EC 1253- ELECTROMAGNETIC FIELDS

IMPORTANT FORMULAE USED

UNIT-I STATIC ELECTRIC FIELDS

1. Rectangular Coordinate system
dL = (dx)a, +(dy)a, +(dz)a,

Elemental length = \/ (dX)2 + (dy)2 + (dZ)2

Elemental area = dXdy, dde,dZdX

Volume = dxdydz
Right handed Cartesian coordinate system

a,xa, =a,

2. Circular Cylindrical coordinate system

dL = (dp)a, +(pdd)a, +(dz)a,

Elemental length =\/(dp)2 + (pd(I))2 + (dZ)2
Elemental area = pdpd(l), pd(l)dZ ’ dzd P
Volume = pdpd¢dZ
Right handed Cylindrical coordinate system

a P Xa o= a,

Rectangular to Cylindrical coordinate sytem

p=vx"+y’
o =tan"' (y/x)
1=17
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Cvlindrical to Rectangular coordinate system

X=pcosd
y=psin¢
Z=1

Dot product of unit vectors in cvlindrical and Cartesian coordinate system

. |a, |a,

a, | COSQ | -Sin@
a, | sinQ | cosQ
a, |0 0

h—kchﬁ

3. Spherical coordinate system
dL =(dr)a, +(rdB)ag + (rsin6do)a,

Elemental length = \/(dl‘)2 + (I'de)2 + (I' sin 9d(|))2
Elemental area dS = rdrd0,rsin Gdrdcl), 1'2 sin Gde(I)
Volume dV =I'2 sin Gderdd)

Right handed spherical coordinate system Ap Xy = a¢

Spherical to Cartesian coordinate system

X =rsin0Ocos¢
y =rsin0sin¢

Z=rcos0
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Cartesian to Spherical coordinate system

r=+x’+y?+z°

1 Z

0 =cos”

Jx2+yt+z?
(|)=tan_1(y/x)

Dot products of unit vectors in spherical and Cartesian systems

. |ag ag a,
a, | Sin@ Cos@ | Cos0O Coso |-sin ¢
Sin0 Sing | Cos0 Sing | Cos@

y
a, | Cos0 -sin0 0
4. Coulomb’s Law
F = QIQZ a Newton
2 2 412
4ne Ry,
R r,—r
Ry L 7h
a1,

B ‘RIZ‘ B ‘rz _rl‘

5. Electric Field Intesity

Q

E=——
4ne R

a R 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.

7. Electric field due to infinite Line charge

E=Epap
E=_PL ,
2ne,p ©

8. Electric field due to finite line charge

L
E=-PL (050 a, ony E= PL

2me,p 2nggp | \/L? + p?

9. Electric field due to Infinite Uniform Charged sheet

Ps
2¢

E=

Ay
0

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

V4 (0, 0, h)m

Ciruclar disc
2
Surface Charge density ‘g ‘C/m

> Y
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E=<p—S 1- h
2¢, 1
(h2+a2)2

11. Potential on the axis of a uniformly charged circular disc

- — -/

1

V= p—s (h2 )2 —h Volts

2¢g,

12. Electric field due to Point Charge

- Q .
R
47c80R2
13. Electric field due to Line charge
E = J‘ podL a
2°7R
line 4758 R

pp =line chargedensity in C/m

14. Electric field due to Surface Charge density

E = J‘ psdS

—> —.a
b) R
sur 47€, R

ps =surface  chargedensity in C/m’
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15. Electric field due to Volume Charge density

pydv
E = V—z.aR Py = Volume Charge Density in C/m’
Vol 41e o R
16. Electric Scalar Potential
Volts

- 4ne R

17. Potential Difference

Q (1 1

= I Volts
dne, |1y T,

V12

18. Relationship between potential and electric field intensity

final
Potential difference=V = — IE odL Volts (or) joules/coulombs

initial

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

final
W = —Q IE odL joules

initial
20. Potential due to infinite uniformly charged line

v=PFL ln1

2ne, \ p
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21. Electric Flux Density

D=¢ E
C/m’
D= 4, O™
4ne R

22. Gauss’s Law

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

Y= Id\u = ilose tsurface D's ® S = chargeenclosed = Q Coutombs

23. Electric flux Intensity due to infinite line charge

p=2PFL ,

2np P

24. Electric flux density within two coaxial cylindrical conductors

_aPs

D ap(a<p<b)

a = Radius of the inner cylinder
b = Radius of the outer cylinder

25. Potential and Electric Field Intensity due to electrical dipole

Vo Qd c0s29
4ne r
E= &3((2 cos0)a, +(sinB)a,)
4me r
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26. Divergence

oD, 0Dy 9D,

Cartesian VoD = + +
ox o0y 0z
1 10D D
Cylindrical V o D = —i(pr)+ il % oD,
pop p op Oz
Spherical
1 1 oD
VoD:—Zi(rzDr)+ - i(Desin9)+ 1 ¢
r- op rsin6 00 rsin® oo
27. Gradient
Cartesian VV = a—Vax + a—Va + a—VaZ
Ox oy ' oz
Cylindrical VV = a—Vap + 16—Va¢ + a—VaZ
op p O 0z
1
Spherical VV = a—Var + —a—Vae + 1 a—Va¢
or r 00 rsin0 o¢
28. Curl
Cartesian

cH cH
vxH = | PHz _ OHy . +(6HX _aHZ)a [ty _oH, 2
oy 0z oz ox )7 | o&x oy
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Cylindrical

oH oH o(pH,) OH
vxi=| 1M T, [T M, a(I)+1 (PH,) _ oM, a,
pop oz )° oz  Op ) o
Spherical
o\H, sin0 o(rH
—_— (H,sin6) oH, 2 JA[ 1 oM, _deH)T
rsin® 00 oo r|sin0 o¢ or

+1 6(rH9)_6Hr a
r or 00

29. Stoke’s Theorem

fHedL =[ (VxH)edS

fHedL=[ (VxH)edS=[JedS=§HedL=1I

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

fDedS=[ VeDdv

fDedS=Q=[ p,dv=[ VeDdv
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UNIT-II STATIC MAGNETIC FIELD

1. Biot-Savart Law in vector form

_IdLxap, IdLxR

dH ) = 2 amperes per meter (A/m)
4R 4R
I,dL xag,,
dH, = )
4nR,,
2. Biot —Savart law in Integral form
_ IdLxa,
H= 2
4R
3. Alternate forms of Biot-Savart law
Kxa,dS
H= S 4 w2 K - Surface Current Density in A/m
4R
JxapdV
= -[Vol T J- Current Density in A/m*
4R

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

I L3 L3
H=—(sina, —sina,)a,
4np
4. Magnetic field Intensity due to Infinite wire carrying current I
I
27p
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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

fHedL =1

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’

2
IR
H= 34,
2 2\2
2(R? +h?)?2
case (2): The magnetic field Intensity at the centre of the loop h=0
I
H=—a,
2R

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

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

221
a where ‘L’ —side of the square loop in ‘m’

H= .
L
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Case(2): Magnetic field Intensity at a point (0,0,h)

2
2421 L
H= a
3 “z
n 2 n2),
L"+h" )2
8. Magnetic Flux Density
— 2
B= H 0H webers per square meter (Wb/ m”)
=7 -
where L, = 47tx10 H/m permeability of free space
9. Magnetic flux
¢= Is BedS Wb

10. Gauss’s law for Magnetic field
{BedS=0

Application of divergence theorem

VeB=0

11. Lorentz force equation for moving charge
F = Q(E + vxB)

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

F = {1dLxB = -1{ BxdL
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Force in a uniform magnetic field F =1dLxB

(or)
Force in a uniform magnetic field F = BILsin0

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

dm =1dS
(Ol’) Ampere.m’
m = IS

15. Torque on a loop carrying current ‘I’

T =ISxB = mxB 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

IdL
A= ”o— webers per meter
4R
B =VxA
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UNIT-1II ELECTRIC AND MAGNETIC FIELDS IN MATERIALS

1. Poisson’s Equation

Vevv=-Pv
€
where O is volume charge density in C/ m’
Vevv=viv=_PFr
€

2. Laplace’s Equation

_ 0’V 0’V 9’V

ViV + + 0 Cartesian
ox* oy’ oz’ | ]
2 2
Y =1 0 (p 6V)+ 12 0 \27 + 0 \2] [Cylindrical]
pop\' op) p-\ Od 0z

2
Vzvzig(rzG_V} 21 a(sineav}r 2 12 a\;
r-sin0 00 00) r”sin”0 0

[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

1 nAv
Av i=1 Coulombs per square meter
Av —>0

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.

C = — Farads
Vo

6. Capacitance of various geometries using Laplace’s equation

eS

(1) Capacitance of parallel plate capacitor C=—

d
€ — permittivity
S —surfacearea

d—-distance betwween plates

2meL
(2) Capacitance of Cylindrical capacitors C=—-—-
In(b/a)
L — length of the cylinder in ‘m’
b- radius of the outer cylinder ‘m’
a- radius of the inner cylinder ‘m’
4me
(3) Capacitance of Spherical capacitors C= 1

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

dW, 1 1
E _ —DeE = —SOEZ joules per cubic meter
dv 2 2

W =
8. Energy
1 1 )
W, = EIvolD eEdv = E_fvolaoE dv joules

9. Boundary conditions for electric fields

Boundary Conditions for Tangential components

Etanl =E

tan2 (Medium 1 and Medium 2 both are perfect dielectrics)

1) Tangential electric field intensity is continuous across the boundary.
Vl = V2

2) Potential difference between any two points on the boundary that are separated
by a distance is the same above or below boundary.

E

tanl — 0 (Medium 1 is dielectric and Medium 2 is a conductor)

3) Tangential electric field at a dielectric conductor boundary is zero.
D _&
D tan2 €

tanl __

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

DN1 _DNZ = Ps

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


http://www.neevia.com

2) There is no free charge available for perfect dielectrics. At the interface ¢ ps’ is

7€r 0.
Dy; Dy, =0
Dy, =Dy,

3) Normal component of the flux density is continuous across the charge-free
boundary between two dielectrics.

4) If medium “2’ is a conductor DNI = Py DN2 =0

The normal component of the flux density at a dielectric-conductor boundary is
equal to the surface charge density on the conductor.

Eny  En

5
)E

(If medium 1 and medium 2 both are perfect dielectric)
N2 &

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.

_dQ
dt

I

11) Current Density J°

Measured in amperes per square meter (A/m®). Current density is a vector
represented by ‘J’°. The relationship between current ‘I’ and current density ‘J’

is I=[ JedS
12) Point form of ohm’s law

J =coE where ‘G’ is conductivity measured in mhos per meter
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13) Ohm’s Law
V=IR
where V — potential difference in volts

L

R=—
oS

I - current in amps

R- resistance in ohms

L- length in meters
] 2
S- area in IM
14) Continuity equation for current
(1) Principle of conservation of charges

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

dQ.
of decrease is — Ql dt and the principle of conservation of charge

requires

dt

(2) Point form of continuity equation

op

VeJ=—"% equation indicates that the current or charge

1=gJ-dS=—

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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L:N\Ilm =A
I I

N —number of turns

v, —totalmagnetic fluxin weber

A —fluxlinkage inweber/turns

16) Energy stored in an Inductor

1
W, = ELIZ joules

L —inductancein Henry

17) Energy density in Magnetic fields

AW, 1
= =EuH2 joules/m’

w, =lim
Av —>0

18) Inductance of long solenoid

_ pN’A
o

L

A- area, N- number of turns, I- length of the solenoid

19) Inductance of toroid

B pNzr2
2R

L

r — radius of coil, R — radius of Toroid

20) Inductance of Coaxial Transmission Line

d
L= _“' ln(b / a) d —length, a — radius of inner cylinder,
27
b- radius of outer cylinder
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21) Inductance of two wire transmission line

o
T

lll(D / a) a —radius of conductor, D — spacing between the
centre, d-length of the line

22) Mutual Inductance between circuits 1 and 2

M.. =
12 = Il
M21 — Ni¢21

2

Another formula

2= 1,1, jvl(B *H,)dv

1

21~ II vor (WH o H;)dv

23) Magnetization - magnetic dipole moment per unit volume

1 nAv
M =lim — Zm
amperes per meter
Av—>0
m = Ide magnetic dipole moment in amperes. Meter 2
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24) Permeability

H=p,ug H/m
L, =free  spacepermeability = 4nx10”" H/m

Lg =relativepermeability unitless

25) Magnetic boundary conditions

Boundary condition on Normal Components

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

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

M1
2 H, 1

Boundary condition on Tangential components

H, —H, = K(surfacecurrent)

(M
H, -H, =ay,,xK
B B

@ —1-—2=K
He K2
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UNIT IV TIME VARYING ELECTRIC AND MAGNETIC FIELDS

1. Faraday’s Law

emf = —d—¢ volts
dt

2. Lenz’s Law

d¢
dt

emf =—N—

3. Maxwell’s equation from Faraday’s Law

Integral form:
emf = {E e dL = —j—-ds

Point form (or) Differential form:

VXE=—6—B

ot

4. Displacement current — current flow through the capacitor
I, = j— e dS

5. Displacement current density
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6. Maxwell’s equation from Ampere’s circuital law

Integral form:

p
fHedL = | GE+86—E)0dS
s\ ot

)

fHedL = | J+a—D)odS
S

\ Ot

Point form (or) Differential form:

VxH=J+a—D
ot

VxH =cE + aa—E
ot

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

Point form (or) Differential form | Integral form
. VXH=J + oD oD
ot . fHedL=[| J+— |edS
U ot

2. VXE = _oB OB

ot 2. fEedL =—[—edS

L ot

3.VeD=p, 3.fDedS=[p dv
1+.VeB=0 +.fBedS=0
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8. Poynting vector
P=ExH 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

P =ExH
11. Complex poynting vector
1
P= EEXH*

12. Average Poynting vector

1

P, = RefExH"}
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UNIT VELECTROMAGNETIC WAVES

1. Wave Equations for Free Space

V’E = nueE
V’H =peH

2. Uniform Plane Wave Representation

3. Relationship between ‘E’ and ‘H’

E p
H_s_11

4. Wave Equation for a Conducting Medium

) ) 0_ oo °
VE-peE-pocE=0 4 VZH—uaH—uGH=0
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5. Plane Waves in Lossy Dielectics

From Equation '1'

( \
2 u 1
o= Be 1+ 02 > —1 _o K n= . -
2 207 2 Ve 1+
®Ee
PhaseConstant '(' N JOE)
jo
pe c’ n= E(1+5——)
B=w 7 1+ +1 € e

2.2
() I

B=w\/”78

2 2
(1+ 022+1J=03\/E(1+ ° J

20° 8w’e?

Velocityof Wavein Dielectric

2
(0]
~v,| 1-——
\/@(1+ 02 j [ SO)ZSZJ

2 2
8on’e

1
where v, =Tisthe velocityof thein the
pe

dielctricwhen conductivityis zero
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6. Wave Propagation in Good Conductors

c/we>>1 forgood Conductors

Y= \/(jwuc)(l + J%) = /jouc

Y =+ oucZL45

OUC
o= = |—
P 2

The Velocityof the wavein thecondcutor

o_ [t

V=—=
B Vuo

Theintrinsicimpedanceof the condcutor is

\/ 1O8 _ \/ OH 450
0) 0)

112

n
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7. Depth of Penetration (or) Skin depth

1 [ 2
§=—= |

o \ouc

8. Maxwell’s Equation in Phasor form

Maxwell’s Equation in Point form (Phasor [Maxwell’s Equation in Integral form
form) (Phasor form)
VxH= joD+J fHedL = [(joD+J)edS
S

VxE =-joB fEedL =—[joBedS

S

VeD=p, fDedS = [pydV
S \%
VeB=0 iB odS=0
S
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9. Wave Equation in Phasor form

VE = —cozusE

V*H = —O)ZIJSH

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

V’E + (0’pe— jopos)E =0

V*H + (o’pe - jopo)H =10

11. Reflection by a Perfect Conductor — Normal Incidence

E;(x,t) =2E;sinf3x sinot

H,(x,t)=2H, cospx cosmt
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12. Reflection by a Perfect Dielectric — Normal Incidence

Er =\/a_\/g
E; \Eﬁ@

b 2
Ei_\/a"‘\/g

Hr =\/g_\/a
H, e +e,

H, 2\/g,

Hizx/a"‘\/g

13. Reflection by a Perfect Dielectric — Oblique Incidence

(a) Perpendicular Polarization (or) Horizontal Polarization

(e.)
cos, — || 2 |-sin’ @,
Er — \ &1
E. ()
" cos®, + || % |-sin’0,
\ &1/

(b) Parallel polarization (or) Vertical polarization

€y

8 Ld
2 lcos®, — || “* |—sin* 0,

E

. €1 €1
b (gzwcos& + A/(gz\—sinz 0,
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14 . Polarization

(a) Circular Polarization

E(0,t)= (X + j§)E,

E(0,t)= (Xcoswt — §sinot)E,

Where
E, =E, coswt

E, =-E_ sinot

(b) Elliptical polarization

E(0,t)= (% j)E,

E(0,t)=%A +j§B Where

E(0,t)= XA cos ot — §Bsin wt

E, =Acosot
E, = —Bsin ot
E? E/

x2 + y2 =1
A B
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15. Brewster Angle

€
tan0, = |-%
€1

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

sin0, €,

sin0, €

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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