THE ACADEMICS

VECTOR

¢ Vector Quantities

A physical quantity which requires magnitude and a particular direction, when it
is expressed.

+ Triangle law of Vector addition [R-=A+B

B iBsinf
R = VAZ + B2 + 2ABcosf . i
- —
A BcosD
Bsin® i _s
lana=m If A =B then R=2ACOS§ & a= 2
R, = A+B for 0=0° ; R, = A-B for 6=180°

+ Parallelogram Law of Addition of Two Vectors

If two vectors are represented by two adjacent sides
of a parallelogram which are directed away from
their common point then their sum (i.e. resultant
vector) is given by the diagonal of the parallelogram
passing away through that common point.

AB+AD=AC=RorA+B=R=R=A? + B? + 2AB cosf

B sinf aril taifis A sinf

ti S — e, Rt RO
e A +BcosB B+ A cosB

¢+  Vector subtraction
—~R=A+(-B)

T — Bsin6
R =+A* +B*-2ABcos0 » " A-BcosH

If A = B then R=2Asin%
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Addition of More than Two Vectors (Law of Polygon)

If some vectors are represented by sides of a polygon in same order, then their
resultant vector is represented by the closing side of polygon in the opposite
order.
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Rectangular component of a 3-D vector

o A=A“E+A9}+A,l}

Angle made with x-axis cosa = A = i =
Al+Al+ Al
A
Angle made with y-axis cosp = Ay = s =m

Angle made with z-axis cosy=—"Ft=—e———=L=n

0 ¢, m, n are called direction cosines

AZ+AZ+A?

(yAz+ A2 +Af)z )

£2+m*+n’=cos’a+cos’P+cos’y =
or sina + sin? B + sin%y =2
General Vector in x-y plane

V4 T= r(cosB’i‘ + sinei)

F=xi+yj= r(cosEﬁ+ sinB})
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Examples
1. Construct a vector of magnitude 6 units making an angle of 60° with x-
axis.

Sol. T = r(cos 60i + sin 60]) = 6(%3 s %] =3i+33j

2. Construct an unit vector making an angle of 135° with x axis.
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¢ Scalar product (Dot Product)

Sol. f = 1{cos 135° +sin135°)) =

0  AB=ABcos8 = |Angle between two vectors 6 = cos™ [__A )

o A=Aj+Aj+Ak & B=Bi+Bj+Bkthen
AB=AB, +AB, +AB, and angle between A & B is given by

AB AB,+AB +AB,
cosl =—=
B JAZ+AZ+AZ [B2+BI+B?

o i.i=l! 'jn'i:l' ﬁ.l"&:lr ‘i.-j:(): i.l;:o» i.ﬁ:O G
8 Component of vector b along vector 3, b= (B g )5 2 i .

——
b, a

o Component of p perpendicular to 3, b, =b-b,=b- (b-3)3
* Cross Product (Vector product)

o AxB=ABsinff where fi is a vector perpendicular to A & B or
their plane and its direction given by right hand thumb rule.

ﬁ.ng

Al= i(AB-AB)-j(AB-BA) +k (AB-BA)
B
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L
+ Differentiation
dA - dB dA - dB
o —(AB) —B A—&- o m(AxB)-—a—tmxB—rAxra—t—
¢+ When a particle moved from (x,, v,, z,) to (x,, v,, z,) then its displacement

vector %
F=% -7 = {xzi +Ypj + 2,K) = (%1 + y;j + 2,k) (X90,2,) T

=(x, — %, )i+ (v, - 91)3 +(z, -7 Jr‘ (X21Y2:2))

Magnitude

L 4

r=|f|= \/(Xz _X1)2 +(y, _y1)2 +(z, _21)2
* Lami's theorem

sinA _sinB _sinC By Bs B
a b c sind, sin@, sin6,

+ For Parallel vectors A x
* For perpendicularvectors AR=(
¢  For coplanar vectors A
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Examples of dot products :

+  Work, W= F.d = Fdcost where F - force, d — displacement

+  Power, P= Fi=Fuvcosd where F — force, v - velocity

¢ Electric flux, ¢, = EA = EAcosf  where E — electric field, A - Area

+  Magnetic flux, ¢, =B A = BAcos® where B — magnetic field, A — Area

+ Potential energy of dipole in where p — dipole moment,
uniform field, U =-p.E where E — Electric field

Examples of cross products :

¢+ Torque 7 =7 x F where r — position vector, F — force
*  Angular momentum J =7 x p wherer — position vector, p - linear momentum

+ Linearvelocity v = @ x ¥ where r = position vector, @ — angular velocity

+ Torque on dipole placed in electric field T=p x E
where p — dipole moment, E — electric field
KEY POINTS :

»  Tensor : A quantity that has different values in different directions is called
tensor.

Ex. Moment of Inertia

In fact tensors are merely a generalisation of scalars and vectors; a scalar is a
zero rank tensor, and a vector is a first rank tensor.

s Electric current is not a vector as it does not obey the law of vector addition.
* A unit vector has no unit.

+  Toavector only a vector of same type can be added and the resultant is a vector
of the same type.

*  Ascalar or a vector can never be divided by a vector.
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