.
7P7 = 7! = 5040



2520 weeks



48.4615 years

A permutation is used because each order in which the buttons are chosen could be used on a different day.


b.
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There are 11! total ways of arranging the 11 people.  (8!)(3!) is the number of arrangements of the 8 other people followed by the 3 boys, however the three boys could start in any one of nine positions in the list.


c.
i)
12C9 = 220



ii)
12P9 = 79,833,600



iii)
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iv)
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5.
a.

[image: image19.wmf]3

)

1

(

3

cos

20

-

÷

ø

ö

ç

è

æ

+

=

x

y

p



b.
-16.3826 ft


c.
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3.64378 sec  < x < 6.35622 sec


d.
-3 ft
The vertical shift gives you the center value.
6.
i.
y = x4 + 5x2 – 24
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Zeros 
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Factor the quadratic and then factor using difference of squares.
ii. y = 2x3 – 5x2 + 12x – 5 

Rational Zeros Theorem


Possible Rational Zeros:  5, -5, 2.5, -2.5, 1, -1, 0.5, -0.5
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0.5 is a zero so (x – 0.5) is a factor



y = (x – 0.5)(2x2 – 4x + 10)



Use the quadratic formula to find the other 2 zeros
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Zeros 0.5, 1 + 2i, 1 – 2i


iii.
y = x3 + 27 
Factor using the sum of cubes


y= (x + 3)(x2 + 3x + 9)



-3 is one zero, find the other two zeros using the quadratic formula
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Zeros are 
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iv.
y = x4 – 81 


Factor using difference of Squares
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Zeros are -3, 3, -3i, 3i


v.
y = 2x3 + 3x2 – 16x – 24 


Factor by grouping
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Zeros are 
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