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1

1

§ 1.1

2x + y x + y + x x y

1.1.1

FTEXT I

(polynomial) 4x2−3x+5 x 2 x

x (variable)

4 −3 5

(constant)

a0, a1, · · · , an x

anxn + an−1xn−1 + · · · + a1x + a0

x

2 + 3 = 5 2 + 3 5

1



2 1

2 n f (x) g(x)

f (x) = anxn + an−1xn−1 + · · · + a1x + a0

g(x) = bnxn + an−1xn−1 + · · · + b1x + b0

an = bn , an−1 = bn−1 , · · · , a1 = b1 , a0 = b0

f (x) g(x)

f (x) = 3x2 − 4x + 7 g(x) = 3x2 − 4x + 7

h(x) = 3x2 − 5x + 7

x2 = −x + 2 x = 1 x = −2

(equation)

x2 − x = x(x − 1) x

(identity)

1 (x−y)(x+y) = x2−y2

x y

(identity)

(x−1)(x−3)

x2 − 4x + 3

(x − 1)(x − 3) = x2 − 4x + 3

� �

(1) (x + 3)(x + 1) − 5(x + 1) = (x − 2)(x + 1)

(2) (x + y)(x − y) + x2 + 2x = (x + y)2

(3) 1
x
+

1
x + 1

=
1

x(x + 1)
� �
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1.1 3

(1)

= x2 + 4x + 3 − 5x − 5

= x2 − x − 2

= (x − 2)(x + 1) =

(2) x = 1 y = 0 � x = 1 y = 0

= (1 + 0)(1 − 0) + 12 + 2 · 1 = 4

= (1 + 0)2 = 1

(3) x = 1 � x = 1

=
1
1
+

1
1 + 1

=
3
2

=
1

1(1 + 1)
=

1
2

(2)

0

a0 a1 a2 a2x2 + a1x + a0 = 0 x

a0 a1 a2

a2x2 + a1x + a0 = 0 x x

x = −1 x = 0 x = 1


a2 − a1 + a0 = 0
a0 = 0
a2 + a1 + a0 = 0

a2 = a1 = a0 = 0

=⇒ a2 = a1 = a0 = 0 a2x2 + a1x + a0 = 0

x ⇐=

a2x2 + a1x + a0 = 0 x ⇐⇒ a2 = a1 = a0 = 0

2
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4 1

0

f (x) = anxn + an−1xn−1 + · · · + a1x + a0

f (x) = 0

f (x) 0

an = an−1 = · · · = a1 = a0 = 0

0 (p.339)

� �
2 n f (x) g(x)

f (x) = anxn + an−1xn−1 + · · · + a1x + a0

g(x) = bnxn + bn−1xn−1 + · · · + b1x + b0

f (x) = g(x)

f (x) g(x)

an = bn , an−1 = bn−1 , · · · , a1 = b1 , a0 = b0

0
� �

f (x) = g(x) f (x) −
g(x) = 0

(an − bn)xn + (an−1 − bn−1)xn−1 + · · ·
+ (a1 − b1)x + a0 − b0 = 0

�
(p.8)0

an − bn = 0 , an−1 − bn−1 = 0 , · · ·
, a1 − b1 = 0 , a0 − b0 = 0

– www.ftext.org –



1.1 5

an = bn , an−1 = bn−1 , · · · , a1 = b1 , a0 = b0

�

f (x) g(x)

f (x) = g(x)

f (x) g(x)

x f (x) g(x) f (x) = g(x)

i) x

ii)

2
� �

a b c d

(1) x2 + 3x = ax2 + bx + c

(2) x2 = a(x − 1)2 + b(x − 1) + c

(3) x2 = ax(x + 1) + b(x − 1) + c

(4) x3 = a(x − 1)3 + b(x − 1)2 + c(x − 1) + d

(5) x3 = ax(x + 1)(x + 2) + bx(x + 1) + cx + d
� �

(1) x2 a = 1
x b = 3

c = 0
(2) x2 a = 1

x = 1 � x − 1
x = 1

12 = 1(1 − 1)2 + b(1 − 1) + c

⇔ c = 1

x = 0 � 0
0

02 = 1(0 − 1)2 + b(0 − 1) + 1

– www.ftext.org –



6 1

⇔ 0 = 1 − b + 1

⇔ b = 2

(3) x2 a = 1
x = 1 � x − 1

x = 1
12 = 1 · 1(1 + 1) + b(1 − 1) + c

⇔ 2 + c = 1

⇔ c = −1

x = −1 � x + 1
x = −1

(−1)2 = 1(−1)(−1 + 1) + b(−1 − 1) − 1

⇔ − 2b − 1 = 1

⇔ b = −1

(4) x3 a = 1
x = 1 � x − 1

x = 1
13 = a(1 − 1)3 + b(1 − 1)2 + c(1 − 1) + d

⇔ d = 1

= 1(x3 − 3x2 + 3x − 1) + b(x2 − 2x + 1)

+ cx − c + 1

= x3 + (b − 3)x2 + (−2b + c + 3)x − c

x2 x b − 3 = 0

−2b + c + 3 = 0

b = 3 c = 3
(p.??)

x = 1 � x − 1
x = 1

13 = a(1 − 1)3 + b(1 − 1)2 + c(1 − 1) + d

⇔ d = 1

3x2 = 3a(x − 1)2 + 2b(x − 1) + c · · · · · · · · · 1©

– www.ftext.org –



1.1 7

x = 1 � x − 1
x = 1

3 · 12 = 3a(1 − 1)2 + 2b(1 − 1) + c

⇔ c = 3

1©

6x = 6a(x − 1) + 2b · · · · · · · · · · · · · · · · · · · · · · 2©

x = 1 � x − 1
x = 1

6 · 1 = 6a(1 − 1) + 2b

⇔ b = 3

2©

6 = 6a⇔ a = 1

(5) x3 a a = 1
x = 0

d = 0

x = −1 � x + 1
x = −1

(−1)3 = 1(−1)(−1 + 1)(−1 + 2)

+ b(−1)(−1 + 1) + c(−1) + 0

⇔ c = 1

x = −2 � x + 2
x = −2

(−2)3 = 1(−2)(−2 + 1)(−2 + 2)

+ b(−2)(−2 + 1) + 1(−2) + 0

⇔ b = −3

� �
k x y

(2k − 1)x + (k − 1)y − k + 3 = 0
� �

k

(2x + y − 1)k − x − y + 3 = 0

– www.ftext.org –



8 1

k
{

2x + y − 1 = 0
−x − y + 3 = 0

� (2x + y − 1)k − x − y + 3 = 0 · k + 0

x = −2 y = −5

2

a b c d e f

ax2 + by2 + cxy + dx + ey + f = 0

x y

x

ax2 + (cy + d)x + (by2 + ey + f ) = 0

x 0 (p.4)

a = 0 , cy + d = 0 , by2 + ey + f = 0

y

a = 0 , b = 0 , c = 0 , d = 0 , e = 0 , f = 0

2

0

1.1.2

A = B A B

(x2 + x + 1)(x2 − x + 1) = x4 + x2 + 1

= (x2 + x + 1)(x2 − x + 1)

– www.ftext.org –



1.1 9

= x4 − x3 + x2 + x3 − x2 + x + x2 − x + 1

= x4 + x2 + 1 =

A = B

i) A = C B = C

ii) A − B = 0

� �

(1) (x + y)2 − (x − y)2 = 4xy

(2) (a2 − b2)(c2 − d2) = (ac + bd)2 − (ad + bc)2

(3) (x3 + 1)(x2 + x + 1) = (x + 1)(x4 + x2 + 1)
� �

(1)

= x2 + 2xy y2 − (x2 − 2xy + y2)

= 4xy =

�

(2)

= a2c2 − a2d2 − b2c2 + b2d2

= a2c2 + 2abcd + b2d2

− (a2d2 + 2abcd + b2c2)

= a2c2 − a2d2 − b2c2 + b2d2

= � � A = C B = C
A = B(3)

= (x + 1)(x2 − x + 1)(x2 + x + 1)

= (x + 1){(x2 + 1)2 − x2}
= (x + 1)(x4 + x2 + 1) =

�

– www.ftext.org –



10 1

� �

(1) 1
x + 2

+
1

x − 2
=

2x
x2 − 4

(2) 1
x + 1

+
1

y + 1
=

1 − xy
(x + 1)(y + 1)

+ 1

(3) 2
x + 2

− 1
x + 3

+
x

(x + 2)(x + 3)
=

2
x + 3

� �

(1)

=
x − 2

(x + 2)(x − 2)
+

x + 2
(x + 2)(x − 2)

=
x − 2 + x + 2
(x + 2)(x − 2)

=
2x

x2 − 4
=

�

(2)

=
y + 1

(x + 1)(y + 1)
+

x + 1
(x + 1)(y + 1)

=
x + y + 2

(x + 1)(y + 1)

=
1 − xy

(x + 1)(y + 1)
+

(x + 1)(y + 1)
(x + 1)(y + 1)

=
1 − xy + xy + x + y + 1

(x + 1)(y + 1)

=
x + y + 2

(x + 1)(y + 1)

= �

(3)

=
2x + 6

(x + 2)(x + 3)
− x + 2

(x + 2)(x + 3)

+
x

(x + 2)(x + 3)

=
2x + 4

(x + 2)(x + 3)

=
2(x + 2)

(x + 2)(x + 3)
=

2
x + 3

=

�
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a2 − 2b2 = ab (p.2) a = b = 1

a + b = 0 a + b = 0

b = −a

= a2 − 2(−a)2 = −a2

= a(−a) = −a2

=

� �

(1) a + b = 0 ab + a2 = 0

(2) a + b = 0 a2 − 2b2 = ab

(3) x + y = 1 x2 + y2 + 1 = 2(x + y − xy)
� �

(1)

= a(a + b) = 0 � a + b = 0

= �

(2) a + b = 0 b = −a

= a2 − 2(−a)2 = −a2 � b = −a

= a(−a) = −a2

= �

(3) x + y = 1 y = 1 − x

= x2 + (1 − x)2 + 1 � y = 1 − x

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

= 2 {x + (1 − x) − x(1 − x)} � y = 1 − x

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

= �

– www.ftext.org –
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� �

(1) xy = 1
(
x + 1

y

) (
y + 1

x

)
= 4

(2) x + 1
x
= 3 x2 +

1
x2 = 7

(3) xyz = 1 1
xy
+

1
yz
+

1
zx
= x + y + z

� �

(1) xy = 1 x \= 0 y = 1
x

= (x + x)
(

1
x
+

1
x

)

= 2x · 2
x

= 4 =

�

(2) x + 1
x
= 3

=

(
x + 1

x

)2
− 2 · x · 1

x
� a2 + b2 = (a + b)2 − 2ab

= 32 − 2 = 7 � x + 1
x
= 3

= �

(3) xyz = 1 z = 1
xy

=
1
xy
+

1

y · 1
xy

+
1

1
xy
· x

=
1
xy
+ x + y

= x + y + z = � z = 1
xy

�

a : b = x : y bx = ay x y 0 a
x
=

b
y

a
x
=

b
y

(proportional

expression)

k a
x
=

b
y
= k a = xk
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b = yk

a : b : c = x : y : z

a b c (continued ratio) a : b = x : y b : c = y : z c : a = z : x

bx = ay cy = bz az = cx

x y z 0 a
x
=

b
y
=

c
z

� �
0 a, b, c, d, x, y, z

(1) a : b = c : d a2 + b2

c2 + d2 =

(
b
d

)2

(2) a : b = c : d a2 + c2

b2 + d2 =
ac
bd

(3) a : b : c = x : y : z a2 + b2 + c2

x2 + y2 + z2 =
ab + bc + ca
xy + yz + zx

� �

(1) a = ck b = dk �

=
c2k2 + d2k2

c2 + d2 � a = ck b = dk

=
k2(c2 + d2)

c2 + d2 = k2

=
d2k2

d2 = k2

= �

(2) a = ck b = dk �

=
c2k2 + c2

d2k2 + d2 � a = ck b = dk

=
c2(k2 + 1)
d2(k2 + 1)

=
c2

d2

=
c2k
d2k
=

c2

d2 � a = ck b = dk

= �

(3) a = xk b = yk c = zk �

=
x2k2 + y2k2 + z2k2

x2 + y2 + z2 � a = xk b = yk c = zk

– www.ftext.org –
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=
k2(x2 + y2 + z2)

x2 + y2 + z2 = k2

=
xyk2 + yzk2 + xzk2

xy + yz + zx
� a = xk b = yk c = zk

=
k2(xy + yz + xz)

xy + yz + zx
= k2

= �

1.1.3

6

1) x + y 2) xy 3) x2 + y2

4) 1
x
+

1
y

5) 2x3 + 3y2 6) 2
x
+

y
2

x y

1)’ y + x 2)’ yx 3)’ y2 + x2

4)’ 1
y
+

1
x

5)’ 2y3 + 3x2 6)’ 2
y
+

x
2

1)’ 4)’ 1) 4) 5)’ 6)’

5) 6)

x y

(symmetric expression)

x + y , xy

(elementary symmetric expression)
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� �
x + y = A xy = B A B

(1) x2 + y2 (2) x3 + y3 + x + y (3) 1
x
+

1
y

(4)
y
x
+

x
y

� �

(1) x2 + y2

= (x + y)2 − 2xy

= A2 − 2B

(2) x3 + y3 + x + y

= (x + y)3 − 3xy(x + y) + (x + y) � x3 + y3 = (x + y)3 − 3xy(x + y)

= A3 − 3AB + A

(3) 1
x
+

1
y

=
y
xy
+

x
xy

�

=
x + y

xy

=
A
B

(4) y
x
+

x
y

=
y2

xy
+

x2

xy
�

=
x2 + y2

xy
� (1)

=
A2 − 2B

B

– www.ftext.org –
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§ 1.2

1.2.1

FTEXT I 2 a b

a > b , a = b , a < b

1

i) c a > b ⇐⇒ a + c > b + c , a − c > b − c

ii) 0 < c a > b ⇐⇒ ac > bc , a
c
> b

c

iii) c < 0 a > b ⇐⇒ ac < bc , a
c
< b

c

A > B A

B
√

x4 + 2x2 + 2 > x2 + 1

=
√

x4 + 2x2 + 2

>
√

x4 + 2x2 + 1 1

=
√

(x2 + 1)2

= x2 + 1 =

A > B A − B > 0

A − B > 0

A > B A−B > 0

A > B⇒ A � B A � B A > B
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� �

(1) a > 1 b > 1 ab + 1 > a + b

(2) a > c b > d ab + cd > ad + bc
� �

(1) −
ab + 1 − (a + b)

= a(b − 1) − (b − 1)

= (a − 1)(b − 1)

a > 1 b > 1 a − 1 > 0 b − 1 > 0

(a − 1)(b − 1) > 0

ab + 1 > a + b �

(2) −
(ab + cd) − (ad + bc)

= a(b − d) − c(b − d)

= (a − c)(b − d)

a > c b > d a − c > 0 b − d > 0

(a − c)(b − d) > 0

ab + cd > ad + bc �

a > 0 b > 0 a + b > 0

a2 − b2 = (a + b)(a − b)

a − b a2 − b2

a � 0 b � 0

a > b ⇐⇒ a2 > b2

a

a a � 0 b � 0 a = b ⇐⇒ a2 = b2

a � b ⇐⇒ a2 � b2

2 a b 0 a > b

a2 > b2
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18 1

� �

(1) a > 0 b > 0
√

a +
√

b >
√

a + b

(2) a � 0 b � 0 3
√

a + 2
√

b �
√

9a + 4b
� �

(1)
√

a +
√

b (> 0) � 0
√

a + b (> 0) � 0
2 > 2

� (p.17)

2 − 2
= a + 2

√
ab + b − (a + b)

= 2
√

ab > 0

> �

(2) 3
√

a + 2
√

b � 0
√

9a + 4b � 0 2 �
2

� (p.17)

2 − 2

=
(
3
√

a + 2
√

b
)2 −

(√
9a + 4b

)2

= 9a + 12
√

ab + 4b − (9a + 4b)

= 12
√

ab � 0

� �

12
√

ab = 0

a = 0 b = 0

A � B

A − B � 0 0

1.2.2

(p.16) a > 0 a2 > 0 a < 0 a2 > 0

a = 0 a2 = 0

a a2 � 0 a = 0

2

– www.ftext.org –
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� �

(1) (x + y)2 − 2xy � x2 − y2

(2) x3 > y3 x > y

(3) x � y � 0
√

x +
√

y �
√

2(x + y)
� �

(1) −

− = (x + y)2 − 2xy − (x2 − y2)

= (x2 + y2 + 2xy) − 2xy − x2 + y2

= 2y2 � 0 � (p.18)

� �

2y2 = 0 y = 0

(2) −

x3 − y3 > 0

⇔ (x − y)(x2 + xy + y2) > 0

⇔ (x − y)
{(

x +
y
2

)2
− y2

4
+ y2

}
> 0 �

⇔ (x − y)
{(

x +
y
2

)2
+

3y2

4

}
> 0 · · · · · · 1©

(
x +

y
2

)2
+

3y2

4
� 0

(
x +

y
2

)2
+

3y2

4
= 0

� (p.18)

1©
(
x +

y
2

)2
+

3y2

4
> 0

1© x − y > 0 x > y �

(3) � 0 � 0 2− 2 � 0

� (p.17)

2 − 2
=

( √
2(x + y)

)2 −
(√

x +
√

y
)2

= 2(x + y) − (x + 2
√

xy + y)

= x + y − 2
√

xy

= (
√

x − √y )2 � 0 � (p.18)

2 � 2 �

�
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√
x − √y = 0

x = y

1.2.3

60 80

2

60 + 80
2

= 70

3 60 80

40

60 + 80 + 40
3

= 60

60

n 0 a1, a2, · · · , an

a1 + a2 + · · · + an

n

a1, a2, · · · , an (artithmetic mean)

n = 2 a1 + a2

2
n = 3

a1 + a2 + a3

3

� �

(1) 24 , 56 (2) 1
2
, 1

3
(3) 3

2
, 1

3
, 5

4
(4) 1 ,

√
3 ,

√
2

3
� �

(1) 24 + 56
2

=
80
2
= 40

(2)

1
2
+

1
3

2
=

5
6
2
=

5
12

(3)

3
2
+

1
3
+

5
4

3
=

18 + 4 + 15
12
3

=

37
12
3
=

37
36

(4) 1 +
√

3 +
√

2
3
=

3 + 3
√

3 +
√

2
3

3 + 3
√

3 +
√

2
9
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2 a1 a2

1) a1 a2

2) a1 a2

a1 a2 (mean)

a1 a2 0 � a1 � a2
a1 + a2

2
(p.16)

a1 + a1 � a1 + a2 , a1 + a2 � a2 + a2

a1 + a1 � a1 + a2 � a2 + a2

⇔ a1 + a1

2
�

a1 + a2

2
�

a2 + a2

2

⇔ a1 �
a1 + a2

2
� a2

a1 a2
a1 + a2

2
2

3

1) 3

2)

2 0 a1 a2 a1 a2√
a1a2 a1 a2

a1 a2 0 � a1 � a2 (p.16)

a1 · a1 � a1 · a2 , a1 · a2 � a2 · a2

a1 · a1 � a1 · a2 � a2 · a2

∴
√

a1
2 �
√

a1a2 �
√

a2
2 (p.17)

∴ a1 �
√

a1a2 � a2
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√
a1a2 a1 a2

*1

3 a1 a2 a3
3
√

a1a2a3
3
√

a a 3

3 a n (p.192)

n 0 a1, a2, · · · , an

n
√

a1a2 · · · an

a1, a2, · · · , an (geometric mean)

n = 2
√

a1a2 n = 3 3
√

a1a2a3

� �

(1) 2 , 8 (2) 1 , 3 , 9
� �

(1)
√

2 · 8 = √16 = 4
(2) 3√1 · 3 · 9 = 3√27 = 3

n = 2 (p,20) (p,22)

a1 + a2

2
,
√

a1a2

a1 + a2

2
− √a1a2

a1 + a2

2
− √a1a2 =

a1 − 2
√

a1a2 + a2

2

=
1
2

(√
a1 − √a2

)2
� 0

a1 + a2

2
�
√

a1a2

*1 r1, r2, · · · , rn A n
r Ar1r2 · · · rn = Arn r = n√r1r2 · · · rn
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n 0 a1, a2, · · · , an
a1 + a2 + · · · + an

n
n
√

a1a2 · · · an

a1 + a2 + · · · + an

n
� n
√

a1a2 · · · an

a1 = a2 = · · · = an

n = 2

a1 + a2

2
�
√

a1a2 a1 = a2

n = 3

a1 + a2 + a3

3
� 3
√

a1a2a3 a1 = a2 = a3

a + b � 2
√

ab

a + b ab

3� �

x3 + y3 + z3 − 3xyz = (x + y + z)(x2 + y2 + z2 − xy − yz − zx) · · · · · · · · · · · · · · · · · · · · · · 1©

a1 � 0 a2 � 0 a3 � 0

a1 + a2 + a3

3
� 3
√

a1a2a3

� �

x = 3
√

a1 y = 3
√

a2 z = 3
√

a3 x � 0 y � 0 z � 0

x3 + y3 + z3 = a+ b+ c xyz = 3
√

a1
3
√

a2
3
√

a3 =
3
√

a1a2a3

1©

x2 + y2 + z2 − xy − yz − zx
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24 1

=
1
2

{
(x − y)2 + (y − z)2 + (z − x)2

}
� 0 � (p.18)

x + y + z � 0

x3 + y3 + z3 � 3xyz⇔ x3 + y3 + z3

3
� xyz

a1 + a2 + a3

3
� 3
√

a1a2a3 �

x = y = z a1 = a2 =

a3

(p.341)

� �

x > 0 y > 0 z > 0

(1) x + 1
x
� 2 (2) x + 9

x + 2
� 4

(3)
(
x + 1

y

) (
y + 4

x

)
� 9 (4) (x + y)(y + z)(z + x) � 8xyz

� �

(1) x > 0 1
x
> 0

� x 1
x

x + 1
x
� 2

√
x · 1

x
= 2 �

x = 1
x

x = 1

� x > 0

(2) x+ 2 > 0 1
x + 2

> 0

� (1)
x x + 2

(x + 2) + 9
(x + 2)

� 2
√

(x + 2) · 9
x + 2

= 6
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x + 9
(x + 2)

� 4 �

x + 2 = 9
x + 2

(x + 2)2 = 9

⇔ (x + 5)(x − 1) = 0

∴ x = 1 � x > 0

(3) x > 0 1
x
> 0 y > 0 1

y
> 0

(
x + 1

y

) (
y + 4

x

)

= xy + 4
xy
+ 1 + 4 � xy 1

xy

� 2
√

xy · 4
xy
+ 1 + 4 = 9 �

xy = 4
xy

x2y2 = 4

∴ xy = 2 � x > 0 y > 0 xy > 0

(4) x > 0 y > 0 z > 0

x + y � 2
√

xy

y + z � 2
√

yz

z + x � 2
√

zx

� (2
√

xy)(2
√

yz)(2
√

zx) = 8xyz �

x = y y = z z = x

x = y = z

(p.23)
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� �

(1) f (x) = x + 1
x

(x > 0) (2) f (x, y) =
y
x
+

x
y

(x > 0, y > 0)

� �

(1) x > 0 1
x
> 0

x + 1
x
� 2

√
x · 1

x
= 2 � f (x) � 2

x = 1
x

x2 = 1

∴ x = 1 � x > 0

f (1) = 2 � x

(2)
y
x
> 0 , x

y
> 0

y
x
+

x
y
� 2

√
y
x
· x

y
= 2 �

f (x, y) � 2

y
x
=

x
y

x2 = y2

⇔ x2 − y2 = 0

⇔ (x − y)(x + y) = 0

x > 0 y > 0 x + y \= 0 x = y

f (x, x) = 2 � x y

(p.23)

1)

2)

2
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1.2.4

a b x y

(ax + by)2 � (a2 + b2)(x2 + y2)

(Cauchy-Schwarz’s inequality)

a : b = x : y

� �

� �

−

(a2 + b2)(x2 + y2) − (ax + by)2

= (a2x2 + b2x2 + a2y2 + b2y2) − (a2x2 + 2abxy + b2y2)

= b2x2 − 2(bx)(ay) + a2y2

= (bx − ay)2 � 0 �

(bx−ay)2 = 0 bx−ay = 0

a : b = x : y

� (p.12)

� �
a b c x y z

(ax + by + cz)2 � (a2 + b2 + c2)(x2 + y2 + z2)

� �
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−

a2(y2 + z2) + b2(x2 + z2) + c2(x2 + y2)

− 2(abxy + bcyz + acxz)

= a2y2 − 2(ay)(bx) + b2x2

+a2z2 − 2(az)(cx) + c2x2

+b2z2 − 2(bz)(cy) + c2y2

= (ay − bx)2 + (az − cx)2 + (bz − cy)2 � 0 �

(ay− bx)2 = 0, (az− cx)2 = 0, (bz−
cy)2 = 0 ay − bx = 0, az − cx = 0, bz − cy = 0

a : b : c = x : y : z

� (p.12)

(p.342)

� �
(p.27)

(1) f (x, y) = x + 2y x2 + y2 = 1

(2) f (x, y, z) = x + 2y + 3z x2 + y2 + z2 = 1
� �

(1) a = 1 b = 2

� (ax + by)2 � (a2 + b2)(x2 + y2)

(x + 2y)2 � (12 + 22)(x2 + y2)

x2 + y2 = 1

(x + 2y)2 � 5

⇔ − √5 � x + 2y �
√

5 · · · · · · · · · 1©
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1©

x : y = 1 : 2

x = k y = 2k x2 + y2 = 1 � (p.12)

k2 + (2k)2 = 1

⇔ k = ±
√

5
5

f
( √

5
5
,

2
√

5
5

)
=
√

5

f
(
−
√

5
5
, − 2

√
5

5

)
= −√5

(2) a = 1 b = 2 c = 3

� (ax+by+cz)2 � (a2+b2+c2)(x2+

y2 + z2)
(x + 2y + 3z)2 � (12 + 22 + 32)(x2 + y2 + z2)

x2 + y2 + z2 = 1

(x + 2y + 3z)2 � 14

⇔ − √14 � x + 2y + 3z �
√

14 · · · · · · · · · 2©

2©

x : y : z = 1 : 2 : 3

x = k y = 2k z = 3k x2 + � (p.12)

y2 + z2 = 1

k2 + (2k)2 + (3k)2 = 1

⇔ k = ±
√

14
14

f
( √

14
14

,
2
√

14
14

,
3
√

14
14

)
=
√

14

f
(
−
√

14
14

, − 2
√

14
14

, − 3
√

14
14

)
= −√14
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30 1

FTEXT B

(
�m · �n

)2
� �m

2 �n
2

�m =

a

b

 �n =

x

y



1.2.5

2 a b

a + b � a + b

(triangle inequality)

a = 2 b = 3

= 2 + 3 = 5 , = 2 + 3 = 5

�

a = −2 b = 5

= − 2 + 5 = 3 , = − 2 + 5 = 7

�

2 3

n a1, a2, · · · , an

a1 + a2 + · · · + an � a1 + a2 + · · · + an

a1, a2, · · · , an 0

n = 2 a1 + a2 � a1 + a2 n = 3 a1 + a2 + a3 �

a1 + a2 + a3

� �
a1 a2 a3

(1) a1 + a2 � a1 + a2

(2) a1 + a2 + a3 � a1 + a2 + a3

� �
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(1) 2

( a1 + a2 )2 � ( a1 + a2 )2 � (p.17)

−
= ( a1 + a2 )2 − ( a1 + a2 )2

= a1
2 + 2 a1 a2 + a2

2 − (a1 + a2)2

= a1
2 + 2 a1 a2 + a2

2 − (a1
2 − 2a1a2 + a2

2) � a a 2 = a2

= 2( a1 a2 − a1a2) � 0 � a a � a

� �

a1 a2 − a1a2 = 0

a1 a2 − a1a2 = 0

⇔ a1a2 − a1a2 = 0 � a b = ab

⇔ a1a2 � 0 � a � 0⇔ a = a

a1 a2 0

(2)

a1 + (a2 + a3)

� a1 + a2 + a3 � a2+a3 (1)

� a1 + a2 + a3 � a2 a3 (1)

� �

{
a1(a2 + a3) � 0 · · · · · · · · · · · · · · · · · · · · · · 1©
a2a3 � 0 · · · · · · · · · · · · · · · · · · · · · · 2©

2© i) a2 � 0 a3 � 0 ii) a2 � 0

a3 � 0

i) a2 � 0 a3 � 0
1© a1 � 0

ii) a2 � 0 a3 � 0
1© a1 � 0

a1 a2 a3 0

– www.ftext.org –



32 1

§ 1.3

1.3.1

1 3x − 2 = 0

1,2,3,4など

0,-1,-3など

0.5,-1.5,-⁷/₃など

2-3i,1+√3iなど

√2,πなど

x = 2
3

2 x2 = 3

x = ±√3

2 2

x2 = −3

2 −1 i (imaginary unit)

i2 = −1

2 i

a b a +©bi (complex

number) a −©bi a +©(−b)i
+© −© FTEXT

2 +©3i ,
√

2 −©4i , − 2
3
+©√5i
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a +©bi a (real part) b (imaginary part)

� �

(1)
√

2 +©3i (2) 1 +©2i (3) 0 +©0i (4) 5 −©√7i
� �

(1)
√

2 3
(2) 1 2
(3) 0 0
(4) 5 −√7

2 2

a b c d 2 a +©bi c +©di

a +©bi = c +©di⇐⇒ a = c b = d

� �
x y

(1) (2x − y) +©(6x + 2y)i = 1 +©8i (2) (x + 2y) +©(3x − y)i = 0 +©0i
� �
(1) 2x − y 6x + 2y

{
2x − y = 1
6x + 2y = 8

x = 1, y = 1
(2) x + 2y 3x − y

{
x + 2y = 0
3x − y = 0

x = 0, y = 0
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a b a +©bi

α = a +©bi α = a +©bi a −©bi α (conjugate)

α

a b α α = a +©bi α

α = a −©bi

α α

a b c d 2 a +©bi c +©di

(a +©bi) + (c +©di) = (a + c) +©(b + d)i

(a +©bi) − (c +©di) = (a − c) +©(b − d)i

2

� �

(1) (1 +©2i) + (3 +©i) (2) (3 −©2i) − (4 −©i)

(3)
(

1
2
+© 1

3
i
)
+

(
1 +© 2

3
i
)

(4)
(
1 +©√2i

)
−

(√
3 +©2

√
2i

)
� �

(1) (1 + 3) +©(2 + 1)i = 4 +©3i
(2) (3 − 4) +©(−2 + 1)i = −1 −©i

(3)
(

1
2
+ 1

)
+©

(
1
3
+

2
3

)
i =

3
2
+©i

(4) (1 − √3) +©(
√

2 − 2
√

2)i = (1 − √3) −©√2i
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a b c d 2 a +©bi c +©di

(a +©bi)(c +©di) = (ac − bd) +©(ad + bc)i

(a +©bi)(c +©di) +© +

i2 −1

(a +©bi)(c +©di)

= ac + (ad + bc)i + bdi2

= ac + (ad + bc)i − bd i2 −1

= (ac − bd) +©(ad + bc)i

(p.38)

� �

(1) (1 +©2i)(4 +©i) (2) (1 −©2i)(3 −©i)

(3)
(

1
2
−©i

) (
1 +© 1

3
i
)

(4)
(√

3 +©i
) (√

3 −©i
)

� �

(1)

(1 +©2i)(4 +©i)

= 4 + (1 + 8)i + 2i2

= 4 + 9i − 2

= 2 +©9i

(2)

(1 −©2i)(3 −©i)

= 3 + (−1 − 6)i + 2i2

= 3 − 7i − 2

= 1 −©7i

(3)

(
1
2
−©i

) (
1 +© 1

3
i
)
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=
1
2
+

(
1
6
− 1

)
i − 1

3
i2

=
1
2
− 5

6
i + 1

3

=
5
6
−© 5

6
i

(4)

(√
3 +©i

) (√
3 −©i

)
= 3 + (−√3 +

√
3)i − i2

= 3 + 0i + 1

= 4 +©0i

� �
α αα 0

� �

α = a +©bi α = a −©bi

αα = (a +©bi)(a −©bi)

= a2 + (−ab + ab)i − b2i2

= (a2 + b2) +©0i �

a b c d 2 a +©bi c +©di

a +©bi
c +©di

=
ac + bd
c2 + d2

+© bc − ad
c2 + d2 i

c \= 0 d \= 0

a +©bi
c +©di

+© +

c −©di

a +©bi
c +©di

=
(a + bi)(c − di)
(c + di)(c − di)

c − di
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=
ac + (−ad + bc)i − bdi2

c2 + (−cd + cd)i − d2i2

=
ac + (−ad + bc)i + bd

c2 + d2 i2 −1

=
(ac + bd) + (bc − ad)i

c2 + d2 i

=
ac + bd
c2 + d2

+© bc − ad
c2 + d2 i i

(p.38)

� �

(1) 1 +©i
3 +©2i

(2) 1 −©2i
2 −©i

(3) 3 +©i
3 −©i

(4)
√

2 −©√3i√
2 +©√3i

� �

(1)

1 +©i
3 +©2i

=
(1 + i)(3 − 2i)
(3 + 2i)(3 − 2i)

=
3 + (−2 + 3)i − 2i2

9 + (−6 + 6)i − 4i2
=

3 + i + 2
9 + 4

=
5 + i
13
=

5
13

+© 1
13

i

(2)

1 −©2i
2 −©i

=
(1 − 2i)(2 + i)
(2 − i)(2 + i)

=
2 + (1 − 4)i − 2i2

4 + (2 − 2)i − i2
=

2 − 3i + 2
4 + 1

=
4 − 3i

5
=

4
5
−© 3

5
i

(3)

3 +©i
3 −©i

=
(3 + i)(3 + i)
(3 − i)(3 + i)

=
9 + (3 + 3)i + i2

9 + (3 − 3)i − i2
=

9 + 6i − 1
9 + 1

=
8 + 6i

10
=

4
5
+© 3

5
i
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(4)

√
2 −©√3i√
2 +©√3i

=
(
√

2 − √3i)(
√

2 − √3i)

(
√

2 +
√

3i)(
√

2 − √3i)

=
2 + (−√6 − √6)i + 3i2

2 + (−√6 +
√

6)i − 3i2
=

2 − 2
√

6 − 3
2 + 3

=
−1 − 2

√
6i

5
= − 1

5
−© 2
√

6
5

i

+© +

a +©bi 0 b = 0 a +©0i a

a 0 a = 0 0 +©bi

bi a = 0 b \= 0 bi (pure imaginary)
*2

a +©bi = (a + 0) +©(0 + b)i

= (a +©0i) + (0 +©bi) a +©bi 2

= a + bi a +©0i a 0 +©bi b

a +©bi a + bi +© +

+© + −© −
� �
α

(1) α ⇐⇒ α = α

(2) α ⇐⇒ α = −α
� �

(1) α = a + bi α = a − bi

α = α

⇔ α − α = 0

⇔ (a + bi) − (a − bi) = 0

⇔ (a − a) + (b + b)i = 0

⇔ 0 + 2bi = 0

⇔ 2b = 0⇔ b = 0 � (p.33)

*2 b \= 0 a +©bi (imaginary)
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α = a + 0i α �

(2) α = a + bi α = a − bi

α = −α
⇔ α + α = 0

⇔ (a + bi) + (a − bi) = 0

⇔ (a + a) + (b − b)i = 0

⇔ 2a + 0i = 0

⇔ 2a = 0⇔ a = 0 � (p.33)

α = 0+bi α �

α

α ⇐⇒ α = α

α ⇐⇒ α = −α

� �
α β

αβ = 0⇐⇒ α = 0 β = 0

� �

⇐= =⇒
α = a + bi β = c + di

αβ = 0 ᾱ

ᾱαβ = 0

∴ (a − bi)(a + bi)(c + di) = 0

⇔ (a2 + b2)(c + di) = 0

⇔ (a2 + b2)c + (a2 + b2)di = 0

 (a2 + b2)c = 0 · · · · · · · · · · · · · · · · · · · · · · 1©
(a2 + b2)d = 0 · · · · · · · · · · · · · · · · · · · · · · 2©

1© a2+b2 = 0 a = b = 0 c = 0
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a = b = 0 2©
c = 0 d = 0 2©

(a = 0 b = 0) (c = 0 d = 0)

α = 0 β = 0 �

� �
α β

(1) α + β = α + β (2) α − β = α − β
(3) αβ = αβ (4) α

β
=
α

β
β \= 0

� �

α = a + bi β = c + di

(1) = (a + bi) + (c + di)

= (a + c) + (b + d)i

= (a + c) − (b + d)i

= a + bi + c + di

= (a − bi) + (c − di)

= (a + c) − (b + d)i

= �

(2) = (a + bi) − (c + di)

= (a − c) + (b − d)i

= (a − c) − (b − d)i

= a + bi − c + di

= (a − bi) − (c − di)

= (a − c) − (b − d)i

= �

(3) = (a + bi)(c + di)

= ac + (ad + bc)i + bdi2

= (ac − bd) + (ad + bc)i

= (ac − bd) − (ad + bc)i

= a + bi c + di

= (a − bi)(c − di)
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= ac − (ad + bc)i + bdi2

= (ac − bd) − (ad + bc)i

= �

(4)
=

(
a + bi
c + di

)

=

( (a + bi)(c − di)
(c + di)(c − di)

)

=

(
ac − (ad − bc)i − bdi2

c2 + (−cd + cd)i − d2i2

)

=

(
ac + bd
c2 + d2 − ad − bc

c2 + d2

)

=
ac + bd
c2 + d2 +

ad − bc
c2 + d2

=
a + bi

c + di

=
a − bi
c − di

=
(a − bi)(c + di)
(c − di)(c + di)

=
ac + (ad − bc)i − bdi2

c2 + (cd − cd)i − d2i2

=
(ac + bd) + (ad − bc)i

c2 + d2

=
ac + bd
c2 + d2 +

ad − bc
c2 + d2 i

= �

−3

−3 x2 = −3 i2 = −1

x2 = 3i2

⇔ x2 − 3i2 = 0

⇔ (x − √3i)(x +
√

3i) = 0

⇔ x =
√

3i, − √3i

−3
√

3i −√3i
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a > 0 −a
√

ai −√ai

−1 i −i

� �

(1) −36 (2) −20 (3) − 49
81

(4) − 5
12

� �

(1) ±√36i = ±6i
(2) ±√20i = ±2

√
5i

(3) ±
√

49
81

i = ± 7
9

i

(4) ±
√

5
12

i = ±
√

5
2
√

3
i = ±

√
15
6

i

−a
√

ai
√−a

a > 0
√−a =

√
ai

� �

(1)
√−9 +

√−1 (2)
√−48 − √−75 (3)

√
24
√−18

(4)
√−2

√−8 (5)
√−15√

108
(6)

√
80√−10

� �

(1)
√−9 +

√−1 = 3i + i = 4i
(2)
√−48 − √−75 = 4

√
3i − 5

√
3i = −√3i

(3)
√

24
√−18 = 2

√
6 × 3

√
2i = 12

√
3i

(4)
√−2

√−8 =
√

2i × 2
√

2i = 4i2 = −4 �
√

a
√

b =
√

ab

(5)
√−15√

108
=

√
15

6
√

3
i =

√
5

6
i

(6)
√

80√−10
=

4
√

5√
10i
= − 4

√
5√

10
i = −2

√
2i

�
√

a√
b
=

√ a
b
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(4)

√−2
√−8 =

√
(−2) × (−8) =

√
16 = 4

√−a√
ai

a b

√
a
√

b =
√

ab ,

√
a√
b
=

√
a
b

� �
a > 0 b > 0

√
a
√

b =
√

ab√
a√
b
=

√ a
b

(1) a < 0 b < 0
√

a
√

b \=
√

ab

(2) a > 0 b < 0
√

a√
b
\=

√ a
b

� �

(1) a < 0 b < 0

=
√

a
√

b =
√−(−a)

√−(−b)

=
√

(−a)i
√

(−b)i =
√

(−a)(−b)i2

= −√ab \=

(2) a > 0 b < 0

=

√
a√−(−b)

=

√
a√−bi

= −
√

a√−b
i = −

√
− a

b
i

= −
√
−

(
− a

b

)
= −

√
a
b
\=

1.3.2 2

2

a b c 2

ax2 + bx + c = 0 · · · · · · · · · · · · · · · · · · · · · · 1©
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FTEXT I

1©
ax2 + bx + c = 0

⇔ x2 +
b
a

x + c
a
= 0

⇔
(
x + b

2a

)2
− b2

4a2 +
c
a
= 0

⇔
(
x + b

2a

)2
=

b2 − 4ac
4a2

b2 − 4ac

x + b
2a
= ±

√
b2 − 4ac

2a

x = −b ± √b2 − 4ac
2a

2

a b c 2 ax2 + bx + c = 0 b2 − 4ac

x = −b ± √b2 − 4ac
2a

2� �
2

(1) 2x2 + 5x + 1 = 0 (2) 3x2 − 2x + 2 = 0

(3)
√

2x2 + 4x + 3
√

2 = 0 (4) (
√

3 − 1)x2 − 2x + 3
√

3 + 3 = 0
� �

(1) 2

x = −5 ± √52 − 4 · 2 · 1
2 · 2 =

−5 ± √17
4

(2) 2

x =
1 ± √

(−1)2 − 3 · 2
3

=
1 ± √5i

3

(3)
√

2

2x2 + 4
√

2x + 6 = 0
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⇔ x2 + 2
√

2x + 3 = 0 � 2

2

x =
−√2 ±

√(√
2
)2 − 1 · 3

1
= −
√

2 ± i

(4)
(√

3 + 1
)

(√
3 − 1

) (√
3 + 1

)
x2 − 2

(√
3 + 1

)
x

+
(
3 + 3

√
3
) (√

3 + 1
)
= 0

⇔ 2x2 − 2
(√

3 + 1
)

x + 3
(√

3 + 1
)2
= 0

2

x =

(√
3 + 1

)
±

√(√
3 + 1

)2 − 2 · 3
(√

3 + 1
)2

2

=

(√
3 + 1

)
2

(
1 ±
√

5i
)

2

2 ax2 + bx + c = 0 FTEXT I

1) D = b2 − 4ac > 0 2

2) D = b2 − 4ac = 0

3) D = b2 − 4ac < 0

2

2 ax2 + bx + c = 0 D = b2 − 4ac

1) D = b2 − 4ac > 0 2

2) D = b2 − 4ac = 0

3) D = b2 − 4ac < 0 2

� �
2

(1) x2 − 4x + 2a + 1 = 0 (2) x2 + (a − 1)x − a + 3 = 0
� �
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(1) D

D
4
= (−2)2 − (2a + 1) = 3 − 2a

1) D
4
> 0 a < 3

2
2

2) D
4
= 0 a = 3

2
3) D

4
< 0 a > 3

2
2

(2) D

D = (a − 1)2 − 4(−a + 3) = a2 + 2a − 11

y = a2 + 2a − 11 �

y = a2 + 2a − 11

−1 − 2
√

3 −1 + 2
√

3
a

1) D > 0 a < −1 − 2
√

3 − 1 + 2
√

3 < a

2

2) D = 0 a = −1 ± 2
√

3

3) D < 0 −1 − 2
√

3 < a < −1 + 2
√

3

2
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§ 1.4

FTEXT I

1.4.1

(integer division)

17 3

5

3
)

1 7

1 5

2

5 2

17 = 3 × 5 + 2

17 3

= × +

> � 0

a b

a = b · Q + r (0 � r < Q)

Q r *3 Q r

f (x) deg f (x)

f (x) = x3 − 4x2 + 5x − 1 g(x) = 3x2 − 4x + 5 deg f (x) = 3

deg g(x) = 2

*3 Q r

– www.ftext.org –



48 1

(polynomial division)

x3 − x2 + 2x − 3 x2 + 2x − 1

x3 − x2 + 2x − 3 = (x2 + 2x − 1)Q(x) + r(x)

Q(x) r(x) x

deg(x2 + 2x − 1) > deg r(x) Q(x) r(x)

(quotient) (remainder)

f (x) g(x)

f (x) = g(x)Q(x) + r(x)
(
deg r(x) < deg g(x)

)
Q(x) r(x)

r(x) 0 f (x) g(x)

Q(x) x − 3 r(x) 9x − 6

x3 − x2 + 2x − 3 = (x2 + 2x − 1) × (x − 3) + (9x − 6)

2

i)

ii) x2 + 2x − 1 9x − 6

1.4.2

x4 + 3x3 − 4x + 3 x2 − 3x + 1

2
� �

x4 + 3x3 − 4x + 3 x2 − 3x + 1
� �
STEP1

x2 − 3x + 1
)

x4 + 3x3 − 4x + 2
x2

STEP2
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x2−3x+1 x4+3x3− x2

x2 − 3x + 1
)

x4 + 3x3 − 4x + 24x+2 x4

x2 x2

STEP3
x2 − 3x + 1 x2

x2

x2 − 3x + 1
)

x4 + 3x3 − 4x + 2

x4 − 3x3 + x2

6x3 − x2 − 4x

x4 + 3x3 − 4x + 2

STEP4
STEP2 6x3

x2 + 6x

x2 − 3x + 1
)

x4 + 3x3 − 4x + 2

x4 − 3x3 + x2

6x3 − x2 − 4x

6x3 − 18x2 + 6x

17x2 − 10x + 2

x2 − 3x + 1 6x

STEP5
17x2 x2 − x2 + 6x + 17

x2 − 3x + 1
)

x4 + 3x3 − 4x + 2

x4 − 3x3 + x2

6x3 − x2 − 4x

6x3 − 18x2 + 6x

17x2 − 10x + 2

17x2 − 51x + 17

41x − 15

3x + 1 17
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STEP6
41x − 15 x2 + 6x + 17

x2 − 3x + 1
)

x4 + 3x3 − 4x + 2

x4 − 3x3 + x2

6x3 − x2 − 4x

6x3 − 18x2 + 6x

17x2 − 10x + 2

17x2 − 51x + 17

41x − 15

x2 − 3x + 1

x4 + 3x3 − 4x + 2 = (x2 + 6x + 17)(x2 − 3x + 1) + 41x − 15

x2 + 6x + 17 41x − 15

x4 x3

1 6 17

1 − 3 1
)

1 3 − 4 2

1 − 3 1

6 − 1 − 4

6 − 18 6

17 − 10 2

17 − 51 17

41 − 15

� �
x4 + 3x3 − 4x + 3 x2 − 3x + 1

� �
STEP1

x4

x4 + 3x3 − 4x + 2 = (x2 − 3x + 1)(x2 )

STEP2
x3 −3 3

+6x x3

3

x4 + 3x3 − 4x + 2 = (x2 − 3x + 1)(x2 + 6x )

STEP3
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x2 −17 0

+17

x2 0

x4 + 3x3 − 4x + 2 = (x2 − 3x + 1)(x2 + 6x + 17)

STEP4
x −45 −4

+41x

x −4

x4 + 3x3 − 4x + 2 = (x2 − 3x + 1)(x2 + 6x + 17) + 41x

STEP5
17 2 15

17

x4 + 3x3 − 4x + 2 = (x2 − 3x + 1)(x2 + 6x + 17) + 41x − 15

x2 + 6x + 17 41x − 15

2

� �

(1) x2 + 2x + 1 x − 1

(2) x3 + 3 x + 1

(3) x3 + x2 + 4x + 3 x2 − x + 1

(4) x4 + 2x3 − 3x2 + 5x + 6 x2 + x − 1
� �

(1) �

x + 3
x − 1

)
x2 + 2x + 1
x2 − x

3x + 1
3x − 3

4
x2 + 2x + 1 = (x − 1)(x + 3) + 4

x + 3 4
(2) �

x2 − x + 1
x + 1

)
x3 + 3
x3 + x2

−x2

−x2 − x
x + 3
x + 1

2

x3 + 3 = (x + 1)(x2 − x + 1) + 2

x2 − x + 1 2
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(3) � x + 2
x2 − x + 1

)
x3 + x2 + 4x + 3
x3 − x2 + x

2x2 + 3x + 3
2x2 − 2x + 2

5x + 1

x3 + x2 + 4x + 3 = (x2 − x + 1)(x + 2) + 5x + 1

x + 2 5x + 1
(4) � x2 + x − 3

x2 + x − 1
)

x4 + 2x3 − 3x2 + 5x + 6
x4 + x3 − x2

x3 − 2x2 + 5x
x3 + x2 − x
−3x2 + 6x + 6
−3x2 − 3x + 3

9x + 3

x4 + 2x3 − 3x2 + 5x + 6

= (x2 + x − 3)(x2 + x − 1) + 9x + 3

x2 + x − 3 9x + 3
� �

(1) x2 + 2x − 3 x + 1 x + 2

(2) 2x3 − 3x2 + 2x + 4 2x + 1 2x + 3
� �

(1) f (x) x + 1

x + 2

f (x) = (x + 1)(x2 + 2x − 3) + x + 2

= x3 + 3x2 − x − 3 + x + 2

= x3 + 3x2 − 1

(2) f (x)

2x3 − 3x2 + 2x + 4 = f (x)(2x + 1) + 2x + 3

⇔ f (x)(2x + 1) = 2x3 − 3x2 + 1

⇔ f (x)(2x + 1) = (2x + 1)(x2 − 2x + 1) �

x2 − 2x + 1
2x + 1

)
2x3 − 3x2 + 1
2x3 + x2

−4x2

−4x2 − 2x
2x + 1
2x + 1

0

∴ f (x) = x2 − 2x + 1

x2 − 2x + 1

(uniqueness)
*4

*4 1 ax + b = 0 1 1
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f (x) g(x)

f (x) = g(x)Q(x) + r(x) (deg r(x) < deg g(x))

Q(x) r(x)

f (x) g(x)

f (x) = g(x)Q1(x) + r1(x) deg r1(x) < deg g(x) · · · · · · · · · · · · · · · · · · · · · · 1©
f (x) = g(x)Q2(x) + r2(x) deg r2(x) < deg g(x) · · · · · · · · · · · · · · · · · · · · · · 2©

2
1© − 2©

0 = g(x)Q1(x) + r1(x) − g(x)Q2(x) − r2(x)

⇔ g(x) {Q1(x) − Q2(x)} = r2(x) − r1(x) · · · · · · · · · · · · · · · · · · · · · · 3©

3© Q1(x) − Q2(x) 0

Q1(x) − Q2(x) 0 Q1(x) = Q2(x)
3© 0

0 = r2(x) − r1(x)

⇔ r1(x) = r2(x)

�

1.4.3 1

1 p.48 2

2

x3 + 2x2 + 3x + 1 x − 2

(synthetic division)

a0x3 + a1x2 + a2x+ a3 x−α b0x2 + b1x+ b2 R

a0x3 + a1x2 + a2x + a3 = (x − α)(b0x2 + b1x + b2) + R

a0x3 + a1x2 + a2x + a3 = b0x3 + (b1 − αb0)x2 + (b2 − αb1)x + R − αb2
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a0 = b0 , a1 = b1 − αb0 , a2 = b2 − αb1 , a3 = R − αb2

b0 b1 b2 b3 R a0 a1 a2 a3

b1 b2 Rb0

b0 b1 b2

b0 = a0 , b1 = a1 + αb0 , b2 = a2 + αb1 , R = a3 + αb2

x3 − 4x2 + 2x + 5 x − 2

x2 − 2x − 2 1

� �
x3 + 2x2 + 3x + 1 x − 2

� �

2 1 2 3 1
2 8 22

1 4 11 23

x2 + 4x + 11 23

x − a

x3 − 4x2 + 2x + 5

x3 − 4x2 + 2x + 5 = (x − 1)3 − (x − 1)2 − 3(x − 1) + 8

x − 1

STEP1
x3−4x2+2x+5 (x−1) x = (x−1)+1

x3 − 4x2 + 2x + 5

= {(x − 1) + 1}3 − 4 {(x − 1) + 1}2 + 2 {(x − 1) + 1} + 5

– www.ftext.org –



1.4 55

STEP2
(x − 1)

{(x − 1) + 1}3 − 4 {(x − 1) + 1}2 + 2 {(x − 1) + 1} + 5

=
{
(x − 1)3 + 3(x − 1)2 + 3(x − 1) + 1

}
− 4

{
(x − 1)2 + 2(x − 1) + 1

}
+ 2 {(x − 1) + 1} + 5

STEP3

{
(x − 1)3 + 3(x − 1)2 + 3(x − 1) + 1

}
− 4

{
(x − 1)2 + 2(x − 1) + 1

}
+ 2 {(x − 1) + 1} + 5

= (x − 1)3 + 3(x − 1)2 + 3(x − 1) + 1

− 4(x − 1)2 − 8(x − 1) − 4 + 2(x − 1) + 2 + 5

= (x − 1)3 − (x − 1)2 − 3(x − 1) + 8

1
� �

x3 + 2x2 + 3x + 1 x − 2 x3 + 2x2 + 3x + 1 x − 2

� �

x3 + 2x2 + 3x + 1 x − 2

x3 + 2x2 + 3x + 1

= {(x − 2) + 2}3 + 2 {(x − 2) + 2}2 + 3 {(x − 2) + 2} + 1

=
{
(x − 2)3 + 6(x − 2)2 + 12(x − 2) + 8

}
+ 2

{
(x − 2)2 + 4(x − 2) + 4

}
+ 3 {(x − 2) + 2} + 1

= (x − 2)3 + 6(x − 2)2 + 12(x − 2) + 8 + 2(x − 2)2

+ 8(x − 2) + 8 + 3(x − 2) + 6 + 1

= (x − 2)3 + 8(x − 2)2 + 23(x − 2) + 23

(x − 2)

(x − 2)3 + 8(x − 2)2 + 23(x − 2) + 23

= (x − 2)
{
(x − 2)2 + 8(x − 2) + 23

}
+ 23

(x − 2)
{
(x − 2)2 + 8(x − 2) + 23

}
+ 23
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= (x − 2)(x2 − 4x + 4 + 8x − 16 + 23) + 23

= (x − 2)(x2 + 8x + 11) + 23

x3 + 2x2 + 3x + 1 =

A︷�︸︸�︷
(x − 2)

B︷�����������︸︸�����������︷
(x2 + 8x + 11)+

C︷︸︸︷
23

A > C � (p.53)

x2 + 8x + 11
23

� �

x − α 2

(1) x2 + 2x + 1 x − 1 (2) x3 + 3 x + 1

(3) x3 − 4x2 − 2x + 5 x − 2 (4) x3 − 2x2 − x + 6 x − 3
� �

(1) 1

1 1 2 1

1 3

1 3 4

x + 3 4
2 x − α

x2 + 2x + 1

= {(x − 1) + 1}2 + 2 {(x − 1) + 1} + 1

= (x − 1)2 + 4(x − 1) + 4

= (x − 1)(x − 1 + 4) + 4 = (x − 1)(x + 3) + 4

x + 3 4
(2) 1

−1 1 0 0 3

−1 1 −1

1 −1 1 2

x2 − x + 1 2
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2 x − α

x3 + 3

= {(x + 1) − 1}3 + 3

= (x + 1)3 + 3(x + 1)2(−1) + 3(x + 1) − 1 + 3

= (x + 1)(x2 + 2x + 1 − 3x − 3 + 3) + 2

= (x + 1)(x2 − x + 1) + 2

x2 − x + 1 2
(3) 1

2 1 −4 −2 5

2 −4 −12

1 −2 −6 −7

x2 − 2x − 6 −7
2 x − α

x3 − 4x2 − 2x + 5

= {(x − 2) + 2}3−4{(x − 2) + 2}2− 2{(x − 2) + 2}+ 5

= (x − 2)(x2 − 2x − 6) − 7

x2 − 2x − 6 −7
(4) 1

3 1 −2 −1 6

3 3 6

1 1 2 12

x2 + x + 2 12
2 x − α

x3 − 2x2 − x + 6

= {(x − 3) + 3}3− 2{(x − 3) + 3}2 − {(x − 3) + 3} + 6

= (x − 3)(x2 + x + 2) + 12

x2 + x + 2 12
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1.4.4

f (x) x a f (x) f (a) *5

f (x) = x3 + 2x2 + 3x + 1

f (1) = 13 + 2 · 22 + 3 · 1 + 1 = 7

f (0) = 03 + 2 · 02 + 3 · 0 + 1 = 1

f (2) = 23 + 2 · 22 + 3 · 2 + 1 = 23

� �
f (x) = x4 − 3x2 + 5x − 8

(1) f (x) x − 2

(2) f (2)
� �

(1) �

2 1 0 −3 5 −8
2 4 2 14

1 2 1 7 6
f (x) = (x − 2)(x3 + 2x2 + x + 7) + 6

6
(2) f (2) = 24 − 3 · 22 + 5 · 2 − 8 = 6

f (x) x − 2 f (2)

f (x) 1 x − a Q(x) r r

f (x) = (x − a)Q(x) + r

x = a

f (a) = (a − a)Q(a) + r = r

f (a) f (x) x − a r

f (x) x − a f (a)

*5 FTEXT I polinomial P(x)
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� �

(1) x2 + 2x + 1 x − 1 (2) x3 + 3 x + 1

(3) x3 − 4x2 − 2x + 5 x − 2 (4) x3 − 2x2 − x + 6 x − 3
� �

(1) f (1) = 4
(2) f (−1) = 2
(3) f (2) = −7
(4) f (3) = 12

� �

f (x) 1 ax + b f
(
− b

a

)
� �

f (x) 1 ax+ b Q(x)

r r

f (x) = (ax + b)Q(x) + r

x − b
a

f
(
− b

a

)
=

{
a ·

(
− b

a

)
+ b

}
Q

(
− b

a

)
+ r

= (−b + b)Q
(
− b

a

)
+ r

= r

f
(
− b

a

)
r �

f (x) 1 ax + b f
(
− b

a

)
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� �

(1) f (x) x−1 2 x−2 3 f (x) (x−1)(x−2)

(2) f (x) x − 1 3 (x − 2)(x − 3) 3x − 2 f (x)

(x − 1)(x − 2)(x − 3)

(3) f (x) x − 1 2 (x − 2)2 3x − 2 f (x)

(x − 1)(x − 2)2

� �

(1) 1

f (x) x− 1 Q1(x)

2

f (x) = (x − 1)Q1(x) + 2 � (p.53)

Q1(x) x − 2

Q2(x) a

f (x) = (x − 1) {Q2(x)(x − 2) + a} + 2 � Q1(x) = Q2(x)(x − 2) + a

= (x − 1)(x − 2)Q2(x) + ax + 2 − a

f (2) = 2a + 2 − a = 3 � f (2) = 3

∴ a = 1

x + 1
2

f (x) (x−1)(x−2) Q3(x)

ax + b

f (x) = (x − 1)(x − 2)Q3(x) + ax + b � (p.53)

( f (1) =) a + b = 2 � f (1) = 2

( f (2) =) 2a + b = 3 � f (2) = 3

a = 1 b = 1

x + 1
(2) 1

f (x) (x − 2)(x − 3) Q1(x)
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3x − 2

f (x) = (x − 2)(x − 3)Q1(x) + 3x − 2 � (p.53)

Q1(x) x − 1

Q2(x) a

f (x) = (x − 2)(x − 3) {Q2(x)(x − 1) + a} + 3x − 2 � Q1(x) = Q2(x)(x − 1) + a

= (x − 1)(x − 2)(x − 3)Q2(x)

+ a(x − 2)(x − 3) + 3x − 2

f (1) = a(−1)(−2) + 3 − 2 = 3 � f (1) = 3

∴ a = 1

(x−2)(x−3)+3x−2 =

x2 − 2x + 4
2:

f (x) (x − 1)(x − 2)(x − 3)

Q3(x) ax2 + bx + c

f (x) = (x − 1)(x − 2)(x − 3)Q4(x) + ax2 + bx + c � (p.53)

f (1) = 3 f (2) = 4 f (3) = 7

( f (1) =) a + b + c = 3 � f (1) = 3

( f (2) =) 4a + 2b + c = 4 � f (2) = 4

( f (3) =) 9a + 3b + c = 7 � f (3) = 7

a = 1 b = −2 c = 4

x2 − 2x + 4
(3) 1

f (x) (x − 2)2 Q1(x)

3x − 2

f (x) = (x − 2)2Q1(x) + 3x − 2 � (p.53)

Q1(x) x − 1

Q2(x) a

f (x) = (x − 2)2 {Q2(x)(x − 1) + a} + 3x − 2 � Q1(x) = Q2(x)(x − 1) + a

– www.ftext.org –



62 1

= (x − 1)(x − 2)2Q2(x) + a(x − 2)2 + 3x − 2

f (1) = a(−1)2 + 3 − 2 = 2 � f (1) = 2

∴ a = 1

(x−2)2+3x−2 = x2 − x + 2

2 (p.249)

f (x) (x − 2)2 Q1(x)

3x − 2

f (x) = (x − 2)2Q1(x) + 3x − 2 � (p.53)

x

f ′(x) = (x − 2)Q1(x) + (x − 2)2Q1
′(x) + 3 � (p.264)

= (x − 2)
{
Q1(x) + (x − 2)Q1

′(x)
}
+ 3

Q1(x) + (x − 2)Q1
′(x) Q2(x)

f ′(x) = (x − 2)Q2(x) + 3

∴ f ′(2) = 3 · · · · · · · · · · · · · · · · · · · · · · 1©

f (x) (x − 1)(x − 2)2

Q3(x) ax2 + bx + c

f (x) = (x − 1)(x − 2)2Q3(x) + ax2 + bx + c

f ′(x) =
(
(x − 2)

)
+ 2ax + b

f ′(2) = 4a + b = 3 � 1©

f (1) = a + b + c = 2 � f (1) = 2

f (2) = 4a + 2b + c = 4 � f (2) = 4

a = 1 b = −1 c = 2

x2 − x + 2
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f (x) 1 x − a Q(x) r r

f (x) = (x − a)Q(x) + r

x = a

f (a) = (a − a)Q(a) + r = r

f (a) = r (p.58)

f (x) x − a (r =) f (a) = 0

f (x) = (x − a)Q(x)

x − a f (x)

f (x)

x − a f (x) ⇐⇒ f (a) = 0

(factor theorem)

� �

(1) x3 + 3x2 − 4 (2) 2x3 − 7x2 + 9

(3) x4 − 6x3 + 7x2 + 6x − 8 (4) x4 − 8x3 − 2x2 + 72x − 63
� �

f (1) f (−1) 0

(1) f (x) = x3 + 3x2 − 4

f (1) = 1 + 3 − 4 = 0

f (x) x − 1

� f (−2) = 0

f (x) = (x − 1)(x2 + 4x + 4) �
1 1 3 0 −4

1 4 4
1 4 4 0

= (x − 1)(x + 2)2

(2) f (x) = 2x3 − 7x2 + 9

f (−1) = −2 − 7 + 9 = 0
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f (x) x + 1

� f (3) = 0 f
(

3
2

)
= 0

f (x) = (x + 1)(2x2 − 9x + 9) �
−1 2 −7 0 9

−2 9 −9
2 −9 9 0

= (x + 1)(2x − 3)(x − 3)

(3) f (x) = x4 − 8x3 + 7x2 + 6x − 8

f (1) = 1 − 6 + 7 + 6 − 8 = 0

f (x) x − 1

� f (−1) = 0 f (2) = 0

f (x) = (x − 1)(x3 − 5x2 + 2x + 8) �
1 1 −6 7 6 −8

1 −5 2 8
1 −5 2 8 0g(x) = x3 − 5x2 + 2x + 8

g(−1) = −1 − 5 − 2 + 8 = 0

g(x) x + 1

� g(2) = 0 g(4) = 0

g(x) = (x + 1)(x2 − 6x + 8) �
−1 1 −5 2 8

−1 6 −8
1 −6 8 0

= (x + 1)(x − 2)(x − 4)

f (x) = (x + 1)(x − 1)(x − 2)(x − 4)
(4) f (x) = x4 − 8x3 − 2x2 + 72x − 63

f (1) = 1 − 8 − 2 + 72 − 63 = 0

f (x) x − 1

� f (3) = 0 f (−3) = 0

f (x) = (x − 1)(x3 − 7x2 − 9x + 63) �
1 1 −8 −2 72 −63

1 −7 −9 63
1 −7 −9 63 0g(x) = x3 − 7x2 − 9x + 63

g(3) = 27 − 63 − 27 + 63 = 0

g(x) x − 3

� g(−3) = 0 g(7) = 0
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g(x) = (x − 3)(x2 − 4x − 21) �
3 1 −7 −9 63

3 −12 −63
1 −4 −21 0

= (x − 3)(x + 3)(x − 7)

f (x) = (x − 1)(x − 3)(x + 3)(x − 7)

f (x) f (a) = 0 a

a

a0, a2, · · · , an

f (x) = anxn + an−1xn−1 + · · · + a1x + a0

p
q

f
(

p
q

)
= 0

p a0 q an

(p.340)

p
q

±

f (x) = 2x3 − 5x2 + 7x − 6

1 , 2 1 , 2, 3, 6 f (a) = 0 a

1
1
, 2

1
, 3

1
, 6

1
, 1

2
, 2

2
, 3

2
, 6

2

f (1) = 2 − 5 + 7 − 6 \= 0

f (2) = 2 · 23 − 5 · 22 + 7 · 2 − 6 \= 0

...

f
(

3
2

)
= 0

f (x) = (2x − 3)(x2 − x + 2)
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� �

(1) 3x3 − 4x2 + 4x − 1 (2) 24x3 − 22x2 + x + 2
� �

(1) f (x) = 3x2 − 4x2 + 4x − 1 � f (a) = 0 a

± 1
1
, ± 1

3f
(

1
3

)
= 0

f (x) = (3x − 1)(x2 − x + 1) � x2− x+1

(2) f (x) = 24x3 − 22x2 + x + 2 � f (a) = 0 a

± 1
1
, ± 1

2
, ± 1

3
, ± 1

4
,

± 1
6
, ± 1

8
, ± 1

12
, ± 1

24
,

± 2
3

f
(

1
2

)
= 0

f (x) = (2x − 1)(12x2 − 5x − 2)

12x2 − 5x − 2 = (3x − 2)(4x + 1)

f (x) = (2x − 1)(3x − 2)(4x + 1)

1.4.5

f (x) g(x)

f (x) = g(x)Q(x)

Q(x)

f (x) g(x) (multiple) , g(x) f (x) (divisor)

x2 − 4x + 3 = (x − 1)(x − 3) x2 − 4x + 3 x − 1

x − 1 x2 − 4x + 3
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(common divisor)

(greatest common divisor)

(common multiple)

(least common multiple)

� �

(1) x2 − 1 , x 1 (2) x2 − 4x + 4 , x2 − 4

(3) x2 + 2x − 3 , x2 + x − 6 (4) x3 − 27 , x2 − 2x − 3
� �

(1) x2 − 1 = (x + 1)(x − 1) x + 1
(x + 1)(x − 1)

(2) x2 − 4x+ 4 = (x− 2)2 x2 − 4 = (x− 2)(x+ 2)

x + 2 (x + 2)(x − 2)2

(3) x2 + 2x − 3 = (x − 1)(x + 3) x2 − x + 6 = (x +

3)(x − 2) x + 3
(x − 1)(x + 3)(x − 2)

(4) x3 − 27 = (x − 3)(x2 + 3x + 9) x2 − 2x − 3 = (x −
3)(x + 1) x − 3
(x − 1)(x + 3)(x2 + 3x + 9)

1.4.6

f (x) g(x)
f (x)
g(x)

(fractional expression)

2x − 1
x − 1

, 3a
x − 4b

, x − 5
x2 − 2x + 3

(rational expression)

0
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f (x)
g(x)

f (x)
g(x)

=
f (x) × h(x)
f (x) × h(x)

,
f (x)
g(x)

=
f (x) ÷ h(x)
g(x) ÷ h(x)

h(x) \= 0

(reduction of fraction to its lower

terms) (reduction fractions to common denominator)
� �

(1) 2x − 2
6

(2) x2 − 1
x + 1

(3) x2 − x − 12
x2 + 2x − 3

(4) x2 + x − 2
x3 − 1

� �

(1)

2x − 2
6

=
x − 1

3

(2)

x2 − 1
x + 1

=
(x − 1)(x + 1)

x + 1
= x − 1

(3)

x2 − x − 12
x2 + 2x − 3

=
(x + 3)(x − 4)
(x − 1)(x + 3)

=
x − 4
x − 1

(4)

x2 + x − 2
x3 − 1

=
(x − 1)(x + 2)

(x − 1)(x2 + x + 1)
=

x + 2
x2 + x + 1

(irreducible)
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f (x)
g(x)

× h(x)
i(x)

=
f (x) × h(x)
f (x) × i(x)

,
f (x)
g(x)

÷ h(x)
i(x)

=
f (x)
g(x)

× i(x)
h(x)

=
f (x) × i(x)
g(x) × h(x)

by2

ax2 ÷
b2y
a2x
=

by2

ax2 × a2x
b2y
=

by2 × a2x
ax2 × b2y

=
ay
bx

x + 1
x
× x − 2

x(x + 1)
=

(x + 1) × (x − 2)
x × x(x + 1)

=
x − 2

x2

� �

(1) x − 1
x(x + 2)

× x(x + 1)
x − 2

(2) x + 2
x + 4

× x2 − 8x + 16
x(x − 4)

(3) x − 3
x2 + x

÷ x + 2
x

(4) x3 − 1
x + 2

÷ x − 1
x + 4

� �

(1)
(x − 1) × x(x + 1)

x(x + 2)(x − 2)
=

(x + 1)(x − 1)
(x − 2)(x + 2)

(2)
(x + 2)(x − 4)2

x(x + 4)(x − 4)
=

(x + 2)(x − 4)
x(x + 4)

(3)
(x − 3)x

x(x + 2)(x + 2)
=

x − 3
(x + 2)2

(4)
(x − 1)(x2 + x + 1)(x + 4)

(x + 2)(x − 1)
=

(x2 + x + 1)(x + 4)
x + 2

f (x)
g(x)

+
h(x)
g(x)

=
f (x) + h(x)

g(x)
,

f (x)
g(x)

− h(x)
g(x)

=
f (x) − h(x)

g(x)

2
x − 2

+
1

x + 1
=

2(x + 1)
(x − 2)(x + 1)

+
x − 2

(x − 2)(x + 1)
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=
2(x + 1) + x − 2
(x − 2)(x + 1)

=
3x

(x − 2)(x + 1)

� �

(1) 2
x2 + 1

+
x

x2 + 1
(2) 1

x + 1
+

1
x2 − 1

(3) x
x + 2

− −x + 5
x + 2

(4) 3
x2 − x − 2

+
1

x2 − 5x + 6
� �

(1) 2 + x
x2 + 1

=
x + 2
x2 + 1

(2) x − 1
x2 − 1

+
1

x2 − 1
=

x
x2 − 1

(3)
x − (−x + 5)

x + 2
=

2x − 5
x + 2

(4) 3
(x − 2)(x + 1)

+
1

(x − 2)(x − 3)

=
3(x − 3) + x + 1

(x − 2)(x + 1)(x − 3)
=

4x − 8
x3 − 4x2 + x + 6

� �
a b c

(1) 3x2 − x
x3 − x2 − x + 1

=
a

x + 1
+

b
x − 1

+
c

(x − 1)2

(2) 1
x3 + 7x2 + 14x + 8

=
a

x + 1
+

b
x + 2

+
c

x + 4
� �

(1) (x + 1)(x − 1)2

3x2 − x = a(x − 1)2 + b(x − 1)(x + 1) + c(x + 1)

x = 1

3 − 1 = c(1 + 1)

⇔ c = 1

x = −1

3 + 1 = a(−1 − 1)2

⇔ a = 1
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x = 0

0 = a(0 − 1)2 + b(0 + 1)(0 − 1) + c(0 + 1)

⇔ b = 2 � a = 1 c = 1

(2) (x + 1)(x + 2)(x + 4)

1 = a(x + 2)(x + 4) + b(x + 1)(x + 4)

+ c(x + 1)(x + 2)

x = −1

1 = a(−1 + 2)(−1 + 4)

⇔ a = 1
3

x = −2

1 = b(−2 + 1)(−2 + 4)

⇔ b = − 1
2

x = −4

1 = c(−4 + 1)(−4 + 2)

⇔ c = 1
6
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§ 1.5

(p.63)

3

1.5.1

n

P(x) n P(x) = 0 n
(equation of n-th degree)

x3 − 2x2 + 5x + 8 = 0 3 2x4 − 8x3 +
7
3

x2 − 2 = 0 4

3 (equation of higher degree)

P(x) = 0

x3 = 1

x3 = 1

⇔ x3 − 1 = 0

⇔ (x − 1)(x2 + x + 1) = 0 a2 − b3 = (a − b)(a2 + ab + b2)

⇔ x − 1 = 0 , x2 + x + 1 = 0

⇔ x = 1 , −1 ± √3i
2

� �

(1) x3 = 27 (2) x3 = −8
� �

(1) x3 = 27

⇔ x3 − 27 = 0
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⇔ (x − 3)(x2 + 3x + 9) = 0

⇔ x − 3 = 0, x2 − 3x + 9 = 0

⇔ x = 3,
3 ± 3

√
3i

2

(2) x3 = −8

⇔ x3 + 8 = 0

⇔ (x + 2)(x2 − 2x + 4) = 0

⇔ x + 2 = 0, x2 − 2x + 4 = 0

⇔ x = −2, 1 ±
√

3i

3 a a 3 x3 = a

1 3 1, −1 ± √3i
2

1 3 ω
� �

1 3 1 ω

(1) ω3 = 1

(2) ω2 + ω + 1 = 0

(3) 1 ω ω2

� �

(1) ω x3 = 1 �

(2) x3 = 1

x3 = 1

⇔ x3 − 1 = 0

⇔ (x − 1)(x2 + x + 1) = 0

⇔ x − 1 = 0 , x2 + x + 1 = 0

⇔ x = 1 , −1 ± √3i
2

−1 +
√

3i
2

−1 − √3i
2

ω

x2 + x + 1 = 0

ω2 + ω + 1 = 0 �
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(3) −1 +
√

3i
2

−1 − √3i
2

( −1 +
√

3i
2

)2

=
1 − 2

√
3i − 3

4

=
−1 − √3i

2( −1 − √3i
2

)2

=
1 + 2

√
3i − 3

4

=
−1 +

√
3i

2

ω = ω2 �

2� �

(1) x4 − 13x2 + 9 = 0 (2) x4 − 2x2 − 3 = 0

(3) x4 + x2 − 20 = 0 (4) (x2 + 2x)2 + 4(x2 + 2x) + 3 = 0
� �

(1) x4 − 13x2 + 9 = 0

⇔ x2 =
13 ± √133

2

⇔ x = ±
√

13 ± √133
2

(2) x4 − 2x2 − 3 = 0

⇔ (x2 + 1)(x2 − 3) = 0

⇔ x2 + 1 = 0, x2 − 3 = 0

⇔ x = ±i, ±
√

3

(3) x4 + x2 − 20 = 0

⇔ (x2 + 5)(x2 − 4) = 0

⇔ x2 + 5 = 0, x2 − 4 = 0

⇔ x = ±
√

5i, ± 2

(4) (x2 + 2x)2 + 4(x2 + 2x) + 3 = 0
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⇔ (x2 + 2x + 1)(x2 + 2x + 3) = 0

⇔ x2 + 2x + 1 = 0, x2 + 2x + 3 = 0

⇔ x = −1, − 1 ±
√

2i

(p.63)

� �

(1) x3 + 3x2 − 4 = 0 (2) 2x3 − 7x2 + 9 = 0

(3) x4 − 6x3 + 7x2 + 6x − 8 = 0 (4) x4 − 8x3 − 2x2 + 72x − 63 = 0
� �

(1) f (x) = x3 + 3x2 − 4

f (1) = 1 + 3 − 4 = 0

f (x) x − 1

� f (−2) = 0

f (x) = 0

(x − 1)(x2 + 4x + 4) = 0 �
1 1 3 0 −4

1 4 4
1 4 4 0

⇔ (x − 1)(x + 2)2 = 0

⇔ x = 1, − 2

(2) f (x) = 2x3 − 7x2 + 9

f (−1) = −2 − 7 + 9 = 0

f (x) x + 1

� f (3) = 0 f
(

3
2

)
= 0

f (x) = 0

(x + 1)(2x2 − 9x + 9) = 0 �
−1 2 −7 0 9

−2 9 −9
2 −9 9 0

⇔ (x + 1)(2x − 3)(x − 3) = 0

⇔ x = −1, 2
3
, 3

(3) f (x) = x4 − 8x3 + 7x2 + 6x − 8

f (1) = 1 − 6 + 7 + 6 − 8 = 0
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f (x) x − 1

� f (−1) = 0 f (2) = 0

f (x) = (x − 1)(x3 − 5x2 + 2x + 8) �
1 1 −6 7 6 −8

1 −5 2 8
1 −5 2 8 0g(x) = x3 − 5x2 + 2x + 8

g(−1) = −1 − 5 − 2 + 8 = 0

g(x) x + 1

� g(2) = 0 g(4) = 0

g(x) = (x + 1)(x2 − 6x + 8) �
−1 1 −5 2 8

−1 6 −8
1 −6 8 0

= (x + 1)(x − 2)(x − 4)

f (x) = (x + 1)(x − 1)(x − 2)(x − 4)

f (x) = 0 x = −1, 1, 2, 4
(4) f (x) = x4 − 8x3 − 2x2 + 72x − 63

f (1) = 1 − 8 − 2 + 72 − 63 = 0

f (x) x − 1

� f (3) = 0 f (−3) = 0

f (x) = (x − 1)(x3 − 7x2 − 9x + 63) �
1 1 −8 −2 72 −63

1 −7 −9 63
1 −7 −9 63 0g(x) = x3 − 7x2 − 9x + 63

g(3) = 27 − 63 − 27 + 63 = 0

g(x) x − 3

� g(−3) = 0 g(7) = 0

g(x) = (x − 3)(x2 − 4x − 21) �
3 1 −7 −9 63

3 −12 −63
1 −4 −21 0

= (x − 3)(x + 3)(x − 7)

f (x) = (x − 1)(x − 3)(x + 3)(x − 7)

f (x) = 0 x = 1, 3, − 3, 7

(1) (x − 1)(x + 2)2 = 0 x = −2 2
(double solution) (x− 1)(x+ 2)3 = 0 x = −2

– www.ftext.org –



1.5 77

3 (triple solution)

2 2 3 3

2 2 3 3 4

4

n n

� �
3 3x3 − (3 + a)x2 + a = 0 a

a
� �

3x3 − (3 + a)x2 + a = (x − 1)(3x2 − ax − a)

f (x) = 3x2 − ax − a 3

f (x) = 0 x = 1 f (x) = 0

1) f (x) = 0 x = 1

f (1) = 0

3 − a − a = 0⇔ a = 3
2

f (x) = 3x2 − 3
2

x − 3
2

3

(x − 1)
(
3x2 − 3

2
x − 3

2

)
= 0

⇔ 3
2

(x − 1)2(2x + 1) = 0

⇔ x = 1, − 1
2

2) f (x) = 0

D = a2 + 12a = 0⇔ a = 0, − 12

a = 0

f (x) = 0

⇔ 3x2 = 0⇔ x = 0

3 x = 1, x = 0
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78 1

a = −12

f (x) = 0

⇔ 3x2 + 12x + 12 = 0

⇔ 3(x + 2)2 = 0

⇔ x = −2

3 x = 1, x = −2

1.5.2

n

P(x) n P(x) � 0 P(x) < 0 n
(inequality of n-th degree)

x3 − 2x2 + 5x + 8 � 0 3 2x4 − 8x3 +
7
3

x2 − 2 < 0 4

3 (inequality of higher degree)

x

x3 � 1

x3 � 1

⇔ x3 − 1 � 0

⇔ (x − 1)(x2 + x + 1) � 0 a3 − b3 = (a − b)(a2 + ab + b2)

x2+ x+1 =
(
x + 1

2

)2
+

3
4
> 0 (x−1) (x2 + x + 1)︸��������︷︷��������︸ � 0 x−1 � 0

x � 1
� �

(1) x3 � 27 (2) x3 < −8 (3) x3 − 9x < 0 (4) x3 − x2 � 0
� �

(1) x3 � 27

⇔ x3 − 27 � 0
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⇔ (x − 3)(x2 + 3x + 9) � 0 � a3 − b3 = (a − b)(a2 + ab + b2)

x2 + 3x + 9 =
(
x + 3

2

)2
+

27
4

> 0

(x − 3)(x2 + 3x + 9) � 0 x − 3 � 0

x � 3
(2) x3 < −8

⇔ x3 + 8 < 0

⇔ (x + 2)(x2 − 2x + 4) < 0 � a3 + b3 = (a + b)(a2 − ab + b2)

x2 − 2x + 4 = (x − 1)2 + 3 > 0 (x +

2)(x2 − 2x + 4) < 0 x + 2 < 0

x < −2
(3) x3 − 9x < 0

⇔ x(x2 − 9) < 0

⇔ (x + 3)x(x − 3) < 0

(x + 3)x(x − 3) x

x · · · −3 · · · 0 · · · 3 · · ·
x + 3 − 0 + + + + +

x − − − 0 + + +

x − 3 − − − − − 0 +

(x + 3)x(x − 3) − 0 + 0 − 0 +

(x + 3)x(x − 3) < 0

x < −3 , 0 < x < 3
3 � 3

3
(p.283)

f (x) = x3 − 9x < 0

f (x) = x(x2 − 9) = (x + 3)x(x − 3)

y = f (x) f (x) < 0

x < −3 , 0 < x < 3 � −3 3

y = x3 − 9x

x

y

O

(4) x3 − x2 � 0

⇔ x2(x − 1) � 0

x2(x − 1) x
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80 1

x · · · 0 · · · 1 · · ·
x2 − 0 + + +

x − 1 − − − 0 +

x2(x − 1) + 0 − 0 +

x2(x−1) � 0 x = 0 , 1 � x

3 � 3
3

(p.283)
f (x) = x3 − x2 < 0

f (x) = x2(x − 1)

y = f (x) f (x) � 0

x = 0 , 1 � x �

1

y = x3 − x2

x

y

O

p.75 )

� �

(1) x3 + 3x2 − 4 > 0 (2) 2x3 − 7x2 + 9 � 0

(3) x4 − 6x3 + 7x2 + 6x − 8 < 0 (4) x4 − 8x3 − 2x2 + 72x − 63 � 0
� �

(1) f (x) = x3 + 3x2 − 4

f (1) = 1 + 3 − 4 = 0

f (x) x − 1

� f (−2) = 0

f (x) > 0

(x − 1)(x2 + 4x + 4) > 0 �
1 1 3 0 −4

1 4 4
1 4 4 0

⇔ (x − 1)(x + 2)2 > 0

(x − 1)(x + 2)2 x
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x · · · −2 · · · 1 · · ·
x − 1 − − − 0 +

(x + 2)2 + 0 + + +

(x − 1)(x + 2)2 − 0 − 0 +

(x−1)x2 > 0 1 < x
3 � 3

3
(p.283)

f (x) = x3 + 3x2 − 4

f (x) = (x − 1)(x + 2)2

y = f (x) f (x) > 0 �

1
−2

y = x3 + 3x2 − 4

x

y

O1 < x
(2) f (x) = 2x3 − 7x2 + 9

f (−1) = −2 − 7 + 9 = 0

f (x) x + 1

� f (3) = 0 f
(

3
2

)
= 0

f (x) � 0

(x + 1)(2x2 − 9x + 9) � 0 �
−1 2 −7 0 9

−2 9 −9
2 −9 9 0

⇔ (x + 1)(2x − 3)(x − 3) � 0

(x+ 1)(2x− 3)(x− 3) x

x · · · −1 · · · 3
2
· · · 3 · · ·

x + 1 − 0 + + + + +

2x − 3 − − − 0 + + +

x − 3 − − − − − 0 +

f (x) − 0 + 0 − 0 +

(x + 1)(2x − 3)(x − 3) � 0

x � −1, 3
2
� x � 3

3 � 3
3

(p.283)
f (x) = 2x3 − 7x2 + 9

f (x) = (x + 1)(2x − 3)(x − 3)

y = f (x) f (x) � 0

x � −1, 3
2
� x � 3

�

−1 3
2

3

y = 2x3 − 7x2 + 9

x

y

O
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(3) f (x) = x4 − 6x3 + 7x2 + 6x − 8

f (1) = 1 − 6 + 7 + 6 − 8 = 0

f (x) x − 1

� f (−1) = 0 f (2) = 0

f (x) = (x − 1)(x3 − 5x2 + 2x + 8) �
1 1 −6 7 6 −8

1 −5 2 8
1 −5 2 8 0g(x) = x3 − 5x2 + 2x + 8

g(−1) = −1 − 5 − 2 + 8 = 0

g(x) x + 1

� g(2) = 0 g(4) = 0

g(x) = (x + 1)(x2 − 6x + 8) �
−1 1 −5 2 8

−1 6 −8
1 −6 8 0

= (x + 1)(x − 2)(x − 4)

f (x) < 0

(x − 1)(x3 − 5x2 + 2x + 8) < 0

⇔ (x + 1)(x − 1)(x − 2)(x − 4) < 0

(x+ 1)(x− 1)(x− 2)(x− 4) x

x · · · −1 · · · 1 · · · 2 · · · 4 · · ·
x + 1 − 0 + + + + + + +

x − 1 − − − 0 + + + + +

x − 2 − − − − − 0 + + +

x − 4 − − − − − − − 0 +

f (x) + 0 − 0 + 0 − 0 +

(x + 1)(x − 1)(x − 2)(x − 4) < 0

−1 < x < 1, 2 < x < 4
4

f (x) = x4 − 6x3 + 7x2 + 6x − 8

f (x) = (x + 1)(x − 1)(x − 2)(x − 4)

y = f (x) f (x) < 0

−1 < x < 1, 2 < x < 4 �

−1
1 2

4

y = x4 − 6x3 + 7x2 + 6x − 8

x

y

O
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(4) f (x) = x4 − 8x3 − 2x2 + 72x − 63

f (1) = 1 − 8 − 2 + 72 − 63 = 0

f (x) x − 1

� f (3) = 0 f (−3) = 0

f (x) = (x − 1)(x3 − 7x2 − 9x + 63) �
1 1 −8 −2 72 −63

1 −7 −9 63
1 −7 −9 63 0g(x) = x3 − 7x2 − 9x + 63

g(3) = 27 − 63 − 27 + 63 = 0

g(x) x − 3

� g(−3) = 0 g(7) = 0

g(x) = (x − 3)(x2 − 4x − 21) �
3 1 −7 −9 63

3 −12 −63
1 −4 −21 0

= (x − 3)(x + 3)(x − 7)

f (x) � 0

(x − 1)(x3 − 7x2 − 9x + 63) � 0

⇔ (x + 3)(x − 1)(x − 3)(x − 7) � 0

(x+ 3)(x− 1)(x− 3)(x− 7) x

x · · · −3 · · · 1 · · · 3 · · · 7 · · ·
x + 3 − 0 + + + + + + +

x − 1 − − − 0 + + + + +

x − 3 − − − − − 0 + + +

x − 7 − − − − − − − 0 +

f (x) + 0 − 0 + 0 − 0 +

(x + 3)(x − 1)(x − 3)(x − 7) � 0

x � −3, 1 � x � 3, 7 � x
4 �

4
4

(p.??)f (x) = x4 − 8x3 − 2x2 + 72x − 63

f (x) = (x + 3)(x − 1)(x − 3)(x − 7)

y = f (x) f (x) � 0

x � −3, 1 � x � 3, 7 � x �

−3
1 3

7

y = x4 − 8x3 − 2x2 + 72x − 63

x

y

O
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1.5.3

2

f (x) = x2 + ax + b 2 f (x) = 0 f (x) = 0 2 α β

f (α) = 0 f (β) = 0 f (x) x − α x − β

( f (x) =) x2 + ax + b = (x − α)(x − β)

(x − α)(x − β) x2 − (α + β)x + αβ

x2 + ax + b = x2 − (α + β)x + αβ

{
a = −(α + β)
b = αβ ⇔

{
α + β = −a
αβ = b

2

2 x2 + ax + b = 0 2 α β

{
α + β = −a
αβ = b

x2 1 x2

1

ax2 + bx + c = 0 ⇔ x2 +
b
a

x + c
a
= 0

ax2 + bx + c = 0 2 α β


α + β = − b

a
αβ = c

a

2� �
2 2 α β α + β αβ

(1) x2 − 5x + 7 = 0 (2) 3x2 + 8x − 6 = 0
� �
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(1) 2

α + β = 5

αβ = 7

(2) 3 x2 +
8
3
− 2 = 0 2

α + β = − 8
3

αβ = −2

2� �
2 2x2 − 6x + 7 = 0 2 α β

(1) α2 + β2 (2) (α − 2)(β − 2) (3) 1
α2 +

1
β2

(4) α3 + β3 (5) α4 + β4 (6) α5 + β5

� �

2

α + β = 3 , αβ = 7
2

· · · · · · · · · · · · · · · · · · · · · · 1©

(1) α2 + β2

= (α + β)2 − 2αβ �

(p.14)
= 32 − 2 · 7

2
� 1©

= 9 − 7 = 2

(2) (α − 2)(β − 2)

= αβ − 2(α + β) + 4 �

(p.14)
=

7
2
− 2 · 3 + 4 � 1©

=
3
2

2x2 − 6x + 7 = 2(x − α)(x − β) x = 2

3 = 2(2 − α)(2 − β)

⇔ (α − 2)(β − 2) =
3
2
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86 1

(3) 1
α2 +

1
β2

=
α2 + β2

α2β2 �

(p.14)

=
2(
7
2

)2 � (1) 1©

=
8
49

(4) α3 + β3

= (α + β)(α2 − αβ + β2) �

(p.14)
= 3

(
2 − 7

2

)
� (1) 1©

= − 9
2

(5) α4 + β4

= (α2 + β2)2 − 2α2β2 �

(p.14)

= 22 − 2
(

7
2

)2
� (1) 1©

= − 41
2

(6) α5 + β5

= (α3 + β3)(α2 + β2) − α2β2(α + β) �

(p.14)

=

(
− 9

2

)
· 2 −

(
7
2

)2
· 3 � (1) (4) 1©

= − 183
4

2� �
α β

{
α + β = −a · · · · · · · · · · · · · · · · · · · · · · 1©
αβ = b · · · · · · · · · · · · · · · · · · · · · · 2©

2 x2 + ax + b = 0 2
� �

1©

β = −a − α · · · · · · · · · · · · · · · · · · · · · · 3©
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2©

α(−a − α) = b

⇔ α2 + aα + b = 0 · · · · · · · · · · · · · · · · · · · · · · 4©

α 2 x2 + ax + b = 0

x2 + ax + b x β

β2 + aβ + b

= (−a − α)2 + a(−a − α) + b � 3©

= α2 + aα + b

= 0 � 4©

β 2 x2 + ax + b = 0

�
2

α β

{
α + β = −a
αβ = b

2 x2 + ax + b = 0 2

2� �

(1)

 x + y = 3

xy = −10
(2)


x + y = − 5

2
xy = − 3

2

(3)

 x + y = −2

x2 + y2 = 20
(4)

 xy = 1

x2 + y2 = 1

� �

(1) 3 −10 2 2 t2 − 3t −
10 = 0

t2 − 3t − 10 = 0

⇔ (t − 5)(t + 2) = 0

⇔ t = −2, 5

(x, y) = (−2, 5), (5, − 2)
(2) − 5

2
− 3

2
2 2 t2 +

– www.ftext.org –



88 1

5
2

t − 3
2
= 0

t2 +
5
2

t − 3
2
= 0

⇔
(
t − 1

2

)
(t + 3) = 0

⇔ t = 1
2
, − 3

(x, y) =
( 1

2
, − 3

)
,

(
−3, 1

2

)
(3)

{
x + y = −2
x2 + y2 = 20

⇔
{

x + y = −2
(x + y)2 − 2xy = 20

⇔
{

x + y = −2
(−2)2 − 2xy = 20

⇔
{

x + y = −2
xy = −8

−2 −8 2 2 t2+2t−8 =

0

t2 + 2t − 8 = 0

⇔ (t + 4)(t − 2) = 0

⇔ t = −4, 2

(x, y) = (−4, 2), (2, − 4)
(4)

{
xy = 1
x2 + y2 = 1

⇔
{

xy = 1
(x + y)2 − 2xy = 1

⇔
{

xy = 1
(x + y)2 − 2 · 1 = 1

⇔
{

xy = 1
x + y = ±√3

±√3 1 2 2 t2 ∓√
3t + 1 = 0

t2 − √3t + 1 = 0
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⇔ t =
√

3 ± i
2

t2 +
√

3t + 1 = 0

⇔ t = −
√

3 ± i
2

(x, y) =
√

3 + i
2

,

√
3 − i
2

,

√

3 − i
2

,

√
3 + i
2

,
 −
√

3 + i
2

,
−√3 − i

2

,
 −
√

3 − i
2

,
−√3 + i

2


3

f (x) = x3 + ax2 + bx + c 3 f (x) = 0 f (x) = 0 3 α β

γ f (α) = 0 f (β) = 0 f (γ) = 0 f (x) x − α x − β x − γ

( f (x) =) x3 + ax2 + bx + c = (x − α)(x − β)(x − γ)

(x − α)(x − β)(x − γ) x3 − (α + β + γ)x + (αβ + βγ + γα)x − αβγ

x3 + ax2 + bx + c = x3 − (α + β + γ)x + (αβ + βγ + γα)x − αβγ


a = −(α + β + γ)
b = αβ + βγ + γα
c = −αβγ

⇐⇒

α + β + γ = −a
αβ + βγ + γα = b
αβγ = −c

3

3 x3 + ax2 + bx + c = 0 3 α β γ


α + β + γ = −a
αβ + βγ + γα = b
αβγ = −c
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2 x3 1

x3 1

ax3 + bx2 + cx + d = 0 ⇔ x3 +
b
a

x2 +
c
a

x + d
a
= 0

ax3 + bx2 + cx + d = 0 3 α β γ



α + β + γ = − b
a

αβ + βγ + γα = c
a

αβγ = − d
a

2 3 n

3� �
3 3 α β γ α + β + γ αβ + βγ + γα αβγ

(1) x3 − 5x2 + 7x − 1 = 0 (2) 3x3 + 8x2 − 6x + 5 = 0
� �

(1) 3

α + β + γ = 5

αβ + βγ + γα = 7

αβγ = 1

(2) 3 x3 +
8
3

x2 − 2x + 5
3
= 0 3

α + β + γ = − 8
3

αβ + βγ + γα = −2

αβγ = − 5
3

3� �
3 x3 − 3x + 5 = 0 3 α β γ

(1) α2 + β2 + γ2 (2) (α + 1)(β + 1)(γ + 1)

(3) 1
α
+

1
β
+

1
γ

(4) α3 + β3 + γ3

� �
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3

α + β + γ = 0, αβ + βγ + γα = −3, αβγ = −5 · · · · · · 1©

(1) α2 + β2 + γ2

= (α + β + γ)2 − 2(αβ + βγ + γα)

= 02 − 2 · (−3) � 1©

= 6

(2) (α + 1)(β + 1)(γ + 1)

= αβγ + αβ + βγ + γα + α + β + γ + 1

= −5 − 3 + 0 + 1 � 1©

= −7

x3 − 3x+ 5 = (x− α)(x− β)(x− γ) x = −1

7 = (−1 − α)(−1 − β)(−1 − γ)

⇔ (α + 1)(β + 1)(γ + 1) = −7

(3) 1
α
+

1
β
+

1
γ

=
αβ + βγ + γα

αβγ

=
−3
−5

� 1©

=
3
5

(4) α3 + β3 + γ3

= (α + β + γ)
{
α2 + β2 + γ2 − (αβ + βγ + γα)

}
+ 3αβγ

= 0 · {6 − (−3)} + 3 · (−5) � (1) 1©

= −15
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1.5.4

2

2 x2 + 2x + 3 = 0

x2 + 2x + 3 = 0

⇔ x = −1 ± √11i

−1 +
√

11i −1 − √11i

a2 a1 a0 2

a2x2 + a1x + a0 = 0

x =
−a1 ±

√
a1

2 − 4a2a0

2a2

a1
2 − 4a2a0

−a1 +
√

4a2a0 − a1
2i

2a2

−a1 −
√

4a2a0 − a1
2i

2a2

2

a2 a1 a0 2

a2x2 + a1x + a0 = 0 · · · · · · · · · · · · · · · · · · · · · · 1©

x = α 1© α

a2α
2 + a1α + a0 = 0 · · · · · · · · · · · · · · · · · · · · · · 2©

1© x = α

a2α
2
+ a1α + a0

= a2α2 + a1α + a0 (p.40)

= a2 α2 + a1 α + a0 (p.39)

= a2α2 + a1α + a0 (p.40)

= a2α2 + a1α + a0 (p.40)

= 0 2©

1© x = α
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3

3� �
a3 a2 a1 a0 3

a3x3 + a2x2 + a1x + a0 = 0 · · · · · · · · · · · · · · · · · · · · · · 1©

x = α x = α

� �

1© x = α 1© α

a3α
3 + a2α

2 + a1α + a0 = 0 · · · · · · · · · · · · · · · · · · · · · · 2©

1© x = α

a3α
3
+ a2α

2
+ a1α + a0

= a3α3 + a2α2 + a1α + a0 � (p.40)

= a3 α3 + a2 α2 + a1 α + a0 �
(p.39)

= a3α3 + a2α2 + a1α + a0 � (p.40)

= a3α3 + a2α2 + a1α + a0 � (p.40)

= 0 � 2©

1© x = α

�

n

n P(x) = 0 x = α

P(α) = 0

P(x) = 0 x = α

P(α) = 0
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94 1

x2 − 2ix + 5 = 0

n� �
3

x3 + ax2 + bx + 6 = 0 · · · · · · · · · · · · · · · · · · · · · · 1©

x = 1 +
√

2i a b
� �

1© x = 1+
√

2i

1 − √2i � n

1©
{
x − (1 +

√
2i)

} {
x + (1 − √2i)

}
= x2 − 2x + 3

x3 + ax2 + bx + 6 = (x2 − 2x + 3)(x + c)

(x2 − 2x + 3)(x + c) = x3 + (−2 + p)x2 + (3 − 2p)x + 3p


a = −2 + p
b = 3 − 2p
6 = 3p

⇔


p = 2
a = 0
b = −1

x = 1 − √2i, − 2
3 (p.89)

1© x = 1 +
√

2i

1 − √2i � n

α = 1 +
√

2i β = 1 − √2i γ

3


α + β + γ = −a
αβ + βγ + γα = b
αβγ = −6
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⇔



(
1 +
√

2i
)
+

(
1 − √2i

)
+ γ = −a(

1 +
√

2i
) (

1 − √2i
)

+
{(

1 +
√

2i
)
+

(
1 − √2i

)}
γ = b(

1 +
√

2i
) (

1 − √2i
)
γ = −6

⇔


2 + γ = −a
3 + 2γ = b
3γ = −6

γ = −2 a = 0 b = −1
x = 1 − √2i, − 2
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