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VECTORS

()
(i)

The physical quantities which have both magnitude as
well as direction are known as vector quantities or
vectors. e.g., force, velocity etc.

Representation of a vector : A vector is represented by
a straight line with arrow head on it. The length of the
line represents the magnitude of a vector and arrow
head tells the direction of vector. In wrisng, a vector is
represent by a single letter with a arrow head on it, e.g.,
the force is a vector quantity, it is represented by F.
Vectors are of two types

Polar vectors : A polar vector involves a displacement
or virtual displacement e.g., velocity, force, etc.

Axial vectors or Pseudo vectors: A pseudo vector or
axial vector involves the orientation of an axis in space
e.g., angular velocity, torque, angular momentum, etc.
Equal vectors : Two vectors are said to be equal if they
have same magnitude and direction regardless of their
initial positions.

Negative vector : It is a vector having same magnitude
but direction opposite to that of a given vector.

Null vector : It is a vector whose magnitude is zero, but
its direction is not defined.

Properties of a null vector

i) A+0=4

(i) A0 =0 where A is a scalar.
(i) 04 =0
Unit vector : A vector having magnitude equal to unity.
To find the unit vector in the direction 4, we divide the
given vector by its magnitude.
no A

eg A=—

|4}
Coinitial vectors : The vectors are said to be co-initial,
if their initial point is common.

Collinear vectors : These are those vectors which are
having equal or unequal magnitudes and are acting
along the parallel straight lines.

Coplanar vectors : These are those vectors which are
acting in the same plane.

Laws of vector algebra : If A, B and C arevectors, and
m and » are scalars, then
(i) Commutative Law for addition

A+B=B+4

(ii) Associative Law for addition
A+(B+C)=(4+B)+C

(itf) Associative Law for multiplication
m(n;l): (mn)A = n(mA)

(iv) Distributive Law
(m+ n)Z =mA +nd
m(A+B)=mA+mB

Triangle law of vector addition: It states that if two
vectors can be represented both in magnitude and
direction by the two sides of a triangle taken in the
same order, then the resultant is represented completely
(both in magnitude and direction) by the third side of
the triangle taken in the opposite order.
R is the resultant of 4 and B as

shown in figure,

then R= \[42 +B2% +2 ABcosO

Bsinb !
tanf=——-+--—— o SR b
A+ BcosB A P N

Parallelogram law of vector addition : It states that if
two vectors acting simultaneously at a point can be
represented both in magnitude and direction by the
two adjacent sides of a parallelogram, then the resultant
is represented completely (both in magnitude and
direction} by the diagonal of the parallelogram passing
through that point.
R is the resultant of 4 and B
as shown in figure,

then R =\/A2 +B% +24BcosH

tanp= Bsin6 d
A+ BcosB
Polygon law of vector addition : It states thatifa number
of vectors can be represented both in magnitude and
direction by the sides of a polygon taken in the same
order, then their resultant is represented (both in
magnitude and direction) by the closing side of the
polygon taken in the opposite order.
Rectangular component of a vector in a plane : When
a vector is splitted into two component vectors at right
angles to each other, the component vectors are called
rectangular components of a vector. If 4 makes an
angle 6 with x-axis, and 4 _and 4 be the rectangular
components of 4 alongraxis and y-axis respectively,
then

A=4i +4,f
Here A, = AcosO and 4, = Asinb.
A%+ 42 = 4*(cos’0 + sin’6)
or A=(di+A4})" and tan®=4 /4 .
Resolution of a vector in a space : Let o, 3, and y are
the angles between A4 and the x, y and z-axis,
respectively as shown in the figure, then
A, = Acoso, 4, = Acosf3, A_= Acosy
In general, we have A=A, +A,j +A4k
The magnitude of A is




Kinematics

Dot or Scalar Product

The dot or scalar preduct of two vecters 4 and B |
denoted by 4.8 (read 4 det B) is defined as the :

product of the magnitudes of 4 and B and the cosine
of the angic between them. In
A-B=ABcost, 0<8<xw
Note A4-B is a scalar and not a vecter.

e  Preperties of dot product
Gy AB=B 4
() 4(B+O)=45+4.C
Gy m(A.By={md}.B=2.(mBy= (4 Bym.

where = is a scalar

R ;;:}}mjgf}xl,?;:}}m:%;:.

(v) If A= 47 +4,7 +Ak andB=Bi +B,j +B&
A B = AB + 4,B, + AR,
A A=A =al 4+ 4
B-B=B*=B} + 8 +B]

(viy If 4.B=0 and 4 and B are not null vectors,
then 4 and B are perpendicular

CTross or Yector Product _ _
The cross er vector product‘ of 4 and B is a vector

(= Ax B {read 4 cross B
defined as the product of the magnitudes of £ and B
and B the sine ofthe angle between them. The direction
of the vector £ =AxE is perpendicular te the plane
containing 4 and & and such that 4, B and £ form
a right handed system. In syimbsls,

AXB=4Bsini ,0<8<xn

). The magnitude of AxB is

where 7 is a unit vector indicating the direc#on of
AxB

£ f

Examples of vectsr product

(@) Torque (%) =¥ = F

{ii) Angular momentum () =FXp
41} Velocity (V) =axF

(iv) Acceleration. {4 =&x7

Here ¥ 1s pesition vector or radius vector and =4 2.® :
and & are force, linear mementum, angular velecity and

angular acceleratien respectively.
@&  Properties of vector product

) AxB=-8x4
(i AX(B+C)=AxB+4xC

(iily m{AxBy=(md)x B=Ax(mB) =(4 x Bym,

symbeis,

where i is a scalar.

(Vixi=jxj=kxk=0 ixj=kjxk={ fxi =}
(V) ¥ A=Af +dy] +ak endB=Bi +Byj +B3k then
o ¥ JJ.\ kl
AxF=id, 4 4
B BB

(vi) A% B =the area of aparallclegram with sides 4 and B .
(»n) If AxB=0and 4 andB az not null vectors, then
A and B are parallel.

Ares of APOQ = 2252 X height

_(©0P\YQ) ;;»/ /
2 P,

Area of parallelogram GPRQ = 2[area of ADP0}

=|Ax 5]

The

diagonals of a parallelogram are vectors

Aend B ¥ A=5{-47+3kmd B=37-2] ~%. Calculate
the magnitude of area of this parallelogram.
Ssln. : When Aand B are the diagenals of a parallelogram,

then its

1 i H
Azea:EJA\B;mib -4 3
3 2 -1

(4 + 63— J(~5-9)+ k(-10+12)]

mt\}'v“

=5 107 +14]+2 ;fz—— J0)2 + (14 +(2)°

If |A-B{=!A~B}, then find the angle between A ard B,

Seln.: - |4 +B|=]|A- Bj

4+ B +24Bcos =4 + B? - 24Bcosd
A%+ B? 4 24Bcosd = 4* + B2 — 24Bcos®
44Bcos8 =0 or cos® =0

6="90"

or
or

The resvitant of two vectors P and @is & If @ is deubled
then the new resultant vector is perpendicular to 2. Then 2
is equai to

=

A P
2P0

P+Q
() 0 © 5

S

(@



