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VECTORS
1. VECTORS & THEIR REPRESENTATIOI

Yector quantities are specified by definite magnitde and definite
directions. A vector is generally repwesented by a directed line

SEEILent, say AB. Ajis called the initial point and B is called

the termdnal point, The magamde of vecior AB {5 expressed
b |~'"'|-B| .

1.1 Zevo Vector

A vector of zero magintids s a 2émo vector 1o Whicl Las the
same iitial & termingl poant, 15 called o FZero Veetor. Tn s

denoted by O . The duecnon of #ero vector  nuletennmats

1.2 Unit Vector

A veotor of unil magntode m direction of a vector 1 eollad

| B . - : . @
it vector along @ and is deneted by a svinbalically a = H

i

1.3 Equal Veclor

Twaovectors are said to be equal if they have the same magmitude,
direction & represent the same plysical quantity.

1.4 Collinear Vector

Twavectors are said to be collimearif their directed line segments
are parallel disregards to their direction. Collinear vectors are
also called Parallel Vectors . If they have the same direction
they are named as like vectors otherwise unlike vectors.

Symbolically, two non — zero vectons dand bare collinear if

and only,if 3 = Kb, where K € R - {0}.

1.5 Coplanar Veclor

A piven menber of vectors are called coplanar if their line
sepmients are all parallel to the same plane. Note that “Twe
Vectors Are Abways Coplanar”.

1.6 Position Veclor of A Poinl

Let O be a fined origin, then the position vector of a point P is
the vector OP . If 5 and b are positive vectors of mo points A
and B, then, AB=b-7 =pvof B-pvefA.

I a and T oare the posiion vectors o two pomis A aul B then

thie v, of & poost which divides AB in the ratio m ; nis given by

il = L Mote pov of mid point of AB = arh
B+ 1 2
ZBAIGEBRA OF VECTORS

2.1 Adddition of vectors

IEawoveetons i & b are represented by DA & OB . then their

Sl § - B 15 a vector represenled by OO, where OC 1s the

diaconal of the p:11.‘1|!c|u;1 am OACH.

L] i+h=b+a (counmiarive)
® [0+ ¢ -a+[o%E) (associativity)
*  Gi0=d-0+a

. a+l-a)=0=[(-a)+3

2.2 Alultiplication of a Veclor by a scalar

If 3 1sa vector & mis ascalar. thenm 3 is vector parallel 1o 3

whose modulns s m) times that of 3. This s nmluplication is
called Scalar Multiplication. If 7 & {; are vectors & m. n are
scalars, then :

w(@l=@)m=m 3

wina )=n{ma) = {mn) a

(m=mn)a =mg +mna

mii+bY=ma +mhb
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3. TEST OF COLLINEARITY

Three points A, B, C with posinon vectors g, b, ¢ respecovely
are collinear, if & only of there exst scalar X, v, 2 oot all zero

sinmltanecusly such that, xa+ vb+ 26 =0, where x +y =z =0

4, TEST OF COPLANARITY

Four poats A. B, C. D wnh positien vectors a, b, c,d

respectively are coplamar if and only if there exist scalars x, v 7

w o not  all  zere  simultancously  such  thar

xi+vb+ze+wd=0wlere, x - ¥tz w=10

5. PRODUCT OF VECTORS

5.1 Scalar product of two veciors

-

® ib-fijhcesBO=B=m)

note that if@ is acwiethen a . b = 0 & f iis ebmse thien

a.b=0
» ﬁ.ﬁ=|5[: =38 .b=b.a (eonumtive)
i fb+e)=a.5+a. & Wistmbutive)

. a.b=0=alb
[E:l]ﬂ:tﬂ}

L lmal.b=4.[mbj=mia.b| {(associative), where m is

scalar.
&  ii-ij-kk=1:

Lj=jk=ki=0

=i

- .. -~ @a.
» projectionof aon b=

=

.- a.b
. the angle ¢ berwesn 3 & bis given by cosd= 2o

&

if 3= -'I-j *ﬂ:j+ a_;]:: and = 'l'.n._iT + b, _| + ljag: then
i.b =a, b, +a,b,+a;b,
Izl — 1ai k] !
| = y/ay +a3 +a;
B = /bl +b! < b
1795 THr T
(i) Maxiunm value of 3.6 Tlii| |}:v|
i) AlimiEum values of 3 bh=— i§|ﬁ|

(i) Any  vector a can be written  as,

7 =506+ k)i

(d A vector m the direction of the bisector of the angle

- - ﬁ b
Between wo veclors 5 & RVIE TET‘*H_

Henee bisector of the angle bemwveen the mvo vectors
d&Dis ili+b), where & & R
Bisector of the exterior angle berween 3 &5 is

(3 -b)n e R-(0}.

5.2 Vector product of two vectors

If 3 &b are two vectors & 0 s the angle between them
= & 1=l e
then & =b=[a| by s 0 n, where 0 is the wit veetor

perpendicular to both 3 &b suchthat 3, b & 0 forms
a right handed screw system.

Geometrically

i l;| = area of the parallelopram whose
o adjacent sides are represented by 3 &1,
dxb=0<dandbare parallel (collinear) (provided

a0 b20)ie d=Kb, where K is scalar.
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axh#bxa (1ot commmitative)

(i} b = & {mb )= mlf «B) where mis scalar
Ax(b+E) = (axb)+(@=c) (distributive)
Ex_i::irj:]::xl;:#ﬂ

i j=k.jrk=ik=i=}]

Ifa = ali-ra:]*a,ﬁ and

et i cutlar to t

then sin & =

vector area of trmangle

The poiut A, B & Care collinea

Areaof any quachrilateral whose diagonal vectors are &L &

. - =
d, is given by ;ld,. wd,

Lagranges Identity - for any two vector 3 & 1

by = [ff G5 =

L=l L]

B
i

5.3 Scalar triple product

The scalar wiple product of three vectors a.b & ¢ is

defined as :
ixb.E= |51|E| |&| sin® cos ¢ where 8 is the angle between
i & b & disangle between ixb & €

[tis also defined as |3 b t]. spelled as box product.

Scalar triple product geomerically represents the vohune
ol the parallelopied whose three cotemunons edges are

and

a,( +a,m+ai;b=b,f+b.m+ b0 md
tl d. 2
cP+cam-ci then [iBE|=b, by b |[Tas]

1 Ba
!‘:lf-':“

Scalar product of three vectors, two of which are equal or

parallel s 0.
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i A

If 3,b.% are non-coplanar then [& EE];- 0 for right

handed system & [3 b ¢]< 0 for left handed system.

5.4 Vector triple product

Let 3, b, be any three vectors, then

is vector & is called vector riple product.

GEOMETRICAL INTERPRETATION OF ix{bx&)
Consider the expression = (b &) which itself is a vector, since
it is a cross product of iwo veetors 3 and (b« &) Now & x(bx &)

is a vector perpendicular to the plane containing 7 and (b =€)

but b« 1is a vector perpendicular to the plane containing § &
¢ . therefore & x(b=¢)is a vector lving in the plane of | & ¢
and perpendicular to 5 . Hence we can express 3 x{ExE} in

terms of § & ¢ ie Ax(b=8)= xb+y% where x and vy are

scalars.
®  G.(b-0)=(a.0)b-(3.b)E
(i=by«&=(i-5)b-(b.8)a

(A-BixEzax(b=D)

MEAR COMBINATIONS

combination of

tique x, v & R osuch that

are non-zero, non-coplanar vectors then -
xa+yvb+ze=x'a+yb+eo=x=x.y=y.z=1

(d)y  Fundamental Theorem in Space @ Let 3, 1. ¢ be non

zero, non collinear vectors inspace. Then any vector 7

can be uniquely expressed as a linear combination of

a.b.¢ ie There exist some unique x, . z £ R suchthat

xa+yb+zE=T.
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(=)

(f

It £, %, e &, a1¢ 0 non 2ero vectors & k.
ks k) are o oscalars& if the linear combination

kX +k X+ Kk X =0 =k =0k=0...k=0
then we say that vectors X, X,...cccoocomee %, are

Linearly Independent Vectors.

I %, Ko &, @re mot Linearty Independent then

they are said to be Linearly D ors 1e. if

by & +k-X+ 0k, 8

k=20then XX, ...

Dependent.

xpressed as o

1 systen

-

Kti'l'sz +K.!k -
Two vectors & & b are
0 i.e. Fxb=0= lines
Conversely if 3«pb=0 then 3 & p are linearly

independent.

If three vectors 3, b, ¢ are linearly dependent, then
they are coplanar l.e, ﬁ.ﬁ Z]=0 conversely, if

[a.b. €] 0, then the vectors are linearly independent.

7. RECIPROCAL 5YSTEM OF VECTORS

If 3.b.C & @'.b'. T are two sets of non~coplanar veciors such

that i-d'=b.W'=¢-8'=1 then the two systems are called

Reciprocal System of vectors,

onstant force f." Over a

15 the pv of P wit *Q°. The direction of 3y
along the normal to the plane OPN such that 7. F& M
form a right handed system,

(d) Moment ofthe couple (f —T,)= F where § & T, arepv's

of the point of the application of the force § & - F.
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