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2x2 + 5x – 3 = (x + 3)(2x – 1) 2mx2 – 2nx2 + 5mx – 5nx – 3m + 3n = (x + 3)(2x – 1)(m – n)

ax2 + ay2 + bx2 + by2 – 2axy – 2bxy = (a + b)(x – y)2

a + b

x2 – 2xy + y2 



1.16 



1.17 

3. 

2. (x + a)(x + b) 

4. 

6. 

7. amx + anx + amy + any + bmx + bnx + bmy + bny

8.

1. 

5. 

2 g) h) i)
m2 + pm + q

(m + a)(m + b)



1.17 



2

2.1 

a) 

b) (12ab – 21b2) (3b) 12ab – 21b2 3b

(12ab – 21b2) (3b) = 4a – 7b

(15x2y2 – 40x2y – 25xy) (–5xy) 

(15x2y2 – 40x2y – 25xy) (– 5xy) = –3xy + 8x + 5 

(20xy + 16x – 4y) 4 = 5xy + 4x – y



2.1 

8 a) 8

b)



2.2 

1 (x + 2)(x2) = x3 + 2x2

1.

x3 + 2x2 

x3 x

x2 – 5x + 4 

x2 x

(x + 2)(x) 
x2 – 5x + 4 

2.
3. 2

4. 3

p q d r
p = qd r

r r q p q
d r p q

1
(x3 + 3x2 – 5x – 4) (x + 2) qd + r

(x3 + 3x2 – 5x – 4) (x + 2) 

1 1 x3 x 1 



2

2. (x3 + 2x2 – x + a) (x – 2) a

3. (2x4 + 6x3 – x2 + 3x – 1) (2x2 + 1) 

– 7x – 4 

(–7x) x

(x + 2)(– 7) 
– 7x – 4 

(x + 2)(x2 + x – 7) + 10 

2x3 – 20x – 50 (x2 + x – 4)(2x) 

2x3 – 20x – 50 = (x2 + x – 4)(2x – 2) – 10x – 58 

–2x2 – 12x – 50 (x2 + x – 4)(–2) 

(2x3) x2 

(–2x2) x2 

x3 – 3x2  – 5x – 4 =  (x + 2)(x2 + x – 7) + 10

2
(2x3 – 20x – 50) (x2 + x – 4) qd + r

x2 

1. qd + r



2.2 

2

2. (x3 + 2x2 – x + a) (x – 2) a + 14 

a = –14 

x2(x2) = x4 



2.3 1 

1.

2. 1 a
2

3. 2 2 
4.
5.

1

3 + (–2) 2 

3 + (–2) 

(x3 + 3x2 – 5x – 4) (x + 2) qd + r

mx – a

a

1 x – a

a = –2

1
–2 2

3

x x a



2

qd + r

2 –2 –5 2

–5 + (–2) 

10 1 1 –7
3
2

x2 + x – 7

–4 + 14 

(1765 - 1822)

–2 –7 –4 2 



2.3 x – a

x – a 2.2



2.4 2 

x3 – 8 x2 x

2. (x3 – 27) (x – a) a

(x3 – 8) (x – 2) qd + r

x2 + 2x + 4 (x3 – 8) = (x – 2)(x2 + 2x + 4) 

1 2 

x – a

(x2 – 2x3 – 20) (3 + x) qd + r

x – a a = –3 

1. qd + r



2.4 

2. 

a3 – 27 = 0 a3 = 27 3 33 = 27 
a = 3 (x3 – 27) (x – 3) 



2

p q 1 2 q x – a p q p x = a

2. p q a

2.5 

p q 2 

2. p x = 5

p q

(x3 + 8x2) (x + 7) 

x3 + 8x2 x = –7 

(x3 + 8x2) (x + 7) 49 

p q d r 1 x
p = qd + r q = 

x – a

p x = a
(x – a)d + r x = a

r

p q
p x = a

1. 

p = 2x3 – 9x2 – 6x + 7 q = x – 5 
1. p q
2. p x = 5 

1. 



2.5  x – a

3
1

1a) x = 1 

(3x3 – 2x2 + x – 2) (x – 1) 0 

1c) x = 10 

(– x3 + 9x2 + 7x + 15) (x – 10) –15 

1e) x = –3  

(2x3 – 4x2 – 21x + 30) (x + 3) 3 

1g) 1h) 

1f) x = –1

(x3 – 7x2 + 55) (x + 1) 47 

1d) x = –1 

(3x3 – 5x) (x + 1) 2 

1b) x = 2

(x3 + 2x2 – 14x + 2) (x – 2) 

–10 

2b) p x = 22a) p x = 1

– 4a + 4 = 0 

a 1 

a2 + 2a – 8 = 0
a = –4 a = 2 a
–4 2



2.6 1 

2. p

1. p x = 1 

(1)3 4(1)2 1 6 = 1 4 5 = 0
x = 1 p

2. a) p x – 1
p (x – 1)d d 2

3 d p (x – 1)

d = x2 + 5x + 6 (x + 3)(x + 2)

p = x3 – 7x + 6 x = –3 p = 0 p

p x = –3

p (x + 3)d d

d = x2 – 3x + 2 (x – 1)(x – 2) 

p x – 1

p = x3 + 4x2 + x – 6 
1. p x = 1 

p x = a p p (x – a)d
d p 1 

x = a p p



2.6 x3 + mx2 + nx + k

3

x3 1 3

a) p x = 1 

p = x3 + 2x2 – x – 2 (x – 1)d
d

c) p x = 2 

p = x3 + 2x2 – 5x – 6 (x – 2)d
d

d) p x = –2 

p = x3 – 5x2 – 2x + 24 (x + 2)d
d

b) p x =  –1 

p = x3 + 6x2 + 11x + 6 (x + 1)d
d

d = x2 + 3x + 2 (x + 2)(x + 1) d = x2 + 5x + 6 (x + 3)(x + 2) 

d =  x2 + 4x + 3 (x + 3)(x + 1) d =   x2 – 7x + 12 (x – 3)(x – 4) 

e) p x = –4

p = x3 – 21x – 20 (x + 4)d
d

d = x2 – 4x – 5 = (x + 1)(x – 5) 

f) p x = 5 

p = x3 – 9x2 + 23x – 15 (x – 5)d
d

d = x2 – 4x + 3 = (x – 1)(x – 3)



2

2.7 2

2. (x + 10)3 + 1

3. x3 – 13x – 12 

p = x3 – 19x – 30
1.
2. p p

d = x2 – 2x – 15 (x + 3)(x – 5) 

x + 10 y

p = x3 + mx2 + nx + k p (x – a)d a k

p = x3 + mx2 + nx + k

1.
2. p
3. p (x – a)d d 2
4. d

1. 

1. –30 1 2 3 5 6 10 15 30
30

2. p x
a) x = 1 (1)3 – 19(1) – 30 = –48 
b) x = –1 (–1)3 – 19(–1) – 30 = –12 
c) x = 2 (2)3 – 19(2) – 30 = – 60 
d) x = –2 (–2)3 – 19(–2) – 30 = 0 

p (x + 2)d d



2.7 x3 + mx2 + nx + k

3
x = a

a 2.6

3 1

1a) 2 1 2 x3 – 2x2 – x + 2 
x = 1 

x3 – 2x2 – x + 2 = (x – 1)d d

1b) –2 1 2 x3 + 2x2 – x – 2 
x = 1 

x3 + 2x2 – x – 2 = (x – 1)d d

2. y = x + 10 y3 + 1 1 1 y = –1

y3 + 1 = (y + 1)d d d = y2 – y + 1 
y3 + 1 = (y + 1)(y2 – y + 1) y = x + 10 

(x + 10)3 + 1 = (x + 11)(x2 + 19x + 91) 

3. x3 – 13x – 12 –12 1, 2, 3, 4, 6 12 x = –1 

x3 – 13x – 12 = (x + 1)d d d = x2 – x – 12 
(x + 3)(x – 4) x3 – 13x – 12 = (x + 1)(x + 3)(x – 4)

y2 – y + 1 



2.8 

a) y2 

x3 – 2x2 – 9x + 18 
x = 2 

x3y2 – 2x2y2 – 9xy2 + 18y2 = y2(x – 2)(x2 – 9) 3 x2 – 9 
(x + 3)(x – 3) 

b) 

n3 – 3n2 + 4 n = –1 

n3x2 – n3y2 – 3n2x2 + 3n2y2 + 4x2 – 4y2 = (n + 1)(n2 – 4n + 4)(x2 – y2) n2 – 4n + 4
(n – 2)2 x2 – y2

(x – y)(x + y)

p



2.8 

d = y2 + 6y + 9 = (y + 3)2 3xy3 + 15xy2 + 9xy – 27x = 3x(y – 1)(y + 3)2 

2ab

c + 1 
c2 – 25 

n2 

30 
m2 – 2m – 15 

a) 

y3 + 5y2 + 3y – 9 –9 1 3 9
y = 1 

y3 + 5y2 + 3y – 9 = (y – 1)d d



2

2.9 

2. qd + r

3. qd + r

4. 

5. k p q k

7. 

6. 

1. 



2.9 

5a) p x = –1 

– k + 3 = 0 
k = 3 

5c) p x = 1 

– k2 + 3k = 0 k = 0 k = 3 

5b) p x = 3 

6k + 12 = 0 
k = –2 

5d) p x = –2 

–8k2 + 7k + 18 = 0 8k2 – 7k –
18 = 0 

k = 2 5 k
p q

7b) y = x + 1



3.1 

2. 1 –15 

5x2 + 11x – 12 = (5x – 4)(x + 3) = 0 5x – 4 = 0 x + 3 = 0 
5x2 + 11x – 12 = 0 

ax2 + bx + c = 0 a b c a ≠ 0
ax2 + bx + c 2

0

6 15x2 – 12 = –8x
0 –8x

15x2 + 8x – 12 = 0 (5x + 6)(3x – 2) = 0

a b ab = 0 
a = 0 b = 0 

a) 56 -15 2 (
2 )

2 56
(–8)(–7) = 56 – 8 – 7 = – 15 x2 – 15x + 56 (x – 8)(x – 7)

0 1 0

x = 8 x = 7

b) 5x2 + 11x – 12 5 –12 2

1. 

x – 8 = 0 x – 7 = 0



3.1 (x + a)(x + b) 

9 3 1 2

x = –5 x = 3

x = –3 x = –1

x = –9 x = –7

x = 4 x = 11

x = –12 x = 5
1f) 4 

x = –6 x = 10

1g) 2 

x = –3 x = –2

1k) 10 1l) 10 

x = –2

x = –5

x = –6



2 

3.2 

a) a = 2 b
= 3 c = –1

2x2 + 3x – 1 = 0 

b) –6 –2 2
a = 1 b = –2 c = –6

x2 – 2x – 6 = 0 
2 

x = 0 x

ax2 + bx + c = 0 (a ≠ 0) 



3.2 

x

3x2 + x – 1 = 0 

b) x2 + 4x + 2 = 0 

c) x2 – 6x – 3 = 0 

e) x2 – x – 1 = 0 

g) 2x2 – 8x + 5 = 0 h) x2 + 3x – 2 = 0 

f) 4x2 – 30x + 45 = 0 

x = x2 – 1 

2x(3 – x) = 3 

x2 = – 2(2x + 1)

x2 – 3(2x + 1) = 0

d) 2x2 – 6x + 3 = 0 



2. z = w x y

z = a + bi
1. b = 0 z
2. a b 0 z
3. a = 0 b ≠ 0 z = bi

2 z = 2x + 3i w = 4 + (y – 1)i z = w x y

Re(z) Im(z) 

z w

z = w x y 2 4 

z w 2
z1 z2 z3 z4

3.3 

c) z

a z Re(z) b z Im(z) 2
2

i2 = –1 i

2 a b z = a + bi
a + bi . 

1 

2 

1. z



3.3 

2

2a) Re(z) = Re(w) Im(z) = Im(w) 

2d) 

2b) 

2c) 

y

z = w x y
–7 –1 z = w x y

–5 

z = w x y



2 

3.4 

z = 3 + 7i w = 2 – 3i z + w z – w zw

1. z + w z – w zw

i

z = a + bi z
|z| z = a + bi

2. z = a + bi

w

i2 = –1 

z + w = 5 + 4i z – w = 1 + 10i zw = 27 + 5i

z = a + bi w = c + di z + w z – w

z = a + bi w = c + di zw



3.4 

a b c d



3.5 

z = a + bi w = c + di
1.                    

2. 
3. 

1.     1 

1. 

u + vi

2. z = a + bi w = c + di

a) b) 

c) d) b) c) 

4 + 3i 5 – i

5 – i

z = a + bi w = c + di z w

2. 

3. z w



3.5 2 

2 ( )
( )

u + vi u v

z = a + bi w = c + di

a b c d

2d) 



2 

3.6 *

x x2 = –5 x

a + bi

-5 -5 5(-1) 
x2 = 5(–1) = 5i2

x2 = 5i2

x2 = –5 x

a b

1. –a

2. a + bi

a (a > 0) – a



3.6 a + bi

9

a = i 1

1h) 

1a) –a = –2 -2 

1c) –a = –7 -7 

1e) –a = –4 -4 

1b) –a = –3 -3 

1d) –a = –10 -10 

1f) –a = –25 -25 

2 bi
d) f) c) –i

1g) 



3.7 

ax2 + bx + c = 0 Δ = b2 – 4ac Δ

b) Δ

a) Δ

Δ > 0 Δ

2. x2 – 6x + 5 – m = 0 1 m

Δ

2x2 – 5x – 1 = 0 2 

Δ = 0 0 

x2 – 2x + 1 = 0 1 

c) Δ

Δ < 0 

x2 + 3x + 5 = 0 2 

1. 

x2 + mx + 4 = 0 1 m
1 Δ = 0 Δ = m2 – 16 = 0 m = 4 m = – 4 

x2 + mx + 4 = 0 1 m 4 – 4 

ax2 + bx + c = 0 a b c a ≠ 0 Δ = b2 – 4ac

1. Δ > 0 2
2. Δ = 0 1
3. Δ < 0 2 u + vi v ≠ 0



3.7 

1

(
) 2

1a) a = 4 b = 1 c = –3 

Δ > 0 4x2 + x – 3 = 0
2

1c) a = 9 b = -30 c = 25 
1d) 15x2 + 8x + 12 = 0 a = 15

b = 8 c = 12 

1b) a = 4 b = 1 c = 14 

Δ < 0 4x2 + x + 14 = 0
2

Δ = 0 
9x2 – 30x + 25 = 0 1 

2. x2 – 6x + 5 – m = 0 a = 1 b = –6 c = 5 – m

1 Δ = 0 4m + 16 = 0 

m = –4 x2 – 6x + 5 – m = 0 1 

Δ < 0 15x2 + 12 = – 8x
2

2 c 5 c = 5 – m



2 

3.8 *

x2 + 12x + 40

x3 – 6x2 + 15x – 14 

a = 1 2 7 14 x = 2 

x3 – 6x2 + 15x – 14 = (x – 2)d d

x2 – 4x + 7 

z = 6 – 2i w = 6 + 2i zw = 40 z + w = 12

x2 + (a + b)x + ab 40 12 2
x2 + 12x + 40 = 0

x1 x2 ax2 + bx + c = 0



3.8 

a(x – x1)(x – x2)(x – x3)
x1 x2 x3 3.9

a) x2 – 12x + 40 

d) 10 1
2 5 10 x3 + x + 10 x = –2

x3 + x + 10 = (x + 2)d
d d = x2 – 2x + 5

(x – 1 – 2i)(x – 1 + 2i)

b) 5x2 + 8x + 5 

e) 29 1 29 x3 – 3x2 + 25x + 29 
x = –1 

x3 – 3x2 + 25x + 29 = (x + 1)d
d d = x2 – 4x + 29

(x – 2 – 5i)(x – 2 + 5i)

f) -50 1 2 5 10 25 50 
x3 – 7x2 + 20x – 50 x = 5

x3 – 7x2 + 20x – 50 = (x – 5)d
d

d = x2 – 2x + 10
(x – 1 – 3i)(x – 1 + 3i)

c) x3 – 6x2 + 2x + 24 2
24 1 2

3 4 6 8 12 24 
x = 4 

x3 – 6x2 + 2x + 24 = (x – 4)d
d d = x2 – 2x – 6

1



3.9 *

x = a 0 a x

p

1. p
1

2. p
2

x2 + 2x + 1 (x + 1)2

x = –1

3. p
3

a) 3x – 12 0 x 3x – 12 = 0
x = 4 4 3x – 12

b) 2x2 + 7x + 3 = 0 2x2 + 7x + 3

c) 0 1 29 
x

x = –1

(x3 – 3x2 + 25x + 29) (x + 1) 

x = – 1 x2 – 4x + 29 = 0 x2 – 4x + 29 

x3 – 3x2 + 25x + 29 x = – 1 x = 2 + 5i x = 2 – 5i

1 

n n

an 0

n n x1 x2..., xr

mi xi



3.9 

– 4x – 16 x = –4 

1 
– 4x – 16 = 0 

2

x2 – 2x – 1 = 0

3
1 –2

( 1 2) 0
x = 1

(x3 – 3x2 + 4x – 2) (x – 1)

x2 – 2x + 2
x = 1 + i x = 1 – i

x3 – 3x2 + 4x – 2 x = 1 x = 1 + i
x = 1 – i

x2 – 2x – 1 

3x – 12 = 0 4 3x – 12
4 x = 4

3
5 ( 1 5)

0 x = –1

(x3 – 3x2 + x + 5) (x + 1)

x2 – 4x + 5
x = 2 + i x = 2 – i

x3 – 3x2 + x + 5 x = – 1 x = 2 + i
x = 2 + i



2 

3.10 

2. x

3. 

x = 3 

1. 

4. z + w z – w

6. 

5. zw

?



3.10 

1a) 12 12x2 + 8x + 1 = 0 

1c) 3x2 + 10x – 77 = 0 

1f) (3x + 4)(9x + 2) = 0 

1h) (x + 2)(x + 3) = 0 x = –2 x = –3

1d) (3x – 7)(5x + 2) = 0 

1b) x(x + 5) = 0 x = 0 x = –5

1e) (2x + 7)(11x – 5) = 0 

1g) 

1i) 

1k) 

1m) 
1o) 

1j) 

1n) 

1p) x = – 4 + i x = – 4 – i

x2 – 2x – 3 = 0 (x ≠ 0) 
x = 3

1l) 

2. x > 0 
x

3. x > 0 
x

6b) 

x2 – x – 1 = 0 (x ≠ 0) 



3.11 

1.

2.

x2

x = 100 

3. z1 = 1 + 2i z2 = –2 + 3i z3 = 1 – i

4.

5. x 1. x 2. x 1 2
7 18

6. x y

10. mx2 + 2x + 1 = 0 2 m

11. x2 + 2x + m = 0 2 m

7. z |z| ≥ 0 

8. z = a + bi w = c + di |zw| = |z||w| 

9. z = a + bi w = c + di 



3.11 

2c)                                          x2

x2 = 2 x > 0 

2d) x = 100
x(x + 3) (x + 1)(x + 2) 

x2 + 3x + 1 x = 100 10301 

3d) 

i



(x + a)(x + b) 

5. ax2 + bx + c x b = c ax2 + bx +
b x = 1 a + 2b x = 2 4a + 3b

a + 2b = 7 4a + 3b = 18 a = 3 b = 2 
3x2 + 2x + 2

7. z = a + bi (3.4
) a2 b2 a b

4c) (x = d y = c)

4c) (ac + bd)2 + (bc – ad)2 = (a2 + b2)(c2 + d2)  

10 11

10. 2 
∆ = 4 – 4m = 4(1 – m) 0 ∆ 0 

1 – m 0 

11. 2
∆ = 4 – 4m = 4(1 – m) 0

∆ 0 1 – m 0
10

m 1 ∆ 0

3.5
|zw| = |z||w| 

• m = –1 1 – m = 2 • m = 0 1 – m = 1
• m = 1 1 – m = 0 • m = 1.5 1 – m = –0.5
• m = 2 1 – m = –1 • m = 3 1 – m = –2

m 1 ∆ 0 


