MAGNETO STATICS

Biot- Savart’s law:-

Assume a current carrying conductor carries a constant current of ‘I’ amp. As
shown in fig. below.

Biot Savart’s law states that the magnetic field intensity ‘dH’ produced at a
point p, by the differential current element Idl is proportional to the product Idl
and the sine of the angle ‘ o’ between the element and is inversely proportional

to the square of the distance ‘R’ between p and the element.

That is dH o Idl, sina | —

RE

ldl sin & K ldisin & _
dH . qH =2l 1
R® R®

Where K is the proportionality constant. In Sl units, K=:—_

*» egn. 1 becomes as
. Idi sin &
~ 4mR®

dH




From the definition of the cross product above equation is put in vector form as

1dl X ig

. - _E
dH = el Where (i; = = )
dH =Ic].!'}.’R_ > 3

4xR*

The direction of ‘dH’ can be determined by the right hand rule, with the right
hand thumb pointing in the direction of the current, the right hand fingers

encircling the wire in the direction of dH.

Current elements have no separate existense. All elements making up the
complete current filament contribute to H and must be included. The summation

leads to the integral form of Biot saverts law:

F1d] X ig
47R?

The magneticfield intensity is a vector quantity and its units are Ampere/meter.



Current distributions:-

We have three different types of current distributions they are

K ds

Line current
Surface current

Volume current

J .dw

(1) (@) (s)

distributions

If we define ‘K’ as the surface current density in amperes/meter and ‘J* as the

volume current density in amperes/(meter)* then the source elements are

related as

v
[EEN

ldl=kds=]dv



Thus in terms of the distributed current sources, the Biot savart’s law becomes

as
_r ldIXig >
H = ff- 4nRZ 2
_ r KdSXig -
H=[— > 3 (surface
current)
JdV Xig
H= —»>
b= 4 (volume
current)

“ An electrostatic field is produced by static (or) stationary charges. If the
charges are moving with constant velocity, a static magnetic field is produced,

I.e @a magneto static field is produced by a constant current flow”
The two major law’s of magnetostatic fields are
Biot — savart’s law.

Ampere’s circuit law.



Magnetic field due to a straight finite current carrying cinductor:-

consider a staright finite current carrying conductor of length AB as shown in
the figure.

Assume that the conductor is along the z-axis with its upper and lower limits
respectively subtending angles «,and «,at P i.e the point at which H is to be

determined.

Y

From Biot — savart’s law the field intensity at P due to the differential current

elelment Idl at (0,0,z) is given by

Id1 X R

dH =
47R3




dL = dz iz

Id,i, X pi, — z1L.
dH = Pl 2

dm(p? + z2)=

o L 1

(dziz)x(,ﬂfp—ziz) — |0 0 dz
p 0 -z
= —ig [-pd.]
Zpdzim
Ipd._i;
dH = — P %o

dm(p? + 2%)=

z Iod ,
Hence H=IEL

z p 2
an(p®+ 22 )2

Let z = pcota

dz = —pcos®a da



o

I p (—pcosec?a) da |
H = 3 E¢'

o 4m(p* + pcot-a)-=

&g

r I p®cosectada
H = l — 3 3 E¢'.,
dnp*cosecca -
H - ‘ Ida ,
- 4mtp coseca
T | sinadai
=——— | sinadai,
47p | @
H=———"(— 24,
pr (—cosa),’ iy
H=— (cosa, — cosa,) iy > 1

dmp

This expression is the magnetic field intensity at any point P due to a straight

filamentary conductor of finite length.

When the conductor is semi infinite with respect to p, so that point A is now at
0(0,0,0) while Biis at (0,0,), &, = 90°, @, = 0°

And the above egation becomes as




When the conductor is infinite in length, for this case, point A is at (0,0,-o )

while B is at (0,0,00); a; = 180% &, = 0° then egn. 1 becomes as

I .
H =‘1‘—JT.'5'[1 — (D]

[
H=—0i,
ZJI;JE‘-:’

A simple method to determine iy is

ip =1, X1



Magnetic field intensity at a point on the axis of a circuar current

loop:-

Consicer a circular loop as shown in figure below it carries a current of

‘I amperes along the i, direction

p(0,0,h)

¥

dl

The magnetic field intensity at a point P(0,0,h) contributed by current element is
given by Biot — savarts law

Idl X i,
4mR?

dH =

Where dl = p de i

R= —pi, + hi,



W dH=1pdgiy X(—pi, +hi;)

Consider
iy PR
pdgis X (—,m'p + hi'Z) =10 pdgp O
—p 0 h

= i,(p h d) + i.(p*dg)

Ilphdgi, + p*dgi.]

dH !
4w (p? + h?)e=

By symmetry the contribution along i, add up to zero. Because the radial

components produced by pairs of current element 1807 apart cancel.

[p?doi,
JH — 1P AL E
4m(p? + h?)=

5]

© 1p2d
B _ p-de i,
2o dm(p” + 1)z

|.$|:

[ p* 2w

H= s 1,
4m(p? + h?)z=

1 p? .
H =#Efz A
2(p? + h?):




Example:1 A circular loop located on x* +y* =9, z =0 carries a direct

current of 10A along i determine H at (0,0,4) and (0,0,-4)

Soln: given x“+y-=9
p=3
z =0 plane

I'=10Aalong i,

[ p2 .
H= inz Afm
2(p* + h?)z=
At(0,04);h=4
H= "2, =036i,4/y
2(9+16)2

The magnetic field intensity is same for h=4 and h=-4 because it should not

depend on h-value sign

Example:2 A thin ring of radius 5cm is placed on plane z = 1cm so that its
center is at (0,0,1) If the ring carries 50mA along i find H at (a) (0,0,-1cm)

(b) (0,0,20cm)

Soln:  given p =b5cm
z = lcmplane
0(0,0,1cm)
I'=50mAalong i,

for H at (0,0,-1cm)



h=72cm

b0 x 25 |
=—E EZ
2(25+4)=
oo A
H=4001i, milli
meter
At (0,0,10cm)
h =9cm
50 X 25
— 3 EZ
2(25+81)=
.o A
H=573i_milli
meter

The magnetic field intensity at the centre of the circular current loop is given by




Ampere’s circuit law

“ Ampere’s circuit law states that the line integral of the tangential component

of H around a closed path is same as the net current (I_,.) enclosed by the

path.”

In other words circulation of H equals I

anc

i'e Sﬁz_ H.dl = Ien-::fossd >1

ampere’s law is useful in determining ‘I’ from ‘H’
By applying stoke’s theorem to the above equation we get

le = § Hdl= [(VXH). ——> 2

If I is the total current through the surface then

loe = [.J.ds ~——*3

By comparing eqgns 2 & 3 we get

- cf:H.ds _ [(va) _ [j.ds

<L v E

Comparing surface integrals we get



VxH=]

The units for V x H is Ampere/meter

Applications of Ampere’s law :

Conditions (or) procedure for applying (Gauss’s law) Ampere’s law
Symmetrical current distribution
Closed path (amperian path)

H is tangential to the closed path.

A.Infinite line current :

Consider an infinite long filamentary conductor carrying current ‘I’ along the Z-

axis as shown in figure below

*

Z

Ampere's path

-,

A

I

dl




To determine ‘H’ at an observation point we allow a closed path pass through P.
We choose a concentric circle as the amperian path which shows that ‘H’ is

constant provided p is cinstant

This path encloses the whole current ‘I’, according to Ampere’s law

L. = cf:H. dl
JL

IeJ:c == [ H¢,E¢,|ﬂ'df¢,

o

Hence H = ; E't_;;, A/m

B.Infinite sheet of current :

Consider an infinite current sheet in the z=0 plane and the sheet has a uniform

current density K = K., i,, A/m as shown in figure below



/Ampere' s path

x

Consider a closed path(Amperian path) 1-2-3-4-1 with centre P and each side as

[P

a

The field can be thought of considering sheet as current elements.
No field will exist in 1-2 or3-4 directions H on one side of the sheet is the
negative of that on the other side.

Applying Ampere’s law to the rectangular closed path gives.

cf:H.a‘f _ 1.
Ji

2 3
[ H.dl+ [ H.dl + ]
J1 J2

4 -1

H.dl + [ Hdl=Ka
J3 Ja
0+ (—H,)(—a)+0+H,.(a)=Ka
Hoa+H,a=Ka

2H,a=Ka

H—1H
.k'_2



Hence A = i—KE'x A/m Z>0

H=—>Ki A/m Z<0

In general, for an infinite sheet of current density K A/m

1
H= Bl Ki,A/m

Where i, is a unit normal vector directed from the current sheet to the point of

interest.

C: Infinitely long coaxial cable;

Consider an infinitely long transmission line consisting of two concentric

cylinders having their axes along the z-axis.

The inner conductor has radius ‘a’ and carrying current ‘I’, while the outer
conductor has inner radius ‘b’ and thickness ‘t’ and carries return current —I

amp.

To determine ‘H’ everywhere assuming the current is uniformly distributed in

both conductors.



sel>
Forregion0 =p = a
We apply Ampere’s law to path L, giving

Sﬁz.i H.dl = ‘relchosed = LJT ds .

Since the current is uniformly distributed over the section.

1
/= ra? 2
ds = pd®dpi.

I
| ] d [ _i_ pd®dpi.
closed J.ds | —3 P Pl

I
Lonciosea = ‘ 5 pd®@dp

Ie::cfosea‘ = $ PE__]PG[ ¢]2HG

Ca



!

enclosed — 7

cfn H.dl = ] H, I, pd®i,
u-L o

_ ]an pdd

= pH, 2l ——— 3

Substituting equation 2 & 3 in equation 1

-
e

I
oH, 21 =

-
Fa

Case 2>

Forregiona = p < b, we use path L, as the Ampere’s path

SGL_L H.dl= enclosed = |
Hqg. !¢, pd¢i¢ - !

pH, 2M1 =1




Afm
a =p<= b

Since the whole current I enclosed by L and it is independent of a.

Case 3>
— forregionb = p =< b +t.

We apply Ampere’s law to pathlL ., gives

cﬁ H.dl =

”LE

enclosed

pH@ 211 = Ie::cfosed 1
— Where I, 10500 =1+ fj. ds

J in this case is the current density of the outer conductor.

-1TI
J=——2

—_— 1.
Ollb+t)2 —p2] =

207 I
1F»;J:-:!.!'o_«:-;.:;' I— f _I-P pdd’i@

0 glib+t)= 52]

!
‘reJ:c'ose =1-
fosed (b +1)? —b2) Jo_y

a‘@[

! [ 2 _bz]
[oitpeog =1 ——————— X 21 X P
enclosed H(f"‘ +2bf) T ’XZ



Y il s
enclosead (fz n be)

lonciosea =1 (l —

Substituting egn (2) in egn (1)

M)

e ( (t2 + 2b1)

[=+200)

1[_1—:_%:: _ﬂ Afm

Zmp

Case 4>
For region p = b+t

We use path L.,

[p® —b%]

(t2+2bt)

)——

Sﬁz.. H.dl= 1F»;J:-::.!'r:n.:»;c:.' =[—-1=0

Or
Hi:ﬂﬂﬁm
Ip
H= 0=sp<=
2ma? ® p=a
I
S le as< p=b

o= b+t



0 p=b+t

Example:
Planes z=0 and z=4 ccarry current K= —10i,and k= 10i, 4/
respectively.Determine Hat (a) (1,1,1) & (b) (0,-3,10).

Solution:

Let the parallel sheets are as shown in figure

Z=0-k =—i, 4/

Z=4->k =+i 4/



L Y
it
Hat (1,1,1)
0 <z=1<4
1 .
H= E R'XE\.I,.
H=HG +H4_

1
Hy,= > (—10i, X 1.)

Hy=—5(i,) = 5i,%/m

1 ;
H4 = E (]-Ofx X _ilz) = 5EI_L-'Aﬂm

H=H,+H, = 10i,4/n.



(b)> Hat (0,-3,10)
Z=10 =4 =0

1 ;
Ho =7 (—10i, X i) = 5i,4/m

L ooi xi A
H4=§(10;xxaz) = —5i,%/m

Hence

H=H,+H, =0 4/

Example;

A conducting plane at y = 1 carries a surface current of 10i_m Aﬂm. Find H at

(0,0,0) and at (2,2,2).
Solution;

Given y=1 plane

K= +10i, x 1034/

~ H at(0,0,0) (2,2,2) y=2

YV =1plane

(0,0,0) y=0

I
Il

Z kX (—iy)

R
I
P = =2
A
[
I
'_'l.



l 4
H= 5 (10i; X —i,) m Afm
H= —5(-i) m4/y
H= 5(i,) mﬂfm

—H at(0,0,0)

v=2 = yv=1plane

I,e; the point is above the sheet of current

1
H = 2 kX (+iy)

1 /
H= 5 (10i; X i,,) m Aﬁm

H= — 5(@i,) ™4/

Example:

Find H and B at (0,0,5) due to side OA and side OB of the triangular current

loop shown in fig. below.



Solution:

To find H at (0,0,5) due to side OA of the loop the fig. shown below

v

— side 1 is treated as a straight conductor.We join the point of interest (0,0,5)

to the beginning and end of the line current.

cos at;=cos 907=0




— The magnitc field intensity due to a finite straight conductor is given by

I
H =4—M(c05a2 — oS, )is
b 10mA 2 0 ,
1 .
H= — —i, mAf
N /m

H= —0.0591i, M4/,

H= —591 iM%/,

Example:

An infinitely long conductor is bent in an ‘L’ shape as shown in fig. below. If
I= 5 find the field and flux densities at (2,2,0) (0,-2,0) and (0,0,2).



T
I
o < > X
A
Y
A
I p= p(2,2,0)
2 527242
| .
j >
45° O, =135

90°

— The expression for magnetic field intensity at any point p due to a straight

filamentary conductor of finite length is

I .
H = 4—@(505&*2 — €05y )lg

— due ti current ‘I’ flowing through y-axis

ﬂrz == {]G ﬂrl = 135G



5x 1073

H, = m(cns 0% —cos135%) x —i,
H 5:’(1{]_3(1 0.707)) X —i
= ——(1—(-0. —1,
L= (1= (-0.707) X —i,
H 5><1+:1—3(1 707)i
=—- — (1. i,
1 BJT Z
P(2,2,0)
242 4
@, =135° X 450 2 H
H, = 5:_1::2 (cos0” —cos 135%)(—i, X i)
5x 1073 .
Hy=— ~ 2" (1707,
81
Hence
H = H, +H,
2x5x107° ,
H—— (1.707)i,



H = —0.6792i, M 4/p,

— (0,2,0) H, =0 HEZEL_E'

r

H, = 0.1989 i,

7 (DJ D.l 2) Hl — —EE;L Elx
H == I

H=H,+H, =0.19891, mﬂ/-’.m+0_1989 E'L-mﬂfm

Example;

An infinitely long straight conducting rod of radius ‘a  carries a current of ‘I’ in
Z direction. Using Ampere’s circuital law, find H in all regions and sketch the
variation of as a function of radial distance. If I= 3mA, and a = 2cm . find H and
B at (0.1cm,0) and (0,4,0).

Solution;



From Ampere’s law

(;]H dl = enclosed
JL

(#] H.dl = enclosed

”E".L

Consider 5551 H.dl = $ Hod®. pd®i,

o
™ &L

pH¢l dd =  2mpH,

So=0

Consider

Ie]:c.!'osed = I .JF ds

Y E

I .

= ET

J=_—3t
lonctossd = | =1z -pdpd i,
enclosed ) ma?? pap z



Lo
JL

-
- Fa

I [F " Ip
Ienclosea = 5 I ,qu}‘ dd = —

wa< J, a-
0
Therefore
I.pz
2mpHe = —
TpPls 2
He = 2:; is m 0=p <a
—ifa<sp

By applying Ampere’s law to path L2, we get

§ H.dl=1

enclosed
2mpHge =1
Hy = —
¥ 2mp
I . 4 |
H = Z—Jr,aidj /m a<=p

The magnitude of H is sketched as follows



— [ = 3cm a=2cm

Hat (0,4,0)

p =0+4°

+ Ip 15A
“He = 2ma? 4w ﬁm

Ex: A square conducting loop of side a carries a current | in clockwise direction

and is in z=0 plane. Find the field and the flux density at the center of the loop.



Sol

L/2

Choose a Cartesian coordinate system such that the loop is located as shown in

fig below.
By symmetry, each half side contributes the same amount to H at the center.

For half side 0<x<L/2, y= -L/2, the biot- savarts law gives for the field at the

origin.

_Idxiy, = (=xi, + (L/2) i)

dH _
4 + (L/2)2)3/

Idx ()i,
A + (L)2)2]302

dH

Therefore the total field at the origin is



\ Idx(D)i,

H=8 _
4rx? + (L)2)%)37

Let x= (L/2) tan@

dx = (L/2)+(sec8)?d8

45 I(L/2% (secB)2d 6.
l

H=8= 2
Jo " 4rd)?+ (sec)?

H=2‘-.z.lri.z A/m



MAGNETIC FLUX (¢)

A Magnetic field can be visualized as comprising of lines of force. These lines
of force collectively referred as magnetic flux. Magnetic flux is denoted by ¢

Magnetic flux should be measured in Weber’s.

MAGNETIC FLUX DENSITY (B)

Magnetic flux density is defined as the magnetic flux crossing from unit normal

surface area and is denoted by B.
Magnetic flux density is a vector
The units for magnetic flux density is Weber’s/square meter or Tesla.

B = /S

The magnetic flux through a surface S is given by

¢ = |B.ds

-]

An isolated magnetic charge does not exist.

Thus the total flux through a closed surface in a magnetic field must be zero

+Rd5=0



The total flux leaving a surface is the same as the total flux returning to the

surface and Type equation here. The net flux is zero.

can.a@:U

By applying the divergence theorem to the above equation

$ B.ds=¢(V.B)dv=0

V.B =0

This is the fourth Maxwell’s equation

Hence the divergence of flux density in relation to the steady magnetic field is

zero and is the gauss law for magnetic field.

Therefore the magnetic fields have no sources or sinks. Magnetic field lines are

always continuous

The magnetic flux line is the path to which B is tangential at every point in the

magnetic field.

The Magnetic flux density is related to the magnetic field intensity ‘H’ by

B:HGH



Where is a u, constant known as the permeability of free space.

The units of permeability is Henry/meter and the value of pgis 47x10~" H/m

For any other medium
B = u, po

i, = Relative permeability of free space

For air or free space p,. is 1.

The flux density at any point p is given by dB = u dH

I

dB =
41+ R?

# [dl * ip wh/m?

Expression for H at any point due to an ideal solenoid of infinite length

A solenoid is a cylindrically shaped coil consisting of large number of closely
spaced turns.

Solenoids are useful for storing magnetic energy.

Consider an infinitely long solenoid of radius ‘a’ and uniform current density

k.iz A/m as shown in fig a.

Using the concept of field due to two infinite parallel sheets we get the field
H= k,. for p<a

H= 0 forp=>a



Fig a

If the solenoid has a finite length ‘d” and consists of N closely turns , ‘a’ is the

radii of solenoid and carries a current I.

et

N turns

If the turns are placed very close to each other so that it will form a surface

current density

[, A/m



The magnetic field intensity inside the solenoid is given by

NI
d

H = . A/m
Where N = Number of turns
d = length of the solenoid and | = solenoid current

Expression for H at any point due to ideal toroid

If a long solenoid is bent in the form of a ring, thereby closed on itself it

becomes a toroid.

SRS \n
b e _
' T Mean circumference

a = width of the toroid
Toroid of N turns

When current | is passed through an exciting coil wound round the toroid ,
magnetic flux set up.

The net current enclosed by the toroid is from ampere’s law.
cfn Hdl=1,.
< I

The mean circumference of the ring may be taken as the length of the magnetic

circuit.



~

+d | = 2mp wherep meansradius.

o

+H.de‘ _ NI
2mp H, = NI
"
® T 2mp

Outside the toroid H = 0

The ideal toroid

—a
H= k, {'GGT) [, Inside toroid

H = 0 outside

K=%Fki.atp = pyj—a,z=20

Ex: If H= yi,-Xi,, A/m on Z=0 plane , determine the current density . Define

the relations used.



Sol: Given H = i, -Xi,, A/m
Z = 0plane

j =2

From amperes circuital law we have

cf:H.df:fe,m
JL
Or
VxH=]
L Ly Lz
a ad 4@
J]=VxH = |— — —
dx dy 0z
vy —x 0
] = =21 A/m?

V x H=] is called the Amperes law in differential form or Maxwell’s third

equation for magneto static.



Ex: In a conducting medium H=y*Zi, +2(x+ 1)yzi, — (x+1)z%i,. Find

the current density at (1, 0,-3) and calculate the current passing through y=1
plane given 0<x<I.

J]=VxH
Ly Ly I
d d d
dx ady 0z

viz 2(x+1)yz —(x+1)z?

| 8 ) 8
= i, [— a((.x+1)z‘) - 3, (2(x+ L)vz) ]

iy [~ = ((x+ 1Dz — = (¥%2)]

L - Qe+ 1Dyz) "oy (¥°2)]

J=2x+Dyi, + (y* + 291,

Current density at (1, 0,-3) is
J = 2x+1Dyi, + (y* + z9)1i,
= =2(1+1)+01i, + (0+9)1,

J =9,



Current [ = | J.ds

Given y=1 plane

O=x=1,0=z=<1

I = [ [—2(x+ Dyi, + (v + 22 )i, ]dxdy

I = [ (y? + 22 Ydxdz

-

-1
‘ (v?+z?)dz

“z=0

1
f=] dx
Jy=p

] =1+[1+ 1/3] = 4/3

= 3 amp

Ex: Determine the magnetic flux for the surface described by

Qo=1m, 0= =m/2 ,0=z =2m



B) A sphere of radius 2m, if the

H = 2cos @i, A/m
v

I: = 2 L AS
Sol: H S Cos @i, /m

H .
B = —cosgpi
P p

Q= lB.ds

H . .
Q= ‘ (E cos @ EP) *(pdedz i)

o

© = l%cosq} dpdz

v 5

@ = 2uy = 8mw* 107" webers.

magnetic field

iIs of the form



MAGNETIC SCALAR POTENTIAL
In Electrostatics the scalar potential is given by
E=-Vv 1

By analogy with electrostatics similar relationship is oriented between magnetic

field intensity ‘H’ and magnetic scalar potential V.,
H=—-VV, provided] = 0 2

We _know that maxwell’s third equation (or) the Ampere’s circuit law in

differential form is given by

L

VxH=]

By substituting equation 2 in eqn 3
VX (=VV.m) =]
J =0

I.e. scalar magnetic potential can exist in a region where no current is exist

(or) current density must be zero



the scalar magnetic potential V. is applied to fields due to permanent magnets
Also we know that

V.BE=10 B

Il
=
X

7.(—~VV_m) = 0
7A2Vom =0,] =0

I7.. continues to satisfy laplace’s eqn in homogenious magnetic material,it is not

defined to any region where the current density exists.

When no current is enclosed we may write for magnetic field

H.dl=1=0
YL
Between any two points along the path in the field

— 17
mil ['mz

[ Hdl=V
J1



MAGNETIC VECTOR POTENTIAL
H = -VI,, where V,, is scalar magnetic potential . but this holds the good for

such paths in which

can.m‘:o
“ L

In magnetics,the source for producing magnetic field is a “current element”. So

it is reasonable to think of a potential which depends on current element.
Magnetic vector potential is denoted as “A”

The magnetic flux density’B’ can be expressed as space derrivative of
A,whether divergence or curl.divergence gives a scalar quantity ,curl which

gives a vector quantity
B = curl A
B=VxA

b

Where ‘A’ is called magnetic vector potential the units for ‘A’ is web/meter

We know that VxH=]



B
VX—=]
L

VX B =y

Vx (VxA) =y

V(V.4A) — V24 =y

For the situation of study current we take V.4 = 0

Then —VZA =y

VA=—y

The eqn is of the same form as poisson’s eqn in electrostatics

pry = — 2
=

By comparing both the egns i is analogous to

im |

J is analogous to g,

In electrostatics potential due to the line charge

[ pdl

V= e
L 4m ey R

For the three standard current configure the magnetic vector potential ‘A’ is

expressed as follows

-
For current element A = [ “—

pkds
imR

For sheet current A = [



pjdv

For volume current 4 = |
Varr



Alternate approach to obtain the expression for ‘A’ for current distribution:

Magnetic flux density at any point due to the current carrying conductor from

Biot-Savart’s law is given by

idl =R
B=*f: 1

ag vl RS

Where R is the distance vector from the line element dl' at the source

point(x’,v",z") to the field point (X, y ,2)
R =l@—x)+0-y)+@E-2)T
R= (x— X, + (=i, + (z—2')i;

Consider F‘(i)

oLy _ (x—x)i, + (v —2)i, +(z—-2)i;
® T TG @2
1 R in
'R R
() 2

Where the differentiation is with respect to (x, y, z)
By substituting eqn (2) in eqn (1)
_ _# ' z
B=—+[1dl'xvV(}) — 3

By applying the vector identity



VX (fF)=fVXF+(Vf)XF
Where f is a scalar field and F is a vector field

Taking | = i and F = dl’ we have

1 1 1
Vx(=dl'y = -Vxdl'+(V(=z)xdl
(zdl) = % VG )
Since the V operates with respect to (x,y,z) while dl’ as a function of (x',y’,z")

L Vxdl'=0

LUXEAL) = (VE) xdl)

m’xv(£)=-—ﬁx(§dﬁ}—————* 4

Substituting egn (4) in egn(3) we have

p- M _pylar
47 | R
I
gdln
B=—Lﬁx;; (5)
couldl’
B=-V|x
. 4R

L

By comparing above eqgn with

B=VxA
M uldl’
A:
! AR

L

We have



W — ]B.ds

5

By substituting B = ¥ x A in above equation

Y = ]B.a‘s _ [Fxﬂ.ds

- -

By applying strokes theorem in reverse direction

W — ]B.ds _ [ VX A.ds = cfm.a‘f
< “ L

= 5

W =<fu4.df

<L



EX: Determine the magnetic flux, for the surface described by

)p=1m0=0 52{] =Z=1.

ii)a sphere of radius 2m,if the magnetic field is of the form [ = icos 0li, AM
SOL:Given [f = icos 01,

i) 0= |B.ds B = uH

0 = ‘ % cos Oi,. pd0 dzi,

_[*
0 = I ; cos Opd0 dz

-
fas
~

cos© dO dz

g=0 x=0

0 =

RN

L
o

P 2
0 =E[sm®]ezﬂ[z]ﬁ

X 1.2
o ="~ = = 2uWeb

0 = 2x4mx 1077 webers in free space

i [H — Lcos @i

p p

1 1
H = [—cos® 0] i, + [—cos 0sin0]i,
p p '



1 ) ﬂ
1= {ECDSL 0 sinf cos O + —cos Osin” 0 sind)i, +

o

. 1 ,
(—cos<0cosf cos O+ —cos Osin® ODcosh)ig

D

1
H = — sinfcos0 i, +E cos8 cos0 ig

0

o= x%+y? x = rsind cosd

YV = rsin8sin®

p = \/rtsin? 8 (cos?0 + sin® 0)

p = 1 sind
1 1 |
H = —cos0i, +—cotBcosDi,
T T
0 = |Bds

6 =

0 = ur

Jr

-

l [%cos@ [, + % cotd cosQigl. r*sinf db dO

‘ E r? coslsing de d0

—
=l

sing dé. ‘ cos® dC

g=0 G=0

0 = pr[—cosé]7[sind]3"



EX:For the magnetic field given by A = x7vi, +3-=2.rz'_h_. — 2xyzi. wb/m,

evaluate the magnetic field intensity at(1,2,3)and the resulting magnetic flux

through the surface givenz=10=x = 1,-1=v =1

L, L., I

Sl 8 o

B-vxd=|o o o
iy yix 2xyz

B = [——(Zmz)——(n x)] — [——(Zmz)——(x V)

+ 1, [ﬂ (v¥x) — a (x*)]

B = —2xzi, + 2yzi, + (v* —x?)i,
B at(1,2,3)
B = —6i,+12i, +3i,

=60, +12i, +3i; A/
T arx 10~ /m

[ B.ds = |(=2xzi,+2yzi, + (yv? — x?)i.).dxdy

L]

= [ (vi —x?)dxdy

5

y3 13
= ?]Eﬁ]é _?]lﬂ"]lﬂ = 0.



Ex: Obtain the vector magnitude potential due to a long straight conducting wire

carrying a current ‘I’ in +z direction.

Sol:  we know that magnetic field intensity due to a straight conducting wire

carrying a current in +z direction is given by

ul .
B =—Ii;
ZJT,GEC

Relation between B and magnetic vector potential ‘A’ is given by
B=VxA

o,
VXA =B=—i;
2mp

Expanding V < A4 in cylindrical co-ordinate system

i, pig i,
Vx A = 1|4 d d
plap 90 oz
A, pAs A,
1 dA. dpA; 1 dA, JA 1. dpA; 0JA
R e e L e e
o dp a0 0 dp 0z 0 dp a0
oy L0A. 0A; 04, 04, . 0A; 104,
B [p dp 90 o dz ﬁp] 's EZ[@,& D SE’J]

Equating @ component of the cylindrical

04, 04, ul

0z dp - 2mp



It is evident hat ‘A’ cannot be function of ‘z’, since the filament is uniform with

z

dA,
dp 2mp

Taking integration w. r. t ‘g’ on both sides

+A. = —— Inp + c

Where ‘¢’ is the constant of integration

By applying initial conditions of A_ = 0

With p = p,
=M,
I
P
2 po






MAGNETIC FIELD ABOUT A LONG STRAIGHT W:
Using the vector potential let it be required to find the magnetic field strength
about a long straight wire carrying a current

The general expression for vector potential is

A = -Jr;..!jdv _ pjdl I 1
ViR Linr

The current is entirely in the Z-direction so that A has only one component A_

then in a homogeneous medium

L

ldz
A [1dz
47 | R
-L
Z
If the point ‘P’ is taken in the y-z plane 1
R=,z*+y* +L
And ldz R
¥
_ B L Id= D
Az am j—i =2 +12 I
_ B L Ids
Az ~ando 2R
i X -L

For L > vy, the vector potential approximately by



4, = “imar -1

. = n2l—iny

:= ol y]
Then for a point in the y-z plane

1
Hx = _(v X A:').
U

g _loa,
Top 0y
H - !
¥ 2my

The lines of magnetic field strength will be circles about wire, tha tis in the @

direction for any arbitrary point p, not necessary in the y-z plane

Ho_ I
© 2mr

Where r = ,/x* +y* is the distance of the point p from the wire

EX: obtain the vector magnetic potential due to infinite sheet of current.

SOL.: consider an infinite current sheet in the z = 0 planes and the sheet has

uniform current density k = K, i, a/m.

Then the magnetic field intensity is given by

A/ M Z =0

H= Xk

= 5 ki,
1 .

H=— ki, A/M Z <0

Then B = £ ki, Weber/mt? Z =0



B - — % ki, Weber /mt? Z <0

Vx A=B8B
By equating X-component of the rectangular

04, 04, Uk
dy 0z 2

‘A’ is independent of x and y

0A;, pk

dz 2

Integrating w.r.t ‘°Z’ on both sides

pk
A, = ——z+
¥ 5 z+c

Applying initial valuesas A, =0ansz = z,

Then C = —Z,

;‘Lr
Ay = =5 (2-2)

Ex:a mediumof e= 5, u=20u, o= 0.2ms/m, E = 20uv/m. find
the conduction current density .if this current density exists in a cylindrical rod

of 2cm diameter evaluate the current that can flow through the rod.
SOL.: given o= 0.2107%s/m

E =20x10"¢v/m

J =2



Conduction current density | = oE
J=02x1072%x20%x10"°
J = 4x1077 A/m?

Current I= [].ds

I = [4x10°i,.pd0dpi,

p lem

T X d?

] = 4x107° %
4

d = 2p

I = 4rx107%x10~*
I = 47 x1072  amp.
Q. Obtain the vector magnetic potential due to infinite sheet of current

Sol- consider an infinite current sheet in the Z = 0 plane and has a uniform

current densityk = ki, A/M.
Then the magnitude field intensity isgivenby H=1/2Ki, A/m z =0
H=—-1/2Ki, A/m z<0
Then B=yu/2 Ki, weber/m* z =0
B=-—p/2 Ki, weber/m? z <0
VxA=FE

By equating x-component of the rectangular



aAz '::'A]_
av 8=z

B = uk/2

A is independent of x and y

84,
- = = k)2

Integrating w.r.t z on both sides

k
Ay=—5 2 +C

Applying initial conditions as 4, =0 z=z

Then C=—2z

Q. In a medium of € = 5¢ — 2.5u, andeo = 0.2 x 1073 =, E=20 u V/m.
o H Ho M

find the conduction current density. if the current density exists in a cylindrical

rod of 2 cm diameter .evaluate the current that can flow through the rod

Sol- given g=02x10"3 —
E=20uV/m
J =2

Conduction current density ] = cE

J= 02%107% x 20 u

J=4%x10"° A/m’



Current I=[j.ds
[ — ] 4x10°i, pd®dpdz

[=4x107%x (1 xd?/4)

[=47x 107 Amp

INDUCTANCE

—> A capacitor when connected to a source potential would store energy in the

electric tie

Work must be done to build up a magnetic field by passing a current in an
inductor hence the inductor stores energy.
The inductance L of a coil may be defined as the ratio of the total magnetic flux

linkage to the current | through the inductor.

The units for inductance is Henry or Weber
If the current is increasing from 0O to | with the Voltage across the inductor equal
to V then the source is supplying power equal to V1.
Energy supplied by the source intime dt = VI dt
If we neglect the resistance in any part of the circuit, so that no energy is
dissipated as heat .then the energy must be stored in the inductor

dw = Vidt

if the current is increased to | in time t then



= ] 2 g nceV — 12
W = ] dt . gince = dt
W = I LI di
W—sz A i 2 l_iz
T2 iT2 it2 2L
This may be compared with expression for energy stored in capacitor
'—lCVZ—l QV—l Wk
WERE TR T
Comparison
I—Cdv V—Ldf
T ~ Tdt
Q= | idt A= | V.dt
d(@ dA
[=— V=—
dt dt
Q=CV A=1LI

Energvdensity in magnetostatic fields
—>Consider a differential volume in a magnetic field as shown in the figure.

Let the volume be covered with the conducting sheets at the top and bottom

surfaces with current  Af



IN

v AT

PR e 14

P

—->We assume that the volume is filled with such differential volume

The inductance of each volume is

A

AL =2 — yHAxAzZf#}

v

Where Ai = HAy

v
N

Substituting 2in 1

_ pHAxAz  pdxAz
Hay Ay

AL

The energy stored in the inductor is

1
Aw = EﬂL. Ai?

lphshe . 1
=— H=. Ay~* =3 CHop Ay AxAz




—-> The magneto static energy density is defined as

¥ Aw,

w,. = lim

m Ar—0 L‘ﬂ-
1 i

w, = — =

m 2 p‘

Hence

I"-".1

=—BH—

5]
",:

Thus the energy in a magneto static field in a linear medium is

W, = [ W,,,. dU

: —llﬂBHd L
W=7 | B.H.dv=>

LH? .dv



Forces due to magnetic fields
There are three ways in which force due to magnetic fields can be experienced.
a—>due to moving charged particle in B field
b—> on a current element in an external B field

c—> between two current elements.
A. Force on charged particle

—>Force on stationary or moving charge Q in an electric field is given by

F, = QE —

If Q is positive charge force will have the same direction as that of E
— A magnetic field can exert force only on moving charge.
This force magnitude is proportional to the magnitude of the charge Q, its
velocity v and the flux density B and the sine of the angle b/w the vectors v and
B.



F.=(QuvB sinf

F.= QvXB > 2
—> For a moving charge in the presence of both electric and magnetic fields, the
total force on the charge is given by
F=F +F,

F=QE+ QuvXBE
F= Q[E+ v XB] \
This is known as the Lorentz force equation

Force on a charged particle

State of particle | E field B field Combinationof E & B

stationary QF — QF

moving QF Qv x B QL+ Qv X B




C. Force between two current elements

Consider two loops designated c1 and c2 carry currents I, and I, as shown in

the figure below




According to the biat-savart’s law, both current elements produce magnetic
fields.

The magnetic flux density produced by element I, di, is given by

_Ho L dl; Xig,,
- 4R, "

The force on I, dl, due to magnetic flux dB, produced by element I, di, is

given by

d{dFlj == !1 dfl b4 de

wo Ly dly X (I, dly X ig,)

d(dFy) = AnR..2
21

We obtain the total force F, on current loop c1 due to current loop c2 is given

by

o Iy 15 ‘# ff’ dly X (dl; Xig_ )

F. =
1 7
4m Jeidez R,

Force F, on the loop 2 due to the magnetic flux produced by loop 1 is obtained

as

F2=

ug I, I, #] (f; dl, X (dly X ig )
4 Jc

2
1+C2 RIZ

Ex:- find the magnitude and nature of the resulting force between two long
parallel straight filamentary conductors , oriented along z direction and
separated by a distance of 1 cm , if they carry current of 5 mA 1. Same

direction, 2. Opposite direction



fp Iz ip
B, = === weber /meter square

2
2md

L L
F:_|_Jul—"ﬂ

N/M
2md /

2. The force of repulsion between two infinite long, straight, parallel,

filamentary conductors with separation d and carrying opposite current

given by

pol”
F=+—1|‘I'Ir J.I‘I”f 1F =1rﬂ

_ 4mx1077x25%107°
2w X102

F

N/M

F=5x10"'" N/M

nature of the force is repulsive

1. If the current is in the same direction .the force is attractive and is
given by

F=—u0I"2)/2nd ip N/M

F=-5x10"" i, N/M

lis



Capacitance of parallel wires or two wire lines

It is given by C="5 F/M

In—
r

d = distance between the wires

r=radius of each conducting wire.

g
i —

—d 4

A

-

~

d-x

7

IX

Let p;, and —p, be the line charge densities of the lines A and B respectively.

Let d be the distance between the wires and r be the radius of each wire.

Electric field at p due to p; is

P

2TEX

E;

¥

Electric field due to —p; at p is given by

£ .
E,=+—"1L
2T T Yne(d—qx)

The potential difference V is given by



~T -

£

V:—[ '..a‘_-'.—[ — L i odxi,
|, Zrex [ dX I, |, Zme@=—»n L. dX I,
T 2 " £
V=] dv - | P dx
Ja_, 2mex Ja_2me(d — x) "
P ‘“r 1 [ﬂr 1 _
V= —.dx — .
Zm:’[”d_I e Jo_, (d—x) ‘]

V= -2 In(=) - In()]

L [
£ITE

&

d—r)
-

a
T

d
L
e r

The capacitance C = ’i— F/M

C="% F/M

In—
r

Capacitance of pair of parallel wires of length L is given by



mel
d
In—
r

Farad



