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Section 12.] 3D Geerd. Sysiems

Fig\m*-\r\o.r\o\ rule ¢ Point in  Ppesitive X direchon,
cuv| “word Pesitive y clirectton, then Your

e pume  ip pesitive 2 directton.
We dencte he ovigin \oj 0.
=
0

x Y

Thae '&i’f ocfont » part  whore XY, 2 el pesitive .
?oi r\'\-; are  now ofderf.d 'h'\?k\ (a,\n, C) . or P (c., b‘ c)

v odenkt e  perrt P vtk coordire®y (g,p,0).
This  spa@ v (alled 1_?\__3 = RxR>Tk = {(x,\j,%) : x,a,uﬁ&
lecall fhot R* = Tlay): xyeRI 44 a plone.

Equattons o suf-ﬁ.t.u

Note: An cqm’f'ion W X and m R 0 e cuyre, ‘o
o eguetion  wm X ardjm YL a sw

EXGM le

) 3:‘5 in 'RS v a Plane
w B o 4 hm

n s

D X
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(b Why does Y es‘,\mhov\ Y +2* 2| represent in R®?

{
\ «
\.
\:3 =
) \Wwalt * x = 27
Circle cF vediw 1 at
x=7, centtr (2,00).
‘2.’3“‘@'\& ;&( mo LQ T‘\E c\'\ShWa l?‘ P\\ M‘M’\ Pb"“*’ P‘ (vaul.)

and P‘L ()(1., b"’ l7-) .‘0

|’\’.P-.\ o J(xz—X.)‘ * (Ya-g ) + (Ba-2)"

\&‘—'j? Comes -Q-mw wo GPP\IICA:B°LS r? Pﬂ‘ﬂoﬁm Thesrer
Li'fﬁ&‘-’“ Egn of sphere Witk enter Clh, ), radivs ¢ 1
W+ (y- k) #(2-4) = ¢
T e corder b e ofign, i simplfis b

X 4y et met,
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Exemple T @ Whet region 13 represented by
| € w43 = §, zz 07

& oyt 7t 2 e
(smpete tha sqian: Xt agt + @) 7

Ths & every Mg outside 'f Hhe sphere of rading 1
Wwite conter (o) o)1)

Rawark  ofiem necasseny b complele Yo square 4 dontfy o rcle.

Section 1.2 Vechves

A Print derctes o pesifien in  Space, while @ wector
derctes  Gn \;\mh“ ;
T B f\l, On e '\'houlb"\\' ﬁ as  a guantity itk
Vmb“"\\nﬁﬁ ond divecton. Dencted \oj VvV or ? W
A displaement vector  gives  the  displusent fom A to8

y.ﬁ Q’-:A_.E

Two vechr®  with  some YMQNW and  direchhn  are equﬂ.
The 2m V'Cd'W, denoted blj O or 5‘ has \Q&\j““\ 0, no divection.
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Vechvw  additton: $or  vectos 0,0, th

The Tﬁus\e law The Panrc“e‘ﬁrm law

The  Parellebgran law  sHales Yok wechr additton 1S Commudative.
That (S,  uwevevauw

Sealar _multiplicetion T ceR (called o scalaw) and ¥

& vector, Yhen ¢V |as lers‘l'k €l Times  the \eb% # V ulese
dection U Yhe Sewa as J f Cvo, oppssite ¢ c<o, and 4
C=0 or V=0, +Han ¢V =0,

The d’-ﬁerenc_e U=-9 = U+ (V)

NIV

Gh e done o ¥ Po-{cu'e“ﬂrbh Lewo or ’Y'C‘V?‘l Lo

Comgonen+

We iniroduce a Ccoord: nate SSS‘RM Fo  werk with vectorr

a\%e brareslly,

(4,3) “the  coordinates e  vechr
are caled .its  components  \yrite

=<4,3% c\?ﬁb«en'hode fom porats.

44

T & o vepreserdiivn 4 dhe  vechy  <4,3). Ang vech
tet  has imitiel poat (a,b) and {erminad pont (a+q bLes)

wril be e%uw.lcm The pacficular rcPNSenh'hov\ starh ‘frm
the ovidin i called  The Pisitien vechr. 3
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61‘\EV\ PO'\Y\"S A (X|, Y, 1\) anc B(X‘L‘ Y, 11_\, -M ve cho-
a wih m‘)rdse.n'\u‘\'wn AR

a b <Xz.;'X\, 3._' 3._, 1&' 1l7.

Dample 3 Find  Yha  vector represented by the  dicecled

Wwe seqmwent with iritiel punt  A(1,7,1) and dermind point
®l -\, o, %),

Seluton @ = C-\~1,0-2,3-15 = <-2,-2, 2.
The maguitude o legh o e vecler T dencted \¥) of
WL, & e \ema'\‘-\ ¢ any r? e representatimne g V. Use
e diStance -Fv\'mu.\n. 'fﬂ'h e or'«s‘m. Tw Rs,

o —
\al = \q“ tay +ay | where @ = <4, oy, G37.

\‘CC\W( JonS ebra;
Th R': a=<a,a>, b=<b,, b

-a +b x < a|"' b.).h‘L '1“01.7 a—-.b . (G)’b. > al— 51_7

e = CCa,,CaY

lal = {\*+ 2"+ = iy

ot =142, 242,342 = <3,4,8D

a-3b = <1-6, 2-6,3-6Y = <-5,-4,-3)

43 +2b = < 4,512 +< 4,40 = <F, 12,107

?rqgermf g@ V‘-C\i_?_LY u,V, W any vectors, a, o scalers.

D usv =v+u 2) U+lrw) = W +w
2) ut0 = u ) u+(-u) =0

5) alurv)= au+av L) (a+9)u = au+bu
3 @YYu= olou) §) 1u: u

EAS{B vcﬁf;ecl Al?b{o(&% o/ ;@pyn@hﬂ@%
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Th ]R‘ e standacd  bagis _ vectors PR

EARY <’;0,07) 3 = <o, ‘a°7, Q = o, 0,17,

p ¥
~ &, T=<L,07, J=<oum

These vectoes have W\ 1 and Point in Hae 'pcs'\‘ﬁw
Aive dTHn The ouwes.

We can write N\j vechor in Yerms af 2,3,\'..

L)

eq. C€3,-1,17 = 3% -3 +2k

A yair veclor o vectsr wWhete \03& w 1. 'I-f 2 #o,
Then Fhe unk Vecdher v the Sanma dicectton a4 2 W

=D

1=
u= Ao W -

é‘;ﬁm 2.3 Te Dot Product.

GMIA a = <a,,&;,, Q7. ﬂb bt <L‘la b2--, b37 Fhen Fha d—gr—e____—%-__w
af- '& and :, del'w"fc\ a-b [

Z«L * ab, v arby + aab:

Aso galled  scalar poduct o nper  paduct

Example 5
= <3,29:< V1,47 = 3 +2:4= ||

(e +D) (-3 +3R) = N +OXD r@B) = S

1) WU o= 1B 2) .V=v.
3 G- WD =80 ES 1) ki)Y = G (aW)
5) 8.4 = 0.
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arSlQ between vectors a and BJ Hren

= 1alibl cos ©

Prok Lau of Cosines: |a-bl™ = 1al* +1bl* - 21816l cen®. &)
\iS‘\Yﬂ propertie c" dot product:
labl* = (3-b)(a-B) = a6 ~ab-ba-b'b

= la\* - Za'b + |6l

Thus (%) 3‘:\'0
1a]1* -2a-b +lbl* = |al* +|bl™ - 2Zlallb| cose
“2a.b = -2\allbl wse
| acb = lallbl ussﬁl 7|
Exemple L Find the ai\g\l bhwn & % <),0,0) and bi<)LH, .
2b \
s Wi * 1.7 - 0 ¥

Two wectos o otugoml or  pecpedicder F He agl
bedween them 4 B3 W4 Using  the Heorem, we oet

Twe  vechves 3,1 are ov‘“'\i:)om.\ ‘%&w\ only i{— ab=0..
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Section 2.4 The ¢yess product
I§ 6= <a,, 0, ay > and Ez(b., ba, by ore vectrs n R,
Nen e cmss ppiwt o Bad b b te vedor
3 xb =<@bg - Gaby, O3k, - 6,bg, a,by - aaly Y
Note  Qesult & o vecho. Only defimd -Fv K’
Easier P rememler Wiy determirants.
Determirant of 2% L
1

\?_ Z\ = o@ad-be

for 33 , Wse  exXpenSion bj MInGrr

Q, Q, Qs e b b, b b, b
L by ‘3
b, ba by = a4, ‘C‘L eyl ” Qe ¢, Cs tas G4 a
¢ ¢ O
Se we can wrilte
R 0a G N a, Q4 = G, a'l-\ D
axb = (R - \,,\s ' ‘b\ ol K
Ov " a e
- o _ v J 3 X
aXb sl a‘ Q'L Q, \ ( 3
v, X% b;

Kemzr\v_ By row ’F *) Conwsts vechvs sy thy v a
NMWﬂ bk rether  Han o(}% meuﬁrj He deAermvant.

Exawgpe 3 Y, 0,-29 x€<2,, 6D

"‘“C. _ A
LN -3 { v =8 . l o
S I T M EER P L
2 4 ¢

A

= 121 -(6 *<)5 ~ [k
= (\‘L, -\, —q>
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b

Theorews  The  vechr axlL b ovthegemel h ok 3%
{j @xb)a =0, (axb) b =0 We

ﬂ*( W< “eeo\ Yo vent
Show  the .va,
a, a ,

(axb)d - (,\.: al :.aﬁg\‘ v, “‘b <e, aa, a3d

Q, QA+

0, Q a,a
bd::\"h —lb" bi\“l i lb. b,
a,(a1ba- Qs ) ~ Ga(Qibs -d3by) *+ ay (an-aih)

Ou.a-,_bs - G,Qﬂa-,_ - Q.Q,_LB + QLQQb| - &.a-,\:,_“c.-,_tlsk,

O. /

LX Y

\

1

"

1]

Remarle  (poss produd & 7:\&.4 bJ r,‘?/lvf bord  nle.

Theorews Tf B 4 ‘ﬂuarglt between AL (0£027) then

laxbl = BB s nb.
2’_# \?\ Xt \" » (Q-LL;" Q'L\)'L\)t - (ﬁs\os - albl)l M (6\‘91'“1‘9|>2

L, 2 *
=0z by - ’2'0‘1“35:\93 . 0.; b,
tog bt - 20,43 bby + alby
+ Gltb: - 20,6 bk, + Q‘:k,‘-

=(ar + ar #e ) (br +be +bs ) — (6,10, +abaray by Y
B - @)

BBl - 1allblces™®

1allsl (A - cos® ©)

= \a\lbl sin*®

Tak‘nj S?wue yeots 24\&3 result  sivce QSW'LG = Shwe ‘f“' osest(‘,/

u

u

Cor,,\\Qg Twoe neniews vectes G awd To Oure Fara"e( FH Axb =0.

god  avalel ©=0 o T. Blhor way, SHE=D.
Se laxbl =0 = ax) =0. /
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Geo wetvic  Inferpredeiion

u, Area = lal(1bl 51n8) =|axsl

lk® Wd & rnenen vedor o oral h the plane
P&s\j '\MmuyL PC1 » & l) Ql-2, |,3) R (‘-\ ZJS)
—_—

Seltt Tha vectsr T PR perperdituler b Po andd PR
T o ovihegoral Hhroul o plon  defred by Po, PR .

£Q=<5,\’L7
PR =<3,2,47
5> y 1?3Q -3 2 s
Fa < PR -szl"‘&;\’z"‘sﬂa*IS'L“
2 7 Y4

1)

“-4)3 -~ (~12-6)7 v(~L-3)L
>~ 0% + 17§ -9k
Exanpd 9 R Awe&o,F -kw,/; wiverficeS ¢ 0, L.

Esample § @ Pax PR ~ <o, 15,-47. So  are of parlklope..
b \WPax PRl =\18* +q" = 45
e f Paf> %)\Paxprl- 1.

Properties o (yuss Produet

1]

1}\ -GT,T-)IE ore yvechws, « a SCheAr, Fhen
1) a;\: ""__ --.xaa

) W& )xb = «(axb )= ax(ab)

35 a x(;-f:) - ax-\; + b'uE

4) @+6)xC = o + bx<

5) anEB=G;x‘}:c .-

6) &x(bxo) = (ae)b ~@b)e
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T_npl products aloxe) U called solsr triple product

[« 1 Q‘L "1
Can VCrif:j: aloxc)= b, ba h;\
&G G &

Geonetriz meaning . Volume of} ?ar-.l(elopifed Spanned \’j ab,<.

“ b
- 4- que.'Pﬁ\bxc\, h =\al ces ©
V= Ah = ‘-\;x2|la\c»$e = la. (bxo) |



