MN eckers \n 2-space ¢ 3-Space

Nary 9:35(6\ quanhties conbe completely
descnbed by theie S\ee ( 7ognude ) ;

These ore called “calars®
Other thysica| quankities alkoneed e be

descabed in termg of dnetr direction !

These ore called Vartors”
Seaction 2.\ ¢ Trtredudhion fe C‘l ecters

Geometnc)

\(ectors can b réoreseted in 2-Der -0 a5
direcred \ine segmeris (arrows).

Neciors with the some \ength £ direchion are
ca\ed bouilent ¢ (even &

they are located

diHerent pesitons,



Defn" e SUN 7433 1 the vecker determined
as follows : Rusiion W so that its inhia) pain
Conades wththe Yermind) pointof .

Delfa" I veder length O \s the %o vecb;'a
o+V =U+3=V

Detn': The VeGATVE V., X, is the veckr that
d\;;s e some moghitude o8V bokis ogpesiiely

Detn: The DIFFERENCE (s T-T = V 4=0).



Defn!: TF ¥ is 5 nan-2ero yackr £k 1S & non-
Zero rea) tamber (scolar), dnendhe. PLOOUCT

kT (s the vedor wirese length is &\ fimes Hhe
\erqyth ot V & Winese direchion s the same ¢
T ¥ k>0 AcppositeteT fkeo,

P arest uway Yo descibe/draw/anslyze veckrs
(S WNIN 2 coordinate syStem,

Let's stack with the plone/2-spxce .
TP we pesition © stihe engin, then (V) ¥,)

ave. Components’of V'



\IQA'WS NS e(2b):

meih:we Similar resolts 6 veckrs in 8 ~space
a8 we M\z‘af’ vecers in 2-Spece

l) Vsﬁ W and Oh‘“ e N B, , Vo SWoy \[s =g..)3
)V EIs(viEw, Vitw, Vyew,)
ki Cen » \wu\w,)

- - é
cx, Tor J=(-,0,3) ¢ D=2 31), IR V EW
“find 2T, N+, 29 -3 5



82 A decer § pesitioned cothat s initia
f’_°"“‘\' (s et et the origin ,Hhen

P5y Whstare Hhe cmpnents of the veckr T with
intigl paint €16, <33) ¢ fermins! point (1, 3,-2) 7

&ﬁc’(imcs We Can &m ‘\'@3 o blew b
“tronslathing “he mtdén&r:xfs: J

ex// Soppese we tans\ste 1o ohlarn an

K=y system hase ongin is (k Q) = |
Mfind );j’ Y coords. ofthe :org‘-{—\ zf, J()‘Z P) Q/lg’ )
!))‘F"’d K,\j ceords. of 'H\C go’m‘k (K:3§ =Q(-l) 5)



Sechen 32 : Nom of sVerdor ;Veadkr Arthnetic
 Properhes F Vedor Acthmetic :

T T ¢ T ore vedergin 2= o 3- 8pace ¢
k& 1 are salars hen -
VTR @RS ST @R
) X+0=0+0=U () G+(-B)=©
o kID= KNS ©) k(AT +LY
7 (eu=ks+dd 8) AT=TW

DehtThe \ength of & vedter s oflen aolled
Ws, 0mm * denked 181 < 3= [otrats a




Note: A veddor of hoem (length ) is &

I P 4P, dre 2 peints in 2-or 3- space,
He distonce between $hemn \s...

Q)gz\:or u=(-32 2 _33), whotis -
) \\ul\

_L_-n
“u\\

Cﬂlnrm“‘(l



Section 33D Preduct; Projections

TL we pesikion TET sc-\\\a-‘r-l’mr \nitia)

?cm'k comcde., we caon define the ng/e
befugen 02 V,0, where OSOSTT;

% TL T ¢ V ocx \echors in 2- oc 3-space &
is Yhe argle berweea GV, thenthe

E'Oclmf@n /nnmdw‘ ' dot predct “ 0o Y Is:
IBW ISl ces© F uE0dV2O

.U\
| i @) | F w=Qeoc vz

&, For %= (0,~L0) 4 T= (0,2,0),find T V.



We con o' find 2 fornula Grdhe dot

produckh in -\cmscF(mponeH\S
Lem-(u.,uz, DEV=(, V0,0 (FO),
_ ACu, , V2, Us) i
LPMO\:COSINES
J | & IS
| e I
v = 2%4b2-22) ces (K)




eyy Yor T=(2,-1,\) ¢V=0\,1,2) fid T-7 ¢
 determipe e angle betwaen LaT .

Ton' T B3 ore vedhurs in2-oc 3-cpace:
A= ITH e, W= (3 V)"

byI W are men-zero, 4 O isire argle between them'
0B ie scote (0<0<T) it 4oty F TV>O0
10 16 bhge(heecm) W UicO
e = $ ond on |3 o aq‘ =0



€ Tor 520\, 5,-2),V=(3,-,-D), w=(2z,3,.4),
Fied 0, BB, T-W and descoe the angles
_ wvefween ¥hes€ yecrors:

Tf Hhe srgle between fwo uecrsis 2, they are
perpendiclar, oc Zrifogons/’y (i€, wlv).
Trn other words, 2 vectors ore orthogons| tffory
& Hheir dok prodect 1 © (nole: if ether o both

L~

are =0, We Considerthem perpend (coldr).

exp Shaw thatin 2-gpace, the hon-2ero Vedor
R=(3b) is - dothe line ax+by=<.



Droperties obthe Dot Product:
TR, TSR ore veckorS [n 2- o I-LpaAce,
4 & i€ 2 scolor, theén
3) &V =N-T by AERI= TN+
&) ¥R V=R Ve T (V)
HIN>0 i Vo, ¢ V'T=0 # V=0

Sometimes v wont to orompent vechkr ™
(hto o Sum ofF 4wo others, based on some
Whird vector 5, One of these will be parallel

‘o 3, e other will be L +o 3.

Ihe do Yhis &3—Qomiv3'“\€ difference \‘»’z= '\Z-&“

-@:Of# ona/rachbnaﬁlv’ " L
‘vetfoo’; Cbnpasenpﬁ 'I'e)tcc'«"alcals;aa" =k M

W, : vedtor mponent: of & orthogons/ o 9 .
* = - Prgjy O



I+ paral\eH-o 2
., Cugh llg"U cesO 3
PMS ue 3";
QI 113 ces Ty

W3 °

Neted: Projl L W- Pro)ye O




opLetR= (2,-6,5), Fed e veds componen’t
of & 5\0\\3 26 {’(\Q vedor ccmponec\'\»cF U
octhegona) to 3

8 3=C\,-3 0

b) 3=C\o, S, -4)

oy a= (Y -12,10)

Dove3: || prsy, il =



N con use Yhis Enosledge to €ind 3 formulD
Letve distance between o patet B (x4, ¢
a \ine ax+by=C.

e+ Q(x,\ ) be o pairt ontheline, & pick =R,V

s, Lihat is the distonce froen Yhe paint (-25)
-\o e line 2x-y=3)



Section 2Y:The (coss Prodoct

he defined (in22) a prdock oF vedtors hat
cesuble (n @ Sea\or —the o¥prodic?. In his
cechion we will define g tyoe of veckor molki-
olication thotr resette 1 & vector Chot it (s
only gpplicatle In 2-Space)

M: I‘F -&3(“0,“;,“3) PRV (\J.) “2103) are
veders \n 3-Space, dhen the Lryss-product
DAT 18 4he vechor defined by

e
UXN = (“1“3' UN5 UV Y, N3, U N, - ul\l‘)l OCoe0
Concider the veckoes T=(1,0,0),32(0,,0)  E=(0,0):



e)(//.?jnd TxY where U (-3,0,2) & 3=Q4,-), 5)

Crosc- ¢ Dot~ Preduct Relatonchips
3 »(3xV)=0
b) X: (AxT)=0
) IRz IR (8 Y)*
dy ux (0 xe)= (3 R)V-(23)
e)(Txv KR =( SRV - (TR




ey (orcider e gectocs ?2:(-3,0,2) 4V+(C),-1,%),
oo BB ¢ N.CuxV)

Propecties of e Caxs -Product:

T B,V ¢ R are ony veckors In2- )
any Scalar, Yhen) Yo W
5 oxv==(Ux0)

b) DX (FR)=(Be T (Gx )

o) (C+xes = (BxR)+ (YXTV)
& k(RXD)= (ed)xd & &x (k)
& nxd:=dxa=0

HRxoed



We have 5 nice, geo metric repregentation for
R eross product wia Laqange's Tdenbidy

Tho': T3 W&V ore veckes In3-spacs, then
Taxvl 1s equal to 4he area of the
ponllelog ram dedermined by WEV,

ex, Fird Yre oreo o the earellelaram delerming
)”\:.3 U=(),2,~0¢ V= &a,o,-z;‘)’ |



ey Firc the &€ otthe '\naha\e debmined
4 ‘
{,ﬁ te poinys ¥y (2,2,0),©,(-\,0,2), ¢ B0, Y, 2)

Defn: IF R, V, 4 & ore vechors In 2-space, then
N (PxR) 15 Ahe %co s Tridde product “of &, f {nts

|l £ok sl U, U, L
AyX ' 3
W (V w)= \j' \‘Z \Is
UQ' U)z U.\3

A colale ﬁ'_(s "_?“) of the vectors
&= 37-23-B%k, v=T4+ -0, W= 35+2%



TH we interchorge 2 rows o+ > Hme:

V(PR R (e )= V(D)

Now we conhave o aeome'h\'c 'merwe’eh‘on
$or delecminants/

\F \ . = of . (€=
T2 “H[‘Q. “?ﬂ dae}\'e?mimgé‘:g% :%m)

| U, Uy U37[ volume of 22/Ekp) ’
b) ‘c\e‘ [&. L{ v 3“’ (;?2,;@)‘ débrmmd\nj
| : Q, v,




| ?Nha‘;\“«Fa\\ 2 vechors lie in #he Same plone?

. <

e can use ¥his £3ck-i reverse 4o delermine
whether of rat 3 vecors ieinthe same plane/
" TER= (U g, U, T(4,5 V), € W2 (w0, Wy )
ove the some Initid) poind, they e in ¥he
same plane i ond only i

JNendy thot (1,2, (3;5,0), & (-3.4.0)
%\\e ii:)\'he sa’ne/. plane., ’



Ne fret defined vectors simeN ot dicecied
ine segments, & \rivoduced omaonen s ¢
oordinoe ystems \ste to simplity compotations,
Bot 2 Vechur has “aotenshcs) exilence "even

withoot § coerd. Sysiem, & & Vector's
components depend on which coord: Sysiem we
v e

So Since Ihe Cress -Prodod'o.\as dehined inderms
of components, axldte fixed vectors T a8 T have

different crss-preduds h different coord, syctems?”?

case OXN S ledely delermi
%gq,/ 0;);'\0 iS complelely berminved U

& \ts /et

which do net dq:e«d SARL coocd. sgs*:m./
&x/ (onsider 2 perp. vechrs of umt- length
e

WA &
/6\:



N &ﬁm 35 Lines & Planes

&z Hind an @ of Hhe glsre. passing fhroagh Yhe
ponr (|, -2,3)d A N=C(F-4,1).

Eﬂ_\'z Tre grph ot ¥he e QX"‘V\QB*'Q?:-\-Q:.Q
(where 85,04 noral) 0) 15 the Pane whh normes!
veckr ¥=(30). |
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Sﬁsic ac Ye solohion of 2 ﬂs’:em of-linesC egns
trby = e, hos saln's M Gorrespond ¥
Js—d\\‘\;)_ fre intersetion of the lings..

i Axthy +Cz =k, Cormesponds s the
dx+eyrie =k, Imersection of...

ex/‘FmdPoe eqns of-the glare throogh The paints
P\C\ 2,-1), P (2,3 D, 3733(3 )

|
1
|

UDQ csn uinie the P.N. Jorm of s plane

mc% A HErMmS of vectors /
&




ov, Tind Y2 yecher ean' of dhe plahe that poses
= roogh e s?o'm:q(%,s,-‘{) QSP s L N=(-,25).

|

’! \'\'OUA do ue Se\’ﬁ\e e:'h‘%re line in 3-5@:@7
T

ey// &) Find pareme’m‘c. eqQnts forthe line 9 pismﬂ
Hhroogh P, (24,-Dé P, (507,

) Where does the line \n\-ers_ed'-\-ke N P‘W?




&, Find pammetic eqn's Jor the line of
//'\\\\ersgc\—(o«\ of e planes

1 37(\-23—(-\2—6:0 & X~33'22'q =L

e opn Ao whiR g line In ermns of vedtor ean[
s 2

y

X

ey, Whsk s the vector form egn’ %r%eliaﬁ
Yheoogh (1,2, & panllel Yo the wechor 7= (4,0 3)

‘E\eré e 2 g Fisiane preblems” n 3-space ;
d) T"_l*d Ye distarce between o ot d o P\;me X
by Find the disterce befween two parelle) planes.

\
{
|



2> The disbree blw 2
?om’c Pol(Xo ¥, 20) &

e p\ane Sxrby¥cz xd=0

\D)\\aF is the disYance betweenthe point

/(H 2,-\) d4he plone Ix~y+52=-Y4 7

%, & \\en thabthe plones xt2y-2=2=3 ¢
Q-XH’US 2=+ m\le\

l

|
|
[

b UJ}N:* S the disonce between the planes ?

|
|

\
I
{

*
z
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