Precalculus: B.5 Rational Expressions Practice

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 +b
e add or subtract using 44219

c
e 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, —3x(z + 4) is equal to

—322 — 122 NOT —3a2 + 122.

Questions

2?2 +3x—10 22 —3zx—4

2242 —-20 224+4x+3
o 22— =20 z2+T7x+10
2. Simplify T o p——

o 3622 — 25
3. Simplify (6 —5) + o= =5

1. Simplify

422 — 9
4. Simplify —————— + (62 — 9).
mply 9 T (629
e 322+ 120y + 12y da + 8y
5. Simplify = .
x? + dxy + 3y r+y
. by H1Ty+6 4% —1
6. Simplify . .
1092 +9y+2 292 +5y—3
7. Simolif 22 +8x+15 2% +62+9
. Simpli - .
PO e w45 222 -T2 1
1
8. Simplify So+3 e+ 10

5x+7 Br+T7
1

1
9. Find the lowest common denominator for and

22 -9 x+3

1

1
10. Find the lowest common denominator for 577 — 97 — 35
8 9
11. Simplify — + —.
1mplity od -+ p
2 2
12. Simplify —— + ——.
PHLY y—1 y+1
2 1
13. Simplify — + —.
3zy  6yz
6 5
14. Simplify — — ———.
Y 5y 4T 43
T T
15. Simplif — .
5 Slmplyx2+2x—3 22 —bxr+4
3xr+5 —x+5
16. Simplif .
Py x2+4x+3+m2+2x—3
2x r+1

17. Simplif — .
lmplyx2+5x+6 2 +2x —3
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Precalculus: B.5 Rational Expressions Practice

Solutions
1. Simplify 00710 27230 =4 o all polynomial
. Simpli . . Factor all polynomials:
P 2 —20 24 dr 3 POy
22 + 3z — 10 = (z — 2)(z + 5) two numbers whose product is —10 sum is 3: —2,5
x® —3x —4 = (v —4)(x + 1) two numbers whose product is —4 sum is —3: —4,1
z°+x—20=(x+5)(x —4) two numbers whose product is —20 sum is 1: —4,5
x°+ 424+ 3 = (24 3)(x + 1) two numbers whose product is 3 sum is 4: 1,3

2 1 2_3._4 2 _1 2 _ 3. _4
vt 3 0 & =3 _ (2" +3e 0)(@” — 3 ) Simplify polynomial multiplication.

22 +2—20 22+4x+3 (22 +ax—20)(2 + 4z +3)
_ (&= 2)(e A5~z AT]
(z45Tz—) (2 + 3)(z—+1]

-2
S andz—4#0,x+1#0,2+5#0
T+ 3

22 —x—20 z2+Tz+10

223210 2244z —5 Factor all polynomials:

2. Simplify

2% —x — 20 = (x — 5)(x + 4) two numbers whose product is —20 sum is —1: —5,4
22 — 3z — 10 = (z — 5)(z + 2) two numbers whose product is —10 sum is —3: —5,2
2% + Tz +10 = (2 + 5)(z + 2) two numbers whose product is 10 sum is 7: 5,2

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

2?2 —2—20 2?2+ 7x+10 (2 — 2 —20)(z* — 3z — 10)
22 -32—10 22+4x -5 (224 Tz + 10)(22 + 4z — 5)
e+ DA+
(z—B(z+2](z+5)(x — 1)

x

4
:xi_l andx+5#0,2—-5#0,2+2#0

Simplify polynomial multiplication.

3622 — 25

622 1 170 1 10° Factor all polynomials:

3. Simplify (62 — 5) +

622 + 172 4+ 10 = 622 4 122 + 5z + 10 two numbers whose product is 60 sum is 17: 12,5
= 6x(x + 2) + 5(z + 2) Factor by grouping
= (6z +5)(z +2)
3622 — 25 = (62 — 5)(6x + 5) Difference of squares

362 — 25 622 + 17z + 10
(6 —5) + m = (6 —5) - % Simplify polynomial division.
- 241 1
= (62 5()3(5; ;}—257)53 +10) Simplify polynomial multiplication.
_ (62—=5](62+75)(z + 2)
(6x—=5)(6x+5)

=x+2and 62 +5# 0,6 —5#0
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Precalculus: B.5 Rational Expressions Practice

422 -9

Sty e e g

<+ (6z — 9). Factor all polynomials:
( ) poly
422 + 122 + 9 = 42° + 62 + 62 + 9 two numbers whose product is 36 sum is 12: 6,6
= 2z(2x + 3) + 3(2z + 3) Factor by grouping
= (22 + 3)(2z + 3) hey—this was a perfect square!
42? — 9 = (22 + 3)(2x — 3) Difference of squares
6x — 9 = 3(2x — 3) common factor

422 -9 422 -9

1
——— + (62 -9) = :
preea Ty R Rl e ey (o)

(422 —9)

= (@22 + 122 1 9)(62 = 9) Simplify polynomial multiplication.
_ (22—=73)(22+3]
(2 + 3)(22+3)3(2:—3)

1
= ——— and 2z — 2
3201 3) and 2x —3 # 0,2x +3 #0

Simplify polynomial division.

322 + 12 1242 4 8
vt eyt oy Pl + Y Factor all polynomials (let the y tag along with the constants):
22 + day + 3y? x4y

5. Simplify

322 4+ 12zy + 12y° = 322 + 62y + 6xy + 12y? two numbers whose product is 36 sum is 12: 6,6
= 3z(x + 2y) + 6y(a + 2y) Factor by grouping
= (3z + 6y)(x + 2y) = 3(x + 2y)(x + 2y) hey-this was a perfect square!
2 + 4oy + 3y* = (z + 1y)(z + 3y) = (z + y)(z + 3y) two numbers whose product is 3 sum is 4: 1,3
4x + 8y = 4(x + 2y) common factor

322 + 122y + 12y | Az +8y  3a? 4 12zy+12y° 2 +y
r2+day+3y2 T xz+y  x2+4day+3y2 da+ Sy
(322 4+ 122y + 12y?)(z + y)

= (@2 T duy + 3y7) (4z 1 8y) Simplify polynomial multiplication.

3+ 2y a2yl Ay
LeA+7)(x + 3y)4(z+-27)
3(z +2y)

= — = and 2 0 0
o3y det y#0z+y#

Simplify polynomial division.
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Precalculus: B.5 Rational Expressions Practice

5y + 17y + 6 4% -1

107219y +2 221553 Factor all polynomials:

6. Simplify

5y% + 17y + 6 = 5y* + 15y + 2y + 6 two numbers whose product is 30 sum is 17: 15,2
= 5y(y + 3) + 2(y + 3) Factor by grouping
= (5y +2)(y + 3)

10y% + 9y + 2 = 10y® + 5y + 4y + 2 two numbers whose product is 20 sum is 9: 5,4
= 5y(2y + 1) + 2(2y + 1) Factor by grouping
=y +2)2y+1)

2y? + 5y — 3 = 2y? 4 6y — 1y — 3 two numbers whose product is —6 sum is 5: 6, —1
= 2y(y + 3) — 1(y + 3) Factor by grouping
=@2y—-1)y+3)
4y* —1 = (2y — 1)(2y + 1) difference of squares

5y? +17y+6 4y -1  (5y* + 17y +6)(4y> — 1)
1002+ 9y +2 22+5y—3 (102 + 9y + 2)(2y2 + by — 3)
_ Oyl A3+ 1) 2y—T1)
(By+2)(2y+T1)(2y—T)(y+4-3])
=land 5y +2#0,y+3#0,2y+1#0,2y —1#0

Simplify polynomial multiplication.

22 +8x 415 . 22 4+6x49
2¢2 4+ 11z +5 = 222 —7x—4

7. Simplify . Factor all polynomials:

22 + 8z + 15 = (z + 5)(x + 3) two numbers whose product is 15 sum is 8: 5,3
222 + 11z 4 5 = 22° + 10z 4 12 4+ 5 two numbers whose product is 10 sum is 11: 10, 1

= 2z(x + 5) + 1(z + 5) Factor by grouping
=2z +1)(z+5)

222 — 7o — 4 = 222 — 8x + 1x — 4 two numbers whose product is —8 sum is —7: —8, 1
= 2z(x — 4) + 1(x — 4) Factor by grouping
=2z +1)(z—4)

22 + 62 +9 = (z +3)(z + 3) two numbers whose product is 9 sum is 6: 3,3
22 +8x+15 2?2 +6x+9 2?2+ 8z +15 222 —Twx —4

- - : Simplify polynomial division.
22 + 11z +5 222 —Tr—4 222+ 11z +5 22+ 6z +9 P POYROMIAL AIVISION

Simplify polynomial multiplication.

(@ +8x+15)(20% —Tw —4) 22* —Tzx—4
T 222+ 11z +5)(a®+6249) 22 +62+9
(32 (e — )
(2o 51 3z 1 3)
T 540 +3£0 204140
z+3

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

8z +3 6z+10 (8x+3)— (6x+ 10)

504+7 br+7 5x+7
_83:—!—3—61‘—10
B Sr + 7
_2;10—7
547

subtract rational expressions with common denominators
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Precalculus: B.5 Rational Expressions Practice

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

2?2 —9 = (4 3)(z — 3) difference of squares
r+3=(x+3)

The lowest common denominator is (x + 3)(z — 3). I've highlighted the overlap in red.

10. Factor everything first.

222 — 9z — 35 = 222 — 142 4 5z — 35 need two numbers whose product is —70 and sum is —9: —14,5
=2x(x —7) + 5(x — 7) factor by grouping
=2z+5)(z—-7)
42% + 20z + 25 = 422 + 10z + 10z + 25 need two numbers whose product is 100 and sum is 20: 10,10
= 2x(2z + 5) + 5(2x + 5) factor by grouping
= (22 4+ 5)(2z + 5) this was a perfect square

222 — 9z — 35 = (22 + 5)(x — 7)
4a% + 20z + 25 = (22 + 5)(2z + 5)

LCD is (22 + 5)(2z + 5)(z — 7)

11. Nothing needs to be factored.

8 9 8 9.¢
-=—+4 2 multiply by appropriate quantities to make the denominators the same.

wdtda e
8 9¢

:chra
8+ 9c

7 add rational expressions with common denominators
c

12. Nothing needs to be factored.

2 .2 _ 2yt 20y — 1)
y—1 y+1 -+l +Hy-1)

2 1 2(y — 1

= (y+ 1)+ 2y ) add rational expressions with common denominators

(y—1y+1)

204242y —2 | lif "

= —————— simplify numerator
(y—D(y+1)

4y

=Dy +1)

multiply by appropriate quantities to make the denominators the same.

13. Nothing needs to be factored.

3y  6yz  3ay(2z)  6yz(w)

2 n 1 2(22) 1(x)

4z T
6ryz  Gxyz

4tz

- bayz
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Precalculus: B.5 Rational Expressions Practice

14. Nothing needs to be factored.

6 5  6(4z—3) 5(3z — 4)
3t —4 4r—3 (Bzx—4)(4r—3) (4z—3)(3z —4)
_ 6(4a —3) —5(3z —4)
3z — 4)(4x — 3)
24z — 18 — 152+ 20
(3x — 4)(4x — 3)
_ 9z + 2
~ (3z —4)(4x - 3)

15. We need to factor here.

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

2? — 52 +4 = (x — 4)(z — 1) two numbers whose product is 4 sum is —5: —4, —1

21223 22—bu+4 (z+3)(z—1) (z—4)(z—1)
x(r—4 x(z +3)

= - get common denominator

@+3)(z-De—-4) (z-4)(@-1)(z+3)

subtract now that we have common denominator

= G E_DE=0 simplify

—Tx
(x4 3)(z—1)(z—4)

16. We need to factor here.

2% + 42 +3 = (x + 3)(z + 1) two numbers whose product is 3 sum is 4: 3,1

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

3z +5 -r+5 3z +5 + S—x factor
2 +4x+3  22+22-3 (z+3)(a+1) (x+3)(z-1)
_ (B3x +5)(z—1) 5-—x)(x+1)
(z4+3)(z+D(z—-1) (z+3)(z—1)(x+1)
= (82 +5)(z — 1) + 6-2)(z+1) get common denominator

(z+3)(z+1D)(z—-1) (z+3)(z—1)(z+1)
_ Bz -1)+6B-z)(z+1) add
(x+3)(x+1)(z—-1)
_ 322 +22x —5—22+4x+5
(z+3)(z+1)(xz—1)

simplify numerator: distribute

22% + 6
= e 3)(2 :l)giz ) simplify numerator: collect like terms
2
= s3] simplify: factor numerator
(zA3)(z+1)(z—1)
2z
= d
T DE=D and x+3#0

Instructor: Barry McQuarrie
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Precalculus: B.5 Rational Expressions Practice

17. We need to factor here.

22 + 52 +6 = (x + 3)(x + 2) two numbers whose product is 6 sum is 5: 3,2

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

2x _ z+1 _ 2x _ z+1 factor
224+5x+6 22+22-3 (z+3)(x+2) (x+3)(z—1)
2x(x — 1) (z+1D(z+2)

= CEE TS — EETICESIEES) get common denominator

C2z(z—1) — (w4 1)(z +2) subtrac
T aEE-n

222 —2x — 22 -3z -2 . if ¢ distribut
= simplify numerator: distribute
(z+3)(@+2)(x—1) P
2 —bx —2

= simplify numerator: collect like terms
(z+3)(@+2)(z—1) P

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

Instructor: Barry McQuarrie
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