
~ , 
i 
t 
~ • i 
;; 

E 

Physics HandBook 

• Vector Quantities 

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

• Triangle law of Vector addition 

R=JA' +B'+ 2ABcosG 

R : 
IR=A+B~_ : 

B !Bsin9 
.L.i - -A BeosS 

B.e e e 
tan(l = A + BeosO if A = B then R = 2Acos:2 & a =:2 

R~. = A+B for 9=0' ; R"", = A-B for 9= 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 (j .e. resultant 

vector) is given by the diagonal of the parallelogram 
passing away through that common point. 
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AB + AD = AC = R or A +B = R ~ R = ~A' + B' +2AB cose 

• 

B sinS 0 A sinS 
tan (l = and tan ~ = ::---:---::-

A+Bcose B + Acos e 

Vector subtraction 

BsinS 
R = JA' + B' - 2ABcosO ' tan(l= A _ BeasS 

/fA B then R = 2A sin! 
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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, 

~- C R=A+B+C+D 
- R 
A Q ' '_ _ B 

A 

ii 

ii 

• Rectangular component of a 3-D vector 

Angle made with x-axis A A cosa=.:......:.!..= • ( 
A IA2+ A2+ A2 v. y l 

Angle made with y-axis 
A A 

cosp=_Y = II m 
A IA'+A' +A' V II II I 

Angle made with z-axis 

o t , m t n are called direction cosines 

or sin2a + sin2 p + sin2y =2 

• General Vector In x-v plane 

~ a , 
I 

'CrT,"'b I 7 i • 
9 i • x , 

L-______________________________________________________ -J " 

r = xl + yj = r (cos 91 + sin Gil 
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Examples 
1. Construct a vector of magnitude 6 units making an angle of 60° with x· 

axis. 

Sol. r = r(cos60i + sln 60j) = 6(~i + ~j) =3i +3./3j 

2. Construct an unit vector making an angle of 1350 with x axis. 

Sol. f = 1(cos 13soi +sin13So]) = ]z(-i+]) 

• Scalar product (Dot Product) 

o 

o 

-- l(A-B) A.B = AB cos8 => Angle between two vectors 8 = cos' As 

If A = A,i + A,] + A,k & B = B,i + B,] + B,k then 

A.B = A,B, + A,B, + A,B, and angle between A & B is given by 

-- AB AB B 
A.B _~~.~.-+~,~,~+-A~,~,=-~ coso=-= 
AB IA' +A'+A' IB'+ B'+B' " J( Y l V It Y I 

[] Component of vector b along vector a , b,,= (b . a )a L 
b" i 

" Component of b perpendicular to a, b.L = b - bll=b- (b .a)a 

• Cross Product {Vector product) 

o A x B = AB sin 8 Ii where Ii is a vector perpendicular to A & B or 
their plane and its direction given by right hand thumb rule. 

o 

o 

A x B = A, A, 
B, By 

AxB = -BxA 

A,it 

lW;z',~ 
k 
A, = i (A B -A B) - 'J' (A B -B A) + idA B - B A) 
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[J 

[J 

[J 

(A x B)A = (A x B).B =0 

Ix I= o , )X )=O, kXk =O 

k x J = -I. i x k =-1 
• DIfferentIatIon 

[J 

~it ive 

~i:ltive 

d -- dA - -dB -(A xB) =- x B+ Ax
dt dt dt 

• I 

• When a particle moved from (Xl' YI• Zt) to (X2• Y2' Z2) then its displacement 
vector 

i' = i'2 - i'l = (x,; + y , ] + z, k) - (XI; + YI] + ZJ<) 

=(X, -XI); +(y, -YI)]+(Z, -zl)k 
Magnitooe 

r = Ii'I = J(x, - XI)' + (y, - Y/ + (z, - Zl) ' 

• l..aJnt's theorem 
A 

• 

• 
• 
• 
• 

B /">:';""'''''a::--'''':::'u. C 

sin A sinB sine 
a b c 

Area of triangle 
I A . ;;1 1 

Area=~=-ABsin9 
2 2 

Area of parallelogram Area = IA x BI = ABsin9 

For Parallel vectors AxB=O 
For perpendicular vectors A.B=Q 
For coplanar vectors A.(B x C) =0 

~ -!lBsme ,/ 
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Examples of dot products: 

• Work, W = F.Ci = Fdcos8 where F -> force, d .... displacement 

• Power, P = F.ii = FvcosS where F ----. force, v --+ velocity 

• Electric flux , ~, = tA = EAcosS where E .... electric fie ld, A .... Area 

• Magnetic flux, ~, = B.A = BAcosS where B .... magnetic field, A .... Area 

• Potential energy of dipole in where p ---tdipole moment, 

uniform field, U = - p.E where E .... Electric field 

Examples of cross products : 

• Torque t = f x F where r --+ position vector, F --+ force 

• Angular momentum j = f x p where r--+ JX)SitlonvectoT, p --+linearmomentum 

• Linear velocity v = w x r where r --+ position vector, ro --+ angular velOcity 

• Torque on dipole placed in electric field 'i = P x E 

where p .... dipole moment, E .... electric fie ld 

KEYPOINTS : 

• 

Ten so r : A quantity that has different values in different directions is called 
tensor, 

Ex. Moment of Inertia 

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

Electric current is not a vector as it does not obey the law of vector addition. 

A unit vector has no unit. 

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

A scalar or a vector can never be divided by a vector. 
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