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2. �-/���/ ((!�/*��-*/�-), �,��/�U@*K>

�YVP
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>�->/��/�'(P
4. �-/����-*/�-��/��,W;-�

=*>?@A

> 1.1 � x ������ M, �	
� M1(4, 1, 2) ����
√

30.

� R� x P&�)7 M �OT� (x, 0, 0), 6�)A x.

3YV |M1M | =
√

30, !√
(x− 4)2 + (0 − 1)2 + (0 − 2)2 =

√
30,

(x− 4)2 = 25,

�

x = 9 0 x = −1.

Q�)7 M � (9, 0, 0) 0 (−1, 0, 0) .
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> 1.2 �Æ�	 a = (4,−4, 7) , 
����� (2,−1, 7) , ��	 a ���
��	� |a| .

� R/� a �[7OT� (x, y, z), ]�/��OTÆ�Q7OT�[7
OT�1��&"

2 − x = 4, −1 − y = −4, 7 − z = 7,

3K,�
x = −2, y = 3, z = 0.

G

|a| =
√

42 + (−4)2 + 72 =
√

81 = 9.

Q/� a �[7OT� (−2, 3, 0), |a| = 9.

> 1.3 �	 a 
 x ��
�	 y �* z ���������
����	
a �
����

� M&;�

α = π − θ, β = θ, γ = θ
(
0 < θ <

π

2

)
,

]� cos2 α+ cos2 β + cos2 γ = 1, !

cos2(π − θ) + cos2 θ + cos2 θ = 1,

�&

3 cos2 θ = 1 0 cos θ =
√

3
3

.

Q cosα = −
√

3
3

, cosβ =
√

3
3

, cos γ =
√

3
3

.

> 1.4 ��� 2 ��	 a 
 x ����� π

4
, 
 y ����� π

3
, ��

	 a ����

� R/� a � z P�XUÆ γ, /

cos2
π

4
+ cos2

π

3
+ cos2 γ = 1,

!
1
2

+
1
4

+ cos2 γ = 1.



� 1 � �Æ��������� 3

3K,�
cos γ = ± 1

2
.

]�

ea = (cosα, cosβ, cos γ) =

( √
2

2
,

1
2
,± 1

2

)
,

G a = |a| ea, �&

a = 2

( √
2

2
,

1
2
,± 1

2

)
=
(√

2, 1,±1
)
.

> 1.5 �Æ |a| = 2, |b| =
√

2, � a · b = 2, � |a × b| .
� ]� a · b = |a| |b| cos (â, b), |a × b| = |a| |b| sin (â, b), �& |a × b|2 +

(a · b)2 = |a|2 |b|2 , !

|a × b|2 = 8 − 4 = 4, |a × b| = 2 (3 |a × b| � 0,QS�− 2).

03<"YV�
cos(â, b) =

a · b
|a| |b| =

2
2
√

2
=

√
2

2
,

�& (â, b) =
π

4
, SÆ

|a × b| = |a| |b| sin(â, b) = 2 ×
√

2 × 1√
2

= 2.

> 1.6 � |a| = 2, |b| = 5, (â, b) =
2
3
π, ��	 m = λa + 17b 
�	

n = 3a − b �������� λ.

Æ� ��/�*#U@�=�)�YVÆ���-�S�3K> )A
$� λ.

�
0 = m · n = (λa + 17b) · (3a − b)

= 3λa2 + (51 − λ) a · b − 17b2

= 12λ+ (51 − λ)a · b − 425

= 12λ+ (51 − λ) × 2 × 5 × cos
2
3
π − 425

= 17λ− 680.

! λ = 40.
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> 1.7 � a, b, c �����	��� a + b + c = 0, � a · b + b · c + c · a.
Æ� L���-��/O�PZ/����),�

� ]�

0 = (a + b + c) · (a + b + c)

= a2 + b2 + c2 + 2 (a · b + b · c + c · a)

= 3 + 2 (a · b + b · c + c · a) ,

�&
a · b + b · c + c · a = − 3

2
.

> 1.8 �����	 a = (2, 2, 1) � b = (4, 5, 3) ����	 ec.

� ]�/� a × b ��U@S a � b. �&�)�PZ/� ec )�/�
a × b ,(�G

a × b =

∣∣∣∣∣∣∣∣
i j k

2 2 1

4 5 3

∣∣∣∣∣∣∣∣ = i − 2j + 2k,

|a × b| =
√

12 + (−2)2 + 22 = 3,

SÆ��)�PZ/� ec �

ec =
a × b

|a × b| =
1
3

i − 2
3

j +
2
3

k,

0 − 1
3

i +
2
3

j − 2
3

k 9Æ�)�PZ/��

> 1.9 �Æ�	 x ����	 a = (2,−3, 1) , b = (1,−2, 3), �
�	
c = (1, 2,−7) ��	�� 10, ��	 x.

Æ� L� a ⊥ b ⇔ a · b = 0 !'�

� R x = (x, y, z) , /M&;�
2x− 3y + z = 0,

x− 2y + 3z = 0,

x+ 2y − 7z = 10.

3&�'&",�
x = 7, y = 5, z = 1,

Q�)/�� x = (7, 5, 1) .
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B*�CD?�R

1. H a = b ÆR'&"A |a| = |b|? #�8�H |a| = |b| ÆR'&"A
a = b, �\TV

R H a = b '�/� a �/� b ��^)#%��&)" |a| = |b| . #�
8�3 |a| = |b| S�/� a �/� b ��^#%�&/��'/!)#���
&3 |a| = |b| C�"A a = b.

2. R a, b �5S/��63.��\TYV6W�?%V
(1) |a + b| = |a − b| ; (2) |a + b| < |a − b| ;
(3) |a + b| = |a| + |b| ; (4) |a − b| = |a| + |b| .

R ; a ⊥ b��(1)�?% (U 1.1);; (â, b) >
π

2
��(2)�?% (U 1.2);

a� b�'/��(3)�?%Pa� b#/�!; (â, b) = π��(4)�?% (U 1.3).

a

b

a+
b

a−
b

] 1.1

a

b

a
+

b

a−
b

] 1.2

ab

a − b

] 1.3

3. 63^(ÆRE���\TV
(1) i + j + k ÆPZ/�P
(2) 2i > j;

(3) � x, y, z �OTP�E/XU#%�/
���'/U� α = β = γ =

π

3
.

R (1) CE��3PZ/��"_���� 1 �/�%�PZ/��]�
/� i + j + k �� |i + j + k| =

√
12 + 12 + 12 =

√
3 �= 1, Q i + j + k CÆPZ

/��
(2) CE��3S/�ÆY"�^7"'/����& 2i � j U"�^'

`�C�O<�;�/���Æ'&O<�^��@ |2i| = 2 > |j| = 1.
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(3) CE����OTPE/XU#%�/���'/UCÆ π

3
. ]�8�

/����'/U α, β, γ �VT���

cos2 α+ cos2 β + cos2 γ = 1.

; α = β = γ ��" 3 cos2 α = 1, ! cosα = ± 1√
3
, α = arccos

(
± 1√

3

)
�= π

3
.

7]�

cos2
π

3
+ cos2

π

3
+ cos2

π

3
=

3
4

�= 1,

�&��'/UW�
π

3
�/�ÆCS���

EF 1.1

1. R/� a = (4,−1, 3) � b = (5, 2,−2) , ) 2a + 3b.

2. a�/� a ���OTP�XU#%�)/� a �'/[\�
3. a�/�

−−−−⇀
AB �[7OT� A(1, 0,−1), Q7OT� B (4,−4, 11) , )/

�
−−−−⇀
AB ���'/U�
4. R/� a �'/[\VT63YV(

(1) cosβ = 0; (2) cosβ = 1; (3) cosβ = cos γ = 0. ^B��/� a �:7�
5. R A (1,−1, 3) , B (−1, 1, 4) , ) z P&�7 C OT��

∣∣∣∣−−−−⇀AC

∣∣∣∣ = ∣∣∣∣−−−−⇀BC

∣∣∣∣ .
6. R7 M �/X� x P� y PE/�<? 60◦, 45◦ �U�/���� 8,

)7 M �OT�
7. T/� a = (3,−5, 8) � b = (−1, 1, z) ���1#%�) z.

8. R/� a ��U@S/� b = (3, 6, 8) � x P�D |a| = 2, ) a.

EF 1.1 UGVW�HI

1. (23, 4, 0) .

2. R a ���OTP�XU�<� α, β, γ, α = β = γ. 3 cos2 α+ cos2 β +

cos2 γ = 1.'� a�'/[\�
(

1√
3
,

1√
3
,

1√
3

)
0
(
− 1√

3
,− 1√

3
,− 1√

3

)
.

3. 13; α = arccos
3
13

, β = arccos
(
− 4

13

)
, γ = arccos

12
13

.

4. (1) a � y PU@0 a � Oxz �K>P (2) a � y PK>0 a � Ozx �

U@P (3) a � x PK>0 a � Oyz �U@�
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5.
(

0, 0,
7
2

)
.

6.
(
4, 4

√
2,±4

)
.

7. z = 1.

8. a = ±
(

0,
8
5
,− 6

5

)
.

1.2 JK��L

�*
���

K��'&���@(5�'&�

:*;%�<

1. �-K�'&�@('&5�)(P
2. �,K�*@(�#*���))K��K��@(�@(�K��@

(���XUP
3. ))7�@(�7�K��Y0�

=*>?@A

> 1.10 �Æ������ x ��� M0(4,−3,−1), ������
 �

Æ� 3&R�YV���)K�)� x P�UTK��(/� n �U@
S x P���9U@S

−−−−⇀
OM0 . �Q'&*(/� n � i×

−−−−⇀
OM0, A3K��.

7 O, �7(�'&5A�)K��'&�Z��J'&L�KK�'&�:L
!)AK'&�

� '( 1 M&RYV�

n = i×
−−−−⇀
OM0=

∣∣∣∣∣∣∣∣
i j k

1 0 0

4 −3 −1

∣∣∣∣∣∣∣∣ = j − 3k,

7K��7 O(0, 0, 0). ]K�)K�'&�

0(x− 0) + 1 · (y − 0) − 3(z − 0) = 0,

! y − 3z = 0.
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'( 2 M&RYV���)K�'&��

By + Cz = 0,

7�)K��a�7 M0(4,−3,−1), O7 M0 $>&�'&�

−3B − C = 0 0 C = −3B.

!
By − 3Bz = 0,

3S B �= 0, �&�&��X��C� B, ��)'&�

y − 3z = 0.

> 1.11 ��� M(1, 2,−1) �
��


x = −t+ 2,

y = 3t− 4,

z = t− 1

�����
 �

Æ� 3S�)�K��a�@(U@��&'*@(�'//���K
��(/��3K��7(�'&!'��)�K�'&��;+;a�@(
ÆD��'&�

� a�@(�'//� s1 = (−1, 3, 1) ,* n = s1,]K��7M(1, 2,−1),

Q�)K��'&�

−(x− 1) + 3(y − 2) + 1 · (z + 1) = 0,

!
x− 3y − z + 4 = 0.

> 1.12 ����� 2x− y + z − 6 = 0 � x+ y + 2z − 5 = 0 ����

� a���K��(/��<�

n1 = (2,−1, 1) , n2 = (1, 1, 2) ,

�&

cos θ =
|2 × 1 + (−1) × 1 + 1 × 2|√

22 + (−1)2 + 12
√

12 + 12 + 22
=

1
2
,

]K��)XU� θ =
π

3
.
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> 1.13 �!���	
��
������(
(1) x+ y − z − 1 = 0 
 2x+ 2y − 2z + 3 = 0;

(2) x+ y + z = 0 
 x+ y − 2z + 3 = 0.

� (1) ��K��(/��<� n1 = (1, 1,−1) ,n2 = (2, 2,−2), VTYV

1
2

=
1
2

=
− 1
− 2

,

Q���K�K>�
(2) ��K��(/��<� n1 = (1, 1, 1) ,n2 = (1, 1,−2), VTYV

1 × 1 + 1 × 1 + 1 × (−2) = 0,

Q���K�U@�

> 1.14 ����

L1 (
x− 1

1
=

y − 5
− 2

=
z + 8

1

 L2 (

{
x− y = 6,

2y + z = 3,

��� L1 
 L2 ����

� L1 �'//� s1 = (1,−2, 1) , L2 �'//� s2 �

s2 =

∣∣∣∣∣∣∣∣
i j k

1 −1 0

0 2 1

∣∣∣∣∣∣∣∣ = −i − j + 2k,

�& L1 � L2 ���XU θ �[\�

cos θ =
∣∣∣∣ s1 · s2

|s1| |s2|
∣∣∣∣ = 3√

6
√

6
=

1
2
,

Q θ =
π

3
.

> 1.15 �Æ��

L1 (
x− 2

1
=

y + 2
− 1

=
z − 3

2
� L2 (

x− 1
− 1

=
y + 1

2
=

z − 1
1

,

����� L1 � L2 ���
 �

Æ� �)K��(/� n U@S L1 � L2 �'//� s1, s2, ! n ⊥
s1,n ⊥ s2, �&'&* n = s1 × s2. ,K&��ZÆ)AK��(/� n. 6�
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"Æ)AK�&���7�]�@( L1 &�7 M1(2,−2, 3) ��)K�&�A
�7(�'&!'�

� ]� n ⊥ s1,n ⊥ s2, �&* n = s1 × s2. !

n =

∣∣∣∣∣∣∣∣
i j k

1 −1 2

−1 2 1

∣∣∣∣∣∣∣∣ = −5i − 3j + k,

77 M1(2,−2, 3) ��)K�&�HG�)K�'&�

−5(x− 2) − 3(y + 2) + (z − 3) = 0,

!

5x+ 3y − z − 1 = 0.

> 1.16 ��� M (−1, 2, 3) , ����� x

4
=

y

5
=

z

6
, �����

7x+ 8y + 9z + 10 = 0 ���
 �

Æ� �ZÆ)A@(�'//� s. �)@(U@Sa�@(�! s ⊥ s1.

�)@(K>Sa�K��! s ⊥ n1(n1 = (7, 8, 9)). ]K* s = s1 × n1.

� M&;�
s ⊥ s1, s ⊥ n1,

* s = s1 × n1, "

s =

∣∣∣∣∣∣∣∣
i j k

4 5 6

7 8 9

∣∣∣∣∣∣∣∣ = −3i + 6j − 3k,

7@(�7 M(−1, 2, 3), HG�)@('&�

x+ 1
− 3

=
y − 2

6
=

z − 3
− 3

0
x+ 1

1
=

y − 2
− 2

=
z − 3

1
.

> 1.17 �!�� L(
{

x+ 3y + 2z + 1 = 0,

2x− y − 10z + 3 = 0

�� π(4x−2y+z−2 = 0

������




