VECTORS AND THE GEQMETRY OF THE SPACE

Three -Dimersional  Coorcinade Systems
e
[ Carfesion  coordinates for

| SPae. are colled  pectongulor
ri {O,O,i)J[-__T P(x,%’&) COOFd'mQ-‘ES. ’19""
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|7 BOmple: We indopret duese equations and ine-
| qualifies  geomgdr colly.

Q) 220 : Tl ualf Space  Consisting Of AR peints
On  and  gbowe Huo )Cv-Ple\Q- |

b x=-3 1 T plane pupadiculor 4o 4o x-axis
ati  ¥=-3. This plae lies  pacallel do 4w yi-
plone  ond 3 unids  lehind 4.

EKQME\Q: What points ?Cx‘s.;;) ‘SQ’H‘S'(‘U ‘o
equanons Xl-t«(sl:q_ oand =3 7

£

The points e in 1l uorizondal plane 2=3 and,
in this  plang, make up e  drcle  XryYr=g.We
o\l dlis  det Of points Mhe circle Xrdyrz( Ua tue

Plama =3 _ A% —r>TW plain 2=3
> Twa Qrele
/ g %L"t‘dl:u}%':—’l
(2‘0"9 : AR >Y
- REFT T /020

D XPaylzy ,2=9

25010.) |11

P

Scanned by CamScanner



Diston@ and ~ Sphwes
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We Lind Awe distance - betucen P{ and P,
applyin the -
‘rnangw? P AG

PBP, .
1P Pl ™

= I'PIB| -t ]'3?2‘1

= (PAV R [ABLY) + (BT

\XL’XI‘-L

Pythagorean thgoren +0O e rigut
and

XA
P, P.1"

—_—
—

3 ‘dl'\jlll + ‘%1*&1\

g2
Catiy ety % Lig=i)™ 4. Lay-3p)"
Thweelore

-

\pl ?1\ - \/CYI’Y\}L'\' (-SL"%\.) -&C-I.L-—i‘:\)?- |
Exomple: \Whot 1§ g distea@ bedturCh (2.1
ond 9.(-2,3,0) ?

(PPl = |/ W% (2D (5™

\/é+ U425 =

6903.
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We .Ccﬁ use ke distance Locanulo ‘o writk '
equations for sphwes n spac; |

o
N
A C\(l"\jlq'-) )
‘po CXO,%Q’%OJ

O >Y |

TWe  sdandart Equation for tue sPWR
of Radius a Ond C(eder (Xo,Yos#o) |

X

© (x=%)"+ (g-go) 41 (2-20) =i
Exomple: Find  4ve  corter ord rodius of ke Spwere
X4yt 422+ 3x-R +4=0.

L _ (A __9 = - .
(“%) t Y2 +(2-2) "+ = 4=0
\

——

4

Coter s (-3,0,2) ond tw tadius r= Vol
z 2

Exan;\p(g_; F‘fnd Equation for tua Spwwe  juose
zoer  and radius is (1,2/3) 0nd W)rebpecﬁve\,y,

(;(-—l)‘.}. (8"2)1 s (%—3)2‘: Yy  or

(+3)" 4 g + (-3 =

X2 4 yi4t —2X% -Uuy-62 =0
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VeECTOR S

Definition: The vector s -

: A S Predented b \

lc;r\aﬂ J@m&-&i.TM _‘\—fczc+or %3 hoy l‘ﬁih‘cﬁ gofﬁl.re,iﬂ
ol minal  poin B ond g Y

by AB). ght s deroied

lwo  wectors are equal | Wa
- they Wave 4
lesgut ond , direction. T “ebame

©rminal

—
point AR hos twe direction XY

loght of AB is |AB

DQJ}tmilfxor\:lf v

{57 Qb oskings dim.sfoml VeCior i, 4
ﬁ . W
‘ ma\ -\' \Jec r + % b . N
1 Q‘QOrigtg andto W o~ tor withh  inidial  point at

int (v, 1
COMmpPonoat .{’Orm O.P J i‘ij) F 20 5 -HMM -

> v — (V{ ’\/z_>
VS a0 Ahee- divaasional
| vector with  jaiHal
- nal point
Vs,

vector, equel +o Hle
point ot the origin  and Homi-

— V1,V Y5) ) the Comporaat foran af
V= <VA,V, V>

@{}l;ka eal  numbers vy, Va, vy are e componerts of

| @ Gl\/ek 'l'uQ ?OL‘Q'\'S .'Pc'xil/'dh'}[) Clﬂd ®'6K1151|ia)) ‘
ir)a £MGSQF+ PO..S\FHOF\ Ye ctor _‘_3/ = dNy ,\1; ,\’3> eqUQl
'S , 5

55
Vo= d%—-x4

) Ma—Yi, & >
@ TV is dwo dimersional  with  PCx,4) and
QCXz,4:) as Poms in e e , ke

-

V T X2 =X4, Ya=- Y>>
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s ® The ‘@g\ﬂ“' (or wmagnitude) af the vector V=P8

L_S/

I'—Va\ - \/qu—\‘\\,2_2—\'\[3l — \/CXZ—XI)L-"(SI“% 4)L+ (%2—1‘)1‘
@ T only wector  widn \@\3\1& 0 is 4he =erovector
0=<00> oc 0=¢<0,0,0>. This s abo tua only
vector  with  wo  gpecific  direction.

Example: Fad +we Component foran  and W‘?M' of
L vector with laikal point P(=3;44) and
@\(—‘5)2,2).

_The Hondart  podition wvectoe' N represerting
S hos - compPonaats ;

4
The CDN\’PO(\O,\JC ,_(’orfv\ O,Q P 1S
The lu_cpm of NV is;
1= VED D ) a4t =3

Ve ctocr Algelora ©we+i©m6
Two  priacipal  Opoations iavoling veCHors are
vector addition Ond scalar  mul ipktCa-thf\.

—
avont Let U = <Ui, Uy 3> and 7 =4V NG N>
bo vectors win ¥k, a Scolac.

Aldition: UV = <WHVq , UadVa ,UaaNs>
Sceloc nU,u\H@FGlJﬁON L(.L?l el WU, e, EUg S
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SR Lot e e

U

(Vect+or addition)
2Q iy -1
UM i

(Scalar  wu \Nplet of Q)

'y

3,4> and V= <U,¥ 05 . Fa
e Com POnQAt S g_c; | ' At (Nal

ST
Q) 204 2V

by U -

—-—
—

Ll

—

5)1__%3{':

]

‘P_fo’pQI—hQS of
et UV, W

DTV Ozl

2<-0,2,45> 4+ 3¢ 4,3,0>
2y #0402 D ~datidD 24 O
-‘-’-*514-11 b+2l, l+‘3>

W

=1,3, 1>—4q,4,o~> ' f"
<-4-4 , 3-3, 1 -0> i
L~y 3 ~LF 717

R N SEERT N,

Vector Dpora-hions |
be vectrors  and q,b be Scalars: i

2. (G+V) + W= U+ (TaR)
3 A+0=U0

- -3 g
i i (_-i;\) = Q
i O\U: O,...
é' 4I(P:b=-)— (J( )‘—"3
3. 0(bu)=(@avlU
2.0 (T+V) = b + av

~ -

2. (Cl—‘r‘o)u? = O+
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|

Unit+ \/echoms :

A vecior V of \ng\/& A iS5 called a uatt vecton

The _ standact unit  NectorS are,
T =¢<,00» y 7_<o,t,o> k=<0,0,4>

@947\ vector \/..<V4 N2 V3> . con be wrilien as a
lilneac  comloination of the &{-Ondw{- Uai+ vectord
as -ro\\ows

- - - -
V = Vit +Va) aNalk

@ We call e dlae vy ke - componeat of the
vector . va Mo j-comporert , and vy the k-
COMPOnZAt . Tn Hwe componert foren, ke vector .prom._.
PLCxirYiee) 0 Pulxa,dy,22) 1€

.—) .
PiPr = (Xa=%)T + (dr-4) 73 + (0 iy e

—, «
WV 1S

@ Whareves V40, WL is not zero and =
V

a uait ector in twe dicection of V.

Example Find 0 unit vector R in tue direction of
- g Vector  froan - Pi(4,0,4) (4o 9,(3,2,0).

— ' : . o

PP = (2-07 +(2-007 + (©-OT = 27427

| PPl = /2% 280 VB =3 |

i i —3 g ey

| 4 . U= Pr P = ..% (2?-’:—'2::)) '?) = ...Q'j't T _2:? %.
\P&PL\

The wvector @ s in e directon .Qﬁ E%z .
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® The, widpoint- ™M Of He li€ Segmart Jolai
points  Pilxq,yi,2) and P (X2, Y,,2,) 18 ke poiad

M( Xi+ X1 Yr+J ; 2,1-\--?.1.)
CY 2 2

The Dot Product

Theorew 1 - Angle  Beturen Two  Vectors:The angle ©-

-Eg-}ween two wonzero wvectors U= < U,Uz,Uz> ond
V= Vi,V Vs> 18 give by

- ©= Cos™ UqVyq + U2V + uJVJ) GL%?
AR o

DQJ}:mih\om Twe dot producd o b_[f vectors
S W= <cur, Uy, Ua> and Vo= Qg Ve, V> s

Vo= U4V —+ Uz Vo 4 Uy

® uV = Gl Klcose

tecpudicular  (Ortuogonal) \ectors:

"\2& ore \QF‘HAOQO"'\ al  (or papadiculer)

Properties O] e Dot Produck

~3 - : ' Ay |
) Yooond W are any vectors and ¢ is scalar, Har

o) T
Vol

~ Gl -

SlCiq)
!

=
cl

V) = ¢ (Q.Y)

Cig W b ~
olfyicy ™
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. V1 ¢ 131w
|U+v| < U+ \T)
U019 = 13491 = |32 4 1T\

Exomple \X/r(er__ Yhe vec+or 3T+5 O3 a dum of
0 ﬂ\)}i’cmrs ¥t _gnc\ suc thot T is parallel
10 T43 ond WU,V are Orthogonal vectors.

pﬁNG‘\
l

1

N

SLQCQ u is paralel Yo T+3 o, Lor a scalc.rt

=t (T+TF) . U ond ¥V o0re orthogonal - §0

0.9=D = VET+F)I=05
3(+'1 =E;l+—\_; -
31'4- = ?-}:)'_")-l—\/
(3(-%")0 7)= £ (T+F)(T43) + V (T+7)

344 = & | x5 | & T+ 2

4= Ay =% =34

3 wE2l42s

Pro Hect+ion

|
-l 2 : i #
T vector, projection 0f U=P8 ondo a aon-zero
vector V=P3 s the vector PR dekrmined lo
dro Pp.i“ﬁ a pupaadicular  Lrom R o +we ling ?

The notation for Auis vector is Proq W (+ha
" ]

vector  projechon Of A onto V)

Scanned by CamScanner



S
® Poivu= (13 cos®). L = AV .Y - (U )y
| M

® The  scalar  com

VI
) poeat of U
IS e Scolar f

In- Hue direchion of

U o T I
v v/ I
U
@ "a | Q<90° @ 67800
. | | '
v l e =7 S
. 7\ \J:I >
L va'p -a‘ ' prod, U v
W+ of Proj, u = lulcoss- leyut of tue
and olirec tion . v ‘F P“"lvbt il
)

lu\cobe and direction B

: m
fx:-)MP(Q Fiod ko vector projecton o
n+0

_(j-.: 6?;{-3:‘4-2'\:
o V= 7-25-27¢ ond e Scalac y .
U N -l\m du\ec*hoq of £7

Omporert af
Pro')v =(-JT/)V— M(ﬂ-r( “) (‘"’ 25 _lh)
‘ vI* (1 +u+y)
Proj yu = ~47 +;s:3-" + LY
SRRCTREC
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Cross  Produc -
\——\,.\_\'w__

'_L‘Q‘r U and V R non1eo wvectors in Spa . Lfl u ond
V_ o wnot parallel fhey  deteonmine o plane

The  cross product UXV s {he  vector defined
s follows;

L U xV = (a7l $in8)w

@ UxV s pupadicdlor o 4k pma.

| The vec+tor Uxv is orfuwo onal
L ‘o Lotk U and Vv , bjc i-é"‘sq
,2 /" scalar multiple of "

// |

>

@
N 130 unid v€c+or)

- - - —3

luxv | = \Gl T sin® = Areci (R)

| Unl ‘
E@Q(ZOEQ the dot Product | He  (ross PFOO_(UC'l' 1S a

Pacallel vectors: Non - zero  vectocs D F ae
Powallfal x,f ondl OMJ ¥ Uxv =3 ..

Propesties of e Cross Product:
W uwv,w e ony vectors ond 5 ore Jcalarsﬁlw

A FU)x (sV) = (rs) (UxV)

2. Ax(V4+W)= UxV + Ux®

i \)XU — -—(UY\/)

q, (V+R)xU = UxT+ © x0

5. Oxt=0 | ) _
6 Tx(Vxw) = (QRIV — (G wr @0Adx Gy HII
}<GXU)G:O c:na C_GYG)\_/, =0 ., _
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T
J = (G115 = ()

CO\\CU&\QH%{ o (oSS Product a a Doterminonts

\12 U = u{mum*ugk and V= V4L-\-\/7_7+Vjt 'HMU\

A T
aX—\—} = | Uy U2 Uj
\/'\ \fz_ \/3

EKWQKQ‘. Had a wectoc Ppes diculor 40 o PlGAO_
o‘f\’W\,'—\,o) , QC2,1,-1) f&’llc AN

. The wechor 'Ea XTS-‘EL 1S Ptvpudicu\or o e
| 'PLW blc & ‘s p@yudiw\ar 10 both wvectors.

pd’(w =i 5T e (t+07+( -0

L&; b L_}lj-k :
PR = (-4-07 + (40T + (2- 0)le

s 2% 25 42k

| _ 474035 4+6k = 6T46k

— -
i, "9,
R
b 1L

l P&xPQ-—-—

b
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¥ |
[#
Trple Scalar oc Box Product | |

T product (Gx¥). w  is called 4 Hriple
SColor  product Of U,V ond &

([0 %) D = | TxT D\ coss-

Tw abholule vyalue Of Juis  product is +ha voluag

Of +he pacallelepiped (parallelogram-sided box)
lomired | by B0 ondl @e )

Calmlah‘k\é) tho Trip'to. Scalar Product as a Dekrminent
i U Uz. Uz
((Ix'\"/)uu = | Vi Vo V;

— - -

@ U.(Uxw) =Vv.(Wxa = w (B

< g—— - —— s R——

® U (UxW) = - U (WxV)
@ P RExW =0, fhn  these vectors are on 4ke
sove  plong. | '

Bxompler Fied  the Voluve | of +ha box _’(porallelepi?ed)‘ |
Gl A oy UsTH1T-C, V= 20438 ond -
W= P-ue. @

{ 2 -
Ve (OxV.we |-2. 0 38 {J-2s
‘ o
' Th Volume |'S- l(axv)\—fll = \_.‘_')_gl: 2.3 talle cubed

|
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| pOrmulO\ ywhida Qives L.
Example: Find  He Tarea of He  Ariongle which
Was  cusp  poinds  000,0) , Ay, Blly,lo,)

N Sy SO0V B Ry
/

\ OB= bl?—l—l@z?
SN/ 5= AwealoAB) = I | GA x O]
oy ;
o A
& AL 4 | o0 L
B ’Zl Q. 4. O ’ = 3:" 00 + 03 "'@tbz"_ol'ﬂ)k[
by by O
S=

EXam?m‘. Prove tat Ha  points

A(|,|13), ﬁ(l“,l);
L~ l"2¢‘g) and D(Qfolj) ore ON tWw  some
PlC'N’.-
'\ tese points are

on tW Homg long so
the vectors Ad, AC ond AD ore onP-HfQ Jemeg
vP\or\Q. TW?J'Q—VOPQ

the '\‘riplﬂ_ Scalor product ot
Haa  MUust  be  erQ.

o - Ay
AG = (2-DT + (-7 + (2-2Dk = |
AC =

—
= (- %
GO 4 2T+ (-9 = =2T_3745E
AY =307 + to=-)7% LT =T =3
- o Ak T d A =1 -
AG. ( ACX AD) = 5 on & [ #5-5=0
' A -y O
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