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EC 1253- ELECTROMAGNETIC FIELDS 

 

 

IMPORTANT FORMULAE USED 

 

UNIT-I  STATIC ELECTRIC FIELDS 

 

1. Rectangular Coordinate system 

 

   zyx a)dz(a)dy(a)dx(dL ++++++++====  

 Elemental length = 
222 )dz()dy()dx( ++++++++  

 Elemental area = dxdy, dydz,dzdx 

 Volume = dxdydz 
 Right handed Cartesian coordinate system 

   zyx axaa ====  

2. Circular Cylindrical coordinate system 

 

  za)dz(a)d(a)d(dL ++++φφφφρρρρ++++ρρρρ==== φφφφρρρρ  

 Elemental length =
222 )dz()d()d( ++++φφφφρρρρ++++ρρρρ  

 Elemental area = ρρρρφφφφρρρρφφφφρρρρρρρρ dzd,dzd,dd  

 Volume = dzdd φφφφρρρρρρρρ  

 Right handed Cylindrical coordinate system 

   zaxaa ====φφφφρρρρ  

 

 Rectangular to Cylindrical coordinate sytem 
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====φφφφ

++++====ρρρρ
−−−−
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 Cylindrical to Rectangular coordinate system 

 

 

zz

siny

cosx

====

φφφφρρρρ====

φφφφρρρρ====

 

 

 Dot product of unit vectors in cylindrical and Cartesian coordinate system 

 

. aρ aφ az 

ax cosφ -sinφ 0 

ay sinφ cosφ 0 

az 0 0 1 
 

3. Spherical coordinate system 

 

 φφφφθθθθ φφφφθθθθ++++θθθθ++++==== a)dsinr(a)rd(a)dr(dL r  

            Elemental length = 
222 )dsinr()rd()dr( φφφφθθθθ++++θθθθ++++  

 Elemental area  ds = φφφφθθθθθθθθφφφφθθθθθθθθ ddsinr,drdsinr,rdrd 2
 

 Volume   dv = φφφφθθθθθθθθ drddsinr2  

 Right handed spherical coordinate system  φφφφθθθθ ==== axaaR  

 
 Spherical to Cartesian coordinate system 

 

 

θθθθ====

φφφφθθθθ====

φφφφθθθθ====

cosrz

sinsinry

cossinrx
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 Cartesian to Spherical coordinate system 

 

 

)x/y(tan

zyx

z
cos

zyxr

1

222

1

222

−−−−

−−−−

====φφφφ

++++++++
====θθθθ

++++++++====

 

 

 Dot products of unit vectors in spherical  and Cartesian systems 

  

. Ra  θθθθa  φφφφa  

xa  Sinθ Cosφ  Cosθ Cosφ -sin φ 

ya  Sinθ Sinφ Cosθ Sinφ Cosφ 

za  Cosθ -sinθ 0 
 

 

 

4. Coulomb’s Law 

 

 122

12o

21
2 a

R4

QQ
F

πεπεπεπε
====   Newton 

 

 

12
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R
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5. Electric Field Intesity 

 

 R2
o

a
R4

Q
E

πεπεπεπε
====  Volt/meter 
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6. Principle of superposition of Electric field 

 

 The total or resultant field at a point is the vector sum of the individual component 

fields at the point. 

 

 321 EEEE ++++++++====  

 

7. Electric field due to infinite Line charge 

 

 

ρρρρ

ρρρρρρρρ

ρρρρπεπεπεπε
ρρρρ

====

====

a
2

E

aEE

o

L
 

 

8. Electric field due to finite line charge 

 

 ρρρρθθθθ
ρρρρπεπεπεπε

ρρρρ
==== acos
2

E
o

L
  (OR)     












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0

L

L
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9. Electric field due to Infinite Uniform Charged sheet 

 

 N

o

s a
2

E
εεεε

ρρρρ
====  

 

10. Electric field on the axis of a uniformly charged circular disc 

 

  

 

 

                                                                              

                                                                                      Ciruclar disc 

                                                                            Surface Charge density ‘ρs ‘ C/m
2
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11. Potential on the axis of a uniformly charged circular disc 

 

 (((( )))) 







−−−−++++

εεεε

ρρρρ
==== hah
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o
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12.  Electric field due to Point Charge 

 

 R2
o

a
R4

Q
E

πεπεπεπε
====  

 

13.  Electric field due to Line charge 

 

 R

line
2

o

L a.
R4

dL
E ∫∫∫∫

πεπεπεπε

ρρρρ
====  

 

 edensityargchlineL ====ρρρρ   in  C/m 

 
14. Electric field due to Surface Charge density 

 

 R

Sur
2

o

S a.
R4

dS
E ∫∫∫∫

πεπεπεπε

ρρρρ
====  

 

 edensityargchsurfaceS ====ρρρρ  in C/m
2
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15. Electric field due to Volume Charge density 

 

 R

Vol
2

o

V a.
R4

dv
E ∫∫∫∫

πεπεπεπε

ρρρρ
====               ====ρρρρv  Volume Charge Density in C/m

3
 

  

16. Electric Scalar Potential 

 

 

R4

Q
V

oπεπεπεπε
====      Volts 

 

17. Potential Difference 

 

 







−−−−

πεπεπεπε
====

21o

12
r

1

r

1

4

Q
V       Volts 

 

18.  Relationship between potential and electric field intensity 

 

 Potential difference = ∫∫∫∫ ••••−−−−====
final

initial

dLEV  Volts (or) joules/coulombs 

 

19. Work done by an external source in moving a charge Q from one point to another point  

       in an electric field 

 

 ∫∫∫∫ ••••−−−−====
final

initial

dLEQW        joules   

 

20.  Potential due to infinite uniformly charged line 

 

 







ρρρρπεπεπεπε

ρρρρ
====

1
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2
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21. Electric Flux Density 

 

 

R2
o

o

a
R4

Q
D

ED

πεπεπεπε
====

εεεε====

     C/m
2   
 

 

22. Gauss’s Law 

 

 The electric flux passing through any closed surface is equal to the total charge  

       enclosed by that surface 

  

QeenclosedargchdSDd
aceclosedsurf S ========••••====ψψψψ====ψψψψ ∫∫∫∫ ∫∫∫∫  Coulombs 

 

  

23.  Electric flux Intensity due to infinite  line charge 

 

 ρρρρπρπρπρπρ
ρρρρ

==== a
2

D L
 

 

24. Electric flux density within two coaxial cylindrical conductors 

 

 (((( ))))baa
a

D S <<<<ρρρρ<<<<
ρρρρ

ρρρρ
==== ρρρρ  

 

 a = Radius of the inner cylinder 

 b = Radius of the outer cylinder 

 

25. Potential  and Electric Field Intensity due to electrical dipole 

 

 
2

or4

cosQd
V

πεπεπεπε

θθθθ
====  

 

 )a)(sina)cos2((
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Qd
E r3

o

θθθθθθθθ++++θθθθ
πεπεπεπε
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26. Divergence 

 

 Cartesian   

z

D

y
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x

D
D zyx

∂∂∂∂
∂∂∂∂

++++
∂∂∂∂

∂∂∂∂
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∂∂∂∂
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 Cylindrical 

z

DD1
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1
D z
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∂∂∂∂

++++
φφφφ∂∂∂∂

∂∂∂∂
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 Spherical  
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27. Gradient 
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28.  Curl 
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 Cylindrical 
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 Spherical 
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29. Stoke’s Theorem 

 

 

(((( ))))

(((( )))) ∫∫∫∫ ∫∫∫∫∫∫∫∫ ∫∫∫∫

∫∫∫∫ ∫∫∫∫

====••••====••••====••••∇∇∇∇====••••

••••∇∇∇∇====••••
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S

IdLHdSJdSxHdLH
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30. Divergence Theorem 

 

 The Integral of the normal component of any vector field over a 

closed surface is equal to the integral of the divergence of this vector 

field throughout the volume enclosed by the closed surface 
 

    

∫∫∫∫∫∫∫∫ ∫∫∫∫

∫∫∫∫ ∫∫∫∫
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UNIT- II  STATIC MAGNETIC FIELD 

 

1. Biot-Savart Law in vector form 

 

 
22

R

R4

IdLxR

R4

IdLxa
dH

ππππ
====

ππππ
====   amperes per meter (A/m) 

 

 
2

12

R11

2
R4

xadLI
dH 12

ππππ
====  

 

2. Biot –Savart law in Integral form 

 

 ∫∫∫∫
ππππ

====
2

R

R4

IdLxa
H  

 

3. Alternate forms of Biot-Savart law 

 

 ∫∫∫∫
ππππ

====
S 2

R

R4

dSKxa
H  K -  Surface Current Density in A/m 

 

 ∫∫∫∫
ππππ

====
Vol 2

R

R4

dVJxa
H       J- Current Density in A/m

2
 

 

3. Magnetic field Intensity due to a finite wire carrying current I 

 

 φφφφαααα−−−−αααα
πρπρπρπρ

==== a)sin(sin
4

I
H 12  

 

4. Magnetic field Intensity due to Infinite wire carrying current I 

 

 φφφφπρπρπρπρ
==== a
2

I
H  
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5. Ampere’s Circuital Law 

 

 Ampere’s Circuital law states that the line integral of H about 

any closed path is exactly equal to the direct current enclosed by that 

path 
 

 ∫∫∫∫ ====•••• IdLH  

 

6. Magnetic field Intensity on the axis of Circular loop carrying current ‘I’ 

 

 case (1): The magnetic field intensity  at a distance ‘h’ from the centre of the current  

  carrying  loop  with Radius ‘R’ 

 

   z

2

3

22

2

a

)hR(2

IR
H

++++

====  

  

 case (2): The magnetic field Intensity at the centre of the loop h=0 

 

   za
R2

I
H ====  

 

 case (3): At a large distance from the loop (h>>R) 
 

   z3

2

a
h2

IR
H ====  

 

7. Magnetic field Intensity  on the axis of rectangular loop carrying current ‘I’ 

 

 Case (1): Magnetic field intensity at the centre of the square loop 

 

   za
L

I22
H

ππππ
====   where ‘L’ –side of the square loop in ‘m’ 

 

  

 

 

 

Created by Neevia Personal Converter trial version http://www.neevia.com

http://www.neevia.com


 Case(2): Magnetic field Intensity at  a point (0,0,h) 
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z
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2
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++++

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





ππππ
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8.  Magnetic Flux Density  

 

 HB oµµµµ====    webers per square meter (Wb/ m
2
) 

 

      where 
7

o 10x4 −−−−ππππ====µµµµ               H/m  permeability of free space 

 

9. Magnetic flux 

 

 ∫∫∫∫ ••••====φφφφ
S

dSB   Wb 

 

10. Gauss’s law for Magnetic field 

 

 ∫∫∫∫ ====••••
S

0dSB  

 

       Application of divergence theorem 

 

 0B ====••••∇∇∇∇  

 

11. Lorentz force equation for  moving charge  

 

 (((( ))))vxBEQF ++++====  

 

12. Applications of Lorentz force equation 

 

 Its solution is required in 

 (1) Determining electron orbits in the magnetron (2) proton paths in the cyclotron 

 (3)plasma characteristics in a magnetohrdrodynamic (MHD) generator 

 (4) Charged-particle motion in combined electric and magnetic fields 

 

13. Force on a wire carrying a current ‘I’ placed in a magnetic field 

 

 ∫∫∫∫ ∫∫∫∫−−−−======== BxdLIIdLxBF  
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     Force in a uniform magnetic field  IdLxBF ====  

 

   (or) 

     Force in a uniform magnetic field θθθθ==== sinBILF  

 

14. Magnetic Dipole Moment  

 

       Defined as the product of the loop current and the vector area of the loop as the  

       differential magnetic dipole moment  

 

 

ISm

)or(

IdSdm

====

====

 Ampere.m
2
 

 

15. Torque on a loop carrying  current ‘I’ 

 

 mxBISxBT ========  Newton. meter(N.m)  

 

16. Torque expressed as a cross product 

 

 T =RxF      where R- distance in meter, F- force in Newton 

 
17. Magnetic Vector Potential 

 

 ∫∫∫∫ ππππ

µµµµ
====

R4

IdL
A o

    webers per meter 

 

 xAB ∇∇∇∇====  
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UNIT- III  ELECTRIC AND MAGNETIC FIELDS IN MATERIALS 
 

1. Poisson’s Equation 

 

 

εεεε

ρρρρ
−−−−====∇∇∇∇====∇∇∇∇••••∇∇∇∇

εεεε

ρρρρ
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v2

v

VV

V

        where vρρρρ    is volume charge density in C/ m
3
 

 

2. Laplace’s Equation 
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φφφφ∂∂∂∂

∂∂∂∂

ρρρρ
++++







ρρρρ∂∂∂∂
∂∂∂∂

ρρρρ
ρρρρ∂∂∂∂
∂∂∂∂

ρρρρ
====∇∇∇∇  

 

 

2

2

222

2

2

2 V

sinr

1V
sin

sinr

1

r

V
r

rr

1
V

φφφφ∂∂∂∂

∂∂∂∂

θθθθ
++++







θθθθ∂∂∂∂
∂∂∂∂
θθθθ

θθθθ∂∂∂∂
∂∂∂∂

θθθθ
++++







∂∂∂∂
∂∂∂∂

∂∂∂∂
∂∂∂∂

====∇∇∇∇
 

          [Spherical] 
 

3. Dipole Moment  

 

 p =Qd    C.m 

 

 Q- is the positive one of the two bound charges composing the dipole 

   

 d-is the vector from the negative to the positive charge 
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4. Polarization 

 

 

0v

p
v

1
limP

vn

1i
i

→→→→∆∆∆∆

∆∆∆∆
==== ∑∑∑∑

∆∆∆∆

====  Coulombs per square meter 

 

5. Definition of Capacitance 

 

 Capacitance of two conductor system is defined as the ratio of the magnitudes of the 

total charge on either conductor to the potential difference between conductors. 

 

 

oV

Q
C ====  Farads 

 

6. Capacitance of various geometries using Laplace’s equation 

  

 (1) Capacitance of parallel plate capacitor   

d

S
C

εεεε
====  

 

  

platesbetwweencetandisd

asurfaceareS

typermittivi

−−−−

−−−−

−−−−εεεε

 

 

 (2)  Capacitance of Cylindrical capacitors    

)a/bln(

L2
C

πεπεπεπε
====  

  L – length of the cylinder in ‘m’ 

  b- radius of the outer cylinder ‘m’ 

  a- radius of the inner cylinder ‘m’ 

 

 (3) Capacitance of Spherical capacitors     

b

1

a

1

4
C

−−−−

πεπεπεπε
====  

  a- radius of the inner sphere in ‘m’ 

  b- radius of the outer sphere in ‘m’ 
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7.  Energy Density 

 

 
2

o
E E

2

1
ED

2

1

dv

dW
W εεεε====••••========    joules per cubic meter 

 

8. Energy 

 

 dvE
2

1
EdvD

2

1
W 2

vol ovolE ∫∫∫∫∫∫∫∫ εεεε====••••====   joules 

 

9. Boundary conditions for electric fields 

 

 Boundary Conditions for Tangential components 

 

  2tan1tan EE ====  (Medium 1 and Medium 2 both are perfect dielectrics) 

  

 1) Tangential electric field intensity is continuous across the boundary. 

 

  21 VV ====  

 

 2) Potential difference between any two points on the boundary that are separated  

     by a distance is the same above or below boundary. 

 

  0E 1tan ====   (Medium 1 is dielectric and Medium 2 is a conductor) 

  

 3) Tangential electric field at a dielectric conductor boundary is zero. 

 

  

2

1

2tan

1tan

D

D

εεεε
εεεε

====  

 

 4) Tangential components of  electric flux density ‘D’ is discontinuous 

 

 Boundary Conditions for Normal components 

 

 1) Flux leaving the top and bottom surfaces is the difference 

 

  sNN 21
DD ρρρρ====−−−−  
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 2) There is no free charge available for perfect dielectrics. At the interface ‘ρs’ is  

            zero. 

   

  

21

21

NN

NN

DD

0DD

====

====−−−−
 

   

 3) Normal component of the flux density is continuous across the charge-free  

     boundary between two dielectrics.    

 

 4) If medium ‘2’ is a conductor 0DD
21 NsN ====ρρρρ====  

 

     The normal component of the flux density at a dielectric-conductor boundary is  

     equal to the surface  charge density on the conductor.  

 

 5) 

1

2

2

1

r

r

N

N

E

E

εεεε

εεεε
====  (If medium 1 and  medium 2 both are perfect dielectric) 

 

 10)  Current ‘I’ 

 

   Electric charges in motion constitute a current .The unit of current  

               is the  ampere(A) defined as  a rate of movement of charge passing a  

               given reference point of one coulomb per second. 

    

   
dt

dQ
I ====  

 

 11) Current Density ‘J’ 

 

  Measured in amperes per square meter (A/m
2
). Current density is a vector  

                  represented by ‘J’. The relationship between current ‘I’ and current density ‘J’  

                  is   ∫∫∫∫ ••••====
S

dSJI  

 

 12) Point form of ohm’s law 

 

  EJ σσσσ====   where ‘σ’ is conductivity measured in mhos per meter 
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 13) Ohm’s Law 

                                                                       

  

S

L
R

where

IRV

σσσσ
====

====

                            V – potential difference in volts 

      I -  current in amps 

 

      R- resistance in ohms 

 

      L- length in meters 

 

      S- area in m
2 

 
 14) Continuity equation for current 

 

  (1) Principle of conservation of charges 

   

   If the charge inside the closed surface is denoted by iQ , then the rate  

                        of decrease is 
dt

dQ i−−−−    and the principle of conservation of charge  

             requires  

 

  ∫∫∫∫ −−−−====••••====
S

i

dt

dQ
dSJI  

 

  (2) Point form of continuity equation 

   

   

t
J v

∂∂∂∂

ρρρρ∂∂∂∂
−−−−====••••∇∇∇∇     equation indicates that the current or charge  

                           per second, diverging from a small volume per unit volume is equal to the  

                           time rate of decrease of charge per unit volume at every point 

  

 15)  Definition of Inductance 

  

  Inductance ‘L’ is the ratio  of the total magnetic flux linkage to the current  

         ‘I’ through the inductor. 
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turns/weberinlinkageflux

weberinfluxmagnetictotal

turnsofnumberN

II

N
L

m

m

−−−−ΛΛΛΛ

−−−−ψψψψ

−−−−

ΛΛΛΛ
====

ψψψψ
====

 

  

 16) Energy stored in an Inductor 

 

  

HenryincetaninducL

joulesLI
2

1
W 2

m

−−−−

====
 

  

 17) Energy density in Magnetic fields 

 

  

0v

m/joulesH
2

1

V

W
limw 32m

m

→→→→∆∆∆∆

µµµµ====
∆∆∆∆
∆∆∆∆

====
 

  

 18) Inductance of long solenoid 

 

  

l

AN
L

2µµµµ
====     A- area, N- number of turns, l- length of the solenoid 

 

 19) Inductance of toroid 

 

  

R2

rN
L

22µµµµ
====   r – radius of coil, R – radius of Toroid 

 

 20) Inductance of Coaxial Transmission Line 

 

  )a/bln(
2

d
L

ππππ
µµµµ

====           d – length, a –  radius of inner cylinder,  

      b- radius of outer cylinder 
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 21) Inductance of two wire transmission line 

 

  )a/Dln(
d

L
ππππ
µµµµ

====    a –radius of conductor, D – spacing between the  

                                centre, d-length of the line 

 

 22) Mutual Inductance between circuits 1 and 2  

 

  

2

211
21

1

122
12

I

N
M

I

N
M

φφφφ
====

φφφφ
====

 

  

        Another formula 

 

  

∫∫∫∫

∫∫∫∫

••••µµµµ====

••••====

vol 21

21

21

vol 21

21

12

dv)HH(
II

1
M

dv)HB(
II

1
M

 

 

 23) Magnetization -  magnetic dipole moment per unit volume 

 

  

0v

m
v

1
limM

vn

1i
i

→→→→∆∆∆∆

∆∆∆∆
==== ∑∑∑∑

∆∆∆∆

====           amperes per meter 

  

  dSIm b====  magnetic dipole moment in amperes. Meter 
2
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 24) Permeability 

  

  

unitlesstypermeabilirelative

m/H10x4typermeabilispacefree

m/H

R

7
o

Ro

====µµµµ

ππππ========µµµµ

µµµµµµµµ====µµµµ
−−−−

 

 

 25) Magnetic boundary conditions 

 

  Boundary condition on Normal Components 

 

  (1) The normal components of magnetic flux densities are continuous 

   

  
21 NN BB ====  

   

  (2) The normal components of Magnetic field Intensities are discontinuous 

 

  
12 N

2

1
N HH

µµµµ
µµµµ

====  

   

  Boundary condition on Tangential components 

 

  (1)      

xKaHH

)currentsurface(KHH

1221

21

Ntt

tt

====−−−−

====−−−−
 

 

  (2)      K
BB

2

t

1

t 21 ====
µµµµ

−−−−
µµµµ
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UNIT IV TIME VARYING ELECTRIC AND MAGNETIC FIELDS 

 

1. Faraday’s Law 

 

 

dt

d
emf

φφφφ
−−−−====  volts 

 

2. Lenz’s Law 

 

 

dt

d
Nemf

φφφφ
−−−−====  

 

3. Maxwell’s equation from Faraday’s Law 

 

 Integral form: 

 

 dS
t

B
dLEemf

S

••••
∂∂∂∂
∂∂∂∂

−−−−====••••==== ∫∫∫∫ ∫∫∫∫  

 

 Point form (or) Differential form: 

 

 

t

B
xE

∂∂∂∂
∂∂∂∂

−−−−====∇∇∇∇  

 

4. Displacement current – current flow through the capacitor 

 

 dS
t

D
Id ••••

∂∂∂∂
∂∂∂∂

==== ∫∫∫∫  

 

5. Displacement current density 

 

 

dt

dD
Jd ====  
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6. Maxwell’s equation from Ampere’s circuital law 

 

 Integral form: 

 

 

dS
t

D
JdLH

dS
t

E
EdLH

S

S

••••







∂∂∂∂
∂∂∂∂

++++====••••

••••







∂∂∂∂
∂∂∂∂
εεεε++++σσσσ====••••

∫∫∫∫ ∫∫∫∫

∫∫∫∫ ∫∫∫∫
  

 

 Point form (or) Differential form: 

 

 

t

E
ExH

t

D
JxH

∂∂∂∂
∂∂∂∂
εεεε++++σσσσ====∇∇∇∇

∂∂∂∂
∂∂∂∂

++++====∇∇∇∇

 

7. Maxwell’s four equations in integral form and differential form 

 

  

Point form (or) Differential form Integral form 

1. 

t

D
JxH

∂∂∂∂
∂∂∂∂

++++====∇∇∇∇  

 

1. dS
t

D
JdLH

S

••••







∂∂∂∂
∂∂∂∂

++++====••••∫∫∫∫ ∫∫∫∫  

2. 

t

B
xE

∂∂∂∂
∂∂∂∂

−−−−====∇∇∇∇  

 

2. dS
t

B
dLE

S

••••
∂∂∂∂
∂∂∂∂

−−−−====••••∫∫∫∫ ∫∫∫∫  

3. vD ρρρρ====••••∇∇∇∇  3. ∫∫∫∫ ∫∫∫∫ρρρρ====•••• dvdSD v  

4. 0B ====••••∇∇∇∇  4. ∫∫∫∫ ====•••• 0dSB  

 

 

  

 

 

 

 

Created by Neevia Personal Converter trial version http://www.neevia.com

http://www.neevia.com


8. Poynting vector 

 

 P = E x H    watts per square meter 

  

 E – Electric field Intensity in v/m 

 

 H -  magnetic field intensity in A/m 

 

9. Power flow in a co-axial cable 

 

 W = VI   watts 

 

 Power along the cable is the product of voltage and current 

 

10. Instantaneous power flow (or) Instantaneous poynting vector 

 

 H
~

xE
~

P
~ ====  

 

11. Complex poynting vector 

 

 
∗∗∗∗==== ExH

2

1
P   

 

12. Average Poynting vector 

 

 {{{{ }}}}∗∗∗∗==== ExHRe
2

1
Pav  

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Created by Neevia Personal Converter trial version http://www.neevia.com

http://www.neevia.com


UNIT V ELECTROMAGNETIC WAVES 

 

 

1. Wave Equations for Free Space 

 

 
 

 

 

 

 

 

 

 

 

2. Uniform Plane Wave Representation 

 

 

  

 

 

 

 

3. Relationship between ‘E’ and ‘H’ 

 

 

  

 

 

 

 

 

 

4. Wave Equation for a Conducting Medium 

 

 

  

                                                                               

                                                                           and  
 

 

 

 

 

 

 

 

••••••••

••••••••

µεµεµεµε====∇∇∇∇

µεµεµεµε====∇∇∇∇

HH

EE

2

2

)tvx(fE 01 −−−−====

ηηηη====
εεεε
µµµµ

====
H

E

0EEE2 ====µσµσµσµσ−−−−µεµεµεµε−−−−∇∇∇∇
••••••••••••

0HHH2 ====µσµσµσµσ−−−−µεµεµεµε−−−−∇∇∇∇
••••••••••••
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5.  Plane Waves in Lossy Dielectics 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 










εεεεωωωω

σσσσ
++++µεµεµεµεωωωω====








++++

εεεεωωωω

σσσσ
++++

µεµεµεµε
ωωωω====ββββ














++++

εεεεωωωω

σσσσ
++++

µεµεµεµε
ωωωω====ββββ

ββββ

εεεε
µµµµσσσσ

====







−−−−

εεεεωωωω

σσσσ
++++

µεµεµεµε
ωωωω====αααα

22

2

22

2

22

2

22

2

8
11

2
1

2

11
2

''ttanConsPhase

2
1

2
1

2

'1'EquationFrom

zeroistyconductiviwhendielctric

theintheofvelocitytheis
1

where

8
1

8
1

1

DielectricinWaveofVelocity

o

22

2

o

22

2

µεµεµεµε
====υυυυ










εεεεωωωω

σσσσ
−−−−υυυυ≅≅≅≅










εεεεωωωω

σσσσ
++++µεµεµεµε

====
ββββ
ωωωω

====υυυυ









ωεωεωεωε
σσσσ

++++
εεεε
µµµµ

====ηηηη



















ωεωεωεωε
σσσσ

++++εεεε
µµµµ

====ηηηη

2

j
1

j
1

1
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6. Wave Propagation in Good Conductors 

 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(((( ))))

2

45

jj1j

Conductorsgoodfor1/

ωµσωµσωµσωµσ
====ββββ====αααα

∠∠∠∠ωµσωµσωµσωµσ====γγγγ

ωµσωµσωµσωµσ≅≅≅≅







σσσσ
ωεωεωεωε

++++ωµσωµσωµσωµσ====γγγγ

>>>>>>>>ωεωεωεωεσσσσ

o

o45
j

iscondcutortheofimpedancerinsicintThe

2

condcutortheinwavetheofVelocityThe

∠∠∠∠
σσσσ
ωµωµωµωµ

====
σσσσ
ωµωµωµωµ

≅≅≅≅ηηηη

µσµσµσµσ
ωωωω

====
ββββ
ωωωω

====υυυυ
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7.  Depth of Penetration (or) Skin depth  

 

  

 

 

 

 

 

 

8. Maxwell’s Equation in Phasor  form 

 

 

  

 

 

 

 

 

 

 

 

 

 

Maxwell’s Equation in Point form (Phasor 

form) 

Maxwell’s Equation in Integral form 

(Phasor form) 

    

    

    

    

ωµσωµσωµσωµσ
≅≅≅≅

αααα
====δδδδ

21

JDjxH ++++ωωωω====∇∇∇∇ ∫∫∫∫ ∫∫∫∫ ••••++++ωωωω====••••
S

dS)JDj(dLH

BjxE ωωωω−−−−====∇∇∇∇ ∫∫∫∫ ∫∫∫∫ ••••ωωωω−−−−====••••
S

dSBjdLE

vD ρρρρ====••••∇∇∇∇ ∫∫∫∫ ∫∫∫∫ρρρρ====••••
S V

VdVdSD

0B ====••••∇∇∇∇ ∫∫∫∫ ====••••
S

0dSB
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9. Wave Equation in Phasor form 

 

 

 

 

 

 

 

 

 

 

 

 

 

10. Wave Equation for Lossy medium (i.e. Partially conducting dielectric) 

 

 

  

 

 

 

 

 

 

 

11. Reflection by a Perfect Conductor – Normal Incidence 

 

 

  

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HH

EE

22

22

µεµεµεµεωωωω−−−−====∇∇∇∇

µεµεµεµεωωωω−−−−====∇∇∇∇

0H)j(H

0E)j(E

22

22

====ωµσωµσωµσωµσ−−−−µεµεµεµεωωωω++++∇∇∇∇

====ωµσωµσωµσωµσ−−−−µεµεµεµεωωωω++++∇∇∇∇

tsinxsinE2)t,x(E iT ωωωωββββ====

tcosxcosH2)t,x(H iT ωωωωββββ====
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12. Reflection by a Perfect Dielectric – Normal Incidence 

 

 

  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13. Reflection by a Perfect Dielectric – Oblique Incidence 

 

             (a)  Perpendicular Polarization (or) Horizontal Polarization 

   

 

 

 

                                                                          

 

 

 

 

            (b) Parallel polarization  (or) Vertical polarization 

   

 

 

 

 

 

21

2

i

t

21

12

i

r

21

1

i

t

21

21

i

r

2

H

H

H

H

2

E

E

E

E

εεεε++++εεεε

εεεε
====

εεεε++++εεεε

εεεε−−−−εεεε
====

εεεε++++εεεε

εεεε
====

εεεε++++εεεε

εεεε−−−−εεεε
====

1
2

1

2
1

1
2

1

2
1

i

r

sincos

sincos

E

E

θθθθ−−−−








εεεε
εεεε

++++θθθθ

θθθθ−−−−








εεεε
εεεε

−−−−θθθθ

====

1
2

1

2
1

1

2

1
2

1

2
1

1

2

i

r

sincos

sincos

E

E

θθθθ−−−−








εεεε
εεεε

++++θθθθ








εεεε
εεεε

θθθθ−−−−








εεεε
εεεε

−−−−θθθθ








εεεε
εεεε

====

Created by Neevia Personal Converter trial version http://www.neevia.com

http://www.neevia.com


 

14 .  Polarization 

 

 (a) Circular Polarization 

 

  

 

 

 

 

 

 

  Where  

 

 

 

 

 

 

 

 

 

 

 

 

 (b) Elliptical polarization 
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15. Brewster Angle 

 

 

  

 

 

 

 

 

 At this angle, which is called the Brewster angle,  here is no reflected wave when 

the incident wave is parallel (or vertically)polarized.  

 

 For perpendicular polarization there is no corresponding Brewster angle.  

 

 

16. Snell’s Law (or) Law of Sines 

 

  

 

 

  

 

 

 

 

The angle of incidence is related to the angle of refraction by above equation, which in 

optics is known as the  law of sines (or) Snell’s law 
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