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ãb'l&�db,¢|�
QOp l�bwr|`cbyp l

(ε)
kn�ap �qb�owl�j\��kieqknhxfi��lne|oyl�byp ogb Ø

i
è ltst��uwegl�hx{i��byp k�o|{i�®��l�j\�Êp l

~aj bw�|`cr�eqhx{�st�qkn�Uo|{ie�ktstk�p lmbyp eql�jzstln�q_t����{���{�byp ogb Ø
ii
è ltst�m~q��kmhx{i��byp lmo|{i�a�

����ktst�n�Õ��ln�ëbyp eql�j�eqlJb����c�q_nhzknr���b³oyk

�\v�fi��lmô��>��æ

~aj _neqr�hz��l»`cuwhx{i�
r
f"oqj �!hzr�egogb�oylid���uweqbw�

(x, y, z)
bweq�n�Shx{i��byp knr�Ãëo|{i��bwr|`cbyp ln����b

o|{��nktfg`�byj lÕow��e³lnegoqp hxoyk�j v���e³��b�d�b«`���e
o���e�hxowk�j vxbyp ��e stknr�kn�ap �qknr�et��hzbÕ��_a`cb
�Êp lQltst�Uoqj �Sstln�qltst_neg�®stbw�aj sio|��hzbyj �a��o|{ie
bwr|`cbyp l��
Ø
i
è »Ub����qkn����b­uweql�hx{i��byp k

O
owknr E �qo|{ieln�qv�fx�1� ?Shxo��ë��oqjq{�bwr|`cbyp l;·

ε ¸ stbw�qeq_»ltst�uweql�hx{i��byp k
P0(r0)

��l�jnbyp eql�jtstln�q_t����{���{
st�qkn��uweql»~aj _neqr�hz��l

u.
� e

P(r)
byp eql�jguweql

hx{i��byp këst_neg��hxo|{ie
(ε)
��og��ogb�owl ~aj lneg��hz��ltoyl

r − r0
��l�j

u
byp eql�j�hzrqdxdc�gln���Êj ��_

·.hzv�fi��lDô�� � ¸ �q� � �ql
(r− r0)× u = 0.

·.ô��>� ¸©§hzkn~q��eqln�cl���rast_n�qvxbyj
t ∈ R ogu�oyk�j k���hxogb r− r0 = tu.

?�stkn��uweg���aæ
r = r0 + tu, t ∈ R. ·.ô�� ô ¸

C��
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S­j lÕoqj ��~aj _n�ckn�qbw��oqj ��uw��owknr
t
oykëhx{i��byp k

P(r)
~aj lid��q_n�cbwj�o|{ie7bwr|`cbyp l

(ε)
�º·¿S­j l

t = 0
hzr��csnp siogbyj���b»oykmhx{i��byp k

P0(r0) ¸eJb
�ap hx��hx{�·.ô��>� ¸ �iu�d�b�oyl�j c2%('*),+�-
./'102%43�¢�Y#h2Z¨-«­W-6¯ o|{i�\bwr|`cbyp ln�a�abweg�®{Ub
�ap hx��hx{·.ô�� ô ¸ �iu�d�b�oyl�j c2%('*),+�-
./'102%43�¢&`1'*��'1.®Ya0���%(3o¢]Y#h2Z¨-«­W-6¯ o|{i��bwr|`cbyp ln�a�� e$`cb����gfihzknr���b\uweql�hz��hxo|{i��l�hzr�egogb�owlid���uweg��e»��b$ln�qv�fQowk ó �t���$st�qkn�$oyk}ktstk�p k
byp eql�j

r = xi + yj + zk, r0 = x0i + y0j + z0k,
~g{��iln~gf

P(x, y, z), P0(x0, y0, z0)��l�j
u = u1i+u2j+u3k,

og��ogb\{�b
�ap hx��hx{§·.ô�� ô ¸ byp eql�j�j hzkn~q��eqln�c{Q��b\owk�hz��hxo|{i��loæ
x = x0 + tu1, y = y0 + tu2, z = z0 + tu3, t ∈ R. ·.ô�� C ¸

ó j¹lt�ad�bÁ�n�aj ��uw�Qhzvxuwhzbyj �§·.ô�� C ¸ �iu�d�kiegowl�j `1'*��'*./Ya0��2%436¦�7�Y#h2%=-«�W-
Y[%=7 o|{i��bwr|`cbyp �ln�7��l�j&dcj l ��_a`cb
t ∈ R ~ap eqknr�e�oqj �³hzr�egogb�owlid���uweqbw�7bweq�n�7hx{i��byp knrëo|{i�a�]� ?Shxow�

u1u2u3 6= 0.
g!��ogbU��bUltstlt�ik�j ��f�oyknr

t
ltst�moqj �|·.ô�� C ¸ st�qkt���asioyknr�e"k�j�b
�aj hx��hzbyj �aæ

x− x0

u1
=
y − y0

u2
=
z − z0

u3
.

·.ô�� B ¸
ó jl?P�aj hx��hzbyj �º·.ô�� B ¸ �iu�d�kiegowl�j '*)�'1n2+o02%436¦�7 f 36'*�,0�Y�-�%('*)�¦�7¶Y#h2%=-«�W-
Y[%=7 o|{i�bwr|`cbyp ln�a� � e�uweqlmltst�mowl

u1, u2, u3
byp eql�j��c{i~quwe£·Ôsz� v��

u3 = 0 ¸ og��ogbUk�jcb
�aj hx��hzbyj �·.ô�� C ¸ d��q_n�ckiegoylnj æ
x− x0

u1
=
y − y0

u2
, z = z0.

·.ô�� E ¸
� eO~q��k�ltst��oyl

u1, u2, u3
byp eql�j$�c{i~quwe]·Ôsz� v��

u2 = u3 = 0 ¸ �!og��ogb�k�j_·.ô�� C ¸d��q_n�ckiegowl�j æ
x = x0 + tu1, y = y0, z = z0, t ∈ R. ·.ô�� J ¸

u '*���*c�Y[%�<
./'¶U1ç¿#oç¿#oç e�bwr|`cbyp lDstknrD~aj uw�qvxb�owl�j�ltst�Doyk³hx{i��byp k P0(1,−2, 0)
��l�j

byp eql�j�stln�q_t����{���{�st�qkn��owk�~aj _neqr�hz��l
u = i− 2j + 3k

uwvxbyjz~aj lneqr�hz��ltoqj �tf"stln�qln��bÁ�
og�aj �nf�b
�ap hx��hx{�o|{ie

r = i− 2j + t(i− 2j + 3k) = (t+ 1)i− (2t+ 2)j + 3tk, t ∈ R.
� st�Dlnrao|fieQst�qkt���asioyknr�eQk�j�stln�gln��b�oq�qj ��uw��o|{i��b
�aj hx��hzbyj �»stknr�byp eql�j

x = 1 + t, y = −2− 2t, z = 3t, t ∈ R
��l�jz��ltog�tsnj et����bUltstlt�ik�j ��f�oyknr

t
�zk�jz��ln�gogbwh�j lnequw��o|{i��b
�aj hx��hzbyj �aæ

x− 1 =
y + 2

−2
=
z

3
.
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u '*���*c�Y[%�<
./'�U1ç¿#oç U1ç ó _,�qkieqln� x′x
hxoykU`cb����qkn����bweqk�hz��hxo|{i��l}byp eql�jt�Êp l"bwr|`cbyp l

stknr stbw�qeq_�ltst��oyk�hx{i��byp k
O(0, 0, 0)

��l�j$byp eql�j\stln�q_t����{���{Hst�qkn��owkJ~aj _neqr�hz��l
u = i = i + 0j + 0k.

� � �qlmk�jzstln�qln��b�og�aj �nuw��oyknr�b
�aj hx��hzbyj �Ubyp eql�j æ

x = t, y = 0, z = 0, t ∈ R
��l�jzk�jclneqlt�iraoqj ��uw��owknr

y = 0, z = 0.

� ó ��k�j l�k�j�stln�qln��b�og�aj ��uw�»b
�aj hx��hzbyj �»ow��e�l,�q��eg��e
y′y

��l�j
z′z
byp eql�j�lnegoqj hxoyk�p v����

x = 0, y = t, z = 0, t ∈ R ��l�j
x = 0, y = 0, z = t, t ∈ R

��l�jzk�jclnegoqp hxoyk�j vxbw��lneqlt�iraoqj ��uw�

x = 0, z = 0
��l�j

x = 0, y = 0.

u '*��'10r¢*��¯*-6¯}U1ç¿#oç¿#oç g!lëhzr�eg{i�Êp owkieqlë~aj bw�|`cr�eqhx{i�}oyknr�~aj lneq��hz��ltowkn� u
·Ø�t�iu�stb

hzb��tp ~ql�ô�õ ¸ ��st�qkn�SowkQktstk�p k�byp eql�j�siln�q_t����{���{»{Ubwr|`cbyp l���kieqkn��_,�gkiegowl�j -q+�)r¯*.�Z 0r:�)�'c2%(Yam,X«+�)�-6¯*7 o|{i��bwr|`cbyp ln�a�
Ø
ii
è e stbw�ap sio���hx{HstknrO{Hbwr|`cbyp l�kn�ap �qb�oyl�jSltst��~q��k�hx{i��byp l

P0(r0)
��l�j

P1(r1)��b
r1 = x1i + y1j + z1k,

�cstkn�qbyp�eql®lneqlnvi`cbyp¹hxo|{iemsi�qkt{ad�kn����bweg{x�¡DU�q_id���ltoqjØ�
ln�g��bypneqlU`cb����gfihzknr���b\��oqjn{"bwr|`cbyp l}kn�ap �qb�owl�jnltst��owk}hx{i��byp k

P0(r0)
ltst��owk}ktstk�p k

~aj uw�qvxb�owl�jc��l�jcoyk�~aj _neqr�hz��l
u = r1 − r0

st�qkn�Qoyk�ktsik�p k³byp eql�j�stln�q_t����{���{x�Wg!��ogb
k�j�lnegoqp hxoyk�j vxbw�»st�qkn�»oqj �|·.ô��>� ¸ ��·.ô�� ô ¸ ��·.ô�� C ¸ ��l�j^·.ô�� B ¸ b
�aj hx��hzbyj �Uo|{i��bwr|`cbyp ln�Ubyp eql�j æ

(r− r0)× (r1 − r0) = 0,
·.ô�� M ¸

r = r0 + t(r1 − r0), t ∈ R, ·.ô�� O ¸
x = x0 +t(x1−x0), y = y0 +t(y1−y0), z = z0 +t(z1−z0), t ∈ R ·.ô�� G ¸
x− x0

x1 − x0
=

y − y0

y1 − y0
=

z − z0

z1 − z0
, (x1 − x0)(y1 − y0)(z1 − z0) 6= 0.

·.ô��>�|õ ¸
?�snp hx{i�a�cb
�aj hx��hzbyj �Ulnegoqp hxoyk�j vxbw�Ust�qkn�»oqj �|·.ô�� E ¸ ��l�j^·.ô�� J ¸ st�qkt���asiowknr�e"lneq_t�ikad�lz�
u '*���*c�Y[%�<
./'ªU1ç¿#oç�d*ç ¥UlÕb
�qb�owlnht`cbyp­lneDowkëhx{i��byp k P(2, 3, 5)

�n�ap hx��b�oyl�j­b�st_neg�
hxo|{ie�bwr|`cbyp l�stknr}stbw�qeq_mltst��oylmhx{i��byp l

P0(1, 3, 2)
��l�j

P1(2, 1, 0)
�
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� v#z�{ � � st�Oo|{ie�·.ô�� G ¸ st�qkt���asiogbyj&��oqj&k hzr�egogb�owlid���uweqbw� (x, y, z)
bweq�n��hx{i��byp knr

o|{i�Qbwr|`cbyp ln�U~ap eqkiegowl�jzltst�moqj ��b
�aj hx��hzbyj �aæ

x = 1 + t(2− 1) = 1 + t,

y = 3 + t(1− 3) = 3− 2t,

z = 2 + t(0− 2) = 2− 2t, t ∈ R.
S­j lHeqlÕ�n�ap hx��b�oyl�j&owk

P(2, 3, 5)
b�st_neg��hxo|{ie®bwr|`cbyp l st�qu�stbyjSeql rast_n�qvxbyj

t ∈ R �ogu�oyk�j k���hxogbRæ
2 = 1 + t, 3 = 3− 2t, 5 = 2− 2t.

e�oqj �cf
t = 1

stknr!~ap eqbyjg{�st�g�&o|{�b
�ap hx��hx{�~qbwe�b�stlt��{g`cbw��byjgoqj ��_t���ibw�&~q��kUb
�aj hx��hzbyj �a�
� � �ql�owkDhx{i��byp k

P(2, 3, 5)
~qbwe"lnegf���byjzhxo|{ie�bwr|`cbyp l��

u '*���*c�Y[%�<
./'ºU1ç¿#oç>s6ç ¥�p ~qkiegowl�j�~q��k}bwr|`cbyp bw� (ε1)
��l�j

(ε2)
ltst��oqj ��ktstk�p bw�${

(ε1)stbw�qeq_7ltst�Dowl³hx{i��byp l
A(0, 1, 0)

��l�j
B(1, 2, 1)

bweg�J{
(ε2)

stbw�qeq_Dltst�Doyk7hx{i��byp k
Γ(1, 0, 1)

��l�jSbyp eql�jSstln�q_t����{���{Ost�qkn�7owk�~aj _neqr�hz��l
u = 0i + j + 0k = j.

¥Ul
ltstkn~qbyj vi`cbypc��oqjÊk�jÊ~q��k7lnraoguw�"bwr|`cbyp bw�Qoguw��eqkiegowl�jc��l�j�eql��n�qb«`cbypcoyk³hx{i��byp k7owkn�cfi�
oyknr��a�
� v#z�{ � ó j�stln�qln��b�og�aj �nuw�»b
�aj hx��hzbyj �Uo|{i��bwr|`cbyp ln� (ε1)

byp eql�j æ

x = 0 + t(1− 0) = t, y = 1 + t(2− 1) = 1 + t, z = 0 + t(1− 0) = t, t ∈ R,

bweg��o|{i�
(ε2)

byp eql�j æ

x = 1 + λ0 = 1, y = 0 + 1λ = λ, z = 1 + 0λ = 1, λ ∈ R.

S­j l�eqlQ�n�ap hx��b�oyl�jn��_tstk�j k�hx{i��byp k}��l�j�hxoqj ��~q��k}bwr|`cbyp bw�!st�qu�stbyjxeql}rast_n�qvxknr�e�oqj ��uw�
dcj l�oqj �Ustln�qln��u�og�qknr��

t
��l�j

λ
oqu�owk�j bw�»��hxogbRæ

t = 1, λ = 1 + t, 1 = t.

DU�qkn�clne|����lnraog��hzr��z�nl�p eqbyjgdcj l
t = 1

��l�j
λ = 2.

� � �qlUk�j�bwr|`cbyp bw�&oguw��eqkiegoyl�jg��l�jqoyk
��k�j eq�}owknr��Uhx{i��byp k��x�tsi���»st�qkt���asiogbyjzltst��oqj �Ub
�aj hx��hzbyj ��oyknr��a�xbyp eql�jxowk

P(1, 2, 1).
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u '*��'10r¢*��¯*-6¯]U1ç¿#oç U1ç ��o|{ie�stbw�ap siow��hx{}stknr�`cb����qkn����b\o|{ie"bwr|`cbyp l�hzb»uweql�~qbw~qk����uweqk�b�snp stbw~qk�·
π ¸ ��l�jxuweql�hz��hxo|{i��lmhzr�e|oqb�owlid���uweg��e�h,�ilnraog��og��ogb!{}hzvxuwhx{�·.ô�� ô ¸��b

r = xi + yj
�
r0 = x0i + y0j

��l�j
u = u1i + u2j

j hzkn~qr�eqln��bypz��b»oqj �

x = x0 + tu1, y = y0 + tu2, t ∈ R,
stknr�byp eql�jistln�qln��b�og�aj �nuw�\b
�aj hx��hzbyj ��o|{i�!bwr|`cbyp ln�\hxoyk§·

π ¸ � � e u1u2 6= 0
st�qkt���asiogbyj

·.��b»ltstlt�ik�j ��f}owknr
t ¸ {�lneqlt�iraoqj �nf�o|{i�Qb
�ap hx��hx{

x− x0

u1
=
y − y0

u2

fmj hzkn~q��eqln��l
αx+ βy = γ,

�tstknr
α = u2

�
β = −u1

��l�j
γ = u2x0 − u1y0

� � e
u1 = 0

f
u2 = 0

og��ogb
β = 0f

α = 0
��l�jx{mbwr|`�byp lDbyp eql�jzstln�q_t����{���{}st�qkn�»oykie

y′y
f�oykie

x′x
lnegoqp hxoyk�j vxl��

YU� Y BJRåb�¡?¢;¡�b¹PSR
� ?Seqlmb�snp stbw~qkDkn�ap �qb�owl�j æ
Ø
i
è ltst�muweqlmhx{i��byp kmoyknr}��l�jz�Êp lD~aj bw�|`cr�eqhx{}��_a`cb�o|{�h,�nlnraog�mf
Ø
ii
è ltst�FuweqlFhx{i��byp kFoyknr���l�j»~q��kF�c{

�\v�fi��lmô�� ô�æ

hzrqdxd��qln���Êj ��_!~aj lneq��hz��ltowl$stln�q_t����{��il!st�gkn�
lnraog��f
Ø
iii
è ltst�D~q��kDhx{i��byp lDowknr

A,B
��l�j�uweql

~aj _neqr�hz��l
u
stknrmbyp eql�jcstln�q_t����{��ikDst�qkn�

lnraog���glt���i_��ivzjghzrqdxd��qln���Êj ���!��b­owk
ABf

Ø
iv
è ltst��oq�qp lÕhx{i��byp l�oyknr

A,B,Γ
stknr

~qbweS�n�ap hx��kiegowl�jib�st_neg�ëhxo|{ie»p ~aj lQbwr|`cbyp l��
ó jnstbw�aj sio|��hzbyj �x·

iii ¸ ��l�j1· iv ¸ lneq_id�kie|oyl�j_n��bwhzl}hxo|{ie�stbw�ap sio���hx{�·
ii ¸ �
S­j l}owk��i���d�kmlnraog�}`clm��b��ib�o|fihzknr���b»���ieqk�oqj �Ustbw�aj sio|��hzbyj �|·

i ¸ ��l�j^· ii ¸ �Ø
i
è � u�r���|Ò��r�yLu

(π)
yL�æ�_t��Rr � }���}���� � uSz�{�wZr;| u

P0
��}���r;|B��}��������#r � u�z�rR����}�yL�������#z�w
}

n 6= 0
·.hzv�fi��lDô�� ô ¸ �»Ub����qkn����bU�Êp l7ln�qv�f ó � � e}byp eql�j

P0(r0)
��l�j

P(r)
byp eql�jcuweqlDogr�vxl�p k³hx{i��byp k7owknr

b�snj stuw~qknr��Êog��ogb}owk
r − r0

uwvxbyj�~aj bw�|`cr�eqhx{³stln�g_t����{���{³st�qkn�}owkëb�snp stbw~qk®��l�j�_n�ql
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��_a`cb�o|{�hxoyk
n
�«?�stkn��uweg���aæ

(r− r0) · n = 0.
·.ô��>��� ¸

e b
�ap hx��hx{ ·.ô��>��� ¸ �iu�d�b�owl�j c2%('*),+�-
./'102%43�¢ Y#h2Z¨-«­W-6¯ owknrOb�snj stuw~qknr (π)
� � e

`cb����gfihzknr���bmuweqlOhz��hxo|{i��lHhzr�egogb�oylid���uweg��e³��bDln�qv�fÕowk ó �����Dst�qkn�mowkHktstk�p k
byp eql�j

n = Ai + Bj + Γk
��l�j

r = xi + yj + zk
oq�aoqb�{k·.ô��>��� ¸ d��q_n�cb�owl�j æ

(x− x0)A + (y − y0)B + (z − z0)Γ = 0,
·.ô��>�|ô ¸

fmj hzkn~q��eqln��l
Ax+ By + Γz + ∆ = 0,

·.ô��>�LC ¸
�tstknr

∆ = −(Ax0 + By0 + Γz0)
��l�j |A|+ |B|+ |Γ| 6= 0.

e�b
�ap hx��hx{k·.ô��>�LC ¸ �iu�d�b�oyl�j 36'*�,0�Y�-�%('*)r¢&Y#h2Z¨-«­W-6¯ oyknr�b�snp stbw~qknr��� egoqj hxog�q�n������oyk�hz��eqk��ik7ow��e�hx{i��byp ��e�oyknrDv����qknr�stknr7k�jÊhzr�egogb�oylid���uweqbw�Qowknr��
(x, y, z)

b�stlt��{g`cbw��knr�e®�Êp l�b
�ap hx��hx{Ho|{i����kn�q��fi��·.ô��>�LC ¸ �S�n�ap hx��kiegoyl�jSb�st_neg��hzbuweqlëb�snp stbw~qkëstknrÕbyp eql�j­��_a`cb�oykÕhxoykO~aj _neqr�hz��l
n = Ai+Bj+Γk.

DU�q_id���ltoqjØ�­lne
P1(x1, y1, z1)

��l�j
P2(x2, y2, z2)

byp eql�j�~q��k�ogu�owk�j lmhx{i��byp l��z~g{��iln~gf

Ax1 + By1 + Γz1 + ∆ = 0, Ax2 + By2 + Γz2 + ∆ = 0,

og��ogb
A(x2 − x1) + B(y2 − y1) + Γ(z2 − z1) = 0.

e�hzvxuwhx{��n�c����lnrao|f�byp eql�jcj hzkn~q��eqln�c{}��b»o|{ie
n ·P1P2 = 0

��l�jz_n�ql
n⊥P1P2.� � �qlO���ilOowlHhx{i��byp l owknrëv����qknr®stknrÕk�j�hzr�egogb�oylid���uweqbw��oyknr��7j ��lneqktstk�j kn��eDo|{ie

·.ô��>�LC ¸ �chzv�{i��ltoqp �qknr�e}��bUowk P1
~aj lneq��hz��ltowlmstknr�byp eql�j���_a`cb�oylmhxoyk7hxoyla`cbw�q�D~aj _��

eqr�hz��l
n
��l�j�b�stkn��uweg���Ubyp eql�j�hzr�eqb�snp stbw~ql��

�fh2%=:*-6¯*./Y[Z�­�0�Y�79`1Y��2%4`�0��W-
Y[%=7
• ?�snp stbw~qlDstln�g_t����{��il�st�qkn�UowlDb�snp stbw~qlmo���e�hzr�egogb�oylid���uweg��et�
���/g!k"b�snp stbw~qk

xOy
stbw�qeq_Qltst�Qo|{ie�ln�qv�f

O(0, 0, 0)
��l�jibyp eql�j���_a`cb�oykQhxowk

~aj _neqr�hz��l
n = 0i + 0j + k = k.

� � �qlmuwvxbyj�b
�ap hx��hx{
z = 0.



U1ç U�½¡:�Ya`6Zb`1Y�c�: d1�

ô��l� ó ��k�j lëoylHb�stp stbw~ql
yOz

�
xOz

uwvxknr�e³b
�aj hx��hzbyj �
x = 0, y = 0

lnegoqp �
hxowk�j vxl��

C��®S�bweaj ����ogbw�qlz�n{�b
�ap hx��hx{
z = c

stln�aj hxog_neqbyjzb�snp stbw~qk�stknr}~aj uw�qvxb�oyl�jxltst�
owk)hx{i��byp k

(0, 0, c)
��l�j$uwvxbyj$��_a`cb�owk�~aj _neqr�hz��l�oyk

k,
~g{��iln~gf�byp eql�j

stln�q_t����{��ikDhxoyk7b�snp stbw~qk
xOy

·._n�qlm��_a`cb�oykDhxowkie�_,�qkiegl
z′z ¸ ��� ó ��k�j lk�jxb
�aj hx��hzbyj �

x = c, y = d
stln�aj hxog_neqknr�eUb�snp stbw~ql�stln�q_t����{��il�st�qkn��owl

yOz
�

xOz
lnegoqp hxoyk�j vxl��

• ?�snp stbw~qlmstln�q_t����{��il�st�qkn�»oyknr���_,�qkieqb��»o���e�hzr�egogb�oylid���uweg��et�
���l� ?Seql�b�snp stbw~qk³stknrDbyp eql�jÊstln�g_t����{��ik³st�qkn�"owkie�_,�qkieql

z′z
uwvxbyj���_a`cb�oyk

~aj _neqr�hz��l»o|{i����kn�q��fi�
n = Ai+Bj+0k

��l�j�_n�ql�b
�ap hx��hx{Uo|{i����kn�q��fi�

Ax+ By + ∆ = 0,

�tstknr\stln�qlto|{i�qkn����b­��oqjqltstknr�h�j _,�qbyj|{!��b�oyl��t��{�o|f$stknr!lnegoqj hxoyk�j vxbypghxoykie
_,�qkieql�st�qkn�»oykie"ktstk�p kDbyp eql�jzstln�q_t����{��ik��

ô��l� ó ��k�j l�st�qkt���asiowknr�e"k�j�b
�aj hx��hzbyj �

By + Γz + ∆ = 0, Ax+ Γz + ∆ = 0

o���e"b�snj stuw~g��e�stknr}byp eql�jxstln�q_t����{��il�st�qkn�»owknr��U_,�qkieqbw�
x′x, y′y

lnegoqp �
hxowk�j vxl��

u '*��'10r¢*��¯*-6¯�U1ç U1ç¿#oç � e ABΓ∆ 6= 0
{�b
�ap hx��hx{k·.ô��>�LC ¸ d��q_n�cb�oyl�j*æ

x

α
+
y

β
+
z

γ
= 1,

�tstknr
α = −∆

A

�
β = −∆

B

�
γ = −∆

Γ

�«g!kmlnegoqp hxoyk�j vxkmb�snp stbw~qk�oguw��eqbyjxowknr��U_,�qkieqbw�
x′x, y′y, z′z

hxoylDhx{i��byp l

P1(α, 0, 0), P2(0, β, 0), P3(0, 0, γ)

lnegoqp hxoyk�j vxl�� ó j�ln�aj `c��k�p
α, β, γ

�iu�d�kiegowl�j -q+�),0�Ya0r'1<
./¦�)�Y�7�Ya`6Z�0r¯*)§'*���*¢ owknr
b�snp stbw~qknr��



do� ikY����1n�'^%=:�U1ç
VW+,X�Y[Z\']36'^%_Ya`6Zb`1Y�c�:

u '*���*c�Y[%�<
./'kU1ç U1ç¿#oç ¥Ul��n�qb«`cbypa{»��ln�gogbwh�j lnegf�b
�ap hx��hx{»oyknr�b�snj stuw~qknr!stknr�stbw�qeq_ltst�mowkDhx{i��byp k
P0(1, 1, 1)

��l�j�byp eql�jz��_a`cb�owkmhxowk7~aj _neqr�hz�cl
r = i− 2j + 3k

�
?�p eql�j

r0 = i + j + k
ktst��ogb»{p·.ô��>�|ô ¸ d��q_n�cb�oyl�j æ

(x− 1) · 1 + (y − 1) · (−2) + (z − 1) · 3 = 0
f

x− 2y + 3z − 2 = 0.

Ø
ii
è � uCr���|Ò��r�yLu�yL�æ�_t;�%r � }��4}���� � uCz�{�wZr;| u

P0(r0)
��}��4r;|~��}��%�L}�t��x�#��{x��uç��t
u�� � }

w�{dz��L�
�Lt�}�wZw'�B���dyL��}��Lv#z�w
} � }
a, b

·.hzv�fi��lDô�� C ¸ ���o|{ieHstbw�ap sio���hx{)lnrao|f�owlF~aj lneq��hz��ltowl

�\v�fi��lDô�� C�æ

r − r0, a, b
`clObyp eql�j�hzr�eqb�snp stbw~qlë��l�j

_n�ql�owk��Êj �nog��owknr��³dcj eq�n��bweqkë`cl�byp eql�j
�c{i~quwe[æ

(r− r0) · (a× b) = 0.
·.ô��>�
B ¸

e ·+ô�� �
B ¸ st�qkt���asiogbyj$ltst��o|{ie b
�ap hx��hx{·.ô��>��� ¸ ��b n = a× b
�

©§hzkn~q��eqln��lz�x�cstkn�qkn����bUeql�stkn����b���oqjcrg�
st_n�qvxknr�e\ln�aj `c��k�p

κ, λ ∈ R ogu�owk�j k�jq��hxogb

r− r0 = κa + λb, κ, λ ∈ R. ·.ô��>�LE ¸
e�b
�ap hx��hx{º·.ô��>�LE ¸ �iu�d�b�oyl�j c2%('*),+�-
./'102%43�¢ `1'*��'*./Ya0��2%43�¢µY#h2Z¨-«­W-6¯ oyknr7b�snj �stuw~qknr��
»Ub����qkn����b$uweql�hz��hxo|{i��l�hzr�egogb�owlid���uweg��eU��b!ln�qv�f"owk ó �t����st�qkn�!owk�ktstk�p k�byp eql�j
a = a1i+a2j+a3k

��l�j
b = b1i+b2j+b3k.

eLb
�ap hx��hx{§·.ô��>�LE ¸ byp eql�j�j hzkn~q��eqln�c{���boykDhz��hxo|{i��lkæ

x = x0 + κa1 + λb1

y = y0 + κa2 + λb2 κ, λ ∈ R.
z = z0 + κa3 + λb3

·.ô��>�LJ ¸

ó j�b
�aj hx��hzbyj �!lnraoguw�$�iu�d�kiegowl�j `1'*��'*./Ya0��2%436¦�7|Y#h2%=-«�W-
Y[%=7 owknrQb�snj stuw~qknr���l�jidcj l
��_a`cb´�qbwrqd�_n�aj

(κ, λ) ∈ R2 ~ap eqknr�e"oaj �"hzr�egogb�owlid���uweqbw��bweq�n�Qhx{i��byp knr�oyknr��/QëbUo|{



U1ç U�½¡:�Ya`6Zb`1Y�c�: dot

�nktfg`cbyj l�o|{i�"hzvxuwhx{i�£·���� ô�� ¸ dcj lDowk7�Êj �nog��dcj eq�n��bweqk���{mb
�ap hx��hx{�·.ô��>�
B ¸ d��q_n�cb�oyl�jj hzkn~q��eqln��loæ
∣∣∣∣∣∣∣

x− x0 y − y0 z − z0

a1 a2 a3

b1 b2 b3

∣∣∣∣∣∣∣
= 0.

·.ô��>��M ¸
� e�lneqltsiog���qknr���bUo|{ie�kn�ap �qknr�hzl7���"st�qkn�Qoyl�hxowk�j vxbyp l7og{i�"st�g�&o|{i�Qd��qln���cfi�a�x`cl
st_n�qknr���b!o|{ie"��ln�gogbwh�j lnegf}b
�ap hx��hx{�owknr�b�snj stuw~qknr9·¿Qëkn�q��f�·.ô��>�|ô ¸ fp·.ô��>�LC ¸4¸ �
u '*���*c�Y[%�<
./'�U1ç U1ç U1ç ¥Ul}�n�qb«`cbyp�{���ln�gogbwh�j lnegf}b
�ap hx��hx{�owknr�b�snj stuw~qknr}stknr�kn�ap ��qb�owl�j�ltst��oylDhx{i��byp l

A(1, 1, 0), B(0, 0,−1/5), Γ(2, 0,−1).

� v#z�{ �]g!lHhx{i��byp l
A,B,Γ

uwvzknr�e�~aj lneq��hz��ltoyl�`cuwhx{i�
a = i + j + 0k, b =

0i+0j− 1
5k, c = 2i+0j−k,

lnegoqp hxoyk�j vxl��qg!k�b�snp stbw~qk"stbw�qeq_"ltst�"owk
A(1, 1, 0)��l�jqbyp eql�jgstln�q_t����{��ik�st�qkn�&oylU~aj lneq��hz��ltoyl

b−a = −i−j− 1
5k
��l�j

c−a = i−j−k.� � �ql�ltst�mo|{ie§·.ô��>��M ¸ st�qkt���asiogbyjz{�b
�ap hx��hx{�æ
∣∣∣∣∣∣∣

x− 1 y − 1 z

−1 −1 −1
5

1 −1 −1

∣∣∣∣∣∣∣
= 0.

��l�jzlneqltsiog��hzhzkiegoyln�»o|{ie�kn�ap �qknr�hzl��n�ap hx��knr���bRæ
2x− 3y + 5z + 1 = 0.

u '*���*c�Y[%�<
./'ªU1ç U1ç�d*ç ¥Ul³�n�qb«`cbyp�oykÕhx{i��byp k®oykn�cfi�}o|{i�mbwr|`cbyp ln� (ε) : x − 1 =

y = z − 3
��b»owkDb�snp stbw~qk

(π) : x+ 2y + z = 16.

� v#z�{ Ø #�:*7�0���51`1:*7,è �_g!k³��k�j eq�Dowknr���hx{i��byp k�b�stlt��{g`cbw��byjÊhzrqd�vx�q�ieg���"�a�ibw�"oqj �
stln�qltst_neg��b
�aj hx��hzbyj �a��_n�ql�byp egl�j\{��i��hx{�oyknr�hzr�hxo|fi��ltowkn�

x − 1 = y, y =

z − 3, x+ 2y + z = 16,
~g{��iln~gf�owk

P0(x0, y0, z0)
��b

x0 = 4, y0 = 3, z0 = 6.Ø U2:*7�0���51`1:*7[è � ó jSstln�qln��b�og�aj �nuw�mb
�aj hx��hzbyj �Do|{i�
(ε)

byp eql�j æ
x = 1 + t, y =

t, z = 3 + t, t ∈ R. g!k�hx{i��byp k³oykn�cfi�"��b�oyk�b�stp stbw~qkm`cl7st�qkt�����cbyj�ltst�³b���byp eg{o|{ie�oqj �cfQowknr
t
dcj l"o|{ie»ktstk�p l"oyk�hx{i��byp k

P(1+ t, t, 3+ t)
o|{i�!bwr|`cbyp ln��`cl�lnegf���byj

hxowk�b�snp stbw~qk���~g{��iln~gf
(1 + t) + 2t+ (3 + t) = 16.

� st��lnrao|f�st�qkt���asiogbyj���oqj
t = 3��l�jz_n�ql�oykmhx{i��byp kmowkn�cfi��byp eql�jzowk

P0(4, 3, 6).

u '*���*c�Y[%�<
./'�U1ç U1ç>s6ç ¥Ul}~qbyj vi`cbypn��oqjn{�bwr|`cbyp l x− 1

9
=
y − 6

−4
=
z − 3

−6

�n�ap hx��bÁ�
owl�jchxowkDb�snp stbw~qk

2x− 3y + 5z + 1 = 0.



s�¬ ikY����1n�'^%=:�U1ç
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� ���LyLr;� ��{ Ø #�:*7;0���51`1:*7,è � ó eqkn��_,�qkie|oylt�S��b
t
owknr��$p hzknr����i�ad�knr���hxoqj �$b
�aj hx��hzbyj �

o|{i�Qbwr|`cbyp ln�q�xst�qkt���asiowknr�e"k�jzstln�qln��b�og�aj ��u��»o|{i��b
�aj hx��hzbyj �aæ

x = 1 + 9t, y = 6− 4t, z = 3− 6t, t ∈ R.

� egoqj ��la`�j hxoykn����b7oqj �ëhzr�egogb�owlid���uweqbw�®lnraoguw�®oyknrHogr�vxl�p knr�hx{i��byp knrHo|{i�ëbwr|`cbyp ln�
hxo|{ie!b
�ap hx��hx{»oyknr�b�snj stuw~qknr��aktst��ogb�uwvxknr���bRæ

2(1+9t)−3(6−4t)+5(3−6t)+1 =

0.
e
b
�ap hx��hx{Õlnrao|f®st�qkn�clneg����lt��{g`cbw��byj¹dcj lÕ��_a`cb

t ∈ R. � � �qlë�a�ilÕowlOhx{i��byp lo|{i�®bwr|`cbyp ln�³b�stlt��{g`cbw��knr�e®o|{ieëb
�ap hx��hx{Howknr b�snp stbw~qknrO��l�j�b�stkn��uweg���7{�bwr|`cbyp l
�n�ap hx��b�owl�j�b�st_neg�JhxowkDb�snp stbw~qk��
Ø U2:*790���51`1:*7,è �«g!kmhx{i��byp k

P(1, 6, 3)
o|{i��bwr|`cbyp ln�»b�stlt��{g`cbw��byj�o|{ie"b
�ap hx��hx{}oyknr

b�snj stuw~qknr��Ä� � �ql�bwr|`cbyp l���l�j$b�snp stbw~qkJuwvxknr�eOuweql���k�j eq��hx{i��byp k��"?�snp!si�iuwkieOowk
~aj _neqr�hz��l

n = 2i − 3j + 5k,
stknrÕbyp eql�j&��_a`cb�owkOhxowkHb�snp stbw~qkO��l�j�owk ~aj _neqr�hz��l

u = 9i − 4j − 6k,
stknrëbyp eql�j&stln�q_t����{��ikëst�qkn�mo|{ie®bwr|`cbyp l���byp eql�j���b�owl,�q�®owknr��

��_a`cb�oylëln�ckn�
n · u = 0.

� � �qlÕ{ëbwr|`cbyp lObyp eql�j�stln�q_t����{���{Õst�qkn��oykOb�snp stbw~qkO��l�j
b�stkn��uweg���Ulnegf���byjzh,�nlnraog���

u '*���*c�Y[%�<
./'�U1ç U1ç �1ç ¥�p eqb�owl�jnowk}hx{i��byp k P(1, 0, 3)
��l�jtowk}b�snp stbw~qk

(π) : x+y+

z = 13.#oç ¥Ul}�n�qb«`cbypz{�st�qk��nk���f
P0(x0, y0, z0)

oyknr}hx{i��byp knr
P
hxowkDb�snp stbw~qk

(π).U1ç ¥UlD�n�qb«`cbypÊoyk®hzr�����b�og�aj ���
P′(x′, y′, z′)

owknr7hx{i��byp knr
P
����st�qkn��owk®b�snp stbw~qk

(π).

� v#z�{ #oç e
st�qk��nka��f
P0(x0, y0, z0)

oyknr®hx{i��byp knr
P
hxowk b�snp stbw~qk

(π),
byp eql�j­oyk

hx{i��byp kDoykn�cfi��owknrmb�snj stuw~qknr}��l�j�o|{i�Q��_a`cb�o|{i�Qbwr|`cbyp ln�
(δ)
ltst�Doyk

P(1, 0, 3)
hxowk

b�snp stbw~qk��Te bwr|`cbyp l lnrao|fOuwvxbyj&stln�qln��b�og�aj ��u��mb
�aj hx��hzbyj �
(δ) : x = 1 + t, y =

t, z = 3 + t, t ∈ R. � egoqj ��la`cj hxo|��egowln�!oyl x, y, z o|{i�Ubwr|`cbyp ln�»hxo|{ie"b
�ap hx��hx{}oyknrb�snj stuw~qknr�st�qkt���asiogbyj
t = 3

��l�jc_n�qlmoyk7hx{i��byp kDoykn�cfi��o|{i�
(δ)
��bUoyk

(π)
�c~g{��iln~gf

{��g{�oykn����bweg{�st�qk��nk���fx�xbyp eql�jzoykmhx{i��byp k
P0(4, 3, 6).U1ç g!kDhx{i��byp k

P0(4, 3, 6)
byp eql�jzowkD��uwhzkmowknr�bwr|`crqd��q_n����knr"og�cfi��ltoykn�

PP′,
_n�qloæ

x′ + 1

2
= 4,

y′ + 0

2
= 3,

z′ + 3

2
= 6.

?�stkn��uweg���
P′(7, 6, 9).
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./'10r' s6#
YU�ji (TÞ��´ßPà®R$ 
¨¹'�NQ�xâJ 
b¹�lâiNxáè¡U�´ßS�UPRb,¢� �à®��#­�
#oç¡�§`15*-q0r'*-6¯]-6¯*./Y[Z¨:1+&'1`15]Ya`6Zb`1Y�c�: �
»Ub����qkn����b�uweqlUb�snp stbw~qk

(π)
æ

Ax+By+

�\v�fi��lmô�� B2æ

Γz+∆ = 0
��l�j|uweql�hx{i��byp k

P0(x0, y0, z0)·.hzv�fi��lJô�� B ¸ � � e P(x, y, z)
byp eql�j$ogrg�

vx�ie�hx{i��byp k�owknr7b�snj stuw~qknr��c{³ltst�nhxoylnhx{
d
owknr

P0
ltst�Howk

(π)
byp eql�j\p hx{���bDoyk

��u�og�qkëo|{i�Dsi�qk��nk���fi��oyknrÕ~aj lneq��hz��ltoykt�
P0P

hxo|{®~aj bw�|`cr�eqhx{7owknr7��la`cu�owknr7~aj l��
eq��hz��ltowkn�

n = Ai+Bj+Γk
oyknr³b�snj stuÁ�

~qknr9·Ø�t�iu�stbUhzvxuwhx{p·����>�
B ¸(¸ �«?�stkn��uweg���aæ

d = |PrnP0P| = |P0P · n|
|n|

=
|A(x− x0) + B(y − y0) + Γ(z − z0)|√

A2 + B2 + Γ2

=
|Ax0 + By0 + Γz0 − (Ax+ By + Γz)|√

A2 + B2 + Γ2

��l�jz_n�ql
d =
|Ax0 + By0 + Γz0 + ∆|√

A2 + B2 + Γ2
.

·.ô��>�LO ¸
U1çxik:^%b)r¢]36��X�Ya0r¯&36'^%_Yan��*�«%=-q0r¯&'1`15*-q0r'*-6¯�'*-qm�.�Å1'10[­W)�Ya+,X�Y[%Á�W) �
¥�p eqkiegowl�j�k�j�bwr|`cbyp bw�aæ

(ε1) :
x

2
=
y − 1

3
= z

��l�j
(ε2) : x− 1 =

y

2
=
z

3
.'^è ¥Ulmltstkn~qbyj vi`cbwp���oqjcbyp eql�j�lnhz���z�nltogbw�a�

Å6è ¥UlÕ�n�qb«`cbyp�{Ob
�ap hx��hx{ëo|{i�m��k�j egfi����_a`cb�o|{i����l�j�{Ob��i_nvzj hxo|{ëltst�nhxoylnhxfÕoyknr��
·.hzv�fi��lDô�� E ¸ �
� v#z�{ � '^è »Ul�~qbyp �qknr���bD��oqj�k�j�bwr|`cbyp bw�³~qbwe®byp eql�j�stln�q_t����{��ibw�7��l�jS~qbwe�oguw��eqk��
egowl�jØ� � e�f�owlne�stln�q_t����{��ibw�}`clHrasifi�qvxb

λ ∈ R ogu�oyk�j k ��hxogb u1 = (2, 3, 1) =

λ(1, 2, 3) = λu2
���tstknr

u1,u2
byp eql�j­lnegoqp hxowk�j vxl®owlë~aj lneq��hz��ltoyl³st�qkn��owlëktstk�p l

byp eql�j�stln�q_t����{��ibw�"k�j¹bwr|`cbyp bw�
(ε1)

��l�j
(ε2)

� � raog���n�c����byp eql�jÊln~q��eqltoyk��W?�snp hx{i�
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~qbwe!oguw��eqkiegoyl�ji~aj ��oqj�oyk�hz��hxo|{i��l"ow��e�ogbwhzhz_n�g��e�b
�aj hx��hzb���e!stknrUstbw�aj d��q_n�cknr�e\oqj �
~q��kmbwr|`cbyp bw��byp eql�j�ln~q��eqltowk��6� � �qlmk�j�bwr|`cbyp bw��byp eql�jzlnhz���z�nltogbw�a�
Å6è ó jxstln�qln��b�og�aj �nuw�!b
�aj hx��hzbyj �!o|{i�

(ε1)
byp eql�j

x = 2t, y = 1 + 3t, z = t t ∈ R��l�jzo|{i�
(ε2) : x = 1 + λ, y = 2λ, z = 3λ, λ ∈ R.� � �ql!owk�ogr�vx�ie�hx{i��byp k�o|{i�

(ε1)
uwvxbyjg��kn�y�

�\v�fi��lDô�� E�æ

��f
A(2t, 1 + 3t, t), t ∈ R ��l�jSo|{i�

(ε2) : B(1 + λ, 2λ, 3λ), λ ∈ R.e���k�j egf���_a`�b�og{D`clÕst�qkt�����cbyj­ltst�ëo|{ie
ltstl�p o|{ihx{Uoyk"~aj _neqr�hz��l

AB
eqlQbyp eql�j���_��

`cb�oyk���l�jzhxoqj �U~q��k�bwr|`cbyp bw�a�«©§hzkn~q��eqln�cloæ

AB · u1 = 0, AB · u2 = 0.

?�stbyj ~gf
AB = (1 + λ − 2t)i + (2λ −

3t− 1)j + (3λ− t)k, k�jzst�qkt{ad�kn����bweqbw�hzvxuwhzbyj �Qj hzkn~qr�eqln��kn��e���b»owkDhz��hxo|{i��loæ
11λ− 14t = 1, 14λ− 11t = 1

�
ltst���tstknrHst�qkt���asiogbyj

t = − 1

25
, λ =

�\v�fi��lmô�� J�æ

1

25

�6� � �ql»oyl�hx{i��byp l�o���e!~q��k�bwr|`cbyj ��e\l��
st�"owl�ktstk�p lQstbw�qeq_Q{���k�j egf»��_a`cb�o|fUowknr��
byp eql�jzowl

A(− 2

25
,

22

25
, − 1

25
), B(

26

25
,

2

25
,

3

25
).

eF��k�j egfU��_a`cb�o|{
(δ)
~aj uw�qvxb�owl�jiltst�"owk

A��l�jqbyp eql�jqstln�q_t����{���{!hxoyk
AB = 4

25(7i−
5j + k),

j hzkn~q��eqln��l7st�qkn��owk
u = 7i −

5j + k
�«?�stkn��uweg���»{

(δ)
uwvxbyj�b
�ap hx��hx{�æ

x+ 2
25

7
=
y − 22

25

−5
= z +

1

25
.

e�b��i_nvzj hxo|{�ltst�nhxoylnhx{�o���e�~q��kmbwr|`cbyj ��e"byp eql�j
d = |AB| =

√
1200
25 = 4

√
3

5 .e ltst�nhxowlnhx{
d
�cstkn�qbyp­eql7�n�gb«`cbyp���l�j¹~aj ln�ckn�qb�oqj ��_oæ�e

d
byp eql�j­p hx{���b�owkÕ��u�og�qk

o|{i�$st�qk��nka��fi�\owknr�~aj lneq��hz��ltoykn�
P1P2

�t�tstknr
P1
��l�j

P2
~q��k�hx{i��byp l"o���e»bwr|`cbyj ��e
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(ε1)
��l�j

(ε2)
lnegoqp hxoyk�j vxl��ab�st_neg�ÕhxowkQ~aj _neqr�hz��l�stknr»byp eql�jq��_a`cb�owk»st�qkn��oqj �Sbwr|`cbyp bw�

·.hzv�fi��l�ô�� J ¸ �6� ?SeqlU~aj _neqr�hz��l»��_a`cb�owk»st�qkn��oqj �Sbwr|`cbyp bw�Sbyp eql�jqoyk u = u1×u2
���tstknr

owl»~aj lneq��hz��ltoyl
u1
�
u2
byp eql�j|stln�q_t����{��il!st�qkn��oqj �&bwr|`cbyp bw�

(ε1)
��l�j

(ε2)
lnegoqp hxoyk�j vxl��

?�p eql�j
u1 = 2i + 3j + k

�
u2 = i + 2j + 3k

��l�j
u1×u2 = 7i− 5j + k

�
g!l�hx{i��byp l
P1(0, 1, 0)

��l�j
P2(1, 0, 0)

lnegf���knr�e"hxoqj �Qbwr|`cbyp bw�
(ε1)

��l�j
(ε2)

lnegoqp hxoyk�j vxl���� � �ql
P1P2 = i− j

��l�j
d =

|u ·P1P2|
|u| =

4
√

3

5

�
d*ç?ä¾Ya+,X�Y[Z\'�­W7�0r:*.P¢]c,m�:�Ya`6%4`1¦�c�­W) �
»Ub����qkn����b�~q��kDb�stp stbw~ql

A1x+ B1y + Γ1z + ∆1 = 0, A2x+ B2y + Γ2z + ∆2 = 0

��bD��_a`cb�oylH~aj lneq��hz��ltoyl
n1 = A1i + B1j + Γ1k

��l�j
n2 = A2i + B2j + Γ2klnegoqp hxoyk�j vxl��§g�lëb�stp stbw~qlëlnraog_Õoguw��eqkiegoyl�j�lneD��l�j­���ieqkÕlnemowl

n1, n2
~qbwe7byp eql�j

stln�q_t����{��il��xj hzkn~q��eqln��l�lne
n1 × n2 6= 0.� ó owlne³owlHb�snp stbw~qlOoguw��eqkiegowl�j�kn�ap �qknr�e³�Êp l bwr|`cbyp l��&o|{ie³owkn�cfÕoyknr��a�&{Oktstk�p lëstbÁ�

�aj d��q_n�cb�owl�jcsi��fi�g���}ltst�³oqj �}~q��k�b
�qj hx��hzbyj �Qow��e�b�snj stuw~g��ep·.byp eql�j�oyk�hz��eqka�ik³ow��e
hx{i��byp ��e

P(x, y, z)
oyknr�v����qknr}stknrmj ��lneqktstk�j kt��e"hzrqd�vx�q�ieg���U��l�j�oqj �Q~qr�kDb
�aj hx�­�

hzbyj � ¸ �q� ?�ogh�j��Êp lmbwr|`cbyp l (ε)
�cstkn�qbyp�eqlm~qka`cbypz��l�jz���

(ε) : A1x+ B1y + Γ1z + ∆1 = 0, A2x+ B2y + Γ2z + ∆2 = 0.

DUln�qlto|{i�qkt����b!��oqjz{�bwr|`cbyp lmlnrao|f�byp eql�jzkn�w`ckqdz��eaj l}st�qkn�»owk
n1,

ln�ckn��lnegf���byjzhxowk
(π1)

��l�jÊkn�w`ckadz��eaj l7st�qkn�"oyk
n2
�¹ln�ckn�Dlnegf���byjÊhxoyk

(π2).
� � �ql³byp eql�jÊstln�q_t����{���{

st�qkn�$oyk}~aj _neqr�hz��l
u = n1×n2

�
?�stkn��uweg���$dcj l�oyk�eUst�qknhz~aj kn�aj hz���Qow��e�lneqlt�iraoqj �
�n��e"b
�aj hx��hzb���eQo|{i�Qln�g��bypx{mbw���qbwhx{�bweq�n�Uhx{i��byp knr}stknr�j ��lneqktstk�j bwpzoqj ��b
�aj hx��hzbyj �
o���e

(π1)
��l�j

(π2).
?�eqlt���ilt�noqj ��_����cstkn�qbyp���lneqbyp ��eql»�n�qbyjioqj �\stln�qln��b�og�aj �nuw�Sb
�aj hx�­�

hzbyj �"o|{i��bwr|`cbyp ln�a��lne�kn�ap hzbyj���ltog_t����{��il³�Êp l³ltst�³oqj ����b�oyl��t��{�oguw�Q����stln�q_n��b�og�qk
��l�j���ltog�tsnj eëltst��oqj �Õ~q��k�b
�aj hx��hzbyj �³ow��eOb�snj stuw~g��eOeql�st�qknhz~aj kn�ap hzbyj�oqj �Õ_t���ibw�
~qr�kD��b�owl��t��{�oguw�Qhzr�egln�go|fihzbyj�o|{i��stln�qln��u�og�qknr�� ó jc��u«`ckn~qk�j�lnraowk�p��cl�p eqkiegowl�j�hxowk
stln�qlt��_to���stln�g_n~qbyj d���lz�

u '*���*c�Y[%�<
./' U1ç�d*ç¿#oç ¥�p eqkiegoyl�j�oyl�b�snp stbw~ql (π1)
æ
x − y + z = 1

��l�j
(π2)
æ

2x− y − z = 2.
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i
è ¥Ul"~qbyj vi`cbypt��oqjtoguw��eqkiegowl�j���l�jteql��n�qb«`ckn��e!k�jt��ln�gogbwh�j lneguw�S��l�jtk�jtstln�qln��b�og�aj �nuw�
b
�aj hx��hzbyj �»o|{i��owkn�cfi�Uoyknr��

(ε).

ii
è ¥Ul®stln�qlnhxowla`cbyp�{

(ε)
����oykn�cf�~q��kÕ_t������e7b�snj stuw~|��e[æ

(π′1)
stln�q_t����{��ikÕhxoyk

_,�qkieql
z′z
��l�j

(π′2)
stln�q_t����{��ik�hxoykD_,�qkieql

y′y.

� v#z�{ �
i
è Ø #�:*7x0���51`1:*7,èLç g!l�b�snp stbw~qlUoguw��eqkiegowl�jq~aj ��oqj

u = n1×n2 = (2, 3, 1) 6=
0.
� ?Seql�~aj _neqr�hz��l"stln�q_t����{��ik}hxo|{|�g{�owkn����bweg{"bwr|`cbyp l�byp eql�jnoyk

u,
bweg��uweql}hx{i��byp k

stknrUlnegf���byj���l�jihxowl�~q��kQb�snp stbw~qlQ��l�ji_n�qlQhxo|{ie
(ε)
byp eql�j�oyk

P0(1, 0, 0).
?�stkn��uweg���

k�jz��ln�gogbwh�j lnequw��o|{i��b
�aj hx��hzbyj ��byp eql�j
x− 1

2
=
y

3
= z.

� e"vx�g{ih�j ��ktstk�j fihzknr���b�_t���ikDhx{i��byp kmsz� v���owk
P(3, 3, 1)

st�qkt���asioyknr�e"k�j
x− 3

2
=
y − 3

3
= z − 1,

stknr�byp eql�j�uweqlm_t���ik£�qbwrqd�_n�ajzb
�aj hx��hzb���e�dcj l�o|{ie}p ~aj lmbwr|`cbyp l��
S­j l³o|{ie�bw���qbwhx{Do���e�stln�qln��b�og�aj �n��e}b
�aj hx��hzb���e�ln�g��bypØ����ltog_7oyl7d�eg��hxog_��Êeql�`cuÁ�
hzknr���b»owknr��Qp hzknr��U�i�qd�knr��Qp hzkie���b

t.Ø U2:*7¶0���51`1:*7,èLç »Uu�owknr���b
z = t

ktst��ogb7oyk�hz��hxo|{i��l�ow��eëb
�aj hx��hzb���e®ow��eëbÁ�
snj stuw~g��e®d��q_n�cb�oyl�j æ

x − y = 1 − t, 2x − y = 2 + t
� ó j\�i��hzbyj ��owknrHbyp eql�j

x = 1 + 2t, y = 3t, z = t, t ∈ R, stknr�ltstk�ogb��ikn��e"oqj ��stln�qln��b�og�aj ��uw�Ub
�aj hx��hzbyj �o|{i��bwr|`cbyp ln�a�qe ��kieqln~aj ���ao|{�oyl"o|{i�!�i��hx{i�!oyknr�ogb��ibwraoyl�p knrQhzr�hxo|fi��ltoykn��kn�cbyp �ib�owl�j
hxoyk���oqjz{}kn�ap �qknr�hzl}oyknr"snp eqlt��l�o���e"hzr�egogb��ibwhxo|��e�ow��eQ��b�oyl��t��{�o|��e�owknr�st�g�&owknr
��u��iknr��$byp eql�jn�c{Q�c{i~qbweaj �nfx�*� ?Seql"ogu�owk�j k�hz��hxo|{i��l}�cstkn�qbyptst_negowl�eql"st�qkt�����cbyjtltst�
oyk�ln�qvzj ������`cu�oykiegowln�Q��ltoq_t����{��il7���"stln�q_n��b�og�qk³�Êp l�ltst�³oqj �}��b�owl��t��{�oguw�a�Êln�ckn�
�Êp lQoyknra�i_nvzj hxoykie

2×2
kn�ap �qknr�hzl�·.hzr�eaj hxo|��hzl"owknr

n1×n2 ¸ byp eql�jt�c{��c{i~qbweaj �tfx�
ii
è � stlt�ibyp �ckiegoyln��~aj ln~qkivzj ��_moyk

z
��l�jcoyk

y
st�qkt���asiogbyj�owk®j hzkn~q��eqln��kDhz��hxo|{i��loæ

3x−2y = 3, x−2z = 1.
e�st�g�&o|{�b
�ap hx��hx{!stbw�aj d��q_n�cbwjgb�snp stbw~qk

(π′1)
stln�q_t����{��ik

hxoykie"_,�qkieql
z′z
��l�jz{�~qbw�aogbw�g{�b�snp stbw~qk

(π′2)
stln�q_t����{��ik�hxoykie�_,�qkieql

y′y.
s6ç?ä¾Y#h2Z¨-«­W-6¯

Ax+By = Γ
-q0r:]Ya`6Zb`1Y�c�:qç

� ?Seql hz��hxo|{i��lHhzr�egogb�oylid���uweg��e {O, i, j,k} hxowkHv����qk kn�ap �qbyj&uweqlOhz��hxo|{i��lHhzrg�egogb�oylid���uweg��e {O, i, j} hxowk�b�snp stbw~qk xOy
��QOp l�bwr|`cbyp l

(ε)
owknrOb�snj stuw~qknr

xOy



U1ç�d�V´��'*��./:2<
¦�7936'^%´<
Y�)2%436�&`1'*��'*c�Y[Z <
./'10r' s1�

��bQb
�ap hx��hx{D���"st�qkn�Qowk {O, i, j} o|{ie Ax + By = Γ
·Ø�t�iu�stbQstln�qlto|fi�g{ihx{mô��>��� ô ¸stln�aj hxog_neqb�oyl�jzhxowkie�v����qkmltst�moqj ��b
�aj hx��hzbyj �

Ax+By = Γ, z = 0,

~g{��iln~gfë���³oykn�cfOoyknrOb�snj stuw~qknr
xOy

��b7owk�b�snp stbw~qk
Ax + By = Γ

stknr byp eql�j
��_a`cb�owkmh,�nlnraog�k·.hzv�fi��lDô�� M ¸/¸ �
�1ç u ��:�Å1:2n�¢]Ya+,X�Y[Z\'*7p-
Y�Ya`6Zb`1Y�c�:qç

�\v�fi��lmô�� M,æ

e�st�qk��nk���f7�Êp ln�}bwr|`�byp ln�
(ε)

hzb�uweql�bÁ�
snp stbw~qk

(π)
byp eql�j��Êp l7bwr|`cbyp l

(ε′)
oyknrmbÁ�

snj stuw~qknr
(π)

stknr���_a`cb»hx{i��byp kmo|{i��byp eql�j
{Ust�qk��nk���fU��_tstk�j knr»hx{i��byp knr»o|{i�

(ε).
?��

stkn��uweg���»{
(ε′)

�cstkn�qbyp�eqlmst�qkt�����cbyjz��b
uweqlneQltst��oyknr���lt���a�iknr|`cknr���og�q�tstknr��aæ
Ø
i
è � st��oqj �»st�qk��nka�iuw�U~q��k�ogr�vxl�p ��e"hx{q�
��byp ��eQo|{i�

(ε)
hxowk

(π).Ø
ii
è ©$�7owkn�cfOowknrOb�snj stuw~qknr

(π)
��bmowk

st�qk��n_t���ikie�b�snp stbw~qk
(π1)

·Ôoyk»b�snp stbw~qk!stknr
stbw�aj uwvxbyj�o|{ie

(ε)
��l�j&byp eql�j���_a`cb�oykOhxowk

(π) ¸ �

u '*���*c�Y[%�<
./'�U1ç�d*ç U1ç ¥Ul$�n�qb«`cbypq{�st�qk��nka��f!o|{i�Sbwr|`cbyp ln� (ε)
æ x− 1

2
= y−2 = zhxowkDb�snp stbw~qk

(π)
æ

2x− y + z − 1 = 0.

� v#z�{ � Ø #�:*7W0���51`1:*7,èLç ¥���k�ogr�vxl�p l»hx{i��byp l�o|{i�
(ε)
byp eql�j æ

P1(1, 2, 0), P2(3, 3, 1).ó j&bwr|`cbyp bw�
(δ1), (δ2)

stknrÕ~aj uw�qvxkiegowl�j�ltst�ëoyl
P1
��l�j

P2
lnegoqp hxowk�j vxlë��l�j&byp eql�j

��_a`cb�ogbw�"hxowk
(π)
·.hzv�fi��l�ô�� O ¸ �z`cl�byp eql�j�stln�q_t����{��ibw�"st�gkn�"oyk³��_a`cb�oyk7~aj _neqr�hz��l

n = 2i− j + k
oyknr�b�snj stuw~qknr��^� � �ql�k�j�stln�qln��b�og�aj �nuw�»b
�aj hx��hzbyj �»oyknr���byp egl�j æ

(δ1) : x = 1 + 2t, y = 2− t, z = t, t ∈ R,
(δ2) : x = 3 + 2λ, y = 3− λ, z = 1 + λ, λ ∈ R.
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� egoqj ��la`�j hxo|��egoyln�$oyl
x, y, z

����_a`cb!�Êp ln�»ltst��lnraoguw�a��hxo|{ie"b
�ap hx��hx{}oyknr�b�snj stuw~qknr��
st�qkt���asiogbyj æ

t =
1

6
, λ = −1

2
.
?�stkn��uweg����k�jzst�qk��nka�iuw�»ow��e

P1, P2
byp eql�j æ

A(
4

3
,

11

6
,
1

6
)
��l�j

B(2,
7

2
,

1

2
).

e}�g{�owkn����bweg{}st�qk��nka��f�kn�ap �qb�owl�jzltst�mowl
A, B

��l�j�_n�qlmuwvxbyj�b
�aj hx��hzbyj �aæ
x− 4/3
2− 4/3

=
y − 11/6

7/2− 11/6
=

z − 1/6
1/2− 1/6

,

�\v�fi��lDô�� O�æ

j hzkn~q��eqln��l2æ 1

2
(x − 4

3
) =

1

5
(y − 11

6
) =

z − 1

6
.· U2:*7�0���5�`*:17 ¸ �We�st�gk��nk���fmo|{i�"bwr|`cbyp �ln�

(ε)
byp eql�j�{Uowkn�cfUowknrUb�snj stuw~qknr

(π)
��b

oykDst�qk��n_t���ikie"b�snp stbw~qk
(π1)

�lg!k7b�snp stbÁ�
~qk

(π1)
�n�c���Ubyp eql�j�stln�q_t����{��ik�st�gkn�»owk

��_a`cb�oykÕ~aj _neqr�hz��l
n = 2i − j + k

oyknr
(π)

��l�j�st�qkn�"oyk³stln�q_t����{����ik³st�qkn�"o|{ie
bwr|`cbyp l

(ε)
~aj _neqr�hz��l

α = 2i+j+k
�6� � �

�ql}uweql}~aj _neqr�hz��l"��_a`cb�owk}h,��lnraog�}byp eql�jnowk
n1 = n×α = −2i + 4k

�^� ?�eql�hx{i��byp k
oyknrDbyp eql�jÊuweql³ktstk�j kn~gf�stk�ogb�hx{i��byp k³o|{i�

(ε)
sz� v��Qowk

P1(1, 2, 0)
�_?�stkn��uweg����uwvxbyj

b
�ap hx��hx{�o|{ie
(−2)(x− 1) + 0(y − 2)0 + 4(z − 0) = 0

j hzkn~q��eqln��l
2x− 4z = 2

�
� � �ql"{"st�qk��nk���f�o|{i�

(ε)
hxoyk

(π)
byp eql�jt{"oykn�cfQo���e

(π)
�
(π1)
æ

2x− y+ z−1 = 0
�

2x− 4z = 2
�

�*çxVW`6Zb`1Y�c�:�:*�2%(��5*./Y�)�:]'1`15]c,m�:]`1'*���1non�¯1n�Y�7pYa+,X�Y[Z\Y�7�ç
¥���k"stln�q_t����{��ibw�$bwr|`cbyp bw�\si�qkn�$uweql�~aj _negr�hz��l

u
�tkn�ap �qknr�e�uweql"b�snp stbw~qk��qg!k�b�snp stbÁ�

~qk³lnraog�7byp eql�jcstln�q_t����{��ik7st�gkn�Qoyl³~aj lneq��hz��ltowl
u
�

AB,
�tstknr

A,B
~q��k³hx{i��byp l

ow��e�bwr|`cbyj ��e
(ε1)

�
(ε2)

lnegoqp hxowk�j vxl���l�j�~aj uw�qvxb�owl�jzltst�mowlDhx{i��byp l
A,B.

u '*���*c�Y[%�<
./'"U1ç�d*ç�d*ç ¥�p eqkiegowl�j�k�j�bwr|`cbyp bw�aæ (ε1) : x − 1 =
y

3
=

z − 2

5

��l�j
(ε2) : x − 2y + z + 1 = 0, 2x + y − z − 2 = 0.

¥UlOltstkn~qbyj vi`cbyp���oqj�byp eql�j
stln�q_t����{��ibw�»��l�j�eql}�n�qb«`cbypz{�b
�ap hx��hx{�oyknr�b�snj stuw~qknr�stknr�kn�ap �qknr�et�



U1ç>sT�9-q3�¢*-
Y[%=7 s*�

� v#z�{ � ó j�b
�aj hx��hzbyj ��o|{i�
(ε2)

d��q_n�ckiegoylnj x− 0

1
=
y + 1

3
=
z + 3

5

��� � �qlm{
(ε2)byp eql�j�stln�q_t����{���{»st�qkn��oyk

u = i+3j+5k
��l�jib�stkn��uweg���S��l�j�st�qkn��o|{ie

(ε1).
� ?Shxo��

A(1, 0, 2)
uweqlDhx{i��byp k7o|{i�

(ε1)
��l�j

B(0,−1,−3)
uweql7hx{i��byp kDo|{i�

(ε2).
g!��ogbUoyk

�g{�owkn����bweqk³b�snp stbw~qk®byp eql�jÊstln�q_t����{��ik7st�qkn��owl®~aj lneq��hz��ltoyl
AB = −i − j − 5k

�
u = i + 3j + 5k

��l�jz~aj uw�qvxb�oyl�jxsz� v���ltst�mowk � �,� � �ql�uwvxbyjcb
�ap hx��hx{�æ
∣∣∣∣∣∣∣

x− 1 y z − 2

1 3 5

−1 −1 −5

∣∣∣∣∣∣∣
= 0,

f
5x− z − 3 = 0.

YU� � ��T"NU%�T8bqâa'
#oç ¥Ul ltstkn~qbyj vi`cbyp���oqj&oyl stln�qlt��_to���hzr�hxo|fi��ltowl�b
�qj hx��hzb���e³stln�aj hxog_neqknr�e7o|{ie
p ~aj lmbwr|`cbyp loæ

a) x+ y − z + 1 = 0, 2x+ 3y − 1 = 0, b) x+1
3 = 1−y

2 = z − 1
�

c) x = 2 + 3t, y = −1− 2t, z = 2 + t, t ∈ R �U1ç ¥Ul��n�qb«`cbyp�{mb
�ap hx��hx{�o|{i�"bwr|`cbyp ln�Ustknr�stbw�qeq_Dltst�moykDhzr�����b�oq�qj ���Dhx{i��byp k
P′owknrëhx{i��byp knr

P(1, 0,−2)
���mst�qkn�DowkHb�snp stbw~qk

x − 2y + 3z + 1 = 0
��l�j&byp eql�j

stln�q_t����{���{}st�qkn�»o|{ie�bwr|`cbyp l�stknr}stbw�qeq_mltst��oylDhx{i��byp l
A(2, 3, 5), B(0, 1,−2).d*ç ¥Ul �n�qb«`ckn��eÕk�j�stln�qln��b�og�aj �nuw�³b
�aj hx��hzbyj �³owknrHb�snj stuw~qknrëstknr stbw�qeq_�ltst��oyk

hx{i��byp k�owkn�cfi��o���eQbwr|`cbyj ��e
(ε1) : x−1

3 = y+1
2 = z, (ε2) : x−2

2 = y−3
3 = z− 1,��l�jxstbw�aj uwvxbyjzo|{ie�bwr|`cbyp l

(ε) : 2x+ y − z = 1, x− 2y + z = 2.s6ç ¥Ul$�n�qb«`cbypg{!��k�j egf\��_a`cb�o|{\��l�jg{!b��i_nvzj hxo|{!ltst�nhxoylnhx{$ow��e�lnhzr��z�n_tow��e�bwr|`cbyj ��e[æ
(ε1) : x− 1 = y−9

−2 = z − 5, (ε2) : x−6
7 = y+7

−6 = z.�1ç ¥Ul}�n�qb«`ckn��eQk�jz��ln�gogbwh�j lneguw����l�jzk�jzstln�qln��b�og�aj �nuw�»b
�aj hx��hzbyj �»o|{i��bwr|`cbyp ln�»stknr
byp eql�j|oykn�cf!o���e\b�snj stuw~g��e[æ

(π1) : 6x+y−z+2 = 0, (π2) : 2x−y−3z−14 = 0.�*ç ¥Ul�rastka�ikadcj ht`cbyp\k��adz��kn�7oyknrOogb�og�qlnuw~q�qknrë��b�uw~q�qbw�7owl�og�ap l�b�snp stbw~ql�ow��e
hzr�egogb�owlid���uweg��eQ��l�jxoykDb�snp stbw~qk

2x+ y + z − 1 = 0.��ç ¥UlD�n�qb«`cbyp�{³b
�ap hx��hx{7oyknrDb�snj stuw~qknr�stknrDbyp eql�j���_a`cb�oyk³hxowk®��uwhzkie}oyknrDbwr|`c�g�
d��qln����knr"og�cfi��ltoykn�

AB
��b

A(4, 3, 1), B(2, 5, 3)
�

�*ç ¥UlO�n�qb«`cbyp�{�ltst�nhxowlnhx{ ow��eÕstln�qlt����f�����eëb�stj stuw~g��e
3x − 2y + 7z − 9 =

0, 6x− 4y + 14z − 13 = 0.



s�� ikY����1n�'^%=:�U1ç
VW+,X�Y[Z\']36'^%_Ya`6Zb`1Y�c�:

t*ç ¥Ul}�n�qb«`cbypz{�k,�qbyp l�dz��eap lmo���e�b�snj stuw~g��e
x+ z + 1 = 0, y + z + 3 = 0.#�¬*ç ¥Ulë�n�qb«`ckn��e�k�jSb
�aj hx��hzbyj �Do|{i�³si�qk��nk���fi�Do|{i�³bwr|`cbyp ln�

x = 4 + 3t, y =

−1− 2t, z = 4t, t ∈ R hxowk7b�snp stbw~gk x− 3y − z + 8 = 0.#o#oç ¥Ul��n�qb«`cbypi{"ltst�nhxowlnhx{Qowknr�hx{i��byp knr
P0(1, 2,−1)

ltst�"o|{ie»bwr|`cbyp l"stknrUstbw�qeq_
ltst�mowlDhx{i��byp l

A(2,−1, 4), B(3, 1, 6).#�U1ç ¥Ul}�n�qb«`cbypz{�b
�ap hx��hx{�oyknr�b�snj stuw~qknr�stknr�kn�ap �qb�owl�j�ltst��oqj ��bwr|`cbyp bw�
(ε1) : x = 1 + 2t, y = 4 + t, z = 5 + 2t, t ∈ R,
(ε2) : x = 2− λ, y = 8 + 3λ, z = 11 + 4λ, λ ∈ R.

#�d*ç ¥Ul"�n�qb«`ckn��e�k�jzlneqlt�iraoqj ��uw�!��l�jxk�jxstln�qln��b�og�aj ��u���b
�aj hx��hzbyj ��o|{i�Ubwr|`cbyp ln��stknr
stbw�qeq_Qltst�Qowk"hx{i��byp k

P0(3,−2,−4)
�ibyp eql�j�stln�q_t����{���{Ust�qkn�Soyk"b�snp stbw~qk

3x−2y−
3z−7 = 0

��l�jioguw��eqbyjto|{ieUbwr|`cbyp l
x = 5+6t, y = −6−4t, z = 3+4t, t ∈ R.#,s6ç ¥Ul�ltstkn~qbyj vi`cbypx��oqjz{�ltst�nhxowlnhx{���b�oyl,�q�Qow��e"~q��k�lnhz���z�nlto���eQbwr|`cbyj ��e

(ε1) :

r = r1 + tu1, (ε2) : r = r2 +mu2
~ap eqb�owl�j�ltst��oykieQog�astk

d =
|(r1 − r2) · (u1 × u2)|

|u1 × u2|
.

#��1ç ¥UlHltstkn~qbyj vi`cbyp���oqjSlne®~q��k bwr|`cbyp bw�
(ε1) : r = r1 + tu1, (ε2) : r =

r2 + mu2
oguw��eqkiegowl�jcog��ogb

(u2 r2 u1) = (u2 r1 u1)
��l�jÊlne

(r1 u1 u2) 6= 0,
og��ogb

oykDhx{i��byp kmowkn�cfi�
P0
uwvxbyj�~aj _neqr�hz��l"`cuwhx{i�Uowk

r0 = r1 +
(r1 r2 u2)

(r1 u1u2)
u1.

#��*ç ¥UlD~qbyj vi`cbypc��oqj�{mlneqlt�iraoqj �nf�b
�ap hx��hx{�owknr�b�snj stuw~qknr}stknr�~aj uw�qvxb�owl�j�ltst�mog�ap l
~qbw~qkn��uweql��c{�hzr�eqbwr|`cbyj lt��_�hx{i��byp l

Ai(xi, yi, zi)
�
i = 1, 2, 3

byp eql�jz{
∣∣∣∣∣∣∣

x− x1 y − y1 z − z1

x2 − x1 y2 − y1 z2 − z1

x3 − x1 y3 − y1 z3 − z1

∣∣∣∣∣∣∣
.

#2��ç ¥Ul ~qbyj vi`cbyp���oqj�hxoyk stln�g_n~qbyj d���lëô�� C�� ôÕoyk ~aj _neqr�hz��l
n × (n × α)

·Ø�t�iu�stb
hzv�fi��lOô�� O ¸ byp eql�j�stln�q_t����{��ikÕst�qkn��o|{ie7si�qk��nk���f (ε1)

��l�j�eql³�n�qb«`cbyp­oykëhx{i��byp k
oykn�cfi�"o|{i�

(ε)
��b"owk®b�snp stbw~qk

(π)
�;��o|{�hzr�equwvxbyj l³eqlD�n�qb«`ckn��e�k�j¹b
�aj hx��hzbyj �"o|{i�

st�qk��nk���fi�
(ε1)

�


