
1�Ù �m)ÛAÛ

§1.1 ���²¡

§1.1.1 ����§

O

`
A B P

r

r r r

A
A

A
A

A
AA










¡
¡

¡
¡

¡
¡¡

3�þ�m¥§L?¿ØÓü:A,B���^��`"éu��`þ?¿

:P§du�þ
−→
AP//

−−→
AB§�k¢êt¦�

−→
AP = t · −−→AB"u´���ª

−−→
OP =

−→
OA + t · −−→AB (1.1)

�t�H¤k¢ê�§�ª(1.1)�Ñ��`þ�¤k:"�ª(1.1)¡���`�

ëê�§§�"�þ
−−→
AB¡���`����þ§t¡�ëê"�:A��I

�(a1, a2, a3)§
−−→
AB��I�(u1, u2, u3)§:P��I�(x, y, z)§u´��`�ë

ê�§��¤�I/ª 



x = a1 + u1t

y = a2 + u2t

z = a3 + u3t

(1.2)

l�§(1.2)¥��ëêt§K�����`�:�ª�§

x− a1

u1
=

y − a2

u2
=

z − a3

u3
(1.3)
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���`L:A§���þu§P��m¥?¿�:"L:P���`�R�§

Rv�B"u´§:P���`�ål

|−−→BP | = |−→AP | sin θ = |−→AP − u · −→AP

u · u u| = |u×−→AP |
|u| (1.4)
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§1.1.3 ü��� �'X
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�`1L:A(a1, a2, a3)§���þu = (u1, u2, u3)¶`2L:B(b1, b2, b3)§�

��þv = (v1, v2, v3)"ü^���:�ª�§©O�

`1 :
x− a1

u1
=

y − a2

u2
=

z − a3

u3
, `2 :

x− b1

v1
=

y − b2

v2
=

z − b3

v3

`1�`2�¡�¿©7�^�´u,v,
−−→
AB�¡§=

u× v · −−→AB = 0 (1.5)

`1Ú`2����þuÚv¤Y�b�½��φ§¡�ü��`1Ú`2�Y�"

�:C,D©O3`1Ú`2þ§¿���CD�`1, `2ÑR�§��CD¡�ü

��`1Ú`2�úR��§úR�ãCD��Ý|CD|¡�ü��`1Ú`2�ål"
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�`1Ú`2²1�§̀ 1Ú`2�ålÒ�u:B�`1�ål
|u×−−→AB|
|u| "�`1Ú`2Ø

²1�§Ï�CDR�u`1Ú`2§¤±
−−→
CD//u×v§

−−→
CD�

−−→
AB 3u×v��þ�

ÝK,

|CD| = |u× v · −−→AB|
|u× v| (1.6)
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3�þ�m¥§L?¿�:Mk���²¡π��½��"�þnR�"

éu²¡πþ?¿:P§Ñk
−−→
MP ⊥ n§=

−−→
MP · n = 0 (1.7)

��§÷v�ª(1.7)�:P�½3²¡πþ"�ª(1.7)¡�²¡π�:{ª�

§§�"�þn¡�²¡π�{�þ"�:M��I�(m1,m2,m3)§n��I

�(n1, n2, n3)§:P��I�(x, y, z)§u´�§(1.7)��¤�I/ª

n1(x−m1) + n2(y −m2) + n3(z −m3) = 0 (1.8)

ò�§(1.8)ÐmÜ¿§q��²¡π����§

Ax + By + Cz + D = 0 (1.9)

Ù¥A = n1, B = n2, C = n3, D = −(m1n1 + m2n2 + m3n3)"
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�²¡π����§�Ax + By + Cz + D = 0§{�þn = (A,B, C)§

M(x0, y0, z0)�²¡πþ?¿�:§P (x, y, z)��m¥?¿�:"L:P�²

¡π�R�§Rv�Q":P�²¡π�ål

|−−→QP | = |n · −−→MP |
|n| =

|A(x− x0) + B(y − y0) + C(z − z0)|√
A2 + B2 + C2

Ï�:Q3²¡πþ§¤±Ax0 + By0 + Cz0 + D = 0§dd�

|−−→QP | = |Ax + By + Cz + D|√
A2 + B2 + C2

(1.10)
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�ü²¡����§©O�

π1 : A1x + B1y + C1z + D1 = 0, π2 : A2x + B2y + C2z + D2 = 0

π1�{�þn1 = (A1, B1, C1)Úπ2�{�þn2 = (A2, B2, C2)¤Y�b�½�

�φ§¡�ü²¡π1Úπ2�Y�"

�n1Ún2���§ü²¡²1½Ü"e
A1
A2

= B1
B2

= C1
C2

6= D1
D2
Kü²¡

²1§eA1
A2

= B1
B2

= C1
C2

= D1
D2
Kü²¡Ü"d�§²1²¡π1Úπ2�ålÒ

�uπ2þ?¿�:�²¡π1�ål"

�n1Ún2Ø���§ü²¡��u�^��`"�§|




A1x + B1y + C1z + D1 = 0

A2x + B2y + C2z + D2 = 0
(1.11)

�¡���`����§"

ÏL�^���±�Ã�õ�²¡§Ïdo´�±L«¤�ü�²¡�

��"d®����:�ª�§(1.3)£b�u1 6= 0¤§�±éN´/�Ñ��

����§





u2x− u1y + (u1a2 − u2a1) = 0

u3x− u1z + (u1a3 − u3a1) = 0
"

d������§(1.11)¦���:�ª�§§KA�Äk¦Ñ�§

|(1.11)���)=��þ���:(a1, a2, a3)Ú������þu = n1×n2§

,��\�:�ª�§(1.3)¥"

§1.2.3¥0�
¦ü^É¡��`1Ú`2�ål��{§ y3�Ñ

¦`1Ú`2�úR�`��{"���`1Ú`2���©O�uÚv§Ku× v�`�

���þ§̀ 1Ú`Ü¤�²¡π1äk{�þ(u× v)× u§̀ 2Ú`Ü¤�²¡π2ä

k{�þ(u× v)× v"u´�±k¦Ñπ1Úπ2��§§`�´π1Úπ2���"

�,§��±k¦Ñ`3`1, `2þ�Rv§,�¦Ñ`��§"
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` :
x− a1

u1
=

y − a2

u2
=

z − a3

u3
, π : Ax + By + Cz + D = 0
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�`����þu = (u1, u2, u3)Úπ�{�þn = (A,B, C)¤Y�b�½��

�φ§Kϕ = π
2 − φ = arcsin |u·n|

|u||n|¡���`Ú²¡π�Y�"

�uÚnØR��§`Úπk����:§�ÏL)�5�§|¦��:

��I"�uÚnR��§eAa1 + Ba2 + Ca3 + D = 0§K`Úπkú�

:(a1, a2, a3)§̀3πþ¶eAa1 + Ba2 + Ca3 + D 6= 0§K`Úπ²1"

§1.2 �m��¡

§1.2.1 �Ú¡��§

P (t) = (x(t), y(t), z(t)) (1.12)

L«�^�m�§(1.12)¡�T��ëê�§¶

P (s, t) = (x(s, t), y(s, t), z(s, t)) (1.13)

L«��¡§(1.13)¡�T¡�ëê�§¶÷v

f(x, y, z) = 0 (1.14)

�:(x, y, z)�8Ü/¤��¡§(1.14)¡�T¡����§¶÷v




f(x, y, z) = 0

g(x, y, z) = 0
(1.15)

�:(x, y, z)�8ÜK´ü�¡f(x, y, z) = 0Úg(x, y, z) = 0���§(1.15)¡

�T�����§"

§1.2.2 Î¡

d�x²1��/¤�¡�Î¡§ù
����Î¡�1�"Î¡þ�

z^1�Ñ����^���Î¡��^O�"LO�þ��:�²1u

1������§½öò�^1�÷XO��²1£Ä§q½öò�^O�÷
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X1��²1£Ä§Ñ�±��Î¡"��/§�1����u = (u1, u2, u3)§

O��ëê�§p(t) = (p1(t), p2(t), p3(t))§KÎ¡äkëê�§

P (s, t) = s u + p(t) (1.16)

§1.2.3 I¡

d�x²L�½:���/¤�¡�I¡§ù
����I¡�1

�§@�½:��I¡�º:"I¡þ�z^1�Ñ����Ø²Lº

:��^���I¡��^O�"rO�þ��:�º:^��é(å

5§Ò�±��I¡"��/§�º:A(a1, a2, a3)§O��ëê�§p(t) =

(p1(t), p2(t), p3(t))§KI¡äkëê�§

P (s, t) = (1− s)A + s p(t) (1.17)

�f(x, y, z)´��àgõ�ª§XJf(x, y, z) = 0§Ké?¿¢êtÑ

kf(tx, ty, tz) = 0"Ïd§f(x, y, z) = 03�m¥L«��º:3�:�I

¡"§�?¿ØL�:�²¡���Ñ´§��^O�"

§1.2.4 ^=¡

d�m¥��^�γ7X�^��`^=�)�¡��^=¡§γ�

�^=¡�fÌ�§̀��^=¡�¶"
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§1.3 �g¡{0

���§�n��gõ�ª§äk/ª

a11x
2 + a12xy + a13xz + a22y

2 + a23yz + a33z
2 + a1x + a2y + a3z + a = 0

�¡¡��g¡"~���g¡k

1. ý¥¡
x2

a2
+

y2

b2
+

z2

c2
= 1 (a > 0, b > 0, c > 0)

2. ü�V¡
x2

a2
+

y2

b2
− z2

c2
= 1 (a > 0, b > 0, c > 0)

3. V�V¡
x2

a2
− y2

b2
− z2

c2
= 1 (a > 0, b > 0, c > 0)

4. �gI¡
x2

a2
+

y2

b2
− z2

c2
= 0 (a > 0, b > 0, c > 0)
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5. ý��Ô¡ z =
x2

a2
+

y2

b2
(a > 0, b > 0)

6. V�Ô¡ z =
x2

a2
− y2

b2
(a > 0, b > 0)

V�Ô¡�¡êQ¡§�±�w�´Oyz²¡þ��Ô�z = −y2

b2

÷XOxz²¡þ��Ô�z = x2

a2²1wÄ¤"

7. ý�Î¡
x2

a2
+

y2

b2
= 1 (a > 0, b > 0)

8. VÎ¡
x2

a2
− y2

b2
= 1 (a > 0, b > 0)
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9. �ÔÎ¡ y2 = 2px (p > 0)
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