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MAGNETIC DIPOLE MOMENT • It is defined as the product of strength of either pole (m) and the magnetic length (21) of the magnet. It is denoted by M. Magnetic dipole moment = Strength of either pole x magnetic' length M = m (2l) • Magnetic dipole moment is a vector quantity and it is directed from south to north pole of the magnet. • The SI unit of magnetic dipole moment is A m2
. • If a magnet of moment iV and pole strength m is cut into two equal parts along its length, then pole strength of each part is m/2 and the magnetic moment of each part is M/2. e If a magnet of magnetic moment Mand pole strength m is cut into two equal halves along perpendicular to its length, the pole strength of each part is m and magnetic moment of each part is M/2. 

Magnetic Field at a Point due to Magnetic Dipole 
(bar magnet} • The magnetic field due to a bar magnet at any point on the axial line (end on position) is 

B _ µ0 2Mr 
uial - 47t (r2 _ z2 )2 

where r = distance between the centre of the magnet and the given point on the axial line, 2/ = ·magnetic length of the magnet and M = magnetic moment of the magnet. • For short magnet /2 << ,.2 

B = µo2M 
axial 41tr3 The direction of B.,..i is along SN. • The magnetic field due to a bar magnet at any point on the equatorial line (board-side on position) of the bar 

. µoAf magnet 1S, B,quaton:i1 = 41t(r2 + z2)'12 
F h µOM or s ort magnet, B '° i>t = --

3 •quo r 41t r The direction of B "' . 1 is parallel to NS. 
CQ\l;,'I, na 

Torque on a Magnetic Dipole placed in a Uniform 
Magnetic Field • When a magnetic dipole of dipole moment M is placed 

• 

0 

in a uniform magnetic field B, it will experience a torque and is given by 'i = M  x B or -c = MBsin0 where e is the angle between M and B Torque acting on a dipole is maximum (tmox = MB) when dipole is perpendicular to the field and minimum ('t = 0) when dipole is parallel or antiparallel to the field. When a dipole is placed in a uniform magnetic field, it will experience only torque and the net force on the dipole is zero while when it is placed in a non uniform magnetic field, it will experience both torque and net force. 

Work done in Rotating the Magnetic Dipole in a 
Uniform Magnetic Field o Work done in rotating the magnetic dipole from 01 to 62 with respect to uniform magnetic field is a, 
W = J MB sin0 d0 "" -MB (cos82 - cos81 ) =MB (cos81 - cos02) 

81 s If the dipole is rotated from field direction i.e. 61 = 0° to position e i.e. 02 = e 

W= MB (l - cos0). 
Potential Energy of a Magnetic Dipole • Potential energy of a magnetic dipole in a uniform magnetic field is U = -M · B = - MB cos8 • The potential energy of the dipole will be minimum (= - MB) when e = 0°, i..e., the dipole is parallel to the field, and maximum(= MB) when e = 180°, i.e., the dipole is antiparallel to the field. 
Current Loop as a Magnetic Dipole • A current loop behaves as a magnetic dipole whose magnetic dipole moment is M = IA where A is the area enclosed by loop and J is the current flowing in the loop. • If there are N turns in a loop, then M = NIA. 

:Jllustration" 7 The apparent dips in two mutually perpendicular planes are 0 1 and 82• Find true dip o. 
Bv Bn 

Soln.: Here tan o = -
B 

or cot 8 = 
B . H V In a plane, at e with true dip plane/mag. meridian 

B
H 

cose cot 81 = 
Bv 

In a plane, perpendicular to above plane, 
BH sin 9 cot 62

= B V 

Bk cos2 0 cot261 + cot2 62 = 
BJ 

Bif sin2 0 + B2 V 

B1 cot2 61 + cot2 62 = -
B 

2 (cos20 + sin20) 
V or cot2 6 1 + cot2 62 = cot2 8 

Jllustration 8 •' What is the magnetic moment of a circular loop of radius R carrying current J clockwise? 
I 

Sola, � 
\;(__) m = J X A => m = I(n.R.2) ® Since, the area enclosed in the loop is nR2, and applying right hand thumb rule, gives the direction of m as ® or into the page. 



Magnetic Effects of Current and Magnetism 

lhMtiOM,ii 
Figure shows four orientations at angle 9 of its nagneiic 
moment iii in a magnetic field B. Rank the orientations 
according to the magnit<1de of the torque on the dipole. 

(l)� -i:: �) 

(4)� ��3) So!n.: t = iii x f;  
t = mB sin O where e i s  the angie between m and 

,vhen their tails are together. 
mB sin(180 - 9) mB sin (J 

T2 = mB sin 0 
-c3 ... -= mB sin 0 
,

4 = mB sin(l80 6) = mB sin 9 
t

i 
= T2 """ T3 t4 

Magnetic Dipole Moment of a l!evohting Electr<lll 
An electron revolving around the central nucleus in an 
atom has a magnetic moment and it ls given by 

The -ve sign shffi\'S that µ is in the opposite direction to l. 

(d_J . �  
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field or  magnetic elements. 
Geogr.aphlcal meridian-and magnetic meridian 
The vertical plane passing thro:igh the geographical 
north pole and south pole at given place is knowr:. as 
!he geographical meridian of that place. Arni a vertical 
plane passing 1hrougb the axis of a suspended 
or pivoted magnet is kno'>\'"U as magnetic meridian. 
Magnetic declination ; J\1agnetic declination at a place 
is defined as the angle between the geographic meridiari. 
and rr..agnetic meridian. 
5.lagn-etic or inclination : Magnetic dip at a place :i s  
defined as angle made by the earth's m agnetic fieid 
·with the horizontal in  the magnetic meridian. It is 
denoted by 8. 
Horizontal component : It i s  component of earth's 
magnetic field along the horizontal direction in the. 
magnetic meridian. It is denoted by 
lf B is intensity of earth's total magnetic field, then the 
horizontal component of earth's ::nagnetic field is 
b y  

B = B cosS 
- H 

AlsO, the vertical component of 
�E earth's magnetic :field, 

BsinS 
: �o 

.� L, B
ilJB

v B Magn .. tl. .. , • • •  j 
B,. meridian L j,�·

.:_,
·_:J 

and tan S -1'---
BH Geographic meridian 

• 
µL 'i' 

1n magnitude µL =�2e · L where L is the magnitude of I • 
me 

The earth always has a vertical component except at 
equator. 
The earth always has a horizontal comp::ment except at 
the poles. 

• 
the angular momentum of the revolving electron. 

1· 
• 

Bohr magneton : The smallest value of ,uL is knmvn as 
Bohr magneton. 

In a vertical plane at an angle 0 to magnetic melidian 
cosGand BV = Bv 

l � � ,_. 9 174 10-24 J!T 8 ' µB 2 - -- - x . 5.78 x10-· eV/T. 
m� 

where m.., is the mass of the electron and tr. 

µL Gyromagnetic :ratio : The ratio T is  
gyromagnetic ratic 

e 

h 

known as 

It is a constant and its ·value is 8.8 x 1 o;o 
GAUSS'S LAW FOIi MAGNETISM 
® Gauss's law for magnetism states that the net magnetic 

flux through any closed �urface is zero. 
� -Ee = O  

;,;; •rn� 
•lament.t.S 

• Ibis lav;:, establishes L'lat isolated magnetic pol�s do 
not exist 

EAIITll'S MAGNETIC flElD AND MAGNETIC ELEMENTS 
• Three quantities are needed to specify the magnetic 

field of  the earth on i ts  surface - the horizontal 
component,. the magnetic declination and the magnetic 
dip. These are known as elements of the earth's m3.i;,onetic 

can 8 1 = 

tanO' tan�. 
case 

® If at a given place 0: and 0
2 

a:e angles of dip in tv,:.ro 
arbitrary vertical _planes which are perpendicular to each 
other, the true angl.e of dip 8 is given by 

cot2S cof1\ + cot2ii:: 
l e �Angle of dip 5 at a plane is related to its magnetic latitude 

'), through the relation 
tan 5 = 2 !fill ,, 

C!.ASSlflCATIOI\I Of MAGNETIC MATERIALS 

• 

Intensity (H) in vacuum is defined as :he ratfo 
of applied magnetic field B, to the pe,c1:1<eabilily of free 
space µ0 i.e., 

Bo 

Iis S.L unit is A m- 1 

I::rtensity of magnetisation (I) is  defined as the 
magnetic moment developed per unit volume, when 
a magnetic specimen is subjected to the 
field i.e., 


