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1

O«Acg

1.1 @0«Ag

111 @0«Acw,A
6i:91pY6-h Ot , 20«Ac¢ ax,

-

i(a o)

w'Otl: ay, a; >;MoRU OpV” \ex , &@0«Ag (lowvector)
q‘'s .GYtSMo ,O«Acx , Ep

-

a=a

w'Ot Gb” .8xU"0RiI0Opc ,>t...’sMv* , Ep Gb”
GTpx ,»0O«Ag¢ (columnvector) gMlo , Rix,<Gw'OtNt
,0 Gb”

2mw @0«Ag

gi: kt0O'o ,eql:>»

q S” .fth,b,owRuUU O0pK"O«Acg> pO«Ac (zerovector)
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1.1. @0«Ag 3

q'e .Mt , @0«AgT.wsbBu>

(e

— . /42 2
= 6l1+(12

ai
az

|a| =|a| =
p [~e” L0l pxO«AgwGVArx la] w Ot 0<Ga>;
Mo blgtsloM”U ,\eT'xT:w"0¢qa b"hSt ,Z2<

w'OsGg>;M”

laf =/ai+a3

\e>GTpx ,O«Acw EcU (norm) gMO.
\WW\p ,GVAU 1pK"O«Ag> o0+O«Ag (unitvector) gMM,a q
%oa2VwosO«Ac ex,Z<w' Ot [As”

a 1 a
Nl [z, 2\a
ajy+a; \“2
112 @O0«Agweu
A
a¢ _2
B
) (Tfi:E:b

Fig. 1.1

8i:1px ,2mwO«Agc OA=a,OB=Dhb, wou (innerproduct) x, s
b™ 0,0<6<n) “'qo,

a-b=|al|b|cos6

“lgqpx , £sU2,2> =2,=qMO'Ot ,°Swsgp Gb”

— :
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4 1. O«Ag

g0 b . T sU’" ,\eT’'xéxwuqw %>TZ"hSt , GT
fpx ,aéca,aé:bq_G‘o ,Z<w'OsGg>:M”

(.b)= || [b] cost

2mw @0«Ag

wOux
(a,b) = albl + dzbz
pK” . th, O«Agx e»(matrix) q_"\q«Dbéswp , fwgVvitx
b
(a,b):tabz(al az)( l)=a1b1+a2b2
b,
q«BQ’«” . \\p ,'axaw8” (transpose) q‘ye"<wp
a
a:( 1),[a=(a1 ag)
az
g o, ["e

‘utmMox ,Iw,SQiUR“gqm\qg>6ipT6 h

EJ1ll1c¢ouwQi £ U™Mw @D«A¢ a,bcql: kt0o ,Z<

UR“qm .

@) (a.a)=a]”

) (a+b,c)=(a,c)+(b.c), (a,b+c)=(a,b)+(a,c).
@ (a.b)=(b.a).

(4) (ka.b) = (a,kb) = k(a,b).

) (a,a)=0 pK“| (a,a)=0< a=0.

«J 1.1 Z<w°ut b”ALUR“gqm\qg>0d

”a+b+c||2 = ||a“2+ ||b||2+ ”c“z+2(a,b)+2(b,c)+2(c,a)

-rt - [tH10- %o (2%0) > 0.

la+b+c|>=(a+b+ca+b+c)

| e ;
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1

g ™xr b”

y=m(x—x0)+yo=mx—mxp+yo pK” .

(x,y) x i&Y”» (parameter) ¢ >;Mo

g d” .\e'"  x=xp+t,y=yo+mt pK'T’
wM OU™ e
«™11 [&Y”» tx, p!: qezye”

[ 1.1¢ @tSz"Uc¢wiay’» 0

gqMO}K"Mx ,UewO«AgM U

Utwidy”"»"0 r=xo+tvt

. 1
«J 1.2 : (x0,)0) >&" , O«Ag¢ a:(
m

NINRR

1. O«Ag

)t esUc¢twM Ux

iM,\w'OsU¢iw:

;)

J >« beyUt

£ @tsz'Uc¢iw:

> bO«A¢ xx,U¢iwk” 1:>"bO«Ag xo qM2> b M
20«A¢ w(=0)qildY”» t>;Mo

T =X+ IV
qg d"}\w'0s 0> Uewidy”» 0 (Uc¢w p!:70

aMO}

T = , Lo = , U=
y Yo v2
> EOb"q
x = = +1 =
y Yo v2 Yo+ 1tv2
gs” . \e'" t>«"bey
X—Xg vy
=t < vo(x—x0) = v1(¥ — Yo)
Y—Yo U2
qs"wp ,a=vp,b=-vi,c=-vXo+Vv1y0 4SZy

ax+by+c=0

e
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1.1. @0«Ag 7

g d” .mt* @°wU¢wM Ux xgqyw°iM Ugs”
«™12 f..ptib” 37{ii px ,a b "hst

ax+by+c=0,z=0

q Gb” .bs"j ,31ii px ,ax+by+c=0iZpx gwM U> b\
gt«™UZApK”

311 2: A@21),B(L5) >e"Ucwiay”» 0 (O«AcM U )>{S"

Fig. 1.2
Utwi&dY”» OtSZ” wr q o ,Fig.1.2w*Ot , ¢ AB>
t:1-t,(0<st=<1l)t°G oM"qRQ-y

OP=(1- t)OA+ tOB = OA+ tAB
op=a+tb-a)

pK* ,1aY"»"0q°«b”

«™13 t<0,1<ttpl!Abey ,¢0 ABT'U¢ AB> b\gts” .\\p ,t
>>tl g sdy ,a&x,t:OWqV,:A,t:E wqV, ¢iu ABweo: f=1w
qVv,: B>lbgr b"\qUZR"”
«™14 Vs’ 2: A(x1,y1), B(x2,y2) (hi® ,x1#x Tmyi £y >e”U¢U
ol:Mpx
2 )1 y2—n
y=1=2" Ry or y-ye= M (x-x2)

X2 = X1 X2 - X1
X-Xp _ ymyio o X=X2 Y-y
X2 —X1 y2—y1 X2 — X1 y2—n1

gqG\reoM” T ,\W Gtx ,x1#Xp, y1#y2>2Aqb” . f\p , M20
X2 — X1
Yy2—n

«Ag ’U:PTE: )((")bty ,

p=O0A+tAB=0A+ tv

— :
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8 1. O«Ag

s p= xl)+t(x2_xl) or p:(x2)+t(x2_xl)
1 Y-y Y2 y2—-n

g Gb"MUSi$pK”
114 Yueb«Ag

j: Ogb2a @itys"” 2: AB>BQ” .+h,0OA=a,0OB=b
gb” . hi’ ,AAOB:9,0<9<g gb” . AT': O>+:qb"RU
¢OBt<'h(¢qRUE¢ OBgw!:> Hagb” .\wqV ,OH=h> Y
ued«Acg (orthographic projectionvector) qMO. YuéeO«Agx -
4U~3aU,AwYFU!=0 (Gram-Schmidt orthonormalization) pb

V.
’

«J 13 YueO«AgUZ<p ne"\qg>0d
(a,b)

OH=h=

15112

H
OH = ||a,|,|ﬂ%‘£uu

) OH = h =01
Fig. 1.3
-rt- fc,OH=lalcosd pK" . ~'t ,bwo+O«A¢gt OH b
*y'Mwp -,
OF = h = llal cosf - — = 121101030, _ (@.1), .

e 15112

[ 1.2¢ @iwUewO«AgM U £ @tsSz’Uc¢iw:>~
bO«A¢ = x|UciwK” 1:>"bO«Ag o qU¢q(UsO«
Ac n(#0)>;Mo

(x—2xo,m)=0

e
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1.1. @0«Ag 9

I g d’} ms>\wUetwO¢O«AgqgMO}

«™15 Uetwidy”»"0 xz=xg+tv >O«A¢M UqzeeiU (-0, M) =
0«UtwO«AgM Uq'e

N . X X0 a .
O«A¢M U (x—xp,n)=0t :c:( ),xoz( )n:( >EOb"q
y Yo b
0=(x—xp)a+(y—yo)b=ax+by—axo—byo
as"wp ,c=-axo-byo qSZy
ax+by+c=0
g d” .‘lo , giwU¢c« xqgyw°iM Up—"hqV L X, YW
: a,bUUtwOcO«AcwRigsloM”\qU"T" . bsTj
a DK
n=
b
Fig. 1.4
ot ,0«Ac a#0>)Qo0 ,a qweuU° pK”: PwI{>RQ”
bs“j ,(x,a)=C,(Cx : )pK"qV ,zwJ{>{S” .Fig.1.4tSM

0,A> a&zatq“ ,(ﬁew gb” .
\wqV ,:cozo_l—iqb"q ”a):’HCOSH=OHt£é‘O ,

)= |G [0 = 7] s

=(x,a)=C

e ;
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10 1. O«Ag

“hUlo
(x —xp,a)=0
gs* ,a>0¢0«ActEmU¢> b
812 j: Oqgb’22 @>RQ" .U¢ y=—x+21iw": P S‘| : A2,2)
t0to ,°u (6562\) U° pK”\g>0Od

«J 1.4 AOABtSMo ,0A=5,0B=8,AB=7gb” .AOABw(U> H
gb” .a-i:h> CTA)\:a,(Té:b >;Mo d
Srt- °u (a,b) >{S”
AB® = lb-al’ = |al® - 2(a, b) + |bI®
© 49=25-2(a,b) + 64
= (a,b)=20
th,h xi: st>b;"0 ,
h=sa+tb
qG\pVv” .\\p ,U¢AH IiwU™w: Pt0 0 ,°u (b,af’)ﬂ p
K”.bs"j |,
(b,ch) = (b,h) = (a,b)

UR“gqm . %7t,U¢ BH iwU™w: Qt0O 0o ,°u (a,(ﬁ)v’ p

k' 2l
(2.0Q) = (a,h) = (a,b)
74%t
(a.b) = (a,h) = (b,h)
UR*“qm . 20"

(a,b)=(a,h) = s|al?+t(a,b)=(a,b) = 25s5+20t=20
(a,b)=(b,h) = s(a,b)+t|bll®>=(a,b) = 20s+64t=20

11 1)
1512

:(s,t)=(

— :
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1.1. @0«Ag 11

“hUlo

(a,b) = (a,h) = (b,h)
Fig. 1.5

rgco ,YuebO«Acgs>b;b” .Fig.12.5w‘Ot 2: C,D>q”
: Cx: AwYuée,: Dx: BwYueéeswp ,
—  (a,b) 5 — (a,b)
OC= b=—b, = a
15112 16 lall?

°M,AH:HC=a:1—-a, BH:HD=$:1-f t°ib"qR Q"

4
=-a
5
y

— 5a
h=a0OC+(1-a)a=(1-a)a+ TG%IHE@AI‘l/
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12 1. O«Ag

«™16 YE&Cpw g'"“ ,
q{S"\q<Do6pK”
013 AOABtSMo ,OA=4,0B=3,ZOAB=% gb” . AOABw(U> Hgb” .
OH=h > &:a,(ﬁ:b >;Mo d
1.15 @tSz” wM U

giw x ,©80qR p 17

«J 15 =l (a,b), R r>0)wM Ux (x-a)’+(y-b?=r?>pK” .

TM,\w'Os *iw: (x,y) xI&Y”» 0,(0=0<2m)>;Mo
x a rcosé
z=|"|=| |+
y b rsin@
g d” . \et® yX=a+rcosl,y=b+rsinf pK"T’ ,0>«"be
y wM OU™e” AwOx , widvyY"» Oqzye”

[ 1.3¢ wO«AgM U £ @tSZ” *iw:> bO«Ag
zx,o0we"0«Ag aqR r>;Mo

lx—al=r w £
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1.2. i O«Ag 13
w'Ootl: ay, az, a3 >;MoRU " OpV” 2mwi O«Ag
a by
a=|a|,b=|b,
as bs
gi: kt0O'o ,eql:»
aL+ by kay
a+b=|a+by |, ka=|ka;
az+ bs kas
g S” .\e'x ,zRuuUyQhzz , @d0«Agw,A 111p Sh
% QT X% 7pK”

ay
@O«Ac% 7t ,i O«h¢ a=|a|wEcU (GV*)|a| x
as
lall =/ ai + a3+ a3
p ["e” . th,a g% a2Vwo+O«A¢g ex,Z<w'Ot [
ay
a 1
e = az

122 i O«AcgwOu
BO«Ac% 7t ,2mwO«Ag a&za,(ﬁzbwf’ux ,sh™ 6,
(0O=fb<m)q o ,

(@.b) = la] ] cos

w'ot™b .2mwi O«Ag

(a, b) =a1by+ axby + azbz

e
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14 1. O«Ag

pK" .
outmMox , BO0«A¢%7 ,EJ11U%7tR“gm

3 2
«J 16 iw 2mwO«Ag a=|2|,b=|-1| wsb™ 6,(0<60<n)
1 3
>{§‘
=rt- ‘XE'soM”" 'Ot ,Z<W—-UUR“qm
b
g (@0)
llallbll
"hUlo
,b 7 1
cosO = (a.b) = ==
lalllbl  v14.v14 2
“huUlo ,6=2, O
3
315 1: tt0'0 ,3: A(24,0),B(0,2,0),P04-122t)> $” .\wqV ,ZBAP
{8 . (1987 GUGT (~J))
123 Zu

2mwO«Ag OA=qa,OB=b, wZu (crossproduct) > [b”

Fig. 1.6
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1.2. i O «AQ 15

[ 14¢Z2uf 2mwO«Ag OA=a,OB=b wZu>
OAxOB=axb

gG\b” .\wqV ,

0 a,b w—sXq«<°MU O0OwqV,axb=0q S~

() a,bUqg<t O0psMqgV ,axb x,a,bwitMt(UsO«AgpK
" fw2Vx ,a,b,axbwgpE %qs” .bs"j ,: AT’
Bt2TO‘Ots hqV ,vaU % M2pK”

2 axbwGV” |laxb| x,a,bwsb™> 6,0<6<n)q o ,

lax bl =lallblsind (1.1)
@ 2mwi O«Ag
aq b1
a=\|day ,b= b2
as b3
wZu axbwRlU Ox
ax bz — asb;
axb= azb1 — a1 bs (1.2)

aiby — ax by

pK” .

«™17 Zuw-%Xx ,Z2<w'Ot®QoSXq(bpK”

aq ag as ay
by x ba x b3 x by
@ z ® x @y

a1by — ashy  ashy —asbe  aszh; — aiby

EJ14¢ZuwQi £ U™Mwi O«A¢ a,bcqi: kt0'o ,Z<
UR“gm .

(1) axa=0.

| e ;
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16 1. O«Ag
() (a+b)xc=axc+bxec,ax(b+c)=axb+axc.
3) axb=-bxa.
(4) (ka)xb=a x (kb) = k(a x b).
«™18 (3) xA«™pK” .bs”j ,Zuw!80 xR“ghc ,qj>1Eb”
g, 2VUots”
it ,é.$s«J>& 0 , Qi>=Yb”

«J 1.7 3: A(1,1,4),B(2,1,5),C(3,-1,8) pK"qV ,AABCw®@u S >
{s

Srt- ZuwQi (1.1)>b;b” . bs”j

,AB,AC> 2 %qb” e>
1
% w@duw > US pK”"\g>b;b”

.1c,2 %> bO«Agx

1 2
AB=b= 0 ,A_(Ezc= -2
1 4
"hUlo , @usS x,
1 1 1 !
S=EIIbIIIICIISin9=EIIbXCII=5 2[-1{|=Vv3 O

-1

1 0 1 1
. X, X . X,
@z @D x @y

1-.(-2)—=0-2=-2 0.4-1-(-2)=2 1.2-'#§=-2

«™19 6i:Tpx ,i°w AABCw@uSx,Z<w-Usb;b”

53\l &
2

(1.3)
\e>b;bey
1
S=§\/\/§2~(2\/5)2—62=\/§
q{S"\qUZR" . T'sU' , Z<wdJ

— :




bsnOlverl : 2022/7/27(18:28)

1.2. ié«AQ 17
X x—1

®7: xt0O'o ,0A=|x+1|,0B=| x pK"qV ,AOCABwW@u S w7-—«
x—1 x+1

»{S* .~
px,Zuwb;UyW$t bts” L TM,
1 1 3x+1 1
SZEHE&X@HZE —-3x+1 :§V18X2+3

1

3 R
o x=0wqV, 7-< s;% 5q"\qUO>tOAe”

016 3: 0O(0,0,0),P(1,0,a),Q(0,2,b) pK"qV ,AOPQW@uS> a,b>;Mo
d .

-2
«J 1.8 2mwi O«A¢ a=|0|,b=|1]|wtMt(UsGV"r 1

wO«Acg e>{S"

Srt- Zuw-%U (1.2)>b;b”
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18 1. O«Ag
-1 2

8317 2mwi O«Ag¢ a=|1[b=]|1|wiMt(Uso+O«Ag>{S"
1 0

124 p8a"-ou
Z<w'Os ®4@.w.u V>{S‘0

nvh/’T 04({*," 7 ::

Fig. 1.7

Fig. 2.7 ‘* ,a,b> 2 %qgb” &>% wdu> Sq o,
V=8-0OH=|lalllblsing-|cllcos¢| = lla x bl - |cl|cos|
~|(axb.c)
pP)Q’+” .t ,(axbec)> u§ad~0Ou (scalartriple producty qMO.
™t{O a»U (determinant) >b;bey

a by c1
a=|day ,bZ b2 , C=]C2

as b3 c3

dap; dads
by b3

a; dads
b1 bs

a; ap

+ C
*\'by by

)

= a1b203 + dgbgCl + agblcz — (dgszl + albgcz + azblcg)

— :



bsnOlverl : 2022/7/27(18:28) t

1.2. i O «AQ 19

«J 1.9 4: A(1,-1,3), B(2,1,0), C(1,-1,5), D(-3,1,2) pK"qV , >@
. ABCDw.u V >{S"

art - H8a 3 Ou>b;b” .bs”j ,AB,AC,AD> 3%qgb"” aa
1 N
D.wW.uw éUVpK”\q>b;b” .1c,3%> bO«Agx
1 0 -4
AB=b=| 2 |,AC=c=|0|,AD=d=| 2
-3 2 -1

"hUlo ,.u V x,

1 114y 10
V:6|(b><c,d)|=—‘( 21,1 2 )‘:E O
0 -1
D(-3,1,2)
DA
C(1,-1,5)
AC
-— B(2,1,0)
A —agy AB
DH = DA+sAB+tAC |
Fig. 1.8
«™110 6f:fwec“prXwpKey ,Z<w qqs” .ic,AABCw@u>
1 0
(13)t‘lo-%b” .AB=|2 |,AC=|0| swp,
-3 2
1 — 12— 12 — —\2
Szé\/‘AB) ‘AC‘ - (AB-AC) =5
°M,O: DT’ AABCe+< h(Ctw > H(x,y,2z) gbey ,2mwi: s,t>b;
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o
4 1 0 4+s
DH =DA+sAB+ tAC= | —2|+s| 2 |+¢|o|=| —2+2s
1 -3 2] \1-3s+2t
w'ot gqhre” «3 \\p ,DH x,AB,ACwtMt(Uswp |,
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4+ 0
DH-BC=| -2+2s [-|0|=2(1-3s+2f)=0
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\+> Mo s=0,1==5>"" . hUlo DH=|-2| bs] ,||ﬁ“:2\/§.
0
i ,{S”.u Vx,
1y— 1 10
V=§“DH x AABC= S -2v6- VB = — 0

\w'Ot , G!sS-%>8M’e”
518 4: A(21,2),B(23,6),C(3,6,2) pK"qV ,>@. OABCw.u V >{$°
125 O«Ag~Ou
3mwi O«A¢ a,bct0’0 ,

ax(bxc)
> O«Ac¢~0Ou (vectortriple producty qMO.
EJ15¢ O«Ac~OuwQi £ U™Mwi O«A¢ a,bct00 ,7Z
<UR“gm
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bl c1
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wZux ,
szg—l’)ng d]_
bxc=|bzci—bicz|=|d>
blcz—bzcl d3
pK” . hUlo ,
agdg—a;;dz

ax(bxc)=|azd,—ards

ardy — axdq
\\p ,8RU>-%bey ,

apdz — azdy = az(bic; — bacr) — as(bscr — bics)
= (azcz + ascz)by — (azb2 + azbs)ca
= (aic1+ azcz + azcz)by — (arby + axbz + azbs)cy
=(a,0)b1—(a,b)cy

agdy — ardz = az(bacz — bscz) — ai(bicz — bacy)
= (aic1 + ascg)bz — (arb + agbs)cz
= (aic1 + azcz + azcz) bz — (arbr + azbz + azbs)c,
=(a,0)bz—(a,b)c;

ardp — azdy = ai(bzcy — bicg) — az(bacz — bscz)
= (a1 + azc2)bs — (arby + azbz)cs
= (aic1+ azcz + azcs)bs — (arby + ax bz + azbs)cs

= (CL, C)b3 - (CL, b)C3

‘loATUIfb”
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| [ 15¢7 tSZ"U¢widYy”» 0 £ i tSZ"U¢iw:
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20«Ag w(#0) qiaY”» t>;Mo
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3110 2: A2 L0),B(LL1)>e"0U¢ £it: P>q” .¢0 OPw7—c{
S
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3+t

, X RuyRUtEe"
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—s=—t

“hulo ,!:U O°




J bsnOlverl : 2022/7/27(18:28) t

24 1. O«Ag

«J 112 U¢ ¢ :x+y=-1,z=01t": PUtm:x=y=-
t": QUK”.¢U PQw7-«>{S"

1
v,=[1 -2
<_2>Q x=y=-2

2
e
Fig. 1.9
-rt- "t PR T: Qx,fegeiAdY» s,t>b;0
S t
cﬁ: -s—1}1, aj= t
0 —2t+2

¢u PQU7-qs"tx ,PQUUEC /,mwiegewM20«Ac w1, v

to> ,72t(Ugs"qVpK” ."hUlo
t—s 1
(%,vl)z( r+s+1],[-1 )=—2s—1=o ook
2
—2t+2 0
t—s 1
(?Q,vz):( r+s+1|.] 1 ):6t—3:O:>t:}
2
-2t+2 -2
\wqV ”P_QH:\@ O
— 2
rq o ,HPQH U7-gqs”"qV ,J™>=hb
502 2 2 2 1) 1)
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25

«J 113 : AL -1,00>8* ,0¢ ¢ :x=y=zq'>E] ,ngw
sbH>EmU¢cwM Us>{S"

A(1.—1.0),

Fig. 1.10

-rt- Fig.1.10w‘'OtGg> ” .tc,: AT'U¢ /Zt<h(tw
H>{S” .: HxU¢ ¢Iitk"wp JTAY " >0
gSX\gt‘“
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OH=|¢

[EEY

\wqV ,AH qUewM20«Ag wv=

[EEN

U(Uswp

[EnY

-1\ (1
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t |1

~—

=3t=0=1¢=0
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e
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e
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74%t ,{3"U¢x ,: A>e“ ,M20«AcU APwUCPK” .bs

J o
1 y+1 z

x—
- = O
+v2-3 +V2+3 +V2

hi> ,08%qpK”

«™111 rg'o ,228f t'"MO>RQ"” . P>I&Y”» Obey
s 1
OP=|s \wqV ,APqU¢wM20«A¢g wv=|1 Ugw_>sbwp ,
s 1
(APv) 3s 3
COS—- = - = 7— = = §=+—
3 2 |RBfivl VasZ+2:-v3 3
“hUlo ,MZO«AQ
L +V2-3
AP:t(iQ_l i£+1 iﬁ)Zg +V2+3
3 3 3 o3

>
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127 1 tSZ” gwM U
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[ 16¢i tSZ” GwidY"»" 0 £ i tSZ2” @liw:
P>"bO«Ac xx, @liwkK” > bO«Ag o q DIitK
"2mwel qgsO«Ag p,q#0) giayY”"» s, t>;Mo
OP=OA+ sAB+ tAC
S T=x9+Sp+1iq (1.4)
g d"}\w'0s 0>i tSZ” GwidyY”» OqMO}

wO«A¢cM U  x=z0+sp+iqt

X X0
T=|y| . To=])o
z <0
a
>EO 0 , Mt ,p,qwtMt(UsO«A¢ mn,bs”j ,n=pxq=|b
Cc

>B€b"qg ,(n,p)=(n,q)=0swp,
(n,x—xg) =(n,sp+1tq)=0
X — X0

y- J/o = a(x— xo) + b(y — yo) + c(z— z0) =0
Z—20

gs” . "hUlo ,d=-axo—bys—czo qSZy

ax+by+cz+d=0 (1.5)
g d” .mit“i °w gwM Ux xy, Sl zw°iM Uqgs”
EWALT' ,y0>tZ<w [>\,"\qUZR"

[ 1.7¢i°w BwO«A¢gM U £ i tSZ” @iw:™
bO«A¢ = x| BiwK”

1> bO«Ag zoq Bq(UsO«
Ac n(#0)>;Mo

(n,x—2x0)=0

e
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g d’} nmn>\w gwoOo¢cO«AggMO \wqV , @iw:
a
(%0,¥0.20), S'|0¢D«A¢ mn=|b|t0 0 |,
C
a(x—xo)+b(y—yo)+c(z—20) =0 (1.6)
gG\pV”
1
8112 : AR11) & ,0¢0«AcU m=|1|pK” gwM U>{S§"
-2

I «J 1.14 3: A(2,1,-1),B(1,0,1),C(-2,1,1) >&” @wM U>{S$"

rt- gwM Ut "o , BiwUew> %7t ([ 12€°),

® @x ,1:q0¢0«Agp>1"

‘hUlo ,ABACwWtMt(UsO«Ac m>Zutlo{d ,(1.6) t
‘lo , @wM U>-%b” AWM ey ,
-1 -4
AB=|-1|,AC=]| 0
2 2
2
(&, It(U >{Sey‘M . -%> otb"h&t ,ACU| 0]t
-1
@pK”\g>b; o ,{S” dwo¢O«Ag n X,
2 1
n=ABx| 0 |[=]3
-1 2
Zl'xu ,
1-(x-2)+3(y-1)+2(z+1)=0 © x+3y+2z=3 a

«™112 rgq'o ,{S” gwM U>

ax+by+cz+d=0
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qSV,3: A21,-1),B(1,0,1),C(-2,1,1) sEOQbey
2a+b-c+d=0 0]
a+c+d=0 (i)
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Zi**  x+3y+2z=3>"" . \WMOX , °j >$pK"U .M U>rXzAQ
T'1T UTT"\qQUE:pK"
8113 3: A(0,1,-1),B(1,2,1),C(2,1,0) >&¢” gwM U>{S"*
3114 : ALLO)>e* ,U¢ x=2(y—-1)=z> % DwM U>{S"
8115 2U0¢ x=y=z-1,x+1=y-2=2-2WtM> % SwM U>{3"
. -1 x+1 R
8116 2U¢ x—1=2=2"2 X2 _ ) _ Hoy1:p"\gr0"  fwt
2 3' 5 2

M> % GwM U>{S

I «J 115 2 @ x—-y+z=1,2x+y-z=2w|¢wM U>{S"

art- tc,!¢t>e”:>{S"2AUK”

x-y=12x+y=2qs"

. g“KQc
,(1,0,0) > Lt ,MZO«AQ

z=0qbey

,\e>rZy

“4iM, ¢ E:T I pAl>tib”
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1 2
x, @w0¢O«A¢ ni=|-1|,mp=| 1 [witMt(UpK” . hul
1 -1
0
o,Zut ,o=[1]>" Zl ,
1
x=1y=z Od
«™113 z=0pg“KQc!¢iw:>{ShuU ,Out'lox ,y=0+2z=0q
Tod'M
x-y+z=1,2x+y-z=2T’ 20> 0 ,x=1.\** | @ti'o ,-y+z=0
>7" J\ex ,U¢>"b

8117 2 @ x+y+z=0,2x+y—-z=2w!¢wM U>{S"*

[ 1.8 i °w: A(x0,¥0,20) T' @ «a:ax+by+cz+d=0t<-
“h(tw > HgSXxqV|¢ti AHwO”>: Agq @ aw'mg
[b”

\wqV ,: A(x0,y0,20) T' @ a:ax+by+cz+d=0w'm L x
_laxo+byo+czo +d|

L

N
pP)Q’e"
a
- Al-  (¢w  H(x1,y1,21) X, : A(xo,¥0,20) €“ , M2O«A¢ |b|t

EmU¢itKk"wp
X X0 a Xo+at
yI=lywl|+t|b|=|yo+Dbt
z Z0 c Zotct

°M,: Hx, @ altk’wp ,EO o0,

a(xo+at)+b(yo+bt)+c(zp+ct)+d=0

axo+byo+czo+d

=i=n= a? + b2+ c?
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"hUlo ,
X1 — X0 a
_ulpl= axo+byo+czo+d
CEEA) I e I a?+b?+c?
21— 20 Cc C
= L= (- 102+ (- oo+ (an -z = R Dot cot dl
vVa?+b?+c?
128 i tSz"-@wM U
i owe@x , @iw q¥%7t ,80qR p "
«J 116 ©d (a,bc), R r(>0 we@M Ux
(x—a)?+(y-b)*+(z-c)* =r?
pK” . TM,\w'Os+@iw: (x,y,2) xI&aY"» 0,¢,(0<0<
m,0=s¢p<2m) >;Mo0
X a rsinfcos¢
z=|y|=|b]|+]|rsinfsing
z c rcos6
g d” .\e'* x=a+rsinfcos¢, y=>b+rsinfsing, z=c+rcosd
PK"T' .0, >« beys@wM QU™ e"

. x a 7 sin @ cos ¢
OP = <y>: <b>+ (r sin @ sin (p)A ,
z/ \c eesA /12

Fig. 1.13
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, 2 -3
«J 117 @ (x—12+(y+1)2+22=6 qU¢ x—1=y—2=Z = wi
{8

art - tc,Uc¢iw: P>I&Y"» Obey ,
X\ (1 1 r+1
op=|yl=|2|+¢|-2|=|-2¢+2
) \3) |- | —r+3

: PU@itKk"wpEO 0 ,
P+ (—2t+3°2+(—t+3)%=6 © °-3t+2=(t-1)(t-2)=0 & =1, 2

“hUlo ,r=1wqV (2,0,2),t=2wqV,(3,-21). 0

. 3 -2 3
3118 @ x2+y2+(z-1)2=11qU¢ x—zzyT:Z—z wiir{s"

«J 118 @ x*+y?+7z°—-4x+2y—6z-11=0q @ x-2y+2z=1U
K”.e@q @w!™w walgR >{S"

art- (x=2P2+(y+172%+(2-3)2=52q! pV'wp , 80U (2,-1,3),
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X 2 1 t+2
OP=|yl=|-1|+t]|-2|=|-2t-1
z 3 2 2t+3

\w:U @itk"wpEO o ,
t+2-2(-2t-1)+2(2t+3)=1 o t=-1

"hUlo , weux ,(1,4,1). th,=0 2,-1,3) T' @ x-2y+2z=11%

pw‘'m L x,
2+(-2)-(-1)+6-1
L2t (D611
V12 +(-2)%+22
ZiT° , wR Rx,R=v52-32=4, O

«™114 «@Gweld (2,-1,3) g (1,1,1) weldqw'mqg o ,

L=\/@-12+(-1-12+(@E-1)2=3
g 0-% 0<'M
8119 @ x°+1y2+7%2=1q9 @ x+y+z=1UK”".+@q Ow! “w wa
agR >{S*

«J 1.19 4 : A(2,2,0),B(2,0,4),C(-1,2,1),D(3,2,3) »&"«@wM U
»{S"
-t - {S"e@wM U>
2+ y?+ 22 +ax+by+cz+d=0

qSX.4 >e"wp EOQObey ,

2a+2b+d=-8
2a+4c+d=-20
1.7)
—a+2b+c+d=-6
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31.20 4: A(-2,8,-1),B(-2,5,6),C(0,-2,1),D(3,3,3) >&"«FwM U>{$"

g¢x,0sTitSMo ,4iEq°iM U (L.7) >rX\gx , ;*$s-
%ots”wp , r@Me"\qxSlhtsM . T sU’ , ¢ E:fpx ,
0ig o®Eq°iM UU Ob” IM L, VTAUTAR[px ,\wo
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tc,Z<w os 3iEq°iM Us>RVZ Ot'lorX
x+y—-2z=3 (i)
—x+y+z=0 (i)
2x—y—2z=3 (iii)
RVZ Ow,Sx

®M Uw : > wM UtCQo«<!™'sM -

Qi>b;b” . bsTj L (ii)+(@) e, (iii)-()) x2 swar>eae O
X+y—-2z=3 ()
(i) + (i) 0x+2y—z=3 @iy’

(i) —() x2 Ox—-3y+3z=-3 (ii)’
it ,@)'>1. 2pAlo ,Z<war>aesO

(i) — (i) " x+0y-3z=3 ()"
(i)’ x 1 Ox+y—3z=3 ()"
(iiiy "+ ()" x3 0x+0y+3z=3 ()"

%V Vi) >T1. 2pAlo ,Z<waresO

@) +(i)"x3  x+0y+0z=3 ()"
(i) + (i) " x 3 Ox+y+0z=2 (i)"”

(i) " x § Ox+0y+z=1 (i)
Zi“ L (%,0,2)=B,21)>"" .\e> UStZ<w'OtG\b"
1 1 -2|3 1 1 -2 3
-1 1 1(0f—|0 2 -1| 3
2 -1 -1|3 0 -3 3|-3

“5 ¢uw«" 0O (Gaussian elimination) qczy."
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\ex
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a=-1wqV,x=1,y=2z. \ex ,«J 115q%aALpK”
(i) a=2wqV,x+z=1,y=0.
(i) az-1Tma#2wqV,

x—1: y _* 1.8)
-a-1 -a+2 3

qs” .

@), (ii), (i) Mce<2?29$t_syUc¢>b .°M, Eq°iM UqRQey
°E:U MOU ,z>l4Y"»q 0 ,r x,y UT&AY”"» " gq"re"\q>™ b
"\ liTAUTAe[p{O .js"t ,Zu>b:bey 2 GwOocetO«A

1 2 -a-1
¢cni=|-1|,mo=|1] witMt(UpK"O«Acw°mq o yv=|-a+2|>"
1 a 3

" \ex ,(1.8)p Ae"UtwM UtSZ"M20«Agqg®e oM”

[ 19¢+@wO«AgM U £ 7 °tSZ"«@iw:> b0«

Agxzx,oawe"O«A¢ aqR r>;Mo

lx—al=r
g d’}\w'0s 0> +gwO«A¢cM U gMO}
«J 1.20 xyz i tSMo ,”5&”:1,
— —\2 — — —\—> (|2
(OP,OA) +“op—(op,0A)0A” -1

s=hbqV ,: PwJ{>{S" . 2009 +GT (~J))

~rt- OP=pOA=a qSX.hi' ,lal=1pK”" .\wqV ,
(p.a)’ +llp-(p.a)al®=1
= (p,a)’ +IIpl* - 2(p,a)’ + (p,a)’llal® = 1
= pl°=1 e |pl=1

"hUlo ,j:8U0R lwed> b . O
5121 1 %wO”U2pK"Y>@. ABCDt°€b"@it: Ps>gq” .\wgq

V,Z<w<«U°® pK"\g>0d

L= |AP® + [BP|* + |CP[* +|DP?

e
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1.2. i O«Ag 37
129 i tSz” widy”» 0

«@q Gw!"“x qs”U , fwidY"»"0Ox i tSZ2” @
widY”» 0 (14 >Mv h Up qpV” e %t

Xo
=|yo|+rcosOp+rsinbgq, lIpl=Ilqgl=1 (p,g)=0,0=0<21 (1.9)

N <R

Zo

pKey ,i padVU (x0,¥0,20, R rw *>"b . \\p , @wia
Y"» O (14)tSMo ,s=rcosO, t=rsinf ‘* ,s?>+t>=1gqgMOMvU
ce

«J 121 i °w: P(x,y,2) Ux?+y?+2°=1,x+y+z=0>-hbq
V, : A(1,0,0) fpw'm APw7-{S"

~rt - \w! *w$ x , ’Ttj:auq ,R 1w *pK” . th,
*fw: Px,(19 tlo ,T&Y”» 0<0<2m>b;’0 ,Z<w'O
t_qpvﬂ
X 0 1 1
OoP= =|0|+cosé ! 1|+sinf ! 1
Y V2 NG
z 0 -
1 , 1
_ cosf 1 +S|n6 1
V2 V6
0 —
hi ,1.7)wO«Ag¢ p,gqw-|Mx ,tc,07Q>RQo ,«lg« os
1 1 1
«<wp ,p=—|-1| U-RpV” .it , GwO0¢O«Ag [1|gpwitM
V2
0 1
1 1
t(Uso*O«Acqg o ,Zu>b: 0 ,q=—| 1 ]>-RoM”
( ¢q q 76

e ;
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“hUlo

swp ,

— 2 2
|AP|2:1+00329+sin29——cosB——sinH
V2 V6
2 .
:2—2\/i5|n
3
s“7x9nwv22\/7K"
—< = — j— — .
q ) ) 6 q \/ 3p

1.3 niid«Ag

1
9+—7T)
3

131 niiG«Acw,A

nxwi: ag, do,..,a, WE>Nt ,0{Mh
ai
az

a=| |eR"
ap

>nliG«Agqg's 2mwnli®«Ag

ax by

az b

a= b=

a by,

a1+ by kay

a2+b2 kaz
a+b= , ka =

a, + by, ka;,

1. O«Ag
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40 1. O«Ag
-Al- (@ w'Al>=O0
ay bl
an bz
a= ,b=
ap by,

qSzZy ,U™wi: rt0 o0

i(akwbk)z: (ki a2 t2+2(i akbk) t+(i bi)
k=1 =1

k=1 k=1

= lal?s®+(a,b)t+b]* = 0
\\p ,llal=0wqVx ,a=0pRgb” .°M,|al|#0 wgqVx ,tt b”
21£sUgqRQ"g ,Q Ux 0Z<psZeys'sM
D
7 = (@b’ ~lal?-1b)*<0
= [(a.b)| < [a]|b] O
th,sex ,a=kbwqVRqgb”
«J 122 A"»B0  (xp,y),(k=1,2,...,n) 100 ,1 (correla-
tioncoefcient) x, Z<w Ot ["e” .
_ Cov(X,Y) Cov(X,Y)
Py = VT ox0y

hi> , 4, (variance), Zi, (covariance) x, Z<w'Ot [Ae”

1
V(X)= 0% = B((X—px)?) = (= 1)+ (2 = 1)+ -+ (0 = 1))
1 n
==Y (o~ p)? = B(XP) ~ 1
R =1
1
V(Y) =03 = E(Y =) = (01— + (2= ) -+ (= 11y)°)
k

(Ve —y)’ = E(Y?) - 15

)}

1

2
1
n =
Cov(X,Y) = E((X — px)(Y — 1))

Zl(xk = ) (Vk = ty) = E(XY) = pxpty

S|
=~

e
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niliO«Ag

X1y1+X2)2+---+X 12
E(XY) = Y. Y. nyn _ = Zkak
k=1

n
X1+x2+-+x, 1&
pr=B(X)= 22T o 2 Yy
N1
nt+y2+-+yn 1
=E(Y)="—"5% " - _ Xk X
Ky (Y) " )

41
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hi®
1
Sxy:_((xl—f)(y1_J_/)+(x2_J_C)(y2_)_’)+"'+(xn—J_C)(J’n—J7))
12 L _
=ZZ Xk = %) (v — J7)— Y XYk — Xy
k=1 -
1
= (-0 + (-0 ~-+(xn—»a2]:—
1
5= (01-97+02= PP+ n=30) =
_ 1 _ 1
X==) X V== 2 Wk
ny=1 =1
«J 1.23 d#0,a1,az,...,a, >)QhqV
aixi+azxp+---+apx,+d=0
>=-h sU’"Xqgb” A\wqV o,
f:xf+x§+-~-+xi
w7-<{S8"
art- fc,
aq X1
ar X2
a= , =
an Xn
gbey ,3a8cAwAEsUt‘" ,
)2 = 2 _ 2
(—d) =(arx1+ arx2+---+ ayx,) = (a,x)
< llal?@? = (af + a5+ + ap)(xf + x5 ++--+ x75)
hUlo
d? d?
2, .2 2
X[ +x5+ x5 = = O
J=xa+5 "T@+dd+-+dd lal?
hi® ,sex,
dak
*
X=X, =— ,k=1,2,....n
7 lall?
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13. niid«Ag 43

wgVtR“gm

ai

az
«™117 a=| . [eR",a#0t0 0 ,

ap

arxy1+azxp+--+apxp+d=0

X1
X2 .
>ahb x=| |eR" wBu> O @ (hyperplane) qMO. \ex ,i tSZ”
Xn
gwM U (15) we =pK”
31ii q% 7t nilid«Aci ow: Alag,az,...,an) T'O @
I':aix1+axxo+---+apxy+d=0
t<—"h(¢tw > HgSXqV|¢tca AHwO”: Ag @ Tw'mq [b
. \wqV ,
n
Zakak+d
L_|a1a1+a2a2+~~~+anan+d|_ k=1
2, 2 2
ac+as+---+a 1
1 2 n Z“i
k=1
pP)Q’e” .\WAL>b;bey yfw7—<x ,'m AHw2bts'M . bs™j ,
Z<wW'Ot-%0"e”
d2
2, .2
f=x7+x5++Xx = O
1o la)2
«™118 IXYs"MOqg o ,a&-4ai"aw° B:0 (method of Lagrange
multiplier) t‘"rOUK™"! 28. bs"j] ,amxi+axxp+---+apxp+d=0>/&
UEgq'o ,fU7-gs”UE><Zb”
fc,a-ai"a :
.Z:xi+x§+~--+x§+L(u1x1+a2x2+---+anxn+d)
n n
=Y 2+LY apxp+d
k=1 k=1

e
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1

a4

> [b” . hi®
e U (partial derivative)

,Lx a&-4ai"a : (Lagrange multiplier) pK”

>aesM

*

. L
=2x;+Lap=0 > X=X, =——ag, k=1,2,....n

6xk 2
s <7 it &£ UEtEO:
L n
a1x1+a2x2+-~-+anxn+d:—§Zai+d:0
k=1
., 2
>L=L" =
L2
Z“k
k=1
>™ . "hUlo
L* dak
Xp=Xy=——ap=— L k=1,2,....n
k k 2 k n 5
Z“k
k=1
Zl'xu ,
§ oyp PG va) @
= X = =
=k n 22 lall?
Z“k
k=1
hi* , 2AUEtaWsM\qt«™MUZApK”

“Te x7&QW™ pK” .bs™j ,7--)Q"l:pK”

e

1. O«Ag

.\wqV ,
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13. niid«Ag 45
HI -
811 z=|"|=||+¢ = M, =T =0+ e = .<D.
y 1 4 1+4t ¥y 5 -4 5-4¢t
812 fc,”: PwidY"» Ox ,ﬁ: * :( t pK” .
¥y 2-1

“hulo ,(6'3,&):2t+2(2—t):4 p° pK”

1 5
013 h=7a+§b

6
314 |zI?-2(a,x)=0= |z-al®’=lal®> & |z-al=lal q! pV’wp , 80U a, R
r=lalw>"b .sS,\w xj:>e&”
(%R8) 2242 L

T
815 —.[cos{BAP= —==———— = -1
i ABIIRSl ~ raiiazvs V2

1
516 S= 5\/4aZ+b2+4.

1

1
017 e=+t——|-2{.
via| o
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46 1. O«Ag

5118 (11,4),(5.3.5)

5119 su (3,3.4) R £

8120 x2+y%+2z2+4x—6y—2z-15=0.

5121 L=|ATI5|2+|B_I5|2+Ia5|2+Iﬁ’|2=?. [c€ewald> Ogb” .+h,OP=p, OA=a,

OB=b,0C=c,0D=d qSX. oG O xY>@.wOuswp ,i(a+b+c+d)=0te™"
o,L=4pll2+lal®+[bl2+lcl?+dI% th,°€-wR r=||p||:%, lall = 1bl = lcll =

Idi=1/3 >b;b” ]
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