Basic Algebra: Adding and Subtracting Rational Expressions

When adding or subtracting rational expressions you might have to do a lot of work. In general, you might need to

e factor any polynomials in the expressions

e get a common denominator for the rational expressions (the critical step!)

b +0b
add or subtract using 4 +-= a4
c ¢ c

simplify the numerator (this could even involve another factoring!)

e simplify further by canceling any common terms in the numerator and denominator

Be careful, show all your work, and make sure minus signs get distributed correctly; for example, —3xz(z + 4) is equal to
—3z% — 122 NOT —32% + 12z.

Questions
8r+3 6x+10
1. Simplif .
Y S+ 7T e+ 7
1
2. Find the lowest common denominator for and .
2 -9 z+3
1 1

3. Find the lowest common denominator for

d .
222 — 9z — 35 ¢ 1z2 4 207 + 25

4. Simplify 8 + 2

cd d
2 2
5. Simplify ——— + ——
1mp1y 1—|—y+1
2 1
6. Slmphfy — —|— —
6yz
7. Simplif; 7—L
COMPAY 5 T T -3
T T
8. Simplif - .
Slmplym2+2m—3 2 —bx+4
3xr+5 —x+5
9. Simplif .
Slmplym2+4x+3 2421 —3
2x r+1

10. Simplify

22 +52+6 a2+22—3
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Solutions

1. The denominators are the same, so we can subtract immediately.

8x+3 6x+10 (8x+3)— (62 + 10)
5:+7 bx+7 5+ 7
82 +3— 62 — 10
N 5z + 17
227
C br 47

subtract rational expressions with common denominators

2. To find lowest common denominator we need to factor.

22 —9 = (x + 3)(z — 3) difference of squares
r+3=(x+3)
The lowest common denominator is (x + 3)(xz — 3). I've highlighted the overlap in red.
3. Factor everything first.
22% — 9z — 35 = 222 — 14z + 5z — 35 need two numbers whose product is —70 and sum is —9: —14,5
=2x(x —7) + 5(z — 7) factor by grouping
=2z+5)(z—-17)
422 4 20z + 25 = 422 + 10z + 10z + 25 need two numbers whose product is 100 and sum is 20: 10, 10
= 22(2z + 5) + 5(2z + 5) factor by grouping
= (22 + 5)(2z + 5) this was a perfect square

202 —9r — 35 = (22 + 5)(z — 7)
42% + 20z + 25 = (22 + 5)(2z + 5)

LCD is (22 +5)(2z 4+ 5)(x — 7)

4. Nothing needs to be factored.

8 9 8 9.¢
e S multiply by appropriate quantities to make the denominators the same.

wdd T d.

80
Ced  cod
8+ 9c

add rational expressions with common denominators
c

5. Nothing needs to be factored.

2 2 2y +1) 2y —1) . . . .
+ = multiply by appropriate quantities to make the denominators the same.
y—1 y+1 (-D+1 @@+ -1)
_2y+1)+2w-1)
(y—1y+1)
_2y+2+42y—2
=Dy +1)
_ Ay
(y—Dy+1)

add rational expressions with common denominators

simplify numerator
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6. Nothing needs to be factored.

2 1 2(22) 1(x)
3wy | 6yz  Bay(22)  6yz(z)
4z T
~ 6ryz  Gryz
4z +
- 6ayz

7. Nothing needs to be factored.

6 5  6(4z-3) 5(3z —4)
3x—4 4r—-3 (Bz—4)(4x—3) (4z—3)(3z —4)

 6(da —3) — 5(3x — 4)
Bz —4)(4z - 3)

24x — 18 — 152 + 20

(3x — 4)(4x — 3)

_ 9z + 2
3z —4)(4z - 3)

8. We need to factor here.

22 + 22 —3 = (z + 3)(x — 1) two numbers whose product is —3 sum is 2: 3, —1

22 — 5z +4 = (x — 4)(x — 1) two numbers whose product is 4 sum is —5: —4, —1

T x B T x
22 +20—3 a2—bx+4 (z+3)(x—1) (z—4)(z—1)
x(z —4) z(z +3) .
= RS 4) G- D@-1D)@t3) get common denominator
x(x —4) —z(x+3)
= subtract now that we have common denominator
(z4+3)(z—1)(z—4)
22 —de —2? -3z . .
= @139 simplify
—Tx

(z+3)(z—1)(x—4)
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9. We need to factor here.

2% +4x +3 = (x + 3)(x + 1) two numbers whose product is 3 sum is 4: 3,1

x? + 22 — 3 = (x + 3)(x — 1) two numbers whose product is —3 sum is 2: 3, —1

3 +5 -z+5 3 +5 + S—x factor
2 4+4r+3  22+22-3 (2+3)(z+1) (z+3)(z—1)
__ Bz45-1) (5—x)(x+1)
(z+3)(z+)(z—1) (x+3)(z—1)(z+1)
= Bz +5)@ — 1) + 6-2)(z+1) get common denominator

(4+3)(z+D(x-1) (z+3)(z—1)(z+1)
_Br+d)-1)+6B-r)(xr+1) add

(x+3)(z+1)(z—1)

- 3224+ 20 —5—2?+4x+5

(x+3)(z+1)(z—1)

simplify numerator: distribute

222 +6
= o 3)(3; J—:lfzx ) simplify numerator: collect like terms
2
= pzA-3) simplify: factor numerator
(zA3)(x +1)(x — 1)
2z
=—— and 3#0
CESEES and z + 3 #

10. We need to factor here.

22 4+ 5246 = (z 4 3)(z + 2) two numbers whose product is 6 sum is 5: 3,2

2? + 22 —3 = (x + 3)(x — 1) two numbers whose product is —3 sum is 2: 3, —1

2z _x+1l _ 2z _ z+1 factor
24+52+6 22+22-3 (z+3)(x+2) (r+3)(z—1)
2z(z — 1) (x+1)(z+2)

= — et common denominator

+3)z+2)z-1) (@+3)(z-Dz+2) ®

) _1) —
= vle—1) - (@+1)@+2) subtract

(+3)(z+2)(z—1)

222 — 22— 2> -3z -2 . L

= simplify numerator: distribute
(x+3)(z+2)(z—1)
x? —bxr —2

T @+ +2)(x—1)

simplify numerator: collect like terms

The numerator is prime. If we could factor it, we would.
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