Formula Sheet
ACDC-5009 - Electromagnetic Radiation
B(Eng) in Embedded Electronic systems
Seed of light 
 ;  
Unit Vector :   = 1
Addition of two vectors and 
 
 
 
Subtraction of two vectors and 
 
 
Position and Distance Vector
Consider a point  in the cartesian co-ordinate system. 
Three components of this position vector  
The magnitude of this vector is =
For two points in the cartesian coordinate system P and Q, with coordinates,  
The individual position vector of the points are 
 
 
The magnitude of this vectors are
 
 
Unit Vector:  
Differential element in Cartesian Co-ordinates
Differential Cartesian Co-ordinates, (
The differential Vector length is:   
The distance of from P is given by magnitude of the differential vector length
 
Cylindrical co-ordinate
Cylindrical Coordinate have three coordinates  , , 
The vector of point P can be represented as. :  
Differential element in cylindrical coordinate system:
The differential cylindrical co-ordinates are .
The differential vector length in cylindrical co-ordinate system is

The magnitude of the differential length vector is : 
The differential volume of the differential element formed is: 
Vector representation of these differential surface areas are 
 = Differential Vector surface area normal to r direction  
 = Differential Vector surface area normal to  direction 
 = Differential Vector surface area normal to  direction 
Relation between Cartesian and Cylindrical System.
 
 
 


Spherical co-ordinate systems 
Base Vector,  
Differential element in spherical coordinate system
The differential increments in are respectively.
The differential vector length in spherical co-ordinate system is
 
The magnitude of the differential length vector is 
 
The differential volume of the differential element formed is
 
Vector representation of these differential surface areas are 
 = Differential Vector surface area normal to r direction 
 = Differential Vector surface area normal to direction 
 = Differential Vector surface area normal to direction  
Relation between Cartesian and spherical System.
 
 
 
Vector Multiplication
scalar or dot of the two vectors  and :   
The angle between the vectors is  
parallel vectors,   
perpendicular vector,  

Cross product of Vectors 
Consider the two vectors :  
If  and  are in cartesian system, then , 
If  and  are in cylindrical system, then,  
If  and  are in Spherical system, then,  
Scalar Triple product
Scalar triple product of three vectors ,  and  is 
 × .× 
×  
Vector Triple product
Vector triple product of three vectors ,  and  is
 × 
Magnitude of Force
 
Where,
 
 
So,   
d- distance between charges
- Permittivity of the free space or Vacuum
= 8.854×
 - two charges
Force in Vector Form
 
Where, 
  Force exerted on Q due to 
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The Force per unit charge
 
The Force exerted per unit charge is electric field intensity or electric field strength.
 
P- Position of any other charge around 
The unit positive charge  is placed at a distance  form . Then the force acting on due to  is along the unit vector 
 
 
Electrical Field intensity for spherical Coordinate system  
Electrical Field intensity for Cartesian Coordiante system  
Line Charge:
Charge density of the line charge, 
 
Electric Field intensity due to line charge:  
Surface Charge:
The charge density of the surface charge is  
 
Electric Field intensity due to surface charge
 
Volume Charge:
The charge density of the surface charge is denoted as 
 
Electric Field intensity due to volume charge:  
The Total Electric Field intensity is:  
 are the field intensities due to point, line, surface and volume charge distributions respectively
Electric Flux Density (D)
 
Electric Flux density due to line charge:  
Electric Flux density due to Surface charge:  
Electric Flux density due to Volume charge:  
The total flux in a closed surface is equal to the net charge enclosed within the surface
 
Divergence of a Vector field is
 
 
= 
Transmission Line Parameters
In finite transmission line  Characteristics Impedance = 
Where , - Open circuited Impedance, - Short circuited impedance
Propagation Constant:
 
 
 
Where , α – attenuation Constant [Nepers/KM], - Phase Constant [ rad/Km]
Relation Between 
 
For Free space, 
permeability is , its value is 
For all Nonmagnetic medium  while for magnetic materials  is greater then Unity. 
 and   due to an infinite straight line conductor.
 
  
 and   due to a finite straight line conductor.
 
 
 and   due to a circular conductor.
 
 
Inductance of a Solenoid:  
Inductance in a Co-axial Cable:  
The inductance of the co-axial cable per unit length:  H/m
Intrinsic impedance (
 
For Free space.,  , =120
 
 
 
 
Critical Angle: 
Numerical Aperture:  
Acceptance Angle  
Polar to Rectangular Coordinate
Given, Polar Coordinates   , To Find: Rectangular Coordinates = 
The X component=  and  Y component= 
Rectangular representation =  + 
Rectangular to Polar Coordinates
Given, Rectangular form , To find: Polar Coordinates   
 and 
Polar Representation=  
Logarithmic Formula:
 
Trigonometric Formula:
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Integration Formula
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Differentiation formula
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Pythagoreanidentities:  Co - function identities :

sin?0 +cos?0 =1 cos[

a6 +1=sec?g sin(%fx]:oosx

1+cot?6 = csc?6 lan[%—x]:wlx

Reciprocal identities : col[%fx]:tanx

Lx]: X

o E-x)-0

sec[ Z-x | csox

cosx 2

S
tanx

Even - odd identities :

sin(—x

“sinx
cos(-x) =05

tan(—x) = —tanx
Product to sum formulas :

sinx-siny = 1 cos(x ) -cos(x-+y)]

cosx-cosy =

cos(x-y) +cos(x +y]]

2

sinx-cosy = 1[sin(x-+y) +sin(x-y)]

cosx-siny = L[ sin(x-+y) -sin(x )]
Sum to product :

sinxsiny = m[L

cosx +cosy - 2005

cosx —cosy - 23|

Double - angle formulas :

sin20 = 2-sinfcosd

c0820 = cos?6 - sin?6 = 1- 2sin? 6 = 2c0s26 -1

tan2g = 2tand_
1-tan“ @

Periodicity identities :

sin(x +2r) = sinx

Sum and difference formulas :

sin(x £ ) - sinxcosy £ cosxsiny
cos(x £7) = cosxcosy  sinxsiny

tanx:tany

tan(xty)= Ttanxtany

Half - angle formulas :
Vo2

ol )2

n(3)- (1-cosx)

5] [
5.
2 sinx

Law of sines :

Areaof triangle :
%absm c

\s(s-a)(s-b)(s-c).
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