
MAGNETIC FIELD 
e It is a region or space around a magnet or current carrying 

conductor or a moving charge� in which its magnetic 
effuct can be felt. 

0 The magnetic effect of electric current was first 
discovered by Oersted in 1820. 
The sources of magnetic fields are: 
a a current carrying conductor 
o changing electric field 
o moving charged particle 
o permanent magnet and electromagnet etc. 

• Magnetic field is a vector quantity and its dimensional 
formula is [ML'T-1A-1]. 

• The SI unit of magnetic field is tesla (1) or weber/metre' 
(Wblrn'). The CGS unit of magnetic field is gauss (G). 
l tesla - I()" gauss 

$ Conventionally the direction of the field perpendicular 
to the plane of the paper i s  represented by  ® if into 
the page, and by 8 if out of the page. 

BIOT·SAVA!IT I.AW 
• A current carrying wire produces a magnetic field 

around it. Biot-Savart law states that magnitude of 
intensity of small magnetic field dB due to current I 
carrying element di at any point Pat distance r from it 
is given by 

[dBl=l-'" Id/sine 
' 4rc r2 

[ 

p 

where 0 i s  the angle between r and di and 
µ,, = 4.r x 10-·7 T rnA-: is called pemrittivity of free 
space. 
In vectorial form 

- ,Ltof dJ X r 

dB=---,-4n r 
So the direction of dB is perpendicular to the plane 
containing r and ar. 

S.I. unit of magnetic field strength is Tesla denoted 
by I and CGS unit is Gauss <k'Tioted by G; where 
l T= !o-'G 

Applications of lliot-Savart I.aw 
" !vfagnetic field strength at any point at centre of circular 

loop carrying current I and radius r is 

B- £2 f dlsin90° 1 ®-rJ
'nr 

© 

4r.:
r 

O .._r 

or 

' 

B - µo1, x2m- or B - µof 

4nr 2r 
o Directed inwards if the current is flowing in the 

cloch.�'lse direction. 
o Directed outwards if the current is flowing in the 

anticlockwise direction. 
• Magnetic field on the axis of circular loop 

,¢ ' 
.. 71' dB cos@" 

Small magnetic field due to current element Id/ of 
circular loop of radius r at point Pat distance x from its 
centre Js. 

dB = µ0 Idl sin90° 

= · µ0 Id/ . 
4n: s2 41t (r2 +x2 ) 

Component dB cos if> due to current element at point 
P is cancelled by equal and opposite component 
dB cos <Ii of another diagonally opposite current 
elemem, whereas the sine components dB sin � add 
up to give net magnetic field along the axis. So net 
magnetic field at point P due to entire loop is 

2:::r 

f µ0 Id/ r 
!4( 2 ").'2 
o IT ,,T + .-:c I (r + 
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B = I 2 ')3/2 4n/ + x· 
dl 

0 

or 
µ0Ir 

B 
4n(r2 + )

"' .2nr 

or B 
µolr2 -

--�--_73_�,2 drrected along the axis, 
I "I 2' , 2\r· +x J 

o towards the loop if current in it is in clockwise 
direction. 

o away from the lcop if current in it is in anticlockwlse 
direction. 

e If the point Pis far away from the centre of loop i.e., 
x >>> r, then magnetic field strength at point Pis 

µ0Ir2 µ(if nr2 µoL4 
B= -- = �-c-- or B� - -

2x3 2nx3 2o:x3 

where A nr2 is area of circular loop. 
o If the circular loop has N turns then magnetic field 

µ0lv7 strengfa at its centre is B = -,- and at any point on �r 
the axis Gf circular Loop is 

u Nir2 

B °"' • o 
I• , , ,,, 12 

2\r+x-, 

Magnetic field strengfa al the centre 0 
of circular arc of angle O ca..·,-ying 
current I is 

B 
µ0Je 

4nr 

lthffi@iH,11 
Find the magnetic field h1tensity at the 
point O in the figure, when current J 
flmvs in the loop as shown. 

So!n.: 
- - - ·-

=B, +B2 +B3 +B4 

The magnetic field at O is the 
vector sum of the magnetic .field 
at O due to tl1e se�1.nents l, 2, 3 
and 4. 

[ 

B4 0 as dl H r for the elements in the segments 
2 and 4. 

Hence dB X r) = () for them. 
I/. ' µo I 3r: \

I 

"" --, - ""'and 
4na \. 2 J 

;.;.01

1
r 3 l]"" -- -+- 16 

8 ,a b 

AMPERE'S CIRC!l!TAl LAW 
It states that the line integral of magnetic field .around 
auy closed path in vacuum is equal to 1--1.0 times the total 
current passing the closed path, 

pli-di =µ0I 
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,e, A,,1npere's circuital law is analogous to Gauss's faw in 
electrostatics. 

Applicatic.ns of Ampere's Circuital law 
Magnetic field due to an iruilli.tely !o,.g str:a!@illt solid 
cylindrical wire of radius a, carrying current 1 
o !"vfagnetic field at a point outside file wire i.e. (r > a) is 

B =µJ 
2w 

:) :Magnetic field at a point inside tbe wire i.e. (r < a) is 
µ,-Ir B �-
2na1 

o Magnetic field at a' point on the surface of a ,vire i, e. 

(r a) is 

B = µof 

2,rn 
o The variation of magnetic field B and the distance r 

from ax.is is as shown in the figure. 

i 
B 

r a--+r 

Note : If the cylindrical wire is hollow i.e, it is in the form 
of pipe, then the magnetic field inside the wire is zero, 
The variation of magnetic field and distance r from the 
axis is as shov,:n in the figure. 

i! 
1j 

I� 

t1 

.1\c 
0 a -----4- r 

ihtM®IHrfl 
Figure shmvs a kmg straight wire of a circular c:ross-sec1ion 
wjth radius •a' carrying steady current 1. The currenr. l is 
uniformly distributed across this cross-section. Cak-ulate 
the magnetic field in the region r1 < a and ;--2 > a. 

I 

' 

ly1 

t:�P 
---+----

,,-�"--Q 
---,--- f'2 

I 

Solno : The current I is uniformly distributed in the \Yin;, 
I 

current per unit area can be calculated as 

(a) To caku1m:e magnetic field at P, let us consider a loop 
of radius r, and apply i\mpere's iaw. 
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<p B  · dl = µolnet 
B2rcr1 = µ0 [ rc�2 m/ ] 

µ0Ir1 B = --2 or B oc r1 2n:a (b) To calculate magnetic field at Q, let us consider a loop of radius r
2 

and apply Ampere's law. 
<p B  · di = µolnet 
B x  2nr

2 = µ
0

[ 

B = µo !_ 2n: r2 
1 B oc -

r2 A graph can be  plotted showing variation of magnetic field B with distance r from centre of wire. 
B 

B oc r 
B o: 1/r  

,. 
• Magnetic field strength at centre of long solenoid 

Let a solenoid consists of N tu.ms per unit length and cany current l. Then magnetic field lines inside the solenoid are parallel to its axis, whereas outside the solenoid, magnetic field is zero. Line integral of magnetic field over closed loop PQRS shown in figure is 
Q R S P 

gi B-dl = I B·dl + J B·dl + J B·dl + f B·dl 
P Q R S 

B = O  
s�---------, R 

Q R p 

f B dl cos O + J B dlcos 90° + 0 + J B dl cos 90° 

p Q s 

= B f dl + O + O + O = B · L  
PQRS But by Ampere's circuital law 

... (i) 

t B-dl = µ
0 

x Total current threading loop PQRS 
= µ0 x number of turns of solenoid in loop PQRS x I 
= µrJ{LI ... (ii) 
So, by equations (i) and (ii) 

B·L = µrJ{Ll or B = µrJ{I 

• 

• 

Which gives magnetic field strength · inside straight current carrying solenoid, directed along the axis of solenoid. 
At the ends of the long current carrying solenoid, magnetic field strength is, 

µ0NI 
B =  -2-

Magnetic field inside the toroid 
When current I is passed through a toroid having N turns per unit length and of mean radius r, then magnetic field lines set up inside the toroid in the form of concentric circles. Let one such loop be of radius r, then line integral of magnetic field over that closed loop is 
1 .B·dl = f B·dl cos O = B � dl = B·2rcr .. . (i) 
But by Ampere's circuital law 
t B·dl = µ0 x total current threading the toroi.d 

= µ
0 

x total number of turns in toroid x I 
= µ

0 
N2rr.rl ... (ii) By equations (i) and (ii) B.21tr = µrJ{ 2rcrl or B = µrJ{I This gives magnetic field at any point inside the toroid, directed at any point along the tangent to concentJic circular magnetic line of force at that point inside the toroid. 

Cross sectional view of the toroidal solenoid 

FORCE ON A CHARGED PARTICLE IN  A UNIFORM 

ELECTRIC FIELD • When a charged particle of charge q moving into a 
uniform electric field E, the force acting on it is given. 
by F = qE. 

• The direction of F is same as that of E is positive if q is 
+ve and -E if q is -ve. 

FORCE ON A CHARGED PARTICLE IN A UNIFORM 

MAGNETIC FIELD • When a charged particle of charge q, moving with 
velocity 'ii is subj'ected to a uniform magnetic field ii, the force acting on it is 
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F = q (V x B) or F=qvB sEe 

\vhere e is the angle bet\veen V and B. 
The direction of this furce is perpendicular to the plaae 
containing V and Ji 

F :;;;;  O if V = 0, i.e. a charge at rest does not experience 
any magnetic force. 
F O if 0 = 0 or 180° i.e., the tnagnetic force vanishes 
if V is either parn.llel or antiparalld to the d.Jrection of B. 

® Force \Vill bemaxinium if8 = 90,;,, i.e,, if V is per_;;iendicular 
to B , the magnetic force has a maximum value and Is 
given by Fm« = qvB. 

l<lotion of a Charged Partida in a Uniform Mag•etic rieid 
$ When z charged particle of charge q and mass m moves 

with velocity ii in a uniform magnetic field B, the force 
acting on it is F = qvB sine. Tne fuUov,'ing two case arise : 

i/ii Cast I : When the charged particle is moving 
perpendicular to the field i.e. 9 = 90°. 

• 

o In t.his case path is circular. 
o Radius of circular path is 

R = 
,n?= ,/2mK 
Bq qB 

where K is the kinetic energy of a charged particle. 

__ . d , 1 , . 2nR 2nm o 11me peno o:t revo ut:mn iS T = ---v qB 

o The angular frequency, ffi "" 2mJ m 
Case II : \Jilhen the charged particle is moving at an 
mogle 6 to the field (other than 0°, 90° or !80°). 
In this case, path is helical. 
o Due to perpendicular component of V" to B, i.e., 

v..L = v sin6, the particle descriO"'.,s a circu1zr path of 
radius R, such that 

mv1 mv.L mvsin9 - - = qv B or R = - - = -----R " qB qB 
o Time period of revolution is 

T= 
27:R = 2nm 

vsinO qB 

o The freauency is u '>qB 
� _,;;;m 

o The angular frequencv is ro = 21cu = qB 
, m 

o Tne pitch of the helical pau1. is 
2nmv 2r..R V "" ", x T = vcos0 x T = -8 cosB = � -0 - ' 

q ,.,, 

force cm a Charged l'artide i11 C<1mbi1"1sd i!l'liform 
Elsdrk a11,d Mag11eti< fields 
® When a charged particle of ch2-rge q moving with 

velocity V is SGbjected to an electric field E ar..d 
magnetic field B, tt1.e total force acting on the particle is 

1 13  

F = F. + F� = qi +  q (V x B) = q (E +V  x B) 
This force is knmvn as Lorentz force and is nmn.ed after 
the Dutch physicist Hendrik Anton Lorentz. 

CYCLOTRO�I 
o l:t is a he!-vy particle accelerator, invented in l929 by 

E-.0. LavVTence for accelerating charged panicles su::h 
as protons, denterons, or alpha pa.rtic1es to high 
velocities. 

Cyclotron frequency, u Bq 
1mn 

where m and q are mass aud charge cf the particle, and 

j 
B is the stren�'1h cf magnetic field. 

, 11/!M®Wuil 
A !?eam of prntons enters a unifom1 magnetic field of 
0 .3 T, with 8. velocity of 4 x l 05 m �-I, iu a direction 
makrn.g an ,:tngle of 60;:, \vith the direction of magnetic 
field. Determine 
(i) the path of motion of the pmiicles 
(ii) the radius of the path of the par6des 
(iii) the pitch of the helix. 
Sofn.: (i) \Xlben. the charged particle emers a magnetic 

field at angle ot11er than 90°, it follows a helical pa-cti. 
(ii) Force on proton = Bev 

Centripetal force = 

mv2 

Bev = - -r-

r 

mv (l.67 x 10-2' )  x (4 x 105) 
or r = 

Be 0.3 x (l.6 x 1 0 - '9) 
Radius of the path, r "'· 0.014 m 

(iii) Pitch of the path 
It is ·the linear distance covered by the :barged particle, 
in one time period1 iu the direction of magnetic field. 

Pitch 
2n:mvcose 

eB 
= (2n cos0) x r 

= 2 X 3.14 X COS 60° X 0.014 ·= 0.04 ill. 

fo,ee 011 a Current Carrying Cc11d11dcr i11 a Uniform 
r.lagnetk Field 
• The force expelienced by a straight conductor of length 

l caf!"j,ng current 1 when placed in a uniform magneti;; 
field jj is 

F = I (l x F; ;  F = llB sinO 
where 0 is the angle bet\Veen T and B, 
If 0 = 0°; then F = 0 (minimum) 
lf0 90", then F = BI/ (maximum) 
The direction of this force is given by Fleming's left 
band rule. 
Ffoming's left band :rule : Stretch the fore-finger, C;;!ntral 
finger and thumb of left hand mutually perpeadicular. 
Then if the fore-finger is along the direction of field (B), the 
central finger in the direction of current J,. the thumb 
gives t½e direction of force as showu in the figure. 
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t 
Force Between Two Parallel Current Carrying Conductors • Two parallel conductors carrying currents in the same direction attract each other while those carrying currents in the opposite direction repel each other. • When two parallel conductors separated by a distance r carry currents 11 and 12, the magnetic field of one will exert a force on the other. The force per unit length on either conductor is 

I = .&.. 21/2 
4n r • The force of attraction or repulsion acting on each conductor of length l due to currents in two parallel conductor is 

F = .&_ 21/2 I. · 4n r • If two linear current carrying conductors of unequal length are held parallel to each other, then the force on a long conductor is due to magnetic field interaction due to currents of short conductor and long conductor. If l, L be the lengths of short and long conductor and JP 12 are the currents through short and long conductors respectively and r is the separation between these two parallel conductors , then the force on long conductor 
is equal to the force on short conductor = 4µ" 21,11 l. 11 r 

Two parallel, long wires cany currents 11 
and 12 with 1

1 
> 12. When the currents - are in the same direction, the magnetic field at a point midway between the wires is 10 �tT. If the direction of 12 

is reversed, the field becomes 11 30 µT. Find the value of 12 · 
Soln.: Case 1 

µ011 µol2 At P, B2 = 2nd + 2nd . 
J:L (I, + 12 ) = 30 �LT 2nd 

Bi = 11 - 12 l O µT B2 11 + 12 30 µT 
=> I1 - 12 

= 
1 

11 + I2 
3 

I, 

I, 

p 
<s---?•-E--? 

d d 

I, 

Using Componendo and Dividendo rule, 

I, 

U1 - 12) + U1 + 12 ) 1 + 3 I1 4 Ii ���--��� = -- => -- = - or - = 2  U1 - I2) - U1 + 12) 1 - 3 -12 -2 I2 

Torque on a Current Carrying Coil Placed in a Uniform 
Magnetic Field • When a current canying coil is placed in a uniform magnetic field, the net force on it ·is always zero but different parts of the coil experience forces in different directions. Due to it, the coil may experience a torque or couple. • When a coil of area A having N turns, carrying current 

I is placed in a uniform magnetic field B, it will experience torque which is  given by 
'! = NIABsin0 = MBsin0 where magnetic dipole moment M = NIA and 0 is the angle between the direction of magnetic field and normal to the plane of the coil. • If the plane of the coil is perpendicular to the direction of magnetic field i.e. e = 0°, then 

'! = 0 (minimum) � If the plane of the coil is parallel to the direction of magnetic field i.e. e = 90°, then 't = NIAB (maximum) • If a is the angle between plane of the coil and the magnetic field, then torque on the coil is 
-i: = NIAB cosa = MB cosa. Potential energy of the coil is U = - Af - B  ' • Workdone in rotating the coil through an angle 0 from the field direction is 

W = MB (l - cos 0) 
MOVING COIL GALVANOMETER • It is an instrument used for the detection and measurement of small currents. 
Principle of a Moving Coil Galvanometer 
• 

• 

• 

• 

When a current carrying coil is placed in a magnetic field, it experiences a torque. In moving coil galvanometer the current 1 passing through the galvanometer is directly proportional to its deflection (0). 
I oc 0 or, I= G0. 

. k . where G "'  NAB "' galvanometer constant 
A = area of a coil, N = number of turns in the coil, B = strength of magnetic field, k = torsional constant of the spring i.e. restoring torque per unit twist. 
Current sensitivity : It is defined as the deflection produced in the galvanometer, when unit current flows through it. 

I =
�

= 
NAB _ ' I k The unit of current s;nsitivity is rad A-1 or di:v A-1 • 

Voltage sensitivity : l t  is defined as the deflection produced in the galvanometer when a unit voltage is applied across the two terminals of the galvanometer. 0 0 NAB V, = v = IR = kR . 


