7.6

Rational Expressions - Rational Equations

When solving equations that are made up of rational expressions we will solve
them using the same strategy we used to solve linear equations with fractions.
When we solved problems like the next example, we cleared the fraction by multi-
plying by the least common denominator (LCD)

Example 1.
2,_5_3
3 6 4
2(12)90 ~5(12) _ 3(12)
3 6 4

2(4) — 5(2) = 3(3)

8r—10=9
+10+10
8r=19
8 8
o

8

Multiply each term by LCD, 12

Reduce fractions

Multiply

Solve

Add 10 to both sides
Divide both sides by 8

Our Solution

We will use the same process to solve rational equations, the only difference is our



LCD will be more involved. We will also have to beware of domain issues. If our
LCD equals zero, the solution is undefined. We will always check our solutions in
the LCD as we may have to remove a solution from our solution set.

Example 2.

5x+5 a2t
T+2 +396_:5+2

bz +5)(z +2)
T+2

3 (z +2)

+3x(z+2)= o

5z + 5+ 3x(x + 2) = 2
52 45+ 322 + 62 = 22
32+ 11z +5=x?

— 2 — 2

202+ 11z +5=0
(2z+1)(x+5)=0
2r4+1=0 or x4+5=0
—1-1 —5—5

2c=—1or x=-5

Multiply each term by LCD, (z + 2)

Reduce fractions

Distribute

Combine like terms

Make equation equal zero
Subtract 2 from both sides
Factor

Set each factor equal to zero

Solve each equation

Check solutions, LCD can’t be zero
Neither make LCD zero, both are solutions

Our Solution

The LCD can be several factors in these problems. As the LCD gets more com-
plex, it is important to remember the process we are using to solve is still the

Same.

Example 3.

T 1 5)

x+2+x+1: (x+1)(z+2)

zz+1)(xz+2)  L(z+1)(z+2) 5z+1)(z+2)

x+2 x+1 T (x+ D) (2 +2)

Multiply terms by LCD, (z +1)(z + 2)

Reduce fractions



r(z+1)+1(z+2)=5
2?4+ r+r+2=5

22 4+20+2=5
—5—5

22 4+22 -3=0
(x+3)(z—1)=0

r+3=0or z—1=0
—3—-3 +1+4+1
r=—3or z=1

(=3+1)(—=342)=(—-2)(—-1)=2
(1+1)(1+2)=(2)(3)=6
r=—3 or 1

Distribute

Combine like terms

Make equatino equal zero
Subtract 6 from both sides
Factor

Set each factor equal to zero

Solve each equation

Check solutions, LCD can’t be zero
Check — 3in (z + 1)(z + 2), it works
Check lin (x + 1)(x + 2), it works

Our Solution

In the previous example the denominators were factored for us. More often we

will need to factor before finding the LCD

Example 4.
r I 11
z—1 x—-2 2 —3x+2
(x—1)(x—2)
LCD=(z—1)(z—2)
x(x—l)(x—?)_l(x—l)(x—Q): 11(z —1)(z —2)
x—1 x—2 (z—1)(x—2)

r(r—2)—1(z—1)=11
2 —2r—x+1=11

?=3r+1=11
—11-—-11
2 —3r—10=0

(x—=5)(x+2)=0
r—5=0or z+2=0

+5+5 —2-2

r=>5 or r=—
5-1)(5-2)=(4)(3)=12
(=2-1)(-2=-2)=(-3)(—-4)=12

Factor denominator

Identify LCD

Multiply each term by LCD, reduce

Distribute

Combine like terms

Make equation equal zero
Subtract 11 from both sides
Factor

Set each factor equal to zero

Solve each equation

Check answers, LCD can’t be 0
Check 5in (x — 1)(z — 2), it works
Check — 2in (z — 1)(z — 2), it works



z=5 or —2 OurSolution

If we are subtracting a fraction in th problem, in may be easier to avoid a future
sign error by first distributing the negative through the numerator.

Example 5.

i : ?)) — i 1 ; = g Distirbute negative through numerator

r—2 —x—2 5 . .
——3+ T3 =% Identify LCD, 8(z — 3)(x + 2), multiply each term

(x—2)8(x—3)(x+2)+ (—2—2)8(x—3)(xz+2) 5-8(x—3)(x+2)

po P = S Reduce

8(z —2)(z+2)+8(—x—2)(x—3)=5(x—3)(z+2) FOIL
8(x? —4)+8(—2*+x+6)=5(x>—x—6) Distribute
822 — 32 — 8224 8v +48 =522 — 52 — 30  Combine like terms
8r 4 16 =522 —5x —30 Make equation equal zero
—8x —16 —8r —16  Subtract 8z and 16
0=>5x%—13x —46 Factor
0=(5x —23)(z+2) Seteachfactorequal tozero
5 —23=0 or xt+2=0 Solve eachequation

+23+423 —2-2
dr =23 or t=—2
5 5
23 . ,
T=— or — 2  Checksolutions, LCD can’t be 0
8<%3—3>< >: <§><%> 2112 Check?inS(x—3)(:c+2),itworks
8(—2—-3)(—2+2)=8(— :O Check —2in 8(x — 3)(x +2), can’t be 0!

23

="—  QOur Solution

5

In the previous example, one of the solutions we found made the LCD zero.
When this happens we ignore this result and only use the results that make the
rational expressions defined.
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7.6

Practice - Rational Equations

Solve the following equations for the given variable:

1) 32— 5 — =0
3)x+m2—04:x5—m4_2

5> x+$ﬁ3:x2—$3

7) 3x2f4:§;i?_3x3:4

9 Ts ~FmTT =2

13) Lo—p=2=2

15) xi2_2ix:i§jj
e s

19) o+ =1 = oy
21) zjrg_:vi2:x2+1$—6
28) Srst s =i

25) xil_:v?rl:z;lafl

27) g;24f1 _xi5:$2—;§zi5
29) z:g+;iz:x2;2;kf27
31) Ly T

3g) Lxdzz2__ o
35) 2 25:33 - zQJr_;filS
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30)
4
x? T —
)=
6x+5 2 3x
8) 222 —2r  1—22 22-1

4z 4 1
10) 22—6 b5z—15 2

12) 3jz +%:43x

2 6
) 5= —5===1

3r—1 =z  3z2—zx

16) t+2 1 _ 3248

r—1 r+2 3
18) zf3+z+3_4

20) gt T, =
22) i:;+2133j—41:2a:2—13$—2
2) - =
26) I2Jf2+zi4:x2—5;j‘—8
28) Lo —So= T
41 z+3 ?+4x+3
30) il?ﬁi?,:xui-m
32) i:2+i1§:x2:32;2—18
34) Ll eos_ s



7.6

Answers - Rational Equations

1) —5.2 13) 3.5 25) 2
2) —3,1 )2 13 2) 1
3) 3 15) —

4) —1,4 16) 2 20) %
5) 2 17) — 3,5 28) 1
6) 3 18) — 2,1 29) —2
7) -1 19) 2 30) —1
8) —3 20) 10 31) 1
9) =5 21) 0, 5 39) 12
10) —— 22) —2,3 !
11) —5,0 23) 4,7 33) —10
12) 5,10 24) —1 34) 1
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