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UNIT -III ELECTRIC AND MAGNETIC FIELD IN MATERIALS 

 

3.1 Poisson’s and Laplace’s Equation 
 

From point form of Gauss’s law  )1(D v →ρ=•∇   

 

 But ED ε=  

 

Sub the value of  ‘D’ in (1) we get  ( ) vE ρ=ε•∇  
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Equation (4) is said to be Poisson’s Equation 
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If 0v =ρ  indicating zero volume charge density  )5(0V2 →=∇∴  

 

This is laplace’s equation.  
2∇  is Laplacian of ‘V’ 
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        [Spherical] 
 

3.2 Electric Polarization 

 

The dipole moment ‘P’ is  )1(qdP →=  

 

q -> positive one of the two bound charges comprising the dipole. 

 

d -> vector from negative to positive charge. 

 

If there are ‘n’ dipoles per unit volume, then for a volume 'V'∇ , there are 'Vn' ∇  

dipoles. The dipole moment is obtained by vector sum. 
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Polarization ‘P’ is defined as the dipole moment per unit volume. 
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Figure shows non-polar molecules form dipole moments ‘p’. There is a net transfer of 

bounds charges across ∆s. 

 

 The total molecules per unit volume  = n  molecules/m
3
. 

 

The net total charge which crosses the elemental surface in ↑ direction is  

 

scosnqd ∆•θ  

 

)4(snqdqb →∆•=∆  

 

→bq    bound charge not a free charge 

 

where  nqdp =  (dipole moment per unit volume) 

 

)5(spqb →∆•=∆   

 

 

Net increase in bound charge within a closed surface  

 

∫ →•−=
s

b )6(dspq  

-ve sign indicates the direction s∆  is outwards. 

 

½ d cosθ 

½ d cosθ 

∆S +

- +
+

+

+

+ + +
+-

-

- -

-

-

- -

θ 

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

http://www.neevia.com


By using Gauss law, the total enclosed charge is )7(dsEq 0T →•∫ε=   

Where qqq bT +=  

→bq  bound charge 

 

→q  free charge 

 

  bT qqq −=  

 

      ∫ ∫ •−−•ε= ]dsp[dsE0  

 

    ∫ •+•∫ ε= dspdsE0  

 

 )8(ds)EP(q 0 →•∫ ε+=  

 

 ∫ →•= )9(dsDq  

 

)10(EPD)9(),8( 0 →ε+=⇒  

 

Equation )10(  gives the electric flux density for dielectric material. 

 

 

3.3 Nature of dielectric materials: 
 

• A dielectric in an electric field can be viewed as free space arrangement of 

microscopic electric dipoles which are composed of +ve & -ve charges 

whose centre do not coincide. 

 

• Dipoles are not free charges & they cannot contribute to the conduction 

process. Rather they are bound in space by atomic & molecular forces & can 

only shift positions slightly in response to external fields. They are called 

bound charges in contrast to the free charges that determine conductivity. 
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• The characteristic which all dielectric materials have in common is their 

ability to store electric energy. Their storage takes place by means of shift in 

relative position of the internal bound +ve & -ve charges against the normal 

molecular & atomic forces. 

 

• The actual mechanism of the charge displacement differs in various dielectric 

materials. 

a) Some molecules termed as polar molecules have a permanent 

displacement existing between centers of gravity of +ve & -ve charges 

and each pain of charges act as a dipole. 

b) Non-polar molecules do not have the dipole moment until a field is 

applied. 

 

 

3.4  Definition of capacitance: 

 
 Capacitors 

 

A capacitor is an electrical device consists of two conductors separated by an 

insulating (or) dielectric medium. 

 

By definition, the capacitance of capacitor is the ratio of the charge on one of its 

conductors to the potential difference between them. 

 

                                                     

v

q
c =  Farad (or) coulombs/volts 

 

3.5 Capacitance of various geometrics using Laplace equation:  
 

(1)  Cartesian co-ordinate system: 

 

Let us assume that potential ‘v’ is a function of ‘x’ only. 

  ∴Laplace equation  )1(0
x

v
2
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At )3(0B0v,0x →=⇒==  

At )4(
d

v
Avv,dx 0

0 →=⇒==  

 

                                   )5(x
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v
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To find capacitance value: 
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Step 4: 
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This is equation of capacitance of a parallel plate capacitor. 
 

 

2) Cylindrical co-ordinate system: 
 

  In cylindrical co-ordinates assume variation w.r.t. ‘ρ’, Laplace equation becomes 
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                        )2(BlnAv →+ρ=  

 

 Upper Limit aatvv 0 =ρ=  

 

 Lower Limit bat0v =ρ=  

 

 Applying Upper boundary condition )3(BalnAv)2( 0 →+=⇒  

  

           Applying Lower boundary condition   )4(BblnA0 →+=  

 

 blnAB)4( −=⇒  

  

 Substitute ‘B’ value in equation (3) 
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 To find capacitance: 
 

 Step 1: 
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Step 5: 
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The above equation gives the capacitance of co-axial conductor with 

inner conductor radius ‘a’ and outer conductor radius ‘b’. 
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3) Spherical co-ordinate system: 

 

  In spherical co-ordinate assume variation w.r.t. ‘r’ Laplace equation becomes 
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  Substitute ‘B’ value in above equation 
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To find capacitance: 
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Step 4: 
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 The above equation gives the capacitance of a spherical capacitor. 
 

 

3.6 Electrostatic energy and energy density (or) energy density in an 

electrostatic field: 
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This equation gives the energy stored in capacitor. 
 

 

Energy density: 
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The above equation gives Energy stored per unit volume otherwise called as  

 

energy density. 
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Relation between ‘w’ and ‘W’ (i.e.) Energy ‘w’ and Energy Density ‘W’ 
 

  vWw ∆=∆  

 

   

∫= Wdvw  

   

∫ ε=
vol

Edv
2

1
w  

 

                         ∫=
vol

DEdv
2

1
w  

 

3.7 Electric current (I): 
 

Electric charge in motion constitute current. The unit is ampere (A) defined as 

the rate of movement of charge passing a given reference point of one coulomb per 

second. 

 

  
dt

dq
I =  

 

3.8 Current density (J): 
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Figure shows an increment of charge Lsq v ∆∆ρ=∆ which moves a distance x∆  

 

in at time t∆ . 
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       sVv∆ρ=  

 

  v
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J vρ=∆

∆
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  vJ vρ=  

 

The current ‘I’ is conventional current. 

 

  →ρv    volume charge density 
3m/c  

   

→v velocity 

 

  →ρ= vJ v Conventional current density. 

 

It is related linearly to volume change density as well as to velocity. 
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3.9 Point form of Ohm’s law: 
 

Let →dV  drift velocity and it is linearly related to the electric field intensity  

 

by the mobility of the electron in the given material. 

 

  EVd µ=  

 

  )1(EV ed →µ−=  

 

  →µe Mobility of electrons s
2 v/m  

`   

- ve sign is due to electron velocity is in direction opposite to the direction of ‘E’. 
   

vJ vρ=  

 

  vJ eρ=  

 

 )2(EJ)1( ee →µρ−=⇒  

 

The  - ve value of ‘ eρ ’ and the minus sign lead to a current density ‘J’ that is in  

 

the same direction as the electric field intensity ‘E’. 

 

 )3(EJ →σ=  

           

where   )4(ee →µρ−=σ          s/m (or) Ω/m. 

 

  →σ Conductivity 

 

 It  may be expressed in terms of the charge density and the electron mobility. 

 

       Equation (3) is called as the point form of ohm’s law. 
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3.10 Ohm’s Law: 

 

  IRV =  

 

It states that the potential difference (or) voltage ‘V’ between the ends of 

conductor is equal to the product of its resistance ‘R’ and current ‘I’. 

 

3.11 Resistance(R): 
 

Figure below shows uniform current density ‘J’ and electric field intensity ‘E’ in a 

cylindrical region of length ‘L’ and cross sectional area ‘S’ where V=IR. 

 

 

 
 

 )1(
L

V
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I
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  )3(EJ →σ=  

 

E
s

I
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L

V

s

I
)1( σ=⇒    

 

E = V/L 
Area = S 

 

I = JS 

L 
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  I
s

L
v

σ
=  

 

  

s

L
R

I

v

σ
==  

 

  

s

L
R

σ
=    Resistance of a given material in ohms 

 

   →L length of material 

    

→σ Conductivity 

    

→s Area 

 

 

3.12 Continuity equation for current 

 

The principle of conservation of charge states that charges can be neither created 

nor destroyed although equal amount of +ve  & -ve charge may be simultaneously 

created, obtained by separation, destroyed or lost by recombination. 

 

  The continuity equation follows from this principle. 

  

The current through the closed surface is 

 

  

  )1(dsJI →•∫=  

 

 

This outward flow of +ve charge must be balanced by decrease of +ve charge 

within the closed surface. If the charge inside the closed surface is denoted by ‘qi’ then 

the rate of decrease is 





−
dt

dqi
, the principle of conservation of charge requires 

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

http://www.neevia.com


  )2(
dt

dq
dsJI

s

i →∫ −=•=  

 

Equation (2) is the integral form of the continuity equation and the differential form 

or point is obtained by using the divergence theorem to change the surface integral into a 

volume integral. 
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∂
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)J( v
 

 

    )3(
t

J v →






∂
ρ∂

−=•∇  

 

Equation (3) gives the point form (or) differential form of the continuity 

equation. This equation indicates that current (or) charges per second, diverging form a 
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small volume per unit volume as equal to the time rate of decrease of charge per unit 

volume at every point. 

 

 

3.13 Boundary conditions for electric fields: 
 

(I) Boundary conditions for dielectrics 

 

 
  

  

Consider an interface between two dielectrics having permittivity 1ε  and 2ε and occupying 

region 1 and 2  as shown in fig above 

 

( i ) Boundary conditions on tangential component: 

   

  ∫ =• 0dLE  

  

Around the small closed path 

 

  0wEwE
2tan1tan =∆=∆  

 

  )1(EE
2tan1tan →=  

 

  

2

2tan

1

1tan DD

ε
=

ε
 

 

∆w 

∆h 

Etan1 

Etan2 

DN2 

DN1 

Region 1     ε1 

Region 2     ε2 

Interface Between two 

Dielectric Medium 
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02r

2tan

01r

1tan DD

εε
=

εε
 

 

  )2(
D

D

2

1

2tan

1tan →
ε
ε

=  

 

 

Note1: From (1), Tangential electric field intensity is continuous across 

boundary whereas from (2) Tangential flux density is discontinuous 

across the boundary. 

 

(ii) Boundary conditions on normal component: 

  

   

∫ =• qdSDs  

 

Since the sides are very short and the flux leaving the top and bottom surface is  

 

the difference 

  

  qsDsD 2N1N ∆=∆•−∆•  

 

 

  ssDsD s2N1N ∆ρ=∆•−∆•  

 

 

  )3(DD s2N1N →ρ=−  

 

As there are no free charge available for perfect dielectrics. Therefore at the 

interface ‘ sρ ’ is zero. 

 

  0DD 2N1N =−  

 

  )4(DD 2N1N →=  

 

  
2N21N1 EE ε=ε  
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  )5(
E

E

1

2

2N

1N →
ε
ε

=  

 

Note 2: From (4), the normal component of the flux density is continuous across the 

charge – free boundary between two dielectrics. From (5), the normal component of 

the electric field intensity ‘E’ is discontinuous. 

 

(iii) Change in vectors ‘D’ and ‘E’: 

 

 
 

Figure shows refraction of ‘D’ at a dielectric interface for the case shown  

 

,21 ε>ε  ,21 EE <   21 DD > . 

 

  Let 1,1ED  make an angle 1θ  with a normal to the surface. 

  

We know that   )1(DD 2N1N →=  

 

  

222N

111N

cosDD

cosDD

θ=

θ=
 

 

Dtan2 

DN2 D2 

Dtan1 

D1 

DN1 

ε1 

ε2 

Interface 
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)2(DcosDcosDD)1( 2N22111N →=θ=θ=⇒
 

 

  

2

1

2tan

1tan

D

D

ε
ε

=  

 

 

 )3(
sinD

sinD

D

D

2

1

22

11

2tan

1tan →
ε
ε

=
θ
θ

=  

 

 

)4(sinDsinD)3( 221112 →θε=θε⇒  

 

 

2112 tantan
)2(

)4(
θε=θε⇒  

 

 

  )5(
tan

tan

2

1

2

1 →
ε
ε

=
θ
θ

 

 

The magnitude of 2D  from )4(),2(  

   

   

)5(sinDsinD 11

1

2
22 →θ

ε
ε

=θ  

 

 

1122 cosDcosD)2( θ=θ⇒  

 

 

1
22

11
22

1

2

1

22
2

22 cosDsinDD)2()4( θ+θ







ε
ε

=⇒+        

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

http://www.neevia.com


)6(sincosDD 1
2

2

1

2
1

2
12 →θ









ε
ε

+θ=  

 

 

1
2

2

1

2
1

2

2

1

2

2
2 sincos

DD
E θ








ε
ε

+θ
ε

=
ε

=  

 

 

1
2

2

1

2
1

2

2

11
2 sincos

E

E
E θ









ε
ε

+θ
ε

=  

 

 

)7(sincosEE 1
2

1
2

2

2

1
12 →θ+θ








ε
ε

=  

 

)7(),6(  Allow to find quickly field on one side of a boundary if we know the  

 

field on the other side. 

 

 

(II) Boundary conditions for conductor: 

 

 

(i) Boundary conditions on tangential components: 

 

  

For perfect dielectrics, 

 

  )1(EE 2tan1tan →=  

 

  )2(
D

D

2

1

2tan

1tan →
ε
ε

=  
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If medium ‘2’ is a conductor, the field 2tanE  in medium ‘1’ must be zero under  

 

static conditions. 

 

  

)3(0E)1( 1tan →=⇒  

 

  )4(0D 1tan →=  

 

 

(ii)  Boundary conditions on normal components of perfect conductors 

 

  Boundary conditions on normal components of perfect dielectrics. 

 

                       )5(DD s2N1N →ρ=−  

 

If medium ‘2’ is a conductor    0D 2N =  

 

  s1ND ρ=  

 

  )6(0D 2N →=  

 

  )7(E
1

s
1N →

ε
ρ

=  
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3.14 Definition of Inductance: 

 
 

Inductance (or self inductance) ‘L’ is defined as ratio of the total flux  

 

linkages to the current when they link. 

 

  Henry
I

N
L

φ
=  

 

  →I Current in N-turn coil produces the total flux ‘φ’ and ‘ φN ’ flux linkages. 

 

  →φN Flux linkages → is defined as the product of no. of turns ‘N ’ and flux      

                                                                    ‘φ’ linking each of them. 
 

3.15 Inductance of solenoids: 

 
 

  

 

 
 

If  ‘B’ is the flux density and ‘A’ is the cross sectional area of solenoid, then the total flux  

 

linkage of a large solenoid is 

 

  )1(N →φ=Λ  

 

  )2(NBA →=Λ  

 

  where BA=φ  

 

 

Flux Lines 

‘N’ turns 

l 
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        For long solenoid,  

 

  )4(
l

NI
B 0 →

µ
=  

 

              A
l

NIN
)2( 0µ=Λ⇒  

 

                        A
l

IN2
0µ=Λ  

 

                        

l

AN

I

2
0µ=

Λ
 

 

                                         

                          Henry
l

AN

I
L

2
0µ=

Λ
=  

 

 

 

3.16 Inductance of toroid 
 

 

 
 

 

 

 

B 

R 

r 

‘N’ turns 
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                        →R   radius of toroid 

 

                         →r    radius of coil 

 

 

Toroid →   If a long solenoid is bent into the form of a ring and thereby  

 

 closed on itself, it becomes a toroidal solenoid or simply a  

  

 toroid. 

 
              The flux linkage is  

 

  

                           φ=Λ N  

 

 

                                NBA=  

 

 

                          A
l

NI
N
µ

=Λ  

 

 

                          A
l

IN2µ
=Λ  

 

 

                 where R2l π=  

 

                    A
R2

IN2

π
µ

=Λ∴  

 

                         A
R2

N

I
L

2

π
µ

=
Λ

=    

 

  For air core toroid 0µ=µ                                             
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R2

AN
L

2
0

π
µ

=  

 

                                           

 where 
2rA π=  

 

                                         

 →A Cross sectional area of the coil. 

 

                        )r(
R2

N
L 2

2
0 π
π

µ
=  

 

                       

R2

rN
L

22
0µ=  

 

 

3.17 Inductance of the co-axial cable: 
 

              Consider a co-axial transmission line constructed of conducting cylinders of 

radius ‘a’ and ‘b’ as shown in figure. The current in the inner conductor is ‘I’ but the  

current in the outer conductor is of the same magnitude but  opposite direction. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I

I a b 

d 
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 The flux density at any radius ‘ρ ’  
 

                          HB µ=  

         

                           )1(a
2

I
B →

πρ
µ

= ρ  

 

              The total flux linkage per metre length 

 

                          ∫ ρ•=Λ
=ρ

ρ

b

a

m/wbadB  

 

                              ρρ ρ•∫
πρ
µ

= ada
2

Ib

a

 

 

 

                              ∫
ρ
ρ

π
µ

=
b

a

d

2

I
 

 

                              [ ]baln
2

I
ρ

π
µ

=  

 

                         m/wb
a

b
ln

2

I








π
µ

=λ  

 

                         weber
a

b
ln

2

Id








π
µ

=λ  

  

  →d Length of coaxial cable 

 

                          

)1(Henry
a

b
ln

2

d

I
L →








π
µ

=
Λ

=  
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)2(m/H
a

b
ln

2d

L
→








π
µ

=  

 

 For air filled cable, 

 

 m/H
a

b
ln

2d

L 0 







π
µ

=  

 

 Equation (1) gives the inductance of a co-axial cable and 

  

 Equation (2) gives inductance per metre length of a co-axial cable 

 

 

 

3.18 Definition of mutual inductance 

 

 Mutual inductance between circuits 1 and 2 12M  is defined in terms of mutual 

flux linkages 

                             )1(Henry
I

N
M

1

122
12 →

φ
=            

 

→φ12  Signifies the flux produced by 1I which links the path of the 

filamentary current 2I . 

 →2N is the number of turns in circuit ‘2’. 

 

 )2(MM 2112 →=  
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3.19 Energy and Energy density in magnetic fields 

 

 
 Energy stored in a steady magnetic field ‘B’ 

 

 Voltage across the inductor is given by 

 

                        )1(
dt

dI
LV →=  

 

 Magnetic energy delivered to the load (inductor) 

 

                        ∫= dtpowerwH  

 

 

                                  ∫= VIdt  
 

              Idt
dt

dI
Lw)1( H ∫=⇒  

 

 

                                  ∫= LIdI  
 

 

                        Joules
2

LI
w

2

H =  

 

 This Equation gives the energy stored in a steady magnetic field. 

 

  
 Energy density: 

 

                              

 )2(IL
2

1
w 2
H →∆∆=∆  

 

 

                        )3(LHI →∆=∆  
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 Substitute (3) in (1), 

 

 )4(LLH
2

1
w 22
H →∆∆=∆  

 

                        )5(lL →∆µ=∆  

 

 Substitute (5) in (4)     

 

 
22

H lHl
2

1
w ∆∆µ=∆  

 

                                     
32 lH

2

1
∆µ=  

 

                                     VH
2

1 2∆µ=           Where 
3lV ∆=∆  

 

  
32

H
H m/JH

2

1
W

v

w
µ==

∆
∆

 

 

 

  )6(m/JH
2

1
W 32

H →µ=  

 

The energy per unit volume (or) energy density HW  of the magnetic field at the 

point is given by (6). 

 

 Energy in terms of energy density 
 

                        dvWw
vol

HH ∫=         

 

                                  ∫ µ=
vol

2dVH
2

1
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                        )7(dVH
2

1
w 2
H →∫µ=      

 

                        ∫ →•= )8(HdVB
2

1
wH   

 

 )9(dV
B

2

1
w

2

H →∫
µ

=  

 

 

3.20 Nature of magnetic materials 

 
1) Non-magnetic 

 

 Materials in which the magnetic effect is so weak are to be non-magnetic 

materials.  

 Ex:    vacuum. 

 

 2) Diamagnetic                  

 

             These materials magnetic effects are so weak. Although the spin and orbit 

magnetic moments cancel each other in the absence of external magnetic field. 

But an applied field causes the spin moment to slightly exceed the orbital 

moment, resulting in a small net magnetic moment which opposes the applied 

field ‘B’. 

 Ex: Bismuth. 

 

       3) Paramagnetic 

 

              These materials in which orbit and spin magnetic moments are unequal, 

resulting in a net magnetic moment for the atom, even with no applied field, when 

an external field is applied, the atomic dipoles tend to like up with the field so that 

the magnetic moment of the sample is increased in proportion to the number of 

atoms in the sample. 
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 4) Ferromagnetic 
 

              In these substances, there is a quantum effect known as “exchange 

coupling” between adjacent atoms in the crystal lattice of the material. However 

at temperature above a critical value, known as the curie temperature, the 

exchange coupling disappears and the materials become an ordinary paramagnetic 

type. 

 Ex: Iron, Nickel and cobalt. 

 

 5) Anti-ferromagnetic 

 

            In these materials like magnetic moments of adjacent atoms align in 

opposite directions so that the net magnetic moment of a specimen is nil even in 

the presence of an applied field. 

 

 6) Ferromagnetic 
 

            The magnetic moments of the adjacent atoms in ferromagnetic substance 

are aligned opposite, but the moments are not equal so that there is a net magnetic 

moment, which is less than ferromagnetic. 

 

 7) Super paramagnetic 
 

            This consists of ferromagnetic particles suspended in a dielectric binder. 

Each particle may contain many magnetic domains, but exchange forces cannot 

penetrate to adjacent particles. 

           Ex:  Tapes used in audio, video and data recording systems. 
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3.21 Magnetization and permeability 

 

        

  
Figure shows a section ‘dL’ of a closed path along which the magnetic dipoles have been 

partially defined by some external magnetic field. 

            1) Magnetic dipole moment ‘m’ (
2Am ) 

 

 

The bound current ‘Ib’ circulates about a path enclosing a differential area ds 

establishing a dipole moment(
2Am ) 

 

                                        )1()Am(dsIm 2
b →=  

 

If there are ‘n’ magnetic dipoles per unit volume and consider a volume‘ v∆ ’, 

then the sum. 

 

                                         )2(mm
vn

1i
itotal →∑=

∆

=
 

 

  

 2) Magnetization (M) (A/m) 

 

 

`                   Magnetization ‘M’ defined as the magnetic dipole moment per unit volume. 

 

                                    

                                         )2(m/Am
v

1
limM

vn

1i
i

0v

→∑
∆

=
∆

=→∆
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3) Permeability (µ ) H/m:     

           

           )4(dLMIb →∫ •=   

 

Ampere’s circuits law in terms of total current 

 

              

)5(IdLH T →=∫ •  

 

              )6(IdL
B

T

0

→=•∫
µ

 

 

  III bT +=  

 

where I is the total free current enclosed by the closed path. 

 

               bT III −=  

 

∫ •−•∫
µ

=⇒ dLMdL
B

I)6(),4(
0

 

 

              dLM
B

I
0

•







−









µ
∫=  

 

 M
B

H
0

−








µ
=  

 

              )7()MH(B 0 →+µ=  

 

→µ0     Free space permeability ( m/H104 7−∗π ) 

 

For linear isotropic media, 

 

               )8(HM m →χ=  
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  →χm   Magnetic susceptibility (unit less) 

 

∴ substiute (8) in (7) 

 

                )HH(B m0 χ+µ=  

 

                 )9(H)1(B m0 →χ+µ=  

 

                  )10(HB r0 →µµ=  

 

Comparing (9),(10)  where  )11(1 mr →χ+=µ  

 

                        →µr  Relative permeability 

 

  )12(r0 →µµ=µ  

 

Equation (12) is defined as permeability of magnetic medium. Unit: H/m 

 

                 )13(HB)10( →µ=⇒  

 

Equation (13) gives the relationship between ‘B’ and ‘H’ 

 

 

 

3.22 Magnetic Boundary Conditions 
 

 

 

∆w 

∆h 

Ht1 

Ht2 

BN2 

BN1 

Region 1     µ1 

Region 2     µ2 

aN12 

Interface Between two 

Magnetic medium 
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Figure shows a Gaussian surface and a closed path are constructed at the boundary 

between media 1 and 2, having permeability of 1µ and 2µ  respectively. 

 

(1) Boundary conditions on normal components 
 

  It is determined by considering the small cylindrical Gaussian surface. 

 

Gauss law for the magnetic field, 

 

                ∫ =•
s

0dsB  

 

                0sBsB
2N1N

=∆−∆  

 

                )1(BB
2N1N

→=  

 

                
1N12N2 HH µ=µ  

 

 

  )2(HH
1N

2

1

2N
→

µ
µ

=  

 
Note 1: From Equation (1), normal component of the magnetic flux density ‘B’ 

is continuous. 

  Note 2: From Equation (2), the normal component of magnetic field intensity  

   ‘H’ is discontinuous. 

 
 (2) Boundary conditions on tangential components 

 

             It is determined by considering the small closed rectangular path. 

 

Ampere’s circuital law, 

 

               ∫ =• IdLH  

 

               LkLHLH
2t1t

∆=∆−∆  
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1t

H )3(kH
2t

→=−  

 

 )4(k
BB

2

2t

1

1t →=








µ
−









µ
 

 

  Note 3: The directions are specified more exactly by using the product to identify  

 

the tangential components. 

 

               kxa)HH(
12N21 =−         

 

      kxa)HH(
12N2t1t

=−    

 

Where
12Na is the unit normal at the boundary directed from region1 to region 2.  

 

(3)   Boundary condition on the normal component of the Magnetization 

 

               
1N

2

1

2m2N
HM

µ
µ

χ=  

 

 
1N

2

1

1m

2m

2N
MM

µ
µ

χ

χ
=  

 

 (4) Boundary condition on the tangential component of Magnetization 

                                     

               kHH
1t2t
−=  

 

               
2t2m2t

HM χ=  

 

               kHM
2m1t2m2t

χ−χ=  

 

  kMM
2m1t

1m

2m

2t
χ−

χ

χ
=           
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