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(x, y, z)
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• � 4�^_57J`=LJQ695pNtr�r94 Y<=I69BI>7BC6TM7[7Y<=L4�5�4�57DFJQ:H=n�nM_NH8�G/dtsKu�a�M74�^_5KJQ=LJQ695 e u

� 69DQYy57JF57:H4 5pNtr
|u × v|

GI6H8�NHBI4 NH5�N�r�4�5�>_N&BLNHDQDF4�DQDQ6H:9BINH8�u
• � 6H828�4 5<=oNHBC4 B�YyBIJQ57:~BIEHYy574 DFNH:<N&BI5_N�>_;�5_E&GC=oN�GCJFM_N�\]>7BC69>k4 Bz=LJF4�G{6H?
=IU74iS�BI69GCG�>7BI6TM7[KS�=V�Vu7�xB

\AJFJQJq��6TSoU�\]JQrK�iEHB(�k4�GCrZEHBIDQJF:<N�NZ=I=(rTJQGLNKb!824�5XM74 8�?];HBircJ�=LBC6p>_;cu"��>7>K8�E&BIYyGLNH8�82N�M_E&BC=LJQDFD
GC>k4 S�JF4 DQDQ=n57B�\AJFJq��GC698�EHBnDqEZ=I=�N&=C=�?A@HBIYyDqNHBINKu

•
�x57M74�BIGI@HYT5KJF57:2Ntr�YTBz�TGIGI>7BC6TM7[7Yy=I4 BI5_N�824�DFDFNH5�Gz=oNH5KM_NHBIMK�_NHGCr94�Y<=L69BI4�BI5_NcO
i × i = j × j = k × k = 0

b
i × j = k, j × i = −k, j × k = i, k × j = −i, k × i = j, i × k = −j

• � 4 M~U�mIEHDF>�Ntr(BLEHYy574�DqNH:9NHBI5_N�U_EHBCDF4�M74 B"rTJy?A69BI8�4�DF5�JyGLN&=IG� �\]MK4�=I=LN�YZE&5757GRrZEHDT8�4 BINx5_N&=I[7BIDQJF:H=
E&5p��M7NH8�G��k4�rTJQG b_GI698�[K=L:<;&B�?ABL;H5�M74 5�?]EHBIM7JQ:<N�?A6HBI8�4 DF5�6TSoU�rTJFGINHBxNZ=I=�M74 5pGC=LEH828�4 BL¡���O

u × v = (u1i + u2j + u3k) × (v1i + v2j + v3k) =

= u1v1i × i + u1v2i × j + . . . + u3v3k × k = . . .�xJF6~=L4 BC824�B ¢_NH5<r&EH57MpDFJQYTUK4�=L4�BI5_N�[K57M74 Bn?A@9BC4 :<;H4�57M74(>7[75KYy= £
. . . = (u2v3 − u3v2)i − (u1v3 − u3v1)j + (u1v2 − u2v1)k

• ¤ 5pYH69BC=�JF5<=LBI6TMK[7Y<=LJF6H5�6H8¥M74�=L4�BI8�JF5_N&5y=L4�Bn4 57DQJF:&=�O
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±
N&BI4�N&5�Ntr/MK4 5�>_N&BLNHDQDF4�DQDQ6H:9BINH8

GC698¨82N&=LBCJFGC4 57G(YH6HDF69575<r94 Y<=I69BI4�BI5_Np:94 574�BI4�BLNHB�b"824�M_NH5©MK4�=L4�BI8�JF57NH5y=I4 5ªN�r«4 5ªaZjKaZ¦¬82N&=LBCJQG
[c=I=LBz�cSoYH4�B

±
r969DQ�T8�4 5WNtrM74�5X>7NHBLNHDQDF4�DQDQ6H:9BINH8®GC698�82N&=IBIJFGC4 57G�YH69DF6H575yr94�Y<=L69BC4 BI57N�:94�574�BI4�¦

BINHB u
•

v J�YH6957GC=LN&=L4�BLNHB�5T[¯NZ=I=�?A69BC824�DF5°?A@9B
u × v

6tr&NH5��KDFJFB�GC698 >7;©GCJFM!u e9e9± J��nM_NH8�G £�²��y=
�7NHBLN@tr94 BCGC=oN�BINHM74 5KG~=IBI42=oN&D�8�6H=��_NHGzr94 Y<=L69BCGC�T8~�P6HDF4�BI5_N

i, j, k
6TSVU³BLNHM´ �6TSoU´a8�6H=

YH6H82>k695K4 5y=I4 BC5_N�?A@9B�r94 Y<=L6HBI4�BI5_N
u

6TSoU
v

J
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¤ =I=x>KDqNH5

π
JF57574�U_;HDQDF4�B�>7[75KYy=I4 BC5_N

P = (1,−1, 2), Q = (4, 0, 1), R = (1, 1, 3)
u

N<��²�4 GC=LEH8¥4 5p5769BC8�NHD`r94 Y<=L6HB�=IJFDFDP>7DFNH574�=�u
�_�p²�4 GC=LEH8¥4 5p4 Y<r&N&=IJF695�?A@9Bn>7DqN&574�= u
S��p²�4 BLE&YT57N�GIY�EHBI5KJF57:9GC>7[757Y<=I4 58�4 DQDqN&5�>7DFNH574�=

π
6TSVUpBIE&=oN�DQJF5ZmC4�5

(x, y, z) = (2,−2, 3) + t(1, 1,−2)
u

M_�p²�4 GC=LEH8¥GIYZE&BI57JQ57:9GIDQJF5�mC4 5�8�4 DQDqN&5�>7DFNH574�=
π

6TSoU�>7DFNH574�=
x − 2y + 3z = 4

u
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� b�4�? =I4 BIGC698 M74�JQ5y=I4pU7NHB�5_;H:H695 ?]NHGz=2>7DFNHS 4�BIJQ57:XJnBI[78�824�=�¦��_NHBINXDFEH57:9M´6TSVU
BCJFY<=L57JQ57:y�VO
u = ~PQ = (4, 0, 1) − (1,−1, 2) = (3, 1,−1)

6TSoU
v = ~PR = (1, 1, 3) − (1,−1, 2) = (0, 2, 1)

u
� NHB�rcJ
YyBC�TGCGI>7BC6TM7[7Yy=I4 5«N�r�M74�GIGINKb_?];HB�rTJ
4 5�r94 Y<=I69BxGI6H8�EHB�rTJF57YH4�DFBIE&=�8�6H=nrZNHBAmC4/r94�Y<=L69B�J
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k =

= 3i − 3j + 6k = (3,−3, 6) = 3(1,−1, 2).

¤ ? =L4�BIGC698 M74�5�YH6HBC=oN&BI4�r94�Y<=L69BC5
(1,−1, 2)

U_N&B{GINH8�8�N(BIJFY<=I57JF57:�GC698
(3,−3, 6)

bcGI;�YZN&5�rcJ
DQJFYZN�:<EHBI57N�rZEHD mIN~M74�5p?A@9BIGz=L5_E&8257M7N�GI698�5769BI82NHD`r94 Y<=L69B�O

n = (1,−1, 2)
u

"i�7G�£$#�4 5³=IJFDFD ?]E&DQD`JQ:HU74�=�N&=I=~Y&6982>k6H574 5<=L4 BC5_N��7DQJFB�>7BC4 S JQG~GLN&8282N�GC698 YH6T6HBIM7JQ5_N&=L4�BI5_Np?A@9B
>K[757Y<=L4�5

P
u

�_�&%�DFNH574�=IG�4 Y<r&N&=IJF69524�57DFJQ:H=���M7NH82G�GIJFM e�' d9b<M_E&B
n = (A,B,C)

6TSoU
(x0, y0, z0)

EHB�4 5�>K[757Y<=
J!>7DqN&574�= O

A(x − x0) + B(y − y0) + C(z − z0) = 0
"i8®rcJRr&EHD mC4 B�576HBI82NHDQr94�Yy=I69BI5rTJR^_SoYJ�N9��6TSoUW>7[K57Y<=L4 5

Q = (4, 0, 1)
\]GC>k4 DqN&BiJF5K:94 5�BI69DQD

rTJQDFYH4 5�>7[75KYy=xJ
>7DFNH574�=�GI698�rZEHD mCG�b7M74�=x�7DQJFB�GINH8�8�N~4�YyrZN&=LJQ695!£ ��b7GL;,U_NHB�rTJ"NHDFD`=LGI;KO
1(x − 4) − 1(y − 0) + 2(z − 1) = 0

rTJQDFYH4�=n?A@HBI4�57YyDqNHG�=LJQDFD
x − y + 2z = 6

S��&(
JQ5ZmC4 57G�4 Y<r&NZ=LJF6H574 B�6TSVU >7DFNH574�=LG�GIYZN´GLNH8�=IJFM7JQ:H=2r&NHBLN°GLN&=IJFGz^_4 BINHM74«?A@9B�r&NHBAmC4«>7[757Y<=p>_;
GCYZEHBC57JF57:HGIDFJQ5ZmC4 5wb7McrcG�rTJ
GIY�N�DQ@9GLN�4�=I=x4�Y<r&N&=LJQ6957GCGC�TGC=I4 8®8�4 Mp4�Y<r&N&=IJF69574�BI5_N















x = 2 + t

y = −2 + t

z = 3 − 2t
x − y + 2z = 6

¤ BIGIE&=I=
x, y, z

J�GCJFGz=oNp4 Y<r&N&=IJF6H574 5 \]>7DFNH574�=LGo�/8�4 M©[K=I=IBC�TSoYH4 5°J�M74�=IBI4�?A@9BCGC=LN³\ADFJQ5ZmC4 5KG�4�Y<¦
rZN&=LJQ69574 BL�x6TSoU«DF@9G�[K=

t
u*)KE&=I=iGI4�M_NH5WJQ5�M74�=I=oN2r&EHBCM74�>7;

t
J DQJF5�mC4 57G�4 Y<r&N&=IJF695K4 B u v JR?];&B�M_;

t = 1
6TSoU

(x, y, z) = (3,−1, 1)
b_GI6H8�EHBnGIYZE&BI57JQ57:9GI>K[757Y<=L4�5!u

M_�&%�DFNH574 5KG�GCYZEHBI5KJF57:HGIDFJQ5ZmC4�:94 G�>_;(8�6H=LGzr&NHBLN&57M74�GLEZ=I=�N�r�DF@HGI57JQ57:<NHBC5_N�=LJQDFDcGC�TGC=I4 8�4�={Ntr~M74�=Cr&;
>KDqNH574�57G�4 Y<rZN&=LJQ69574 B�O

{

x − y + 2z = 6
x − 2y + 3z = 4

+ r94�BC?A@9B�:H4 576H8¥BLN&M769>k4 BIN&=LJQ69574�BnM74�=I=oN,Gz�TGC=L4�8�=IJFDFDk=LBINH>7>7Gz=L4�:9GC?A69BC8�O
{

x − y + 2z = 6
y − z = 2

z
EHB�?ABIJwr&NHBCJqNH�k4�DlbcrTJ
YZNHDQDqN&B�M74�5p?A@9B

t
6TSoU�?];HB

(x, y, z) = (8, 2, 0) + t(−1, 1, 1)
b_GC698�EHBnGIY�EHBI5KJF57:9GCDFJQ5ZmC4 57Gn4�Y<r&N&=LJQ695"\A4 BL��u

,.-0/01�23/54
(1,−1, 2) 6 4 x − y + 2z = 6 798 4 (3,−1, 1) 79: 4 (x, y, z) = (8, 2, 0) + t(−1, 1, 1)


