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textbook, Transition to College Mathematics, as one of many strategies that can be 
used to get more Kentucky students ready for colleg
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transitional courses. We will also continue visiting teachers and students at 
individual high schools to discuss transitional courses in particular and the 
transition to college mathematics in general.  
�

The exciting culminating phase of the project is an online homework system for the 
transitional course offered through the University of Kentucky (UK) Web 
Homework System (WHS) at www.mathclass.org.  The KYOTE system is a part of 
this larger UK system that currently serves about 5,000 mathematics and Spanish 
students per semester at UK as well as other colleges, universities and high schools. 
The online homework problems will be linked to examples and explanations in the 
textbook that students can use if they are having difficulty solving a homework 
problem. The problems can also be linked to other resources including videos. 
Teachers can use the tools provided by UK to customize their courses and add 
content as desired.  
 
The online homework transitional course will be offered free of charge to all 
Kentucky educational institutions as is the case with all KYOTE products.  
 
The Northern Kentucky University Kentucky Online Te
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Multiplication can be viewed as repeated addition. For example, 3 ⋅ 4  can be viewed 
as the sum of 3 4's  or the sum of 4  3's . Thus 
 
 3⋅ 4 = 4 + 4 + 4 =12 or 3⋅ 4 = 3+ 3+3+3 =12  

 
Exponents can be used to express repeated multiplication. For example, the symbol 

34  is used to represent the product of 4  3's . Thus 
 

 34 = 3 ⋅3⋅3⋅3 = 81  

 

The symbol 34  is read “ 3 to the fourth power” or simply “ 3 to the fourth.” The 
number 3 is called the base
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It’s clear that we need some agreement about the order in which mathematical 
expressions should be evaluated. This agreement is stated below. 
 

!�����	��!������	��������

 
To evaluate mathematical expressions, carry out the operations in the following 
order: 
  

)* Perform operations within parentheses. 
.* Perform all exponentiation operations. 
/* Perform all multiplications and additions from left to right. 
(* Perform all additions and subtractions from left to right.  

 
 
A few examples should illustrate this rule. We strongly recommended that you do 
these calculations without a calculator to develop fluency with signed numbers and 
exponents as well as order of operations. You are then welcome to check your 
answer using a calculator. You will notice that all calculators are programmed to 
follow the order of operations rule.  
 
$6������.*�Simplify 
 "�%�−3− 7+ 2   "'%�−
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�
$6������/*�Simplify 

 "�%�−6 − 3⋅ 23 + (−4)2   "'%� (−6 −3) ⋅ 23 + (−4)2  

 �������
* "�%�We perform all exponentiations first, then all multiplications, 
and finally all additions and subtractions from left to right to obtain  
  

−6 − 3⋅ 23 + (−4)2 = −
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5*�−9(2 − 5)− 7     -*�−9 ⋅ 2 − (5− 7) 

 
3*�30 ÷ 2 ⋅ 5      )0*�30 ÷ (2 ⋅5)    

 
))*� (30 ÷ 2) ⋅ 5      ).*� 6 −8÷ 2  

 
)/*� (6 −8)÷ 2      )(*� 6 − (8÷ 2)    

 
)1*� 48÷8÷ 2      )2*� 48÷ (8÷ 2) 

 
)5*� (48÷8)÷ 2     )-*�3 ⋅5− 3⋅ 7   

 
)3*�3(5− 7)      .0*�3 ⋅ (5− 3) ⋅ 7 

 
Simplify without using a calculator.   

 

.)*�34       2.*� 53     
 

./*� 25       .(*� 72  
 

.1*� (−4)2      .2*�−42    

 

.5*� (−
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To illustrate these definitions, let’s determine the GCF and LCM of 12  and 18. The 
integers 1, 2,3 and 6  are all common factors of 12  and 18, and 6  is the largest. Thus 

6 =GCF(12,18). The integer 36  is the smallest positive integer that is a multiple of 

both 12  and 
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We see that 22  is the largest power of 2  that is a factor of either 20  or 27 , that 33  is 

the largest power of 3 that is a factor of either 20  or 27 , and that 5 is the largest 
power of 5 that is a factor of either 20  or 27 . Thus  
 

LCM (20, 27) = 2
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We see that x7  is the largest power of x  that is a factor of either x7y8z5  or x4y12w , 

that y12  is the largest power of y  that is a factor of either x7y8z5  or x4y12w , that z5  is 

the largest power of z  that is a factor of either x7y8z5  or x4y12w , and that w  is the 

largest power of w  that is a factor of either x7y8z5  or x4y12w . Thus  

 

 LCM (x7y8z5, x4y12w) = x7y12z5w  
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 GCF(18x4y
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.1*�32 ⋅ 5 ⋅ 7, 3⋅ 72 ⋅13   .2*� 52 ⋅11, 5 ⋅ 7 ⋅112    

 

.5*� 24 ⋅ 52 ⋅17, 22 ⋅ 53    .-*� 24 ⋅32, 52 ⋅13�

 
Find the greatest common factor (GCF) and the least common multiple (LCM) of the 
following pairs of expressions. Treat the variables as prime numbers.  
 

.3*� a2b3, ab7     /0*� x3y2z5, x5y9z2    

 

/)*� a7bc3, a2b5     /.*� x3y5w, xz4w8    

 

//*� 6x3, 15x7     /(*�12xy, 9x3  

 

/1*�8a2b7, 15a4b2     /2*� 24y13, 60y10    

 

/5*� 51x2w, 27w5     /-*� 9x3, 8y3    

 

/3*�16ab2, 52a2b5    (0*� 48x7y3, 28y7zw  

 
Find the greatest common factor (GCF) and the least common multiple (LCM) of the 
following triples of expressions. Treat the variables as prime numbers.  
 

()*�8xy2, 20x3yw, 12x4y3w5   (.*�21a3b9, 9a7b5, 15a5b12  

 

(/*�18b4c3, 24c6d 2, 42bc2d 7   ((*�8x5, 9x12, 6x7 �

�
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Adding (or subtracting) two fractions with the same denominator is easy. We simply 
add (or subtract) the numerators of the two fractions and divide the result by the 
common denominator of the two fractions. When the two denominators are 
different, we need to rewrite the fractions as equivalent fractions with a common 
denominator before we can add or subtract them. Generally, we choose the least 
common denominator (LCD). The next example shows how this is done.  
 
$6������/* Add or subtract the given fractions and reduce your answer to lowest 
terms.  

 "�%�
5

12
+

1

4
     ('%�

2

3
−

4

5
  "�%�

7

12
+

3

16
      "�%�

1

2 ⋅33
+

7

22 ⋅32 ⋅ 5
��

� �������
* "�%�The least common denominator (LCD) 12  is the least common 

multiple of 12  and 4 . We then write 
5

12
 and 

1

4
 as equivalent fractions with 

denominator 12 , add the resulting fractions and reduce to obtain 
 

5

12
+

1

4
=

5

12
+

1⋅3
4 ⋅3

 Write each fraction as an equivalent 

fraction with denominator 12  

  =
5

12
+

3

12
   Simplify 

  =
8

12
    Add  

  =
2

3
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"�%�The LCD of 12 = 22 ⋅3  and 16 = 24  is 48 = 24 ⋅3 . Thus 48  is a common 

multiple of 12  and 16 , and we can write 48 =12 ⋅ 4  and 48 =16 ⋅3. We write 
7

12
 and 

3

16
 as equivalent fractions with denominator 48  and add to obtain 

 

7

12
+

3

16
=

7 ⋅ 4

12 ⋅ 4
+

3⋅3
16 ⋅3

 Write each fraction as an equivalent 

fraction with denominator 48  

  =
28

48
+

9

48
   Simplify 

  =
37

48
    Add 

 

"�%�The LCD of 2 ⋅33  and 22 ⋅32 ⋅ 5 is 22

�

�

�

�v
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 −
1

3











2

+ 4 =
1

9
+ 4    Square −

1

3
 

  =
1

9
+

36

9
   Write 4 =

36

9
 

  =
37

9
    Add 

 

$6������5*�Find the value of the algebraic expression at 
3

x2
−

2

y
 if x = −2  and y = −5 . 

 �������
* We make the substitutions x = −2  and y = −5 , then add the 

resulting fractions to obtain 
 

3

x2
−

2

y
=

3

(−2)2
−

2

(−5)
   Substitute x = −2  and y = −
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))*�
6xy

21x3
     ).*�

24x2y5

16x3y8z3
 

 
Write the mixed number as an improper fraction.  
 

)/*� 7
3

4
     )(*� 2

4

7
   

 

)1*� 5
2

3
     )2*� 6

7

8
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//*�
a

2
+
b

5
     /(*�

a

18
−

b

15
   

 

/1*�
x

7
−
y

5
     /2*�

x

12
+
y

8
 

 
Perform the indicated calculations.  
 

/5*�
2

5
+

5

6
     /-*�

2

5
⋅
5

6
   

 

/3*�
7

8
−

1

6
     (0*�

7

8
÷

1

6
 

 

()*�3
3

5
+1

2

5
     (.*� 4

2

3
−3

3

4
   

 

(/*�3−
2

5
     ((*�

3

4
÷

9

8
 

 

(1*�
3

4
⋅

8

15
     (2*�

2

3
÷

7
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13*� −
3

4




−



 30 

)*(*�;��������������������
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�	��
��CR 3 
 
Fractions and decimals are two different ways to represent numbers. You should be 
able to convert a fraction to a decimal and vice-ve
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"�%�Since 0.00154  is less than 0.005, we round down so that 97.3

4
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"�% We use algebra to help us solve and understand this problem. We let x  be 

the unknown percent and we translate the statement “17 is x% of 93” into an 

equation. We convert x% to a decimal to obtain 
x



 34 





 36 

$6������.*�Determine which of the two fractions is the larger by writing them as 
equivalent fractions with the same least common denominator (LCD).   

 "�%�
23

36
,

15

24
    "'%�−

17

12
,−1

3

8
 

 �������
* "�%�Since 36 = 22 ⋅32  and 24 = 23 ⋅3, the LCD of the two fractions is 

23 ⋅32 = 72  and we can write the two fractions as equivalent fractions with 
denominator 72 :  
 

 
23

36
=

23⋅ 2

36 ⋅ 2
=

46

72
and

15

24
=

15 ⋅3
24 ⋅3

=
45

72
 

 

We conclude that 
23

36
>

15

24
.  

 "'%�We first convert −1
3

8
 to an improper fraction −

11

8
 and then find the LCD 

of −
17

12
 and −

11

8
. The LCD is 24  and we can write the two fractions as equivalent 

fractions with denominator 24 :  
 

 −
17

12
= −

17 ⋅2
12 ⋅ 2

= −
34

24
and −

11

8
= −

11⋅3
8 ⋅3

= −
33

24
 

 

We conclude that −
17

12
< −

11

8
 since −

34

24
 is to the left of −

33

24
 on the number line.  

�

$6������/*�Determine which of the two numbers is the smaller.  

 "�%�39.42178, 39.4231  "'%�−0.87263 , −0.872904   "�%�
5

12
, 0.416  

 �������
* "�%�The two numbers differ first in the third digit after the decimal 
as can be seen when they are lined up one on top of the other:   
 
  39.42178 
  39.4231 
 
The third digit 1
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the number line, but −0.872904  is to the left of −0.87263
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��������	
�	��
��CR 5 
 
Applications of units, rates, proportions and percentages are likely the most 
frequently used and most practical applications of mathematics encountered in 
every day life. We present a few common examples of these applications with an 
emphasis on how appropriate use of units can help us solve problems of this kind 
and achieve a deeper understanding of them.  
 
$6������)*�A large screen TV is that originally sells for $900 is marked down to 
$684. What is the percentage decrease in the price?  
 �������
* The price of the TV is reduced from $900 to $684, a reduction of 
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�	��*�If we want to know what 1 foot per second is in miles per hour, we use the 

same template with 1 substituted for 66 to obtain 
15

22
, or 

30

44
. Physics texts often 

give the conversion from feet per second to miles per hour as 44 feet per second 
equals 30 miles per hour. 

 
$6������2*�Romeo and Juliet have a lover’s quarrel. Juliet bolts away due east at 5 
feet per second. One minute later, Romeo stomps off in the opposite direction at 4 
feet per second. How far apart are they 3 minutes after Juliet leaves?   
 �������
* We break down this problem into two parts by calculating the 
distance that Juliet travels and adding it to the distance Romeo travels. Juliet travels 
3 minutes and we first convert that into seconds. Although you can likely do this 
conversion without using the units involved, it is instructive to do this at least once. 
The template is: 
  

sec = min×
sec

min
 

 
Since there are 60 seconds in 1 minute, we fill in the numbers and do the 
calculations:  
 

 180sec = 3min× 60
sec
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Thus Romeo travels 480  feet.  
 
Therefore the two lovers are 1380 feet apart 3 minutes after Juliet leaves.   
�

$6������5*�The recommended dose of a certain drug to be given to a patient is 
proportional to the patient’s weight. If 2 milligrams of the drug is prescribed for 
someone weighing 140 pounds, how many milligrams should be prescribed for 
someone weighing 180 pounds? Round your answer to the nearest hundredth of a 
milligram?  
 �������
* We can make sense of the problem by using a little algebra and the 
units involved to set up a proportion. If we let x  be the milligrams of the drug to be 
prescribed for a person weighing 180 pounds, we obtain the proportional 
relationship 
 

 
x mg

180 lb
=

2 mg

140 lb
 

 

We solve for x  to obtain x =180 ⋅
2

140
= 2.57143 . Thus the recommended dose for a 

person weighing 180 pounds is 2.57 milligrams, rounded to the nearest hundredth 
of a milligram.  
 
$6������-*�Jack and Jill both work part-time at a local Burger Barn.  
 "�%�Jack makes $2 per hour less than Jill and he works 5 hours more than Jill 
during one week. If Jack makes $7 dollars per hour and works 22 hours, how much 
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7
dollars

hour
× 22 hours+ (7+ r)

dollars
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)-*�"�%�Lisa’s job pays $8 per hour, but if she works more than 35 hours per week 

she is paid 1
1

2
 times her regular salary for the overtime hours. How much is she 

paid if she works hours 42 hours in one week? "'%�If she works x  overtime hours in 
one week, how much is she paid in terms of x ?   
 
)3*�"�%�A plumber charges $55 an hour for his labor and his assistant charges $30. If 
the plumber works twice as long as his assistant on a job, and his assistant works 4 
hours, how much did they charge for their labor altogether? "'%�If the assistant 
works x  hours, how much did they charge for their labor in terms of x ?  
 
.0*�"�%�A girl has twice as many nickels as dimes, and 3 more quarters than dimes, 
in her piggy bank. If she has 8 dimes in her bank, how much money, in dollars, does 
she have in her bank? "'%�If she has n  dimes in her bank, how much money, in 
dollars, does she have in her bank in terms of n ?  
 
.)*�"�%�Michael has only $5 bills and $20 bills in his wallet. If he has 3 more $20 bills 
than $5 bills, and he has 7 $20 bills, how much money, in dollars, does he have in his talls h "'%�If se has 
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.5*�The time it takes a trained runner to run a 10K is proportional to the time it 
takes him to run a 5K. Suppose a runner has a 10K time of 37 minutes, 15 seconds 
and a 5K time of 18 minutes. What is the best approximation to the time it takes his 
friend to run a 5K if his friend runs the 10K in 39 minutes, 15 seconds? Write the 
answer in minutes and seconds, rounded to the nearest second. 
 
.-*�A box of Oaties contains 28 grams of cereal and 140 milligrams of sodium. How 
many milligrams of sodium are in 5 grams of Oaties?  
 
.3*�A box of Crunchies contains 59 grams of cereal and 46 grams of carbohydrates. 
How many grams of carbohydrates are in 6 grams of Crunchies?  
 
/0*�Northern Kentucky University President Geoffrey Mearns ran a marathon (26.2 
miles) in 2 hours and 16 minutes to qualify for the Olympic trials in 1984. How fast 
did he run in feet per second? Round your answer to the nearest hundredth. Hint: 
5280 feet =1 mile    
 
/)*�A woman is walking at the rate of 90 yards per minute. How fast is she going in 
feet per second? 
 
/.*�A man can run 1 mile in 6 minutes. How fast is this measured in feet per second? 
How fast is this measured in miles per hour? Hint: 5280 feet=1 mile 
 
//*�A car is going 80 kilometers per hour. How fast is this measured in miles per 
hour? Round the answer to the nearest tenth of a mile per hour. Hint: 1 kilometer ≈  
0.621 miles 
 
/(*�A car is going 90 kilometers per hour. How fast is this measured in meters per 
second?  
 
/1*�How many minutes does it take for a woman to walk 1200 feet if she walks at 
the rate of 4 feet per second?  
 
�/2*�How many minutes does it take a man to walk a mile if he walks at the constant 
rate of 4 feet per second? Hint: 5280 feet =1 mile 
 

/5*�How many centimeters are in 
5

8
 of a meter? 

/-*�How many meters are in 
3

7
 of a kilometer? Round your answer to the nearest 

hundredth of a meter.  
 
/3*�How many centimeters are in 2 kilometers?  
 
(0*�How many seconds are in 3 hour and 15 minutes?  
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()*�How many inches are in 3 yards, 2 feet and 7 inches?  
 
(.*�How many inches are in one meter? Hint: 1 inch ≈ 2.54 centimeters  
 
(/*�A car gets 25 miles per gallon. How many gallons of gas are needed for the car to 
go 180 miles?  

 
((*�A car gets 25 miles per gallon. How many gallons of gas are needed for the car to 
go 300 kilometers? Hint: 1 kilometer ≈ 0.621 miles 
 
  
 



 48 


�������.*�4�����&�	������
�

.*)*���	��������	���������&�	�������+�
�����

�

��������	
�	��
��CR 6 
 
&�	�������+	�������

Area A  and perimeter P
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$6������.*�A planned rest area at a shopping mall will consist of a rectangular 
space of length 40 feet and width 25 feet, all of which will be tiled except for a 
circular area of diameter 6 feet as shown that will used as a green space. How much 
will it cost to tile the rest area if the tile selected costs $3 per square foot? Round 
your answer to the nearest dollar.  
  
 

 
 
 
 

 
 
 
 
 
 

 
�������
* The region to be tiled is inside the rectangle and outside the circle. 

To find its area, we calculate the area of the rectangle using the formula A = lw , 

where l = 40  and w = 25, and subtract the area of the circle using the formula 

A = π r2 , where r = 3 (half the diameter of 6), to obtain  

 �

 Tiled Area = lw− π r2 = 40 ⋅25−π ⋅32 =1000 − 9π ≈ 971.726  

 
We multiply this area, in square feet, by the cost of the tile, in dollars per square foot 
to obtain the cost of tiling the rest area.  
 

 Cost = (1000 − 9π ) ft2 × 3
dollars

ft2
≈ 2915.18 

 
The cost of tiling the rest area is therefore $2, 915, rounded to the nearest dollar.  

     
�

$6�����������.*)�

 
)*�What is the area, in square centimeters, of a rectangle whose length is 120 
centimeters and whose width is 80 centimeters.  
 
.*�What is the area, in square inches, of a circle whose diameter is 9 inches?  
 
/*�What is the length, in feet, of a rectangle whose width is 7 feet and whose area is 
63 square feet? 
 

40 

25 
6 



 50 

(*�What is the perimeter, in inches, of a rectangle whose length is 12 feet and whose 
area is 96 square inches? 
 
1*�What is the perimeter of a square whose area is 144 square feet?  
 
2*�One angle of a triangle has measure 26 degrees and another has measure 35 
degrees. What is the measure, in degrees, of the third angle?  
 
 5*�"�% What is the perimeter, in centimeters, of a rectangle whose width is 7 
centimeters and whose length is 4 centimeters more than its width? "'%�What is the 
perimeter, in centimeters, of a rectangle whose width is n  centimeters and whose 
length is 4 centimeters more than its width, in terms of n ? 
 
-*�"�% What is the area, in square centimeters, of a rectangle whose width is 8 
centimeters and whose length is 6 centimeters more than half its width? "'%�What is 
the area, in square centimeters, of a rectangle whose width is n  centimeters and 
whose length is 6 centimeters more than half its width, in terms of n ?  
 
3*�"�% What is the perimeter, in feet, of a rectangle whose width is 6 feet and whose 
length is 3 feet more than twice its width? "'%�What is the perimeter, in feet, of a 
rectangle whose width is n  feet and whose length is 3 feet more than twice its width, 
in terms of n ? 
 
)0*�"�% What is the area, in square feet, of a rectangle whose width is 6 feet and 
whose length is 2 feet more than three times its width? "'%�What is the area, in 
square feet, of a rectangle whose width is n  feet and whose length is 2 feet more 
than three times its width, in terms of n ? 
�

))*�"�%�What is the area of a triangle, in square meters, whose base is 7 meters and 
whose height is half its base? "'%�What is the area of a triangle, in square meters, 
whose base is b  meters and whose height is half its base, in terms of b ? 
 
).*�"�%�Janis wants to carpet her living room, which measures 15 feet by 12 feet. She 
picked out a nice Berber style that cost $2 per squ
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6 ft 

2 ft 

8 ft 

4 ft 

5 m 

3 m 3 m 

4 m 

6 m 

5 ft 

3 ft 

length, in feet, of the boundary of this region? "�%�What is the cost of carpeting this 
region if the carpet selected costs $2.50 per square foot?  
 
 
 
 
 
 
�

�

�

�

�

)1*�The figure below is a diagram of a floor that needs to be tiled. "�%�What is the 
area, in square meters, of the region that needs to be tiled? "'%�What is the length, in 
meters, of the boundary of this region? "�%�What is the cost of tiling this region if the 
tile selected costs $12.00 per square meter? 
 
 
 
 
 
 
 
 
 
 
 
 
 
)2*�The metal plate shown consists of a square with a triangle on top. How much 
does the plate weigh, in pounds, if the metal weighs 2.5 pounds per square foot? 
 
 
 
 
 
 
 
 
 
 
�

�

�
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4 ft 

3 ft 

6 m 

14 m 

7 m 
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$6������)*�
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$6������.*�Sketch the polygon in the coordinate plane whose vertices are (−1, 2) , 

(5, 2), (8,1) , (5,−3) , (−1,−3) , (−3,−1)  and back to (−1, 2) , and whose edges are line 

segments connecting successive pairs of vertices. Find the area enclosed by this 
polygon.  
 



 55 

$6�����������.*.�

 
)*�Plot the following pairs of points in the coordinat
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P 

(−1, -2) (6, −2) 

 
)0*�What is the y -coordinate of the vertex Pof the triangle below if its area is 14?  
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(&�)	$���	
��)����� 
 
The Pythagorean theorem is the best-known and most frequently used theorem in 
high school and college mathematics. It provides a simple relationship between the 
two legs of a right triangle and its hypotenuse. Recall that a right triangle has one 

90o  angle called a right angle, that its hypotenuse is the side opposite the right angle 
and that the legs are the other two sides of the triangle.  
 
The theorem states that the sum of the squares of the legs of a right triangle equals 
the square of its hypotenuse. For the triangle below, this result can be stated in 

symbols as a2 + b2 = c2 .  
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above, this means that there is a positive number k  (called the constant of 
proportionality) such that   
 

 AB = k ′A ′B AC = k ′A ′C BC = k ′B ′C  

 

Here we use the notation AB  to denote the length of the line segment AB . Triangle 

ABC  is smaller than triangle ′A ′B ′C  if k <1 as in our example; triangle ABC  is 
larger than triangle ′A ′B ′C  if k >1; and triangle ABC  is the same size as triangle 

′A ′B ′C  if k =1. We call two similar triangles with the same size congruent.  
 
If we solve each of the three equations above for k  and set them equal, we obtain 
 

  k =
AB

′A ′B
=

AC

′A ′C
=

BC

′B ′C
 

 
These ratios are used to solve many problems in plane geometry.  
 
$6������)*�In the figure shown, the isosceles triangle 
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DE

BC
=

AD
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 18
feet

sec
× 5sec = 90 feet  

 
We use the Pythagorean theorem to find the distance d  between the observer and 
the cyclist 5 seconds after he spots her. We obtain  
 

 d 2 = 502 + 902 =10600  
 

We take the square root to obtain d = 10600 ≈

�

�
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D 

C B 

A 

E 

9 

6 

3 

pole wire 

1*�In the figure below, a wire is stretched from the top of a pole to the ground. A man 
6 feet tall stands 9 feet from the base of the pole and 3 feet from where the wire is 
attached to the ground so that his head touches the wire. What is the height of the 
pole? 
 
 
 
 
 
 
 
 
 
 
 
2*�In the triangle shown below, AD has length 7 inches, AB  has length 9 inches and 

DE  has length 4 inches. If angles B  and D  are right angles, what is the area of 
triangle ABC  rounded to the nearest tenth of a square inch?  
 
�

�

�

�

�

�

�

�

�

�

�

5*�Two cyclists leave an intersection together. One goes north at 15 feet per second 
and the other goes east at 9 feet per second. How far apart are the two cyclists after 
one minute? Round your answer to the nearest foot.  
 
-*�An equilateral triangle has side length 10 centimeters. Find its area in square 
centimeters. Hint: The altitude of an equilateral triangle is the perpendicular 
bisector of its base. 
 
3*�A plywood surface is in the shape of an isosceles triangle with two sides of length 
9 feet and base of length 6 feet. How much will this plywood surface cost if plywood 
costs $12 per square foot? Round your answer to the nearest cent. Hint
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)/�
).�

A 

B C 

D 

E 

A 

D E 

B C 

)0*�In the figure below, ABC  is an isosceles triangle, DE  is parallel to BC , AD has 
length 10 inches, AB  has length 12 inches and DE  has length 8 inches. What is the 
area of triangle ABC  to the nearest square inch? 
 
 
 
 
 
 
 
 
 
 
 
 
�

))*�



 63 

Sarah 
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�

�

$6������.* Convert the expression 
x−3y−2

x5y−7z−4
 to an equivalent expression involving 

only positive exponents.  
 �������
� We write the expression as the product of single factors, apply 
Definition 2, and rewrite as a single expression with all positive exponents. We 
obtain 
 

 
x−3y−2

x5y−7z−4
= x−3 ⋅

1

x5
⋅ y−2 ⋅

1

y−7
⋅

1

z−4
  Multiplication of fractions 

  =
1

x3
⋅

1

x5
⋅

1

y2
⋅ y7 ⋅ z4    Definition 2: a−n =

1

an
; an =

1

a−n
 

  =
y7z4

x3

2

   

� ������!	���
��*�*�	!���



�

38.16 T339 12.43208T02.38Tj)2 7.32 Tf)0.9873170.27833230 0 791333230l0 79133256mq)1.2783256mq)2649 5537 l)2649 5470 l)2282 5470 l)h)W n)4.153 721573259m 0 0 79.006323259m 01083.06 -4554.28 m)1417.32 -4554.28 l)S Q)Q)q)8.33333 0 0 8.33333 15')/R392 12.26910 1200 0-2. 0 2 Tf)0.9980 0 0 1 258 518.52 Tm)[(')-781.698(')-2785.53(')]TJ)ET)Q)0.198975 0.397949 1 RG)0.198975 0.397949 1 rg)q)8.33333 0 0 8.33333 0 0392 12.2691010 12 Tf)60.2351 .65644(4)-2.2724198(9)-2.70292(4)-2.27946(*)2.15946(&)3.63487( )1.19369 0 1 317.88 657.84 Tm)[(')-0.2054714(c)0.968647(c)0.968647(')-0.205471(i)-4.91906(,)-0.251946(5)-1.13498(9)-2.70292(4)-2.27241(9)-2.70292(3)2.94997(%)-3.14566(')-0.205471(%)-3.14566(()2.47241292(3)12.9691(()-2.65644(c)0.9686441(9)-2.70292(,)9.76719())-2.96709(5)429.688]TJ)ET)Q)0 0 0 RG)0 0 0 rg)q)8.33333 0 0 8.33333 

�

�
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�
a2b

c3











−2

=
(a2b)−2

(c3)−2
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(−2)3

−3
=

−8

−3
=

8

3
 

 
�

$6�����������/*)�

 
Simplify the expression, writing it without any negative exponents.  
 

)*� (−2x4 )3   .*� (6y)3    /*� (−3a4bc5 )2  
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Find the value of the algebraic expression at the specified values of its variable or 
variables without using a calculator. Simplify the expression before evaluating. Check 
your answer using a calculator.   
 

/(*� x3x−4; x = 5    /1*� (x−2 )3; x = −2    

�

/2*� (2x−1)3; x = 3    /5*� (x2 + y2 )−1; x = −1, y = 2  

 

/-*� x−2 + y−2;
;

�
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/*.*��8������		���

�

��������	
�	��
: CR 10; CA 1, CA 4 
 

;�������	��)*�The square root of a nonnegative number a  is that unique 

nonnegative number, denoted by a , whose square is a
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We can use the product and quotient rules for square roots to simplify algebraic 
expressions. The idea is to treat the variables involved in the same way as we treat 

positive integers. For example, if x  is a positive real number, then x2 = x  since x  

is the unique positive number that when squared is x2 .  Similarly, we have 

x6 = (x3)2 = x3  and x18 = (x9 )2 = x9 . If the power of x  is an odd integer, then 

we use the product rule for square roots. For example, a simplified form of x9  is 

 

 x9 = x8x = x8 x = x4 x  

 
$6������.*�Simplify the expression. Assume that all variables represent positive 
numbers. 

 "�%� 36x4y7   "'%� 27x5  "�%�
8x2y4

x
6
y

  "�%�
40x3y2z

2x−5
y

−3
 

� �������
* "�%�We simplify the expression 36x4y7  as follows: 

 

 36x4y7 = 36 x4 y7    Product Rule for Square Roots 

  = 6 x4 y6y     36 = 6 ; Factor: y7 = y6y  

  = 6 x4 y6 y    Product Rule for Square Roots 

  = 6x2y3 y     Simplify: x4 = x2 , y6 = y3  

 

"'%�We simplify the expression 36x4y7  as follows: 

�

� 27x5 = 9 ⋅3x4x     Factor: 27 = 9 S
'�

�

x

3

 

x
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Find the value of the algebraic expression at the specified values of its variable or 
variables in simplified form without a calculator. Simplify the expression before 
evaluating. Check your answer using a calculator.  
 

.)*� x3y4 ; x = 3, y = 2    ..*� x3y5 ; x = 4, y = 7  

 

./*� 44x5 ; x = 7    .(*� 98x6 ; x = 2 �

�

.1*�
18x5

2x−2
; x = 4     .2*�

x3y−4

x
7
y

−2
; x = 3, y = 5  

     �
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+���
�

 
Square roots are special cases of 
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We can then extend this definition to all rational exponents. 
 

;�������	��(*�For any rational number m n  in lowest terms, where m  and n  are 

integers and n > 0 , we define 
 

 am n = an( )
m

or equivalently am n = amn  

 
Here a  is a real number and, if n  is even, a ≥ 0 .  

 
The Properties of Exponents for integer exponents we considered in Section 3.1 also 
hold for rational exponents.  
 
��	��������	��$6�	������

 
If  p  and q  are rational numbers in lowest terms with positive integer 

denominators, then 
�

��	������ � � � $6�������

)* a paq = a p+q    53 251 2 = 53 2+1 2 = 52 = 25 8−1 382 3 = 8−1 3+2 3 = 81 3
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example, if we want to calculate the value of 23 , we must enter this number as 21 3  
since there is no cube root key on a calculator.  
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>�	��* The expression 
a p

aq
= a p−q  in Property 2 gives 

1

aq
= a−q  when p = 0 . Hence 

5−2 3 =
1
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�

"�%�We use the properties of exponents to write 
 

−
8

27











2 3
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Write each radical expression as an exponential expression and each exponential 
expression as a radical expression. 
 

3*�
1

3
   )0*� 723   ))*� 53   ).*�

1

x73
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�������(*��	���	������
�

(*)*�,���������'�������	���	������

�

��������	
�	��
��CR 8; CA 2 
 

Polynomials in one variable are algebraic expressions such as 3x2 − 7x − 4 . In this 
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6(2x2 −3x +8) =12x2 −18x + 48 and 2x3(x2 − 4) = 2x5 −8x3  

  
are both applications of the Distributive Property. The following example further 
illustrates how the Distributive Property is applied to add and subtract polynomials.  
�

$6������)*�Perform the indicated operations and simplify. 

 "�%�3(x2 − x + 5)− 2(4x2 − 5x − 3)  

 "'%�Subtract 3x2 − 5x + 4  from x3 − x2 + 6x  

 "�%�3x2(x − 4)+ 4(x3 + 7x2 − 5)
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 = 3x3 −12x2 + 4x3 + 28
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(*.*�����������	���	������

�

��������	
�	��
��CR 9; CA 2 
 
We saw in Section 4.1 how the Distributive Property was applied to find the product 

of a monomial and a polynomial. For example, the product 2x2 (x3 −8x) is expanded 

using the Distributive Property to obtain 
 

 2x2 (x3 −8x) = 2x2 ⋅ x3 − 2x2 ⋅8x = 2x5 −16x3  

 
The Distributive Property is used when multiplying any two polynomials. The most 
commonly encountered is the product of two binomials. For example, suppose we 
are asked to find (2x − 3)(4x+ 5) . We think of 4x+ 5 as a monomial and apply the 

Distributive Property and properties of exponents to obtain 
 
 (2x −3)(4x + 5) = 2x(4x + 5)−3(4x+ 5)   Distributive Property 

  
   = 2x ⋅ 4x + 2x ⋅ 5− 3⋅ 4x − 3⋅ 5  Distributive Property 
           �          �         *�          � 

   = 8x2 +10x −12x −15    Multiply factors 

   = 8x2 − 2x −15   Collect like terms 
 
This gives the well-known ��*� method. We find the product of the �irst terms in 
each binomial, add the product of the �uter terms, add the product of the 
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�

�

$6������)*�Perform the indicated operations and simplify.  

 "�%�3x2y(x4 − 2x2y2 + 5y4 )  "'%� 2x +3y( )2
 

 "�%�5(2a2 −3b2 )(4a2 + b2 )  "�%� (x + 2y)(x2 − 3xy+ y2 ) 

 �������
* "�% We apply the Distributive Property and the properties of 
exponents to obtain 
  

 3x2y(x4 − 2x2y2 + 5y4 ) = 3x6y− 6x4y3 +15x2y5  Distributive Property 

 

 "'%�If we think about what 2x +3y( )2
 means, then this calculation is a simple 

application of the ��*� method. We have  
 

 2x + 3y( )2
= (2x +3y)(2x +3y)    Definition of 2x + 3y( )2

 

  = 2x ⋅ 2x+ 2x ⋅3y+ 3y ⋅ 2x +3y ⋅3y   ��*�  

  = 4x2 + 6xy+ 6xy+ 9y2    Multiply factors 

  = 4x2 +12xy+ 9y2     Collect like terms 

 

�	��=�The incorrect squaring of a binomial is a very comm
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  = x3 − x2y− 5xy2 + 2y3    Collect like terms 

�

�

$6�����������(*.�
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(*/*�+���	���	���	������

�

��������	
�	��
��CR 11; CA 5 
 
�)��'�
�������!��(������& 
 
When we multiplied polynomials, we took expressions in parentheses in the form 
a(b+ c)  and expanded them to remove the parentheses using the Distributive 

Property to obtain ab+ ac . When we factor a polynomial in the form ab+ ac , we 
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+���	���	��−12 � �	���'���4��	�����

+���	���

������������

12,−1 (x +12)(x −1)  11x  

−12,1 (x −12)(x +1)  −11x  

6,− 2  (x + 6)(x − 2) 4x  

−6, 2  (x − 6)(x + 2) −4x  

4,−3 (x + 4)(x − 3)  x  

−4,3 (x − 4)(x + 3)  −x  

 

 "�%�We see from the table that x2 + 4x −12 = (x + 6)(x − 2)  since 4x is the 

middle term we seek.  

 "'%�We see from the table that x2 − x −12 = (x − 4)(x +3)  since − x  is the 

middle term we seek. 

 "�%�The table lists the possible binomial factors of x2 + 2x −12 . Since none of 

these factors has a middle term 2x , x2 + 2x −12  cannot be factored. 
 

�	��*�The trial and error process of factoring trinomials requires more work than 
the reverse process of multiplying two binomials. The examples above give a 
systematic way to implement the trail and error process. However, you should not 
in general have to write out an entire table to factor trinomials of this kind. Instead, 
much of the work in finding the possible binomial factors and the middle terms can 
be done mentally with practice.  

 
�	�����
$����
���	�
�"��)���	��
$����������
��%���, 
 
We use a trial and error method discussed in the next two examples. 
 

$6������(*�Factor: "�% 3x2 −13x −10  "'%�3x2 + 7x −10  "�%�3x2 − 5x −10  
 �������
* All three trinomials have the same first term and last term and so 
the same trial and error process can be used to factor them. The following table 

shows the factors of 3, the coefficient of x2 , and −10 , the constant term. �
 

+���	���	��3� +���	���	��−10 � �	���'���4��	�����

+���	���

������������

3,1 10,−1 (3x +10)(x −1) 

(3x −1)(x +10) 

7x  

29x  

3,1 −10,1 (3x −10)(x +1) 

(3x +1)(x −10) 

−7x  

−29x  

3,1 5,− 2  (3x + 5)(x − 2)  

(3x − 2)(x + 5)  

−x  

13x  

3,1 −

220.216]TJ
ET
Q
q
2829 2189 m
2891 2189 l
2891 2081 l
2829 2081 l
h
W n
qj
ET
Q
Q
q
2016 10.56 T 138.12 99 2189 m
6f
0.91 Tf
0.982168 0330.2 Tm
(�)Tj
ET
Q
q
2880 1179 m
2935 1179 l
29356829 2081 l
h
W n4Tj
ET
Q
Q
q7TJ
/8.33333 0 0 cm BT
7�
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;����������	���8������+	������

� A2 −B2 = (A− B)(A+B)�

�

$6������2*�Factor: "�%�25x2 − 9 "'%� x2 − 4y2  "�%� a4 −16b4  

 �������
* "�% We recognize 25x2 − 9 = (5x)2 − (3)2  as the difference of squares 

with A = 5x  and B = 3 . We use the difference of squares formula to obtain 
 

 25x2 − 9 = (5x)2 − (3)2     Write each term as a square 

  = (5x − 3)(5x + 3)   Difference of Squares Formula 

 

� "'%�We recognize x2 − 4y2 = (x)2 − (2y)2  as the difference of squares with 

A
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8x3y2 − 2xy4 = 2xy
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(/*�5x2 − 23x + 24 = (5x )(x )  ((*�5x2 +14x − 24 = (5x )(x )�

 
Factor the trinomial. 
 

(1*� 2x2 + 5x − 3    (2*� 2y2 −19y−10   

 

(5*�3a2 +8a+ 5    (-*� 5x2 + 7x − 6  
 

(3*�3t2 +13t −10     10*�3y2 − 2y−1  

 

1)*� 4x2 − 4x − 3    1.*� 4x2 −11x − 3  
 

1/*� 9a2 −18a−16     1(*� 4y2 +12y+ 9   

 

11*� 6x2 − x −12     12*� 2y2 −11y+14  

 

15*� 6b2 + 7b−3    1-*� 4s2 − 9s+ 2   
 

13*�15x2 +16x + 4     20*�8t2 + 5t − 22  

 

2)*� 2x2 + xy− 6y2     2.*� 2s2 −11st + 5t2   

 

2/*� 6a2 − 7ab+ 2b2 � � � � 2(*� 9x2 + 24

15*2
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-)*� 6x2 − xy−12y2     -.*�3x2 +10xy− 24y2  

 

-/*� 5ab2x2 −10ab2x −15ab2    -(*� 24a2 −18ab+ 3b2  

 

-1*� x4 + 5x2 + 6     -2*� 2x4 − 5x2 + 3 
 

-5*� x4 − y4      --*� a6 (a+1)2 + a7(a+1)  

 

-3*� (x − 2)(x + 5)2 + (x − 2)2 (x+ 5)   30*� x2 (x2 −1)− 9(x2 −1)  

 

3)*� 9x4 − 49      3.*� 5a3 −125a  
 

3/*� x2 (x − 3)− 4(x − 3)   3(*� a2 (x − y)− b2 (x − y)  

 

31*� 5x4 −80y4     32*� 4x2 + 24xy+ 36y2 �

 
�

 
 
 �
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 "�% We factor the numerator and denominator polynomials of 
a2b3 − a2b

a
2
b+ a

2
 in 

two steps and divide out the common factor after each step to obtain 
 

a2b3 − a2b

a2b+ a2
=
a2 (b3 − b)

a2 (b+1)
 Factor a2  from numerator and 

denominator polynomials 

   =
b(b2 −1)

b+1
   Divide out (cancel) a2 ; Factor b3 − b  

=
b(b−1)(b+1)

b+1
  Factor b2 −1= (b−1)(b+1)   

  = b(b−1)    Divide out (cancel) b+1 

 

 "�% We factor the numerator and denominator polynomials of 
y2 − x2

x2 − xy
 in two 

steps and divide out the common factor after the second step to obtain  
 

y2 − x2

x2 − xy
=

(y− x)(y+ x)

x(x − y)
 Factor numerator and denominator 

polynomials 

  =
−(x − y)(y+ x)

x(x − y)
  Write y− x = −(x − y) 

  = −
y+ x

x
   Divide out (cancel) x − y   

�

�

$6�����������1*)�

 
Find the greatest common factor (GCF) of the numerator and the denominator of each 
rational expression. Write the expression by factoring out the GCF in both the 
numerator and the denominator.  Then divide out the GCF to write the rational 
expression in simplified form.  
 

)*�
45a3b4

9a5
b
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Simplify the rational expression. 
 

5*�
18x4y7

24x8
y

4
z

     -*�
6(x + 4)3(x − 2)2

30(x + 4)2
 

 

3*�
4(a− b)(a+ b)2

7(b− a)(a+ b)2
    )0*�

(x − 2)(3x + 5)2

(2 − x)(3x + 5)3
 

 

))*�
x3 + 3x2

x
2 + 2x4

     ).*�
3x2 −15x

12x − 60
 

 

)/*�
a2b2 + a2b4

a
2
b

2 + a
4
b

2
    )(*�

x2y

x2y+ x4y2
 

 

)1*�
x3yz+ xy3z + xyz3

x2y2z2
    )2*�

6t4 −18t3

4t2 −12t
 

 

)5*�
t3 − 2t2 + t

t
2 − t

    )-*�
2a2b2 −10a6b8

2a2
b

2
�

 

)3*�
x2 − 4

x + 2
     .0*�

x2 + 4x + 3

x +1
 

 

.)*�
x2 + 6x +8

x
2 + 5x + 4

    ..*�
(a− 3)2

a
2 − 9

 

 

./*�
x2 + 2x −3

x
2 + x − 6

    .(*�
6x +12

x2 + 5x + 6
 

 

.1*�
4x2 − 4

12x2 +12x − 24
    .2*�

4y3 + 4y−8y

2y3 + 4y− 6y
 

 

.5*�
y2 − y−12

y2 + 5y+ 6
    .-*�

2x2 + 5x −3

3x2 +11x +
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//*�
3x2 +
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=
x5

5x −10
⋅
2x − 4

x
2

   Invert 
x2

2x − 4
 and multiply  

   

=
x5

5(x − 2)
⋅
2(x − 2)

x2
   Factor 2x − 4 , 5x −10  

   =
2x3

5
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3*�
3x2

x
2 − 9

⋅
x + 3

12x
    )0*�

2x2 + 7x − 4

2x2 − 3x +1
⋅
3− x

x − 3
 

 

))*�
x2 − x − 6

x
2 −1

⋅
x +1

x −3
    ).*�

x2 + 5x + 6

x
2 + 2x

⋅
x3 + x

x
2 + 4x + 3

 

 

)/*�
x2y+ 3xy2

x2 − 9y2
⋅
x2 − 2xy−3y2

5x2y
  )(*�

2x2 +3x +1

x
2 + 2x −15

÷
x2 + 6x + 5

2x2 − 7x +3
 

 

)1*�
x4

x + 2
÷

x3

x
2 + 4x + 4

   )2*�
3x2 + 2x −1

x
2 −1

⋅
x2 − 2x +1

3x2 − 7x+ 2
 

 

)5*�
2a2 − ab−b2

a
2 − 2ab+ b

2
⋅
2a2 + ab− 3b2

2a2 +3ab+ b
2

  )-*�
x2 − 2x −15

x
2 − 4x − 5

⋅
x2 +8x+ 7

x
2 + 7x+12

�
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 "�% The LCD of the denominators x − 2  and x +1 is (x − 2)(x +1) . We write 

both 
2

x − 2
 and 

3

x +1
 as equivalent expressions with the same denominator of 

(x − 2)(x +1) , subtract and simplify to obtain 

 
2

x − 2
−

3

x +1
=

2(x +1)

(x − 2)(x +1)
−

3(x − 2)

(x +1)(x − 2)
 Write each term as an equivalent 

expression with LCD (x − 2)(x +1)  

  

   =
2(x +1)−3(x − 2)

(x − 2)(x +1)
  Subtract 

   =
2x + 2 −3x + 6

(x − 2)(x +1)
  Expand numerator expressions 

   =
−x+8

(x − 2)(x+1)
  Collect like terms 

 
$6������(*�Perform the addition or subtraction and simplify. Identify the LCD in 
each case. 

 "�%�2y+
3

y+1
  "'%�

1

x2 + 4x + 4
−

x +1

x2 − 4
 "�%�

3

t
−

2

t + 2
+

4

t2 + 2t
 

 �������
* "�% The term 2y  is a rational expression with denominator 1. The 

LCD of the denominators 1 and y+1 is y+1. We write both 2y  and 
3

y+1
 as 

equivalent expressions with the same denominator of y+1 and add to obtain 

 

2y+
3

y+1
=

2y(y+1)

y+1
+

3

y+1
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1

x2 + 4x + 4
−

x +1

x2 − 4
=

1

(x+ 2)2
−

x+1

(x − 2)(x + 2)
 Factor denominator polynomials 

=
x − 2

(x+ 2)2 (x − 2)
−

(x +1)(x + 2)

(x − 2)(x + 2)(x+ 2)
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5*� x
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�������2*�7������$8����	����������8���������
�
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$6������)*�Solve the equation for x . 
 "�%� 7x − 20 = 2x − 5     "'%�2(3x −1)− 5(2 − x) = 7 �

  
�������
* "�%�We start with the assumption that x  is a solution to the 

equation so that 7x − 20 = 2x − 5 . We then apply the properties of equality to get all 
terms involving x  on one side of the equation and all terms that are numbers alone 
on the other side. Finally, we divide by the coefficient of x  in the resulting equation 
to obtain the solution. The steps are as follows: 
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 �������
* "�% The suggested strategy for solving equations involving fractions 
is to clear the fractions first. We do this by multiplying both sides of the equation by 
the LCD of the fractions involved. The process in this case is better known as “cross-
multiplying.” We obtain 
 

 
2x −1

3
=
x+1

4
    Given equation 

 12
2x −1

3









 =12

x +1

4









  Multiply by 12  

 4(2x −1) = 3(x +1)    Simplify 

 8x − 4 = 3x+ 3     Expand 
 5x = 7      Add 4 ; subtract 3x  

 x =
7

5
     Divide by 5 

 
� "'% Equations like x = 0.15x + 2000  involving decimals occur frequently in 
applied problems. When we subtract 0.15x  from both sides to obtain 

x − 0.15x = 2000 , students often do not understand that the coefficient of x is 1 and 
we can use the distributive property to write  
 
 x − 0.15x = (1− 0.15)x = 0.85x  
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 30
4

5
x









 = 30

2

3
x +

1

6









   Multiply by 30  

 24x = 20x + 5     Expand and simplify 
 4
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5

9
27( ) =

5

9

9

5
C









     Multiply by 

5

9
 

 15 =C       Simplify 
 
We conclude that a temperature of 59 degrees Fahrenheit corresponds to a 
temperature of 15 degrees Celsius. �
 
 
�

$6�����������2*)�

 
Solve the equation for x .  
 
)*�3x − 5 =13     .*�6 − 2x = −8 
 
/*�5 = 3x − 9      (*�−2 = 4 − x  
 
1*�3x + 7 = 5x −11    2*�9x+ 4 = −4x − 7 
 
5*�2(3x − 7) = 8x +10     -*� 4(x −1) = 6(3
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.1*� 0.05x = x −190     .2*� 0.07x+ 0.05(1000 − x) = 65  

 

.5*� 25 =
5

3
(x −12)     .-*�16 =

4

7
x −8 

 

.3*�
1

4
x −

2

3
=1    /0*�

7

5
x − 7 = 2.8 

 

/)*�
2

5
(x + 3) = x −1    /.*�18π + 6π
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 "�% We first clear fractions by multiplying both sides of 
r

a
−

3t

b
= 2  by the LCD 

ab  of the fractions involved. We then solve the resulting equation for t  to obtain 
 

 
r

a
−

3t

b
= 2      Given equation 

 ab
r

a
−

3t

b









 = 2ab     Multiply by ab  

 br −3at = 2ab      Simplify 
 br − 2ab = 3at      Add 3at ; subtract 2ab 

 
br − 2ab

3a
= t      Divide by 3a  

 

Therefore t =
br − 2ab

3a
.  

 
$6������.*�Solve the equation for the indicated variable.  

 "�%�ax − 3(b− cx) = dx; for x    "'%�
x − a

y+ b
=
cx

d
; for x  

 �������
* "�% There are no fractions to clear so we begin by expanding 
−3(b− cx) = −3b+ 3cx  to remove the parentheses. We then get all terms involving x  

on one side of the equation and all other terms on the other side using the equality 
properties. We obtain 
 
 ax − 3(b− cx) = dx     Given equation 

 ax − 3b+ 3cx = dx     Expand 
 ax +3cx − dx = 3b     Add 3b ; subtract dx  
 (a+ 3c− d)x = 3b     Factor out x  

 x =
3b

a+3c− d
     Divide by a+a+a

'
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 "'% We first clear fractions by multiplying both sides of 
x − a

y+b
=
cx

d
 by the LCD 

d(y+ b)  of the fractions involved.
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.(*�The volume V  of a cone of base radius r  and height h  is V =
1

3
πr2h . Solve this 

equation for h .  
 

.1*�The formula F =
9

5
C + 32  expresses a temperature in degrees Celsius C  as a 

temperature in degrees Fahrenheit F . Solve this equation for C .  
 

.2*�The formula for calculating a z -score for a sample score of x  is z =
x − x

s
 where 

x  is the mean of the sample and s
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 0.75x = 247.50    Simplify 

 0.75x =
247.50

0.75
   Divide by 0.75 

 x = 330     Simplify 
 
We interpret the answer. 
 
 The original price of the handbag is $330. �
�

$6������.*�A man weighs 45% more than his daughter. The sum of their weights is 
294 pounds. How much does his daughter weigh?  
 �������
* We are asked to find the daughter’s weight. So it makes sense to let 
 
 x= daughter’s weight in pounds      Step 1 
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 0.03x + 0.035(50000 − x) =1687.50    Given equation 

 0.03x
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 2x + 2(x + 3)=length of fence, in feet     Step 2 

 
Since the fence costs $7.50 per foot, has length 2x + 2(x + 3)  feet, and costs $345 

altogether, we can form the equation relating the unknown quantities. 
 

 7.50 2x + 2(x + 3)( ) = 345       Step 3 

 
We solve this equation.         Step 4 
 

 7.50 2x + 2(x + 3)( ) = 345   Given equation 

 7.50 4x + 6( ) = 345    Collect like terms 

 30x + 45 = 345    Expand 
 30x = 300      Subtract 45  
 x =10       Divide by 30  
 
Since x =10  is the width of the garden, x+ 3 =13 is the length of the garden.  
 
We can then interpret our answer.       Step 5 
 
 The length of the garden is 13 feet and the width of the garden is 10 feet.  
 
$6������1*�A van with no license plate is going 60 miles per hour and passes a truck 
stop along an interstate highway. A police car passes the truck stop 2 minutes later 
going 80 miles per hour in hot pursuit of the van. How long will it take for the police 
car to overtake the van?   
 �������
* We let  
 
 t =time required for police car to overtake the van, in hours  Step 1 
 
The distance traveled by the van and the police car from the truck stop to the point 
where the police car overtakes the van will be the same. But the time traveled by the 
van will be 2 minutes greater than the time traveled by the police car. Thus we need 
to convert 2 minutes to hours to find the time traveled by the van, in hours. We have 
 

 2 min ×
1hour

60 min
=

1

30
hour  

 

 t +
1

30
=time traveled by the van until overtaken by the police car  Step 2 

  
The distance traveled by the police car is found by using the familiar formula 



 129 
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1

3
x=number of nickels in the purse     Step 2 

 
We then find the value, in cents, of each of the dimes, quarters and nickels and set 
this equal the total value of all the coins, 580, in cents. We obtain 
 

 10x + 25
1

2
x
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3*�"�%�If x  is the smallest of three consecutive odd integers, what is the sum S  of 
these three integers in terms of x ? "'%�If x  is between the smallest and largest of 
three consecutive odd integers, what is the sum S  of these three integers in terms of 

x ?�
 
)0*�A Corvette going east at x  miles per hour and a Mustang going west at 5 miles 
per hour faster than the Corvette pass each other on a long straight highway. How 
many miles apart are the two cars 10 minutes after passing each other, in terms of 
x ?  
 
))*�Chuck goes on a trip in his Prius hybrid. He goes x  miles and averages 50 miles 
per gallon of gas. If gas costs $3.50 per gallon, how much did he pay for gas on this 
trip in terms of x ?  
 
).*�Hannah earns $12 per hour at her job, but earns one and a half times that rate 
for overtime hours in excess of 35 hours per week. How much does she earn one 
week if works x  overtime hours, in terms of x ?  
 
)/*�A master carpenter makes twice as much per hour as his assistant. On one job, 
the assistant works 5 hours more than the carpenter. If the assistant makes x  
dollars per hour and works h  hours on this job, how much altogether are they paid 
for the job, in terms of x  and h ?  
 
)(*�Beth works out by running x  miles from her house each day at the rate of 8 
miles per hour and walking back home at the rate of 3 miles per hour. How many 
hours does it take her to complete this workout in terms of x ?  
 

)1*�A woman earning a salary of x  dollars per year gets a 3
1

2
% raise. "�%�What is 

her raise in terms of x ? "'%�What is her new annual salary in terms of x ?  
�

)2*�A shirt selling for x  dollars is marked down 15%. What is the new price of the 
shirt in terms of x ?  
 
)5*�A man invests x  dollars in an account paying 4% annual interest and twice as 
much in an account earning 6% interest. "�%�How much does the man invest in these 
two accounts altogether in terms of x ? "'% How much annual interest does the man 
earn from these accounts in terms of x ?  

 
)-*�Janis invests $4,000 dollars, part in a savings account earning 2.5% annual 
interest and the rest in a certificate of deposit earning 4.5% annual interest. If she 
invested x  dollars in the savings account, how much interest did she earn on her 
investment in terms of x ?  
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)3*�A coin purse contains nickels, dimes and quarters. It contains x  quarters, twice 
as many dimes as quarters, and 3 more nickels than quarters. "�%�How many coins 
does the purse contain in terms of x ? "'%�How much money, in cents, does the purse 
contain in terms of x ?  
 
.0*�Chris has only $5, $10, and $20 bills in his wallet. It contains x  $10 bills, 4 more 
than twice as many $20 bills as $10 bills and 7 more $5 bills as $10 bills. "�%�How 
many bills does are in his wallet in terms of x ? "'%�How much money, in dollars, is 
in the wallet in terms of x ?  
 
.)*�Select Blend coffee contains 35% Columbian coffee a
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()*�Speedy is another dwarf who hangs out with Sleazy. He stays fast by running at 
7 miles per hour from his tiny cottage and then walking back along the same path at 
3 miles per hour. How many miles does he travel if this workout takes 1 hour to 
complete? 
 
(.*�Two cars are 30 miles apart and moving towards each other on the same 
highway. One car is going 10 miles per hour faster than the other. How fast is each of 
the cars going if they pass each other 15 minutes later?     
 
(/*�Curly, Larry and Moe all work for the same company and they compare their 
annual salaries. Curly makes 20% more than Moe and Larry makes 30% more than 
Moe. Altogether they make $183,750 per year. How much per year does each man 
make?  
 
((*�Chemistry professor M. T. Beaker wants to mix a solution containing 60% acid 
with a solution containing 30% acid to produce a 300-milliliter mixture containing 
50% acid. How many milliliters of each solution should he use?  
 
(1*�Professor Beaker has a 50-milliliter solution containing 60% acid. How many 
milliliters of pure water should he add to this solution to produce a solution 
containing 40% acid?  
 
(2*�Select Blend coffee contains 35% Columbian coffee and Premium Blend coffee 
contains 75% Columbian coffee. A store manager wants to mix these two brands of 
coffee to obtain a 30-pound mixture containing 50% Columbian coffee. How many 
pounds of each brand should he use?  
 
(5*�Thrifty Blend coffee does not contain any Columbian coffee and Premium Blend 
coffee contains 75% Columbian coffee. A store manager wants to mix 20 pounds of 
Premium coffee with some Thrifty Blend coffee to obtain mixture containing 50% 
Columbian coffee. How many pounds of Thrifty Blend should he use? 
 
(-*�
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2*(*��	� ��7���������8������������	���<����'���

�

��������	
�	��
��CR 17; CA 10 
 
*
� �	�����
� 
 
An inequality is a statement that one mathematical expression is either less than (<), 
greater than (>), less than or equal to ( ≤ ) or greater than or equal to ( ≥ ) another 
mathematical expression. The statement 3 ≤ 7− 2  is an inequality.  
 
In this section, we discuss inequalities that involve a variable such as 
 
 2x −3 ≤ 9  
 
We look for values of x  that make the inequality 2x −3 ≤ 9  a true statement. The 
following table gives some values of x  that satisfy the inequality (make it a true 
statement) and some values of x  that do not satisfy the inequality. A value of x  that 
satisfies the inequality is called a solution to the inequality. The collection of all 
solutions is called the solution set of the inequality. 
 

x  2x −3 ≤ 9  �	����	�A�

4 2 ⋅ 4 −3 = 5 ≤ 9?  Yes 

5 2 ⋅ 5−3 = 7 ≤ 9?  Yes 

6 2 ⋅ 6 −3 = 9 ≤ 9?  Yes 

7 2 ⋅ 7 − 3 =11≤ 9?  No 
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�

Suppose we would like to solve our example inequality 2x −3 ≤ 9  above using 
algebra. We obtain the following sequence of equivalent inequalities by applying the 
properties of inequality.  
 
 2x −3 ≤ 9      Given inequality 
 2x ≤12      Add 3; property 1 
 x ≤ 6       Divide by 2 ; property 2 
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This same argument works for inequalities such as −7 < −3 (both numbers are 
negative) and −4 < 6 (one number is negative and the other is positive). You might 
want to try it and see for yourself! �
 
*
���!	��%��	���
 
 
Certain sets of real numbers, including solution sets of inequalities, correspond to 
line segments on the number line and are called intervals. Suppose a < b are two 
numbers on the number line. The interval (a,b) , where a  and b  are enclosed by 

parentheses, consists of all numbers between a  and b  but not the endpoints of the 
interval a  and b . The interval [a,b], where a  and b  are enclosed by square 

brackets, consists of all numbers between a  and b  including a  and b .  
 
A
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 "'%�We multiply both sides of the inequality by the LCD of the denominators 
of the fractions involved to clear fractions just as we do for equations. We then solve 
the resulting inequality as in part (a). We obtain 
 

 
1

2
x −

2

3
x >

1

3
+ x     Given inequality 

 6
1

2



 141 

)/*�
2x

3
< 3.8      )(*� 2 − (1− 3x) ≥ 5− 2(3− x)�

 

)1*�
1

2
x −

1

3









 > 2     )2*� 7x +1≤ 3− (2x − 4) 

 

)5*�
3

4
x −

2

5
x >1    )-*� 2(1− 3x) ≤ 3(2 + x) 

 

)3*� 0.01x + 2.6 ≥1.3    .0*�−
5

3
x −18 > x +

1

3
x  

 

.)*�
1

3
x −

1

4
x ≤ 5− x     ..*�

5x

12
≥

7x

18
+

1

6
�
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slope =
change in y

change in x
=

−2

4
= −

1

2
 

 
If we go in the opposite direction from (6,−1)  to (2,1) , we see that the x -coordinate 

decreases by 4 and the y -coordinate increases by 2. Thus the slope of the line is 

 

   slope =
change in y

change in x
=

2

−4
= −

1

2
 

 
We see that the slope is the same regardless of the direction we choose.  
 
$6������.*�A line passes through the point (1,3)  and has slope 2. Construct a table 

of at least four points on the line and sketch its graph.  
 �������
* We start at the point (1,3) . If we increase the x -coordinate by 1 and 

increase the y -coordinate by 2, we arrive at another point (2, 5) on the line since the 

slope of the line is 2. If we increase the x -coordinate by 2 and increase the y -

coordinate by 
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Notice that regardless of the pair of points we choose on the line, the change in the 
y -coordinate dividedGxd-RbqRGQ3x7n[x--LbRYYqQYYLxyIxi-–Vb3FqqYGxt-–VbV3LLQu<fVYbVIYL3xo-]<”nVGGRx -–FbVFqqYGxd-RbqRGQVQGxh-Fb3FqYL3xo-–VbqIqGGxn-–VbYq3FYxg-RbVFLYVxe-–RbLGIqqx -–FbVFIG3Lxi-–Vb3FVYVxn-–VbYqYIGx -–FbVFIG3Lxt-–VbV3VGLxh-Fb3FGG3Lxe-–RbLGIqqx -–FbVFIG]<”n:<n−nqn3qVuR3GVIQYnQLQquGL3ulQnQLQqulL3ulQnQqIGulL3IQYnQqIGulLnQbRRRRRuFuFuQbRRRRRuFuFucmu%<nE!IIuLVbqqQGux -LLYQFYuFuqq-–FRLIbQGuRQLx -,<mnx -<jn:<v−n−nqnQbRRRRRuFuFuQbRRRRRuFuFucmu%<nE!LFuLVu<fnFbYYQFYuFuFuLuYYbYquGRLQ[x-<mn[x--LbRYY33xc-FbLqIQVQGxo-–FbVIVIIQxo--–VbYVIIQxo--–VbYIRx -–FbVFdntte in teintet  ion  ioint hthi
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$6�����������5*)�

�

Construct a table containing the given point and at



 148 

)3*� (−4, 0), (0, 2)     .0*� (0, 0), (4,3)  

 
.)*� (3,−5), (3, 2)     ..*� (4,−2), (4,3)  

 
./*� (−1, 0), (−3, 0)     .(*� (−2,3), (3,−2)  

 
.1*� (−3,−1), (1,−2)    .2*� (1,1), (4,3)  

 
Find the slope of the line whose graph is shown.  
 
.5*� � .-*��

� �

� � �

 
 
 
 
 
 
 
 

  /0*��

.3*�

�

�

�

�

�

�

�

�

�

� �

� � � �

/)* � /.*�

� �

�

�

 
�

 
 
 
 

5 

-5 

-2 
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5*.*�$8����	�������&������	��7�����

�

��������	
�	��
� CR 18, CR 19; CA 16 
 
In the previous section, we discussed lines, their slopes and their graphs, from a 
purely geometric perspective. In this section, we focus on the profound idea that any 
line in the plane can be viewed as linear equation in two variables and, conversely, 
any linear equation in two variables can be viewed a line. The study of lines 
provides an elegant connection between geometry and algebra. 
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�

�)�������1*
��������� �	���
����	���
� 
 
We saw in the previous section how to construct the graph of a line given the slope 
of the line and a point on the line. We now use this information to construct an 
equation of such a line.  
 
Suppose that a line has slope m  and passes through the point (x1, y1)  as shown in 

the graph below. We can use the property of slope to find an equation of this line. 
Suppose that (x, y)  is any other point on the line. If we start at (x1, y1)  and go to 

(x, y) , then the change in the y -coordinate is y− y1
 and the change in the x -

coordinate is x − x1
. The ratio of these changes must be m , the slope of the line. 

Thus we have 
 

change in y

change in x
=

y− y1

x − x1

= m  

 
We solve the latter equation for y to obtain 

 

  
y− y1

x − x1

= m      Given equation 

y− y1 = m(x − x1)     Multiply by x − x1
  

 y = m(x − x1)+ y1
    Add y1

 

 y = mx −mx1 + y1
    Expand 

 y = mx + b      Set b = −mx1 + y1
 

xx1
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x  
y =

3

2
x − 4  
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*
�������
����	���
� 
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 2x − 3y = 6     Given equation 

 −3y
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�

�

�

�

$6������2*�Find the slope-intercept form of the equation of the line whose graph is 
shown.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

�������
� We choose two points (3,1)  and (5, 0) on the graph that occur at the 

intersection of grid lines and so have integer coordinates. If we go from (3,1)  to 

(5, 0), the x -coordinate increases by 2  and the y -coordinate decreases by 1. 

Therefore the slope of the line is  
 

� slope =
change in y

change in x
=

−1

2
= −

1

2
 

 
The equation of the line has the form 
 

 y = −
1

2
x +b     The variable 
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 0 = −
1

2
5( ) + b     We solve for b  to obtain b =

5

2
. 

 

The equation of the line in slope-intercept form is therefore y = −
1

2
x +

5

2
. Note that 

this is the line we discussed in Example 1.  
 
 

$6�����������5*.�
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.)*� y =
2

3
x − 4     ..*� y = −

3

5
x − 2 �

�

Find the slope and the x - and y -intercepts of the line and sketch its graph. Find at 

least three points on the line and place the coordinates of these points on your graph. 
 
./*� x+ y = 4      .(*�3x − 2y = 6  

 
.1*� 2x − 5y = 0     .2*� y

d

 
bLfS
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((*�A line with slope −2  passes through the point (2,3) . What is its x -intercept?  

 
(1*�A line with y -intercept −3  passes through the point (−3, 4) . What is its slope?  

 
(2*�A line with x -intercept 4  passes through the point (3, 5). What is its slope?  

 
(5*�A line with x -intercept −2  passes through the point (3,3) . What is its y -

intercept?  
 
(-*�A line with y -intercept −5  passes through the point (−2, 2) . What is its x -

intercept?  
 
Find the slope-intercept form of the equation of the line whose graph is shown. 
  
 
(3*�  10*��

 
 
 
 
 �
 
 
 
 
�

 
1)*�  1.* 

 
 
 
   
� � �

� �

 
 
� �

 
   
 
 
 
 
�

5 -5 

5 

y 

x 
5 -5 

5 

y 

x 

5 -1 

5 

y 

x 
5 -5 

5 

y 

x 



 160 

1/* � 1(*

�

�

� � �

 
 
 
 
 
 
 
 
 
 
 
11*� � 12*���

� � �

� � �

 
  
 
 
 
 
 
 
 
 

5 −

-5 

1 
y 

x 

5 -5 

5 

y 

x 

5 

-5 

-2 

5 

y 

x 5 

-5 

-2 

5 

y 

x 
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�

��������	
�	��
��CA 16 
 
We discuss parallel and perpendicular lines in this section.    

�

;�������	��)*�Two nonvertical lines are parallel if and only if they have the same 
slope. Any two vertical lines are parallel.  

 

;�������	��.*�Two lines with slopes m1
 and m2

 are perpendicular if and only if 

m1m2 = −1; that is, their slopes are negative reciprocals: 

 

    m2 = −
1

m1

 

 
Also, a horizontal line (slope 0) is perpendicular to a vertical line (no slope).  

 
$6������)*�Find an equation of the line through (3,−4)  that is parallel to the line 

2x − 5y = 7.  

 �������
� The line of interest passes through (3,−4)  and has the same slope 

as the line 2x − 5y = 7 since these two lines are parallel. We put 2x − 5y = 7 in slope-

intercept form to find its slope.  
 
 2x − 5y = 7    Given equation 

  −5y = −2x+ 7     Subtract 2x  

 y =
2

5
x −

7

5
    Divide by −5  

 

The line of interest therefore has slope 
2

5
 and can be written in slope-intercept form 

as  

y =
2

5
x +b     The variable b  is the y -intercept.  

 

The point (3,−4)  is on the line and thus satisfies this equation y =
2

5
x +b . We can 

use this to solve for b . 
 

 −4 =
2

5
(3)+b     We solve for b  to obtain b = −

26

5
.  
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The line of interest thus has equation y =
2

5
x −

26

5
.  

 
$6������.* Find an equation of the line through (6, 2)  that is perpendicular to the 

line y =
3

7
x +1 .  

 �������
� The line of interest passes through the point (6, 2)  and is 

perpendicular to the line y =
3

7
x +1 . The line y =

3

7
x +1  is in slope-intercept form 

and hence has slope 
3

7
. The line of interest therefore has slope −

7

3
, the negative 

reciprocal of 
3

7
. The line of interest can thus be written in slope-intercept form as 

 

 y = −
7

3
x + b     The variable b  is the y -intercept.  

 

The point (6, 2)  is on this line and thus satisfies this equation y = −
7

3
x + b . We can 

use this to solve for b . 
 

 2 = −
7

3
(6)+ b     We solve for b  to obtain b =16 . 

 
 

The line of interest thus has equation y = −
7

3
x +16 .  

 
$6������/*�Find an equation of the line through (3,−2)  that is perpendicular to the 

line with x -intercept 5 and that passes through (0,−4) . 

 �������
� The line of interest passes through the point (3,−2)and has a slope 

equal to the negative reciprocal of the slope of the line passing through (5, 0) and 

(0,−4) . If we go from (0,−4)  to (5, 0), we see that the x -coordinate increases by 5 

and the y -coordinate increases by 4, and thus this line has slope  

 

 slope =
change in y

change in x
=

4

5
 

 

The line of interest has slope −
5

4
, the negative reciprocal of 

4

5
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from (−1,−2) to (8,1)  because the product of their slopes, (−2) ⋅
1

3
= −

2

3
, is not equal 

to −1. Hence the angle formed by these lines segments is not a right angle. Therefore 
the quadrilateral is not a rectangle. 
   
 

$6�����������5*/�

 
In exercises 1-8, determine whether the given lines are parallel, perpendicular, or 
neither. Justify your answer.  
 
)*� x − 4y = 6 and − 2x+8y =12   .*� x+ 3y = 9 and − 2x −3y =18  

 
/*� 4x + 2y =10 and x − 2y = 4   (*�3x − 4y =12 and 4x − 3y = 24  

 

1*�2x −3y = 6 and y =
3

2
x + 5    2*� 7x − 5y = 35 and y = −

5

7
x  

 

5*�3x + 5y =15 and y = −
3

5
x+ 7  -*�8x − 3y = 0 and y = −

3

8
x −12 �

 
3*�Find an equation of the line through (−1, 4)  that is parallel to the line y = 3x − 2 .  

 
)0*�Find an equation of the line through (−2,3)  that is parallel to the line y = 7. 

 
))*�Find an equation of the line through (−2,3)  that is parallel to the line x = −5 .  

 
).*�Find an equation of the line through (2,1)  that is perpendicular to the line 

y =
2

3
x +1 .  

 
)/*�Find an equation of the line with x -intercept −5  that is parallel to the line 
2x+ 3y

�
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)-*�Find an equation of the line through (4,3)  that is parallel to x+3y+1= 0 .  

 
)3*�Find an equation of the line through (−1,−3)  that is perpendicular to 

−5x + 3y−15 = 0 .  

 
.0*�Find an equation of the line through
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/)*�A triangle has vertices (−3,−1) , (3,3)  and (−9,8) . Plot these points and sketch the , 
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 2 −3( )2
+ −3( ) −15 =18−3−15 = 0  

 
� �	��1+����(������& 
 

Quadratic equations of the form (x − p)2 = q , where p  and q  are real numbers and 

q > 0can be solved easily using the square root property. In the next section, we 
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�

����;������������

The discriminant of the quadratic equation ax2 + bx + c = 0  is D = b2 − 4ac . The 

discriminant can be used to determine how many real number solutions the 
quadratic equation has.  

)*�If D > 0, then the equation has two distinct real number solutions. 
.*�If D = 0, then the equation has exactly one real number solution. 
/*�If D < 0, then the equation has no real number solution.   

 

$6������/*�Solve 



 170 

 

 x =
1+ 5

4
or x =

1− 5

4
 Use +  to get one solution and−  to get the other 

 

The two solutions are x =
3

2
 and x = −1. 

 "'%�We identify the coefficients a = 4 , b = −12  and c = 9  to be used in the 
formula for the discriminant and evaluate it to obtain 
 

D = b2 − 4ac     Discriminant formula 

� D = (−12)2 − 4(4)(9)    Substitute: 
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It appears that this equation will be easy to factor and try that approach. We obtain 
 

 x2 +3x −10 = 0    Given equation 

 (x + 5)(x − 2) = 0    Factor  x2 + 3x −10  

 x+ 5 = 0 or x − 2 = 0   Zero-product property 

 x = −5 or x = 2    Solve both linear equations 

 
The two solutions are x = −5 and x = 2 .       
 
We could use the quadratic formula and get the same solutions if we choose to do so. 
We first identify the coefficients a =1, b = 3 and c = −10  to be used. We then 
substitute these numbers into the quadratic formula to obtain 
 

 x =
−3± 32 − 4(1)(−10)

2(1)
  Quadratic formula: a
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//*� (x − 5)2 = 2    /(*� x2 +8 = 0  

 

/1*� x2 = 6x − 9     /2*�3x2 −13x −10 = 0  

 

/5*� x −
3

2











2

−
1

4
= 0     /-*� x2 + x = 2  

 

/3* 3x2 − 5x −1= 0     (0*� 2x2 − x −
1

2
= 0  

 

()*� 4x2 − x − 5 = 0    (.*� 4(x +1)2 = 3 

 

(/*� (x+ 2)2 + 4 = 0     ((*� x2 − 2x − 35 = 0  
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The technique of ��������
$��)��
 �	�� can be used to transform any quadratic 

equation to an equivalent equation in the form (x
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 x2 + 6x + 9 = 7+ 9    Add 
6

2











2

= 9  

Note that we added 9  to both sides of the equation instead of adding and 

subtracting 9  from x2 + 6x  as we would do when completing the square for the 

quadratic expression x2 + 6x .  

(x +3)2 =16     Write x2 + 6x+ 9 = (x+3)2  

 x+ 3 = 4 or x + 3 =
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.5*� x2 + 2x + 5 = 0     .-*� (x
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In the previous section, we saw how the technique of completing the square for a 
quadratic expression could be used to solve a quadratic equation. We use this 
technique in this section to sketch the graph a quadratic function.  
 
A quadratic function associates with each real number x  exactly one number y  

given by y = ax2 +bx+ c , where a ≠ 0 , b  and c  are real numbers. Each such pair of 

numbers (x, y)  forms a graph in the plane called a parabola
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"'%�We set x = 0  in y = 2(x−
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�

−x2 + 4x     Given expression 

= −(x2 − 4x)    Factor out −1 

= − x2 − 4x + 4 − 4( )    Add and subtract 
−4

2











2

= 4  

= − (x − 2)2 − 4( )    Write x2 − 4x+ 4 = (x − 2)2  

= −(x − 2)2 + 4     Multiply by −1 

 

We replace −x2 + 4x  by −(x − 2)2 + 4  in y = −x2 + 4x + 5  to obtain 

   

 y = (−x2 + 4x)+ 5  
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The solutions are x = −1 and x = 5 .  
 

We confirm this answer by solving −(x − 2)2 + 9 = 0 .  

 

 −(x − 2)2 + 9 = 0    Given equation 

  (x − 2)2 = 9     Subtract 9 ; multiply by −1 

 x − 2 = 3 or x − 2 = −3  Square root property 

 x = 5 or x = −1   
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3*� y = −
1

2
x +

3

2











2

+
15

8
   )0*� y = x −

5

2











2

−
9

4
 

 

))*� y = 4(x +1)2 −8     ).*� y =
1

2
x −

3

2











2

−
25

8
 

 
A quadratic function is given in exercises 13-24. In each case: 

3	4 Write its equation in vertex form by completing the square.  
3�4 Find its vertex and its maximum or minimum value.  
3�4 Find its x - and 
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Solving applied problems with quadratic equations involves the same five-step 
approach as solving applied problems with linear equations that we considered in 
Section 6.3. We state this five-step approach with “linear” replaced by “quadratic.”  
 
+� ���������	��������&��������������	� ��
�,���������	'�����?����$8����	���

�

)* ;����������<����'��*�Read the problem carefully. The problem asks you to 
find some quantity or quantities. Choose one of these quantities as your 
variable and denote it by a letter, often the letter x . Write out a clear 
description of what the quantity x  represents.  

.* $6������,���!���������	?��9�������������������	������<����'��* Read 
the problem again.�There are generally unknown quantities in the problem 
other than the one represented by the variable, say x . Express these 
unknown quantities in terms of x . �

/* �����������$8����	�*�Set up a quadratic equation that gives a relationship 
between the variable and the unknown quantities identified in Step 2. �

(*  �	� ������$8����	�* Solve the quadratic equation you obtain. �
1* ����������#	���,��?��*�Write a sentence that answers the question posed 

in the problem. Caution. The variable name x  or other unknown quantities 
expressed in terms of x  should not appear in your interpretation.�

 
$6������)* A rectangular room 3 feet longer than it is wide is to be carpeted with 
carpet costing $2.50 per square foot. The total cost of the carpet is $675. What are 
the length and width of the room?  
 �������
� We are asked to find the length and the width of the room. So we let 
 
 x=width of the room in feet       Step 1 
 
The length of the room in terms of x  can be written 
 
 x+ 3=length of the room in feet 
 
Since the total cost of the carpet depends on the area of the room, we also write the 
area of the room in terms of x .  
 
 x(x + 3)=area of the room in square feet     Step 2 

 
We can find the total cost of the carpet by multiplying the area of the room in square 
feet by the cost of the carpet per square foot. The total cost is therefore 
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 2.50
dollars

ft2
× x(x+3) ft2 = 2.50x(x+3) dollars  

 
The relationship between the area of the room and the cost of carpeting it can be 
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)0*�The length of a rectangle is 2 feet longer than it is wide and its area is 224 
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In this section we discuss how to solve systems of two linear equations in two 
variables by graphing.  
 
We saw in Section 7.2 that the graph of a linear equation in two variables is a line in 
the plane consisting of all points that satisfy the linear equation. A solution to a 
system of two linear equations in two variables is a point that satisfies both linear 
equations and is therefore a point on both lines. For example, consider the following 
system of equations.  
 
 

 LGGGRIGVx -FbQqF3
 LGGGRIGVx -3VVb3VFFRxr-G–GbVRq3FYx -VbqtRuFuLVx -,nx LGGGRIGVx -FbQqF3-–VxnIL-QbRq3FYx -Vbq QQYx.-–xF-nLRRLRVuYYumnLRQqRVuYYulnLRQqRVqIqulnLRRLRVqIqulnucmu%<nE!LFuLVu<fnFbYYQFYuFuFuLuRLIbQGuRIR
 LGGGRIGVx -FbQqF3
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y 

 
 
We graph the two lines on the same axes below. 
 
 
 
 
 
 
 
 
 
 
 
 
      2x+ y = 7    x+ 2y = 2  

 
We are looking for a pair of numbers (x, y)  that satisfy both equations. Graphically, 

this means that we are looking for a point (x, y)  that lies on both lines. There is 

clearly exactly one such point and it appears from the graph that this point has 
coordinates x = 4  and y = −1 . We substitute these values into both equations to 

verify that x = 4  and y = −1  satisfy them both.   

 
Therefore x = 4  and y = −1  is the unique solution to the system.  

�
�

Graphing is not an effective method for solving systems of linear equations. It is all 
but impossible, for example, to identify the exact solution of a system if the 
coordinates of that solution are not integers.   
 
However, graphing is an excellent way to help us visualize a solution to a system of 
equations. For a system of two linear equations in two variables, it enables us to see 
immediately that there are only three possibilities: 
 

)* The lines defined by the two equations in the system are not parallel and 
hence must intersect in exactly one point. In this case, the system of 
equations has a unique (one and only one) solution.  

.* The lines defined by the two equations in the system are parallel and 
distinct and hence cannot intersect. In this case, the system of equations 
has no solution.  

/*  The lines defined by the two equations in the system are same line. In 
this case, the system of equations has infinitely many solutions. (Any pair 
of numbers that satisfy one of the equations also satisfies the other 
equation and is therefore a solution to the system of equations.)xh-Fb3FGmVqx -VVFhYRRRuFuFuQ–FIG3Lxt-–VbV3nAoDah
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In this section we discuss how to solve systems of two linear equations in two 
variables analytically using two different methods: substitution and elimination.  
 
��'�������	������	��
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3(2)+ 4(−
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�

$6������/* Solve the system. 
  7x+
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5 -1 

We substitute x
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 y = 3    Divide by 3     Step 2 

 
We substitute y = 3
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This is a true statement but tells us nothing about the solution of the system. But if 
we examine the two equations x − 2y = −4 and −3x + 6y =12 , we see that multiplying 

the first equation by −3  yields the second equation. In other words, these are two 
different equations for the same line.  
 
Thus any pair of numbers (x, y)  that satisfies one of these equations satisfies the 

other and is therefore a solution to the system. Consequently, this system has 
infinitely many solutions. 
 
  
 

$6�����������3*.�

 
Solve the given system by substitution.  
 

)*��
x+ 2y = 5

y = 2x +1
     .*��

3x + 2y = 0

x = y− 5
 

 

/*��
x = 3y− 7

x = −y+1
     (*��

y = 2x − 3

y = −3x +17
 

 

1*��
x − y = 3

3x + y = 5
     2*��

x+ y = 8

3x − 2y = −1
 

 

5*��
2x + y = 5

−x + 3y = 8
     -*��

3x + 4y =1

2x − y =19
 

 

3*��
2x+3y =10

2x+ y = −6
    )0*��

3x + 2y = 5

x + y = 4
 

 

))*��
2x + 4y = −9

x −3334
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)5*��
2x+3y = −1

4x + 2y = 2
    )-*��

3x − 4y = 6

−9x + 5y = −18
 

 

)3*��
5x −3y = 0

3x + y =14
    .0*��

x + 5y =1

x − 3y = 9
 

 

.)*��
3x − 2y = 4

5x −3y = 7
    ..*��

2x+3y =12

7x − 5y =11
 

 

./*��
4x −3y = 5

2x+ 6y = 5
    .(*��

4x −10y = −1

8x + 5y = 8
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Solve the given system by graphing. Confirm your answer by solving the system 
analytically using either substitution or elimination.  
 

()*��
x+ y = 3

2x − y = 0
    (.*��

2x − 3y = 9

x+ 2y =1
 

 

(/*��
y = x + 3

y = 2x −1
     ((*��

2x+ y = −1

x − 2y = −8
�

�
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$6������)* Evaluate the function f (x) =
x2

x
3 +1

at the values x = −2,0,1, 2,3.  

 �������
� The function f  takes any number it is given, squares that number, 

and then divides the result by the cube of the number plus 1. In other words, the 
function f  takes any number it is given, substitutes that number for x  in the 

rational expression 
x2

x3 +1
, and simplifies the result. We obtain the following: 

 
 
��������	�      ������ 

 f (−2) =
(−2)2

(−
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The set written as x ∈ R:x ≠ −1{ } means  “the set of all x  in R  (the set of all real 

numbers) such that x ≠ −1”.   
 
The domain of f  can also be written in interval notation:   

 

 Domain( f ) = −∞,−1( )∪(−1,∞) 

 

We discussed interval notation in Section 6.4. Recall that −∞,−1( )  is the set of all real 

numbers less than −1 and (−1,∞)  is the set of all real numbers greater −1. The 

union 
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 x ≥
3

2
     Divide by 2  

 
Thus the domain of f  can be written in either set notation or in interval notation as 

follows: 
 

 Domain( f ) = x ∈ R : x ≥
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5*� f (x) = 2x +1 ; x = −
1

2
, 0,

1

2
,
3

2
,
5

2
, 4  

 

-*� f (x) =
x2 −1

x
2 +1

; x = −2,−1, 0,1, 2  

�

3*� f (x) = x2 + x − 2 ; x = −5,−3,−2,1, 2, 5  

 

)0*� f (x) = x +
1

x2 +1
; x = −2,−1, 0,1, 2  

 

))*� f (x) =
1

2x +1
+

1

2x −1

sx

x
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Find a function f  with the given domain.  

 

.3*�Domain( f ) = −
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An equation that involves rational expressions, square roots and absolute value 
expressions can often be reduced to a linear equation and solved. We consider three 
examples.  
 

$6������)*�Solve the equation 
2

x +1
+

1

x −1
=

5

x2 −1
.  

 �������
* We clear fractions by multiplying both sides of the equation by the 
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$6������/*�Solve the equation 3x + 5 = 8 .  

 Solution. If the absolute value of a number is 8, then that number must be 
either 8 or −8 . In this case, the number 3x + 5 must be either 8 or −8 . Thus we 
must solve two linear equations: 3x+ 5 = 8 and 3x + 5 = −8 . We obtain 
 
 3x+ 5 = 8    Given equation 
 3x = 3     Subtract 5 
 x

=
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)1*� 4 7−3x =12     )2*�
2

x −1
+

1

x2 + x − 2
=

1

x + 2
 

 

)5*� 9 − 2x = 7     )-*� 2x + 6 = 4  

 

)3*�
3

x
−

2

x +1
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Beginning fall 2012, all public postsecondary institutions in Kentucky will use the following 
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5. A common rubric will be used to score the KYOTE Writingi
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