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Name Date
Division properties of exponents Exponents, and
When dividing exponents, it is important to remember the following properties: _ Polynomials

1. When dividing powers that have the same base, subtract the exponents.
For example, _;5“,2_ = x-2= x2 where x canhot be ecual to 0.

2. When finding a power of a quotient, find the power of the numerator and the power of
the denominator and divide.

For example, ('5)3 = -3-2- , Where y cannot be equal to 0.

)2

Simplify & Simplify  (

- oy o

1. Explain what you do with the exponents when dividing powers that have the same base.

Evaluate each expression.

56 32 2 FA e §
2. & 3. & 4 5 5. £52 6. (3
73 48 64 e &3 4 -
7. 5 8. o 9. = 10. (5 1. (2)2
Simplify each expression.
343 . = 18x42 o -3x%y2
12. () 13. X o 37 4. a5 >
15 . 16 4x5y4 . 4x2y4 17 X3S (22X
. X\r, - 4)(2}"2 2)()/ . X2y-3 X2y2
1 bx2y4  Txiy 8x2 o (Axy®yT
18. X e 2 19. 32 o 20. x3y'3 X-zy-z
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® Incredible Irony

Believe it or not, the people of Washington, D.C., did not always have the right to
vote for the position of President of the United States. How many Presidents had

the United States had before these people were allowed to vote?

To find out, simplify each term. Match your answers to those given. Write the letter
corresponding to the solution above each problem number at the bottom of the page fo speill
out the answer.

1. 3y R o1
x)’ 2x
2 Fo S, _4x
18xy o
3. 10_x2y T. .
10x2y
._m 4. _13xy v 2
26x2%y | 3
5 (93 X o
9y
6. 187 -
3 : )
o (eeflt C o w-u‘;m
7. “12x% L 20
Qxy?
8. ("3xy)(6x?y4) T 81y2
9x%y?
9. (3x](en) 1. 1
Bxy
bt toE s 488 7 8 9
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Simplifying rational expressions Caiculating Rational Expressions
A fraction whose numerator and denominator are polynomials is called a rational expression.
To simplify rational expressions, follow two steps.

1. Factor the numerator and the denominator.

2. Divide any factors common to both the numerator and the denominator.

it is important to remember that an expression is undefined for a value if the value of a
variabie causes the denominator in the expression to be 0.

Find the values for which S Sl B is undefined.
X+ 3x+ 2
X+ 3x+2 First, set the denominator equal to 0.
(% + 2)ix + 1) Factor denominator.
X+2=00rx+1=0 Set each factor equal 1o 0.
X=-2,X=-1 Solve.
Thus, Farixes 1s undefined for x =-2 o x = -1,
Simplify _3x-12
X2 X e 12 :
3(x - 4) Factor both the numerator and denominator.
e % -1 Cancet out what is common to both.
3 R .
T3 Simplified expression

Find the value(s) of x that would make the rational expression undefined.

1. x-4 2, X 3. X 4. 55+ 6
3x+9 2%+ 6 Xt 8x+7 X4 3x-18

5 _-14 6, x-15 7. _x-4 8 ___x-9
6x- 12 45~ 16 X ubx-6 X - 10x+25

Simplify each expression.

9. lox 10. 15x 1. x-7 12. X+ Tx
24 &0 X -Tx X+ bx-14

13. -36x 14, 2x-12 15. 2-36 18, 6x-24
84x xX-6 X+ Ax-12 X~ dx
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Write -3x% + x + 4 - x3 in convenient form.
xd - 3xte x4
-1(x3 + 3x% ~ X — 4}
“Hx® + 3x% - x - 1)
Simplify
-2 + 5X — 3x7
-4 + 8x — 3X°
-3XF+ 5x - 2
3N A BX M

~1{3x% - 5x + 2)
-1(3x% ~ 8x + 4)

=Y ——2h({x - 1)
HIpe=27(x — 2)

X =1
X2

simplifying rational expressions to convenient form Calculating Rational

Expressions

A rational expression is said to be simplified in convenient form if:
1. The expression is written in descending order 0f exponents.
5 The first coefficient, or leading coefficient, is positive.

write in descending order of exponents.
Factor out -1 to optain a positive first coefficient.
Convenient form

Rewrite the numerator and denominator in
descending order of exponents.

Factor out -1 to obtain a positive first coefficient.

Factor the numerator and denominator.
cancel out what is common to both.

Simplified convenient form

Change each expression to convenient form.

1. -6x-5 2. 36- %

5. -x+10 6. -2+ 5x-7

3. 524y~ X 4. 11 - 2x+ 2%

7. X +9x-4 8. -9x-7

Simplify each expression, Write sach answer in convenient form.

9. 10-x 10, x-1 11, 18x-3x 12 2-x

5x - 50 1-x X 4 7x =1 X+ dx-12
13. 2-5x+6 14, _9-x 15, 48162+ 12x 16, 28 -x+6

3-x X -8x-9 12x~ 4x° X - 0x-8
Evaluate each expression for ifs given x-value.
wly -

17. X2 + 2x- 16 for x=2 18. g forx=-1
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Calculating Rational Expressions

Muitiplying rational expressions
When muitiplying rational expressions, follow these three steps.
1. Multiply the numerators.

2. Multipty the denominators.
3. Write the new fraction in reduced form.,

Multiply 7"‘2 . 20

Y gx°

7X@ 20P = X3P Multiply the numerators.

42 » 8X5 = 32x5(° Multipty the denominators.

Xy Write the new fraction.

32x5¢42

—7% Write the new fraction in reduced form.
16X

Note: It Is faster to cancel factors in the numerator and the denominator before multiplying.

X' - 2x -8 , Xx-3

Multipt
ultipty X2 - 2x-13 X+ 2
xr2ix-4) , x-3 Factor the numerators and denominaters.
{x-3}x+1 X+ 2
dxsapix - 4) , X3 cancel out the common factors.
Ax=—3)x +1) K
X-H4 . Rewrite the remaining factors. Multiply.
X +1
X-H Final product

X+

X, 3x-6 9. 1oXy , 3x-2]

70, o
7. 5 ° 4 8. Ex~ 12 12x3 TT7-x 32x%yt
ox 4yt 45 @x+ 12y X2 — 42 7542 ~ 32
10. 1742 3x° 1. 6x + By * 9 12. 3x - 21xy + 30y? * X2 - 2xy & WA
B, 12y _Ax-24 -
13. 5,2 i T 14. 7+ T8x 10 " 2x-1)
108 Algebra
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Dividing rational expressions

Catculating Rational Expressions

To divide one rational expression by another, multiply the first by the reciprocal of the
second. Be sure not to confuse the operation. Invert the divisor (the second fraction) only.

Pivide I5xt . 33X
54° sy
WX ST
Bp X
L
Y
5x
[

Divide X'+ax+20 . X4
X2~ BX+6& xX-2
Xe+gx + 20 o X2
X2 -5x+6 X+4
M(X*‘f’) . -
{x - 3}le—2] X
X+5 o1
X-3
X+5
X—3

Change to multiptication.
Cancel common factors.
Muttiply.

Finat product

Change to multiplication.

ractor the numerator and denominator
and cancel common factors.
Multtiply.

Final product

Give the reciprocal of each rafional expression.

1. 10 2, x+12 3.% 4, ¥2-7
L 3 AX2 - 3x+ 7
5 %73 6. 258 7.0 8. 512
Divide.
9 &£ .1 j0. 2 24x6y 11, 2825 6x2 - 15xy
) + Ax-8x2 T Bx-4 - 2%y 4 BxyR Qxey2
Xy 2 -2x-15 5 ¥ - x-12 ¥ -2x-8
12. 55 + 755 13. Frasy - ¥-6x+5 W % + Foxo2
15, 3x4 . o2 16, X=8 . xx8 17. _x-81 2x+18
B T0%° S B ¥ - 3x- 54 bx + 36
18. 4x-12 + XR-9 19. x2-25 + 5x+25 20. 2 +5x+3 + 2xX-3x-9
12 24 x-3 2x-6 X+ 9x+ 14 X2+ 6x-7
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Adding and subtracting with like denominators Coalculating Rational

s ] ; ) o ] Expressions
When adding and subiracting rational expressions with tike denominators,
add/subtract the numerators and write the result as a fraction with the common denominator.

Add 2% . 5X Subtract —2— _ X
y y X~ 2 X -2
8X + 5x Add the nhumerators. Bx — Ux Subtract the numerators.
”TX Write as a fraction with - X - Write as a fraction with

the common denominator. the common denominator,

Note: Before adding and subtracting rational expressions, the expressions need to be in
convenient form.

Add X . _3X+10
X2+2X--8 _XZ_ZX+8
C . ) " )
X2 3% + 10 Write -x? - 2x + 8 in convenient form. -1(x* + 2x — g)

P E "~ Tots2x ) -1 means addition changes to subtraction.
Factor denominators oniy.

X +3x+10 . (x+SM¥=2T  guptract numerators. Then factor if possible.
(x + H){x - 2) (x+ 92T rancel common factors.

X+5 Final answer

X+ Y
Note: When subtracting an expression, remember to distribute the negative sign to each termin
the expression.

Add or subtract each expression.
9x 8x 2x X~ 1 X 3

1. T+ T 2, - 3. 2x-6 T 2x-6
4 %, 8° g A 2x+2 6 =X 48
S - 2x T T - W®+8x T ¥isx
7. X+ 8 8. 32 4+2 -1 9 X o4 S
X=5 5-x X X X X+ 2x-15 X4+ 2x-15
10, Xt12 _ 5 11, _8x 4+ _3x 12, 2%¢ 4 _2
X X x-6 6-x X~ 1 T-x
12
Find the perimeter of each figure. X
5
13. 14 *
X & 11
S 5 P X
5 = _i_
© Carson-Dellosa CD-4324 1o Algebra
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Adding and subtracting with unlike denominators Calculating Rational

i ) ) i } ) Expressions
To add and subtract expressions with unlike denominators, first find the LCD
{least common denominator). The LCD is found by factering each denominator into
prime factors and identifying the most number of times each factor must occur.

3 7

Tx * on Find the LCD of 4x and 1e6x. (The LCD is the least common multiple of 4x and 16.)

Yx =22 X
16X=2%2e2e¢20 X
Since 2 most occurs 4 times and x most occurs once, the LCD is2e2e202ex=16x 0ncethellDis

found, multiply each term by the factors in the LCD it is missing. Be sure 10 multiply the numerator
and the denominator of each term by the same factors.

1 7 3

Add 357 * ox

IX3=3e X Xe X Find the prime factors of each denominator.
2X2=2% X X
GX=2e3eXx
2e3eXeXeX=06X common denominator

241 x{ 7 i3 . .

2 (3X3) * x ( 2x2) + ( 6)() Multiply the numerator and denoml.nator ?f E?C!’.ﬁ

term by the LCD factors the denominator Is missing.

2+ 21x + 3x2 . . )

e Rewrite with the common denominator.

I+ 2ix + 2 : .

B Simplify.

= plify

Find the LCD of each set of fractions.

5 3 3 A x5 Sx 0 12
. 7 +% - 73 2. 37 +°F ~ Bx 3. Zxy -~ Tox
4 4x-5 5x -1 5 4x+3 3x+2 6 4 3
- T3 T Tad - T3 T 7 d T Xt Ted

Add or subtract each expression. Each answer should be in the simplest form.

bx 22X 7., 3x-4 xX+3 A
1. 75+ 75 8. max + Tex t*t T ax 9. 52 - Tox t W
3x X 1 2 3 3x+8 Ax-2
10, 5 -5 H.“;{g“az»—;—“g;g 12. o+ y™
x+3
' . y
13. Find the perimeter
s X+ 4
of the figure., x4 2 3
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Adding and subtracting with polynomial denominators Caleulating
Adding and subtracting rational expressions will often involve polynomial Expressions

denominators. The first step to take when solving such problems is to find the LCD.
Then repiace the rational expressions with equivalent expressions that
have the LCD as the denominator.

1. Add I |
X-2 X-6
(x - 2)(x - o) Since x - 2 and x - 6 are both irreducible, the
LCD is (x — 2){x - 6).
{x - &) 5 {x - 2) 7

Multiply the numerator and the denominator

. + .
P -3 - -6 . N -
x-6  x (¥-2) = x of each term by its missing factor.

5% - 30 + 7x — 14 Rewrite with the LCD.
{x - 2}(x - 6)
12 - 44  _ 4{3x - 1) Add and find the final result.

(x-2){x-6 (x-2}x-6)
2. Subtract (x+2) - (x-1)

2x + 1
rtand 2x + 1; LCD = 2x + | Find the LCD.
2x+1{x+2) - (x-1) Multiply the numerator and the denominator of
2x + 1 2x + 1 each term by its missing factor.
2X2+ 55X+ 2~ Xx+1 Rewrite with the LCD.
2Xx + 1
2+ lUx+3 Add like terms and find the final result.

2X +1

Find the LCD of each set of fractions.

L 55 o+ 2. A+ 2 .12+ 3 4 (x+8) + T3

5. T - 7 6.3 -2 7 541 8. (x-1) - =%
Add or subtract each expression.

9. 2=+ 2 10, 22 - o 1. (x+4) + 23

12. 6 ~ xlé 13. xf4 - X:.O.ﬁ 14. x?7 - X2-5£)1(-1-4
® Carson-Dellosa CD-4324 n2z Algebra




WHY ISN'T A SNOWMAN VERY SMART?

Express each difference below in simplest form. Find your answer and natice the letter
next to it. Write this letter in each box containing the number of that exercise.

O 25—

xX°—4 x—2

O s
x>—-2x—-15 x+3

@ 7X 4

X2—9x+14 x-7

3  x—9
x—4 x*—16
5  2x+5
X+5 x°+9x+20

d—7 3d+1

d+2 7

©® @ ©
g
+CD
I
E-—L
w

d>+3 _
d®—2d d

©

d>—11 d+1
d?~7d+12 d-—4

#aonauo»@%@@@@W@@@@W@#@@W@@@#W@@@@@@@@@@@@ [Tyl

| Answers: Answers:
@ x:ﬁ(S @ (xfg)& 1——95) @ ds(z i g) ® (6d 48-(1;21; 3)
@ X —?— 4 @ {x 2; +x3 7) @ 35—3 ® (d 7?)?3311— 1)
@ (x ; :;J;(;E 2) @ (x 3)(4;%(}(2 l 4) ® (ti!;-~_211 dd++157 @ (gj = 18?1_:-2)
@ (x 33 +x8 7) © (x -Zx3+): —1- ® dfzgi = g) (5«:!1-%1 Z)(Zfﬁ* 3)
10110 | 8 1 4 7 9 2 5 8

1e|

.|6362

OBJECTIVE 1-e: To subtract algebraic fractions.

ALGEBRA WITH PIZZAZZ!
© Creative Publications
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2 -2
x

Ratios and proportions

A ratio is a comparison of two numbers by division. For example, *} is a ratio.
When two ratios are set equal to each other, this is called a proportion. For example,
is a proportion. There are two properties of proportions to remember.

i two ratios are equat then their reciprocals are eqval.

extremes: x and x; means: x + 6 and 3
Ix + 18 = ¥?
(x - 6){x+3)=

X=6and x =-3
Thus, the solution of this proportion is 6 and -3.

First, identify the extremes and the means.
Cross multiply.

Simplify.

Write in standard form.

Factor.

Solve for x.

. Identify the extremes and the means in each proportion.

1. & - X

"

5
5 %

Solve each proportfion.

9 X

4

13.

17. What is the difference between a ratio and a proportion? Give a definifion of both.

EN N

—
nd

x|
_

w|o
o

|-

12
X

o
iid

i

X
3. 5

. 2. The praduct of the extremes equats the product of the means.
Example, |f 2.
The extremes are 3 and 4, and the means are x and 1.

Problems that involve proportions often invelve a variable. When solving for the variable, the
proportion is actually being solved.

Solve

© Carson-Defiosa CD-4324
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H H Applying Rational Equations
Rational equations and Proportions

A rational equation contains one or more rational expressions separated with
an equal sign. To solve a rational equation, follow these three steps.
1. Multiply each side of the equation by the least common denominator of each
fraction in the equation.
2. Simplify each term in the equation.
3. Solve for x in the resulting polynomial equation using standard techniques.

bx(2 + 2) = 5(6x) Multiply each side of the equation by LCD, 6x.
“%;;()"(" + if}f' = %ﬁ Multiply each term by éx.

15+ 30 = 2X Simplify.

45 = 2x Divide by 2.

X= 22-—;— Sotve for x.

Note: When each side of an equation is a single fraction, use cross multiptying to solve
the rational equation.

6 X
Solve prowriali-y
x(x+4)=12 Cross muitiply.
X+ lyx=12 Simplify.
X+ lUx—-12=0 Write the equation in standard form.
{(x+6}{x-2)=0 Factor.
X=-6,X=2 Solve for x.

Thus, the soiutions are -6 and 2.

Find the greatest common factor.
1. 4,12x 6 2. x 5x8 X2 3. x4 -6, X 4. 4x 6x 8x

Solve each equation by cross multiplying.
5 10 1 _o 3 X 2 3
5. x T 3 6. 3x+3 T x+4 7. x+9 = x-3 8. x+2 = x+3

Solve each eguation.

.2 _3 _ 25 —2 .- 1

Q. T+ Y=g 10. x+ 10 = == 11. x-3y2 = 1~ x- 3
36 ] 1 16 7 ] 4

12. 57 = -12-x 13. 557 + %57 = F_16 W 57 - %4 =73
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} H ™ Applying Rational Equations
@ rroblem solving with work problems onal Equatons

A formula to remember when solving work problems is:
Time » rate = part of work completed: w=r-+{
Joe and Bob are going to paint Bob’s house. Joe takes 5 days to paint a house,

and Bob takes 7 days to paint the very same house. If they work together,
how long will it take them to paint Bobk’s house?

First, set up the plan.
Let x = the number of days Joe and Bob work together.
Joe’s part of the job done in one day = %
Bob’s part of the job done in one day = -;—
Joe’s part of the job completed = —x or %

5

Bob’s part of the job completed = -—.;-—x or =

Joe’s part + Bob’s part = whole job
now, plug the values into the equation and solve for x.

X X
35(-5— f %}5—) = 1(35) Multiply by the common denominator.
Tx + 5% = 35 Simplify.
12X = 35 Divicdle by 12.
. X = 2}% days Solve for x.

Thus, if Joe and Bob work together, they can have Bob’s house painted in 2-% days.

Solve each problem,

1. Stacey can type a document in 6 hours, What part can she type in 2 hours? in n hours?

2. John can bike fo his grandma’s house in 1 hour. What part of the route can he bike
in 45 minutes?

3. Jane takes 12 hours to clean her dad’s office building. Lisa has cleaned it in 14 hours. How
long would it take the girls if they cleaned it fogether?

4. It fakes Matt 10 hours to wallpaper a bathroom. Dan has done the same bathroom in 8 hours.
How long would it take if the boys wallpapered it together?

5. Ashley and Will can paint their bedroom in 5 hours if they work fogether. If it takes Ashley 9
hours to paint it alone, how long wouid if take Will fo paint it alone?

. 6. It takes Heather 22 hours to wallpaper two rooms. She and Jill can do it together in 16 hours.
How long would it take Jill to wallpaper alone?

® Carson-Dellosa CD-4324 19 Algebra



EXTRA PRACTICE 18
Solving Rational Equations
Use after Section 7.6 Name
3
Example: Solve. Check: = —
x+2 X X
The LCM is x{x +2) 3 3
5 3 By
x(x+2)(——~—) = x(x+2)(~) 3+2 3
X+2 X 5 !
5x=3x+2) 5
Sx=3x+6 1 i
2x=10
x=3
The solution is 3.
Solve.
y 4 5 x-3 _ f_
T ox-1 x x+2 5
x x 2 3 4 12
4 2 2 8 2
5., —4—=— =
3x x 3 x—=5 x+5
7 x-=7 Ix y—1 y—H__1
" x+3 x+3 4 10

An Addison-Wesley product. Copyright © 2004 Pearson Education, Inc.
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EXTRA PRACTICE 19
Applications Using Rational Equations and Proportions
Use after Section 7.7 Name

Example: A number plus five times its reciprocal is — 6. Find the number.

A number plus five times its reciprocal is —6.

¥

X + 35 = —6

1
x

Solve: x+5.—=-6

!
X
5 .
x(x +;) = x(— 6} Multiplying by the LCD, x, on both sides.

x*+5=—6x
x*+6x+5=0
(x+5(x+1)=0
x=-Sorx=-}
The values -5 and -1 check in the original problem. The solutions are -5 and ~1.

Solve.

1. A number minus three times its reciprocal is 2. Find the number.

2. The sum of a number and twice its reciprocal is 3. Find the number.

3. Tt takes Carolyn 4 hr to type a final exam. It takes Elise 3 hr to do the same job. How long
would it take them, working together, to do the typing?

4. A swimming pool can be filled in 15 hr by pipe A alone and in 24 hr by pipe B alone. How
long would it take to fill the pool if both pipes were working?

5. One car travels 30 km/h faster than another. In the same time that one travels 200 km, the
other goes 320 km. Find their speeds.

An Addison-Wesley product. Copyright © 2004 Pearson Education, Inc. 541



EXTRA PRACTICE 19 (continued)
Applications Using Rational Equations and Proportions
Use after Section 7 An Addison-Wesley product. Copyright © 2004 Pearson Education, Inc..7

6. The speed df a freight train is 16 mph slower than the speed of a passenger train. The
freight train travels 420 milesin the same time that it takes the passenger train to travel
500 miles. Find the speed of each train.

7. William walked 195 km in 12 days. At this rate, how far would he walk in 36 days?

8. The winner of an election for class president won by a vote of 8 to 5 with 992 votes. How
many votes did the loser get?

542 An Addison-Wesley product. Copyright © 2004 Pearson Education, Inc.



