
CHAPTER 

04 

 Inside a current carrying conductor there are innumerable charged particle in motion, namely,
electrons. Hence a current carrying conductor can exert force on a moving charged particle or
another current carrying conductor. This effect of a current carrying conductor is called the
magnetic effect of current. The earliest record of the magnetic effect of a current is that of
Oersted, who discovered that a pivoted magnetic needle beneath a wire tends to set itself at
right angles to the wire when a current is passed through it. Later, experiments by Biot and
Savart led to the formulation of this effect (i.e., magnetic field) due to a ‘current-element’
for a current carrying conductor.

 In SI, a magnetic field of strength B is said to exist at a point, if a current element placed at that
point or a moving charge passing through that point, experiences a sideways force given by

BllF


×∆=∆   or BvqF o


×=∆

 That is the force is given in magnitude by θ∆=∆ sinlBIF  or θsinBvqo , where θ  is the angle

between l


∆  and the direction of B


 which is taken as the direction of no-deflection of a
moving charged particle or a current element, and in direction it is given by the direction of a 
screw perpendicular to l


∆  and B


 and rotating from l


∆  to B


 through the shorter angle.

This is a law based on experimental facts. This establishes the magnitude and direction of the 
magnetic field at a point due to a current element of a current-carrying conductor. This law is 
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o
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 ×∆

π
µ

=∆

This is the magnitude of the field in vacuum is 
2
sin

4 r
lIB o

o
θ∆

π
µ

=∆ , where θ  is the angle between 

l


∆  and r  and in direction it is along a screw perpendicular to l


∆  and r  which is rotating
from l


∆ to r  through the shorter angle. We will apply this law to find the magnetic field due

to the conductors of definite geometrical shapes. 

S.I Unit of Tesla=B   and    unitSI10
4

7−=
π
µo

Introduction 

Biot-Savart Law 
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Calculation of Magnetic field due to Current-Carrying Conductors of simple Geometrical shapes. 

 Due to a straight conductor

Suppose AB is a straight conductor carrying a current I . P is a point at a perpendicular distance 
d  from the conductor. Draw perpendicular PO from P on AB. Then dOP = . Suppose lFE ∆=  
is an element of the conductor. Let P be at a distance r  from the element in direction α  counted 
anti clockwise from l


∆ . Then according to Biota-Savart law, we have

2
sin.

4 r
lIdB o α∆

π
µ

= in magnitude, and in direction, it is along a screw perpendicular to l


∆  and r

rotating from l


∆  too r  through the smaller angle. After the operation of rotating of the screw,
the direction is found to the perpendicular out of the plane of paper. The direction of the magnetic 
field due to all other elements is exactly the same and hence the field due to all other elements is 
exactly the same, and hence the field due to the entire conductor will be along the normal to the 
plane containing P and the conductor AB. 
Draw a perpendicular FN from F on EP.  

d

A O BE lI∆ F

N

),( αrPB∆

r

θ 1θ
2θθd

From θ∆=∆ sin, lFNEFN . 
Also, θ= rdFN  where FPO∠=θ
∴ θ=θ∆ rdl sin  

∴ 
r

dI
r

IrddB oo θ
π

µ
=

θ
π
µ

= .
44 2

In θ=∆ cos,
r
dPFO

∴ θθ
π
µ

=
θθ

π
µ

= d
d
I

d
dIdB oo cos

4
cos

4
 

If 1θ  and 2θ  be the extreme values of θ  when the element is at the ends of the conductor, the 
total field at P becomes.  

2
1

2

1

][sin
4

cos
4

θ+
θ−

θ+

θ−

θ
π
µ

=θθ
π
µ

= ∫ d
Id

d
lB oo ; 21 )sin(sin

4
θ+θ

π
µ

=
d
IB o

Magnetic Field 
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 Special cases  

 (a) When the conductor is infinitely long when the conductor is made larger and larger, 1θ  and 

2θ  become bigger and bigger and tend to 2/π . 

  ∴ )2/sin2/(sin
4

π+π
π
µ

=
d
IB o    or 

d
IB o

π
µ

=
2

 

  The corresponding H-vector is 
d

H
π

=
2

1
. )(

o

BH
µ

=  

 (b) When a conductor is finite, but the point is very close to it in this case also 1θ  and 2θ  tend 

to /2π . Hence in this case also    
d
IB o

π
µ

=
2

  and    
d

IBH
o π
=

µ
=

2
 

  The lines of B


 around a long, straight current carrying wire are shown in figure. These 
lines are circular and are in a plane perpendicular to the wire. The direction is more 
conveniently given by ‘Maxwell’s right-hand rule’.  

)(a )(b
 

 (c) When the point is found to be on the conductor magnetic field at that point is zero. 
 (d) When the point is found to be on the extension of the conductor (backward/forward) 

magnetic field is zero.   
Example-1: Three very ling wires perpendicular to the plane of the paper, the carrying 5A each 

in the direction shown in the figure. What is the B-field at the point midway between 
B and C shown by a dot? 

A

B C

cm5

cm5 cm5
 
 

Solution: The magnetic field due to B  

  
d
I

d
Io

π
×π

=
π
µ

=
−

2
104

2

7
   7102 −×=

d
I

 

  710
05.0

52 −×
×

=  5102 −×=   T perpendicular to BC (downward) 

 The magnetic field due to the conductor at C is of the same magnitude and direction. The 
field due to the conductor at A is of the same magnitude, but its direction is along CB.  

 ∴ The result field 5522 10201024 −− ×=×+=  51048.4 −×=   Tesla.  
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Example-2: A current of 1A is flowing in the sides of an equilateral triangle of side 2105.4 −× m. 
Find the magnetic field at the centroid of the triangle. 

Solution: Let I be the current flowing in the sides of the triangle. The magnetic field induction at 
the centroid O due to current through one side BC of the triangle will be  

  )sin(sin
4 211 φ+φ
π
µ

=
R
IB o  

I

I

I
B C

A

°60 °60
D

O

 
  

Total magnetic field induction at O due to current through all the three sides of a triangle will be 

 )sin(sin
4

33 211 φ+φ
π
µ

==
R
IBB o  

 Here,  21 60;1 φ=°=φ= AI   and maaBDODR
32
105.4

323
2/60tan/

2−×
===°==  

 )60sin60(sin
105.4
32103 2

7 °+°
×

××= −
−B  










+×

×
= −

2
3

2
310

5.4
323 5   T5104 −×=  

 
 Magnetic field due to a circular coil: 

 Consider a circular conductor of radius a  and carrying a current I. Divide the conductor into 
elements and consider one such element lEF ∆= . The distance of the field point (center of the 
coil) is the radius of the coil. 

 ∴  By Biot-Savart law, 22 .
4

90sin.
4 a

lI
a

lIB oO ∆
π

µ
=

°∆
π

µ
=∆   

lI∆E F
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 The direction of B


∆  is along a screw perpendicular to l


∆  and r   rotating from l


∆  or r  through 
the smaller angle. This direction, as found by actually rotating screw, is perpendicular into the 
plane of the coil. The field due to all other elements are also in the same direction and so 
direction of the field due to the entire conductor is perpendicular into the plane of the coil. The 
magnitude of the field is obviously given by  

 
 BB Σ∆=  where Σ  extends overall the elements  

  2.
4 a

lIo ∆
π

µ
Σ=  l

a
Io Σ∆

π
µ

= 24
 

 Now, =Σ∆l  entire length of the conductor aNπ= 2 , =N number of turns of the coil,  

 ∴ 
a
NIaN

a
IB oo

2
2

4 2
µ

=π×
π
µ

=  

 The lines of B due to a circular conductor are shown in the figure. These lines are circular at the 
conductor and are almost parallel at the center. This is why the magnetic field due to a circular 
conductor is uniform over a very small region surrounding the center. 

 
Example-3: In the Bohr model of the hydrogen atom, the electron circulates around the nucleus 

in a path of radius m11101.5 −×  at a frequency of sec/108.6 15 rev× . What value of 
B is set up at the center of the orbit? What is the equivalent magnetic dipole 
moment? 

Solution: The current is the rate at which charge passes through any point on the orbit. Therefore, 
the current constituted by the motion of the electron is 

 veTeI == /    ),/1( frequencyvT =  

 1915 106.1108.6 −×××=  
 3101.1 −×=  ampere 
 B at the center of a circular pattern is given by 

  Tesla6.131036.1Tesla
101.52

101.1104
2 11

37
0 =×=

××
×××π

=
µ

= −

−−

a
IB  

 The equivalent dipole moment is  2242113 100.9)101.5(101.1 AmISm −−− ×=×π××== .
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 Magnetic field intensity at any point on the axis of a circular conductor:  
 Let P be any point on the axis of a circular conductor of radius a and carrying current I at a distance 

x  from the Centre of the coil. 

 Let lab ∆=  be any current element. Here angle between l


∆  and °= 90r .  

α∆ cosB

α∆ cosB

P

B∆

r
α∆ sinB

α∆ sinB

'b 'a

°90b
lI∆

O

α∆ cosB

α∆ cosB

P

B∆

r
α∆ sinB

α∆ sinB

'b 'a

°90b
lI∆

O

 

  22 4
90sin1

4 r
lI

r
lB oo

π
∆µ

=
°∆

π
µ

=∆  

 and its direction is along a screw perpendicular to l


∆  and r  , rotating from l


∆  and r  though 
the smaller angle. By actually rotating a screw, it is found to be perpendicular to r  and towards 
the point P.  

 Let us resolve B∆  along and perpendicular to the axis. If the inclination of r  to the axis be α , 
then the two resolved components are α∆ cosB  along and perpendicular to the axis respectively. 
Because of symmetry of the conductor, the normal component of various elements will add upto 
zero and the axial components will not add up to zero. Hence the resultant field is along the axis 
and its magnitude is given by  

  α
∆

π
µ

Σ=αΣ∆= sin
4

sin 2r
lIBB o  

 or l
r

IB o Σ∆
α

π
µ

= 2
sin

4
 

  l
r

Io
2

sin
4

α
π
µ

= , where =l  length of the conductor.  

 If =N  number of turns of the coil then 
   aNl π= 2  

 and  222 xar +=     and  
22

sin
xa

a
r
a

+
==α  

   22

22
2.

4 xa

aN
xa

aI
oB o

+

π
+

π
µ

=   or 2/322 )(2 xa
INaB o

+
µ

=
2

 

 The corresponding H-vector is  2/322

2

)(2 xa
IaH

+
Ν

=    







=

µ
∴ HB

o
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Special cases:  
 (a) When the point is at the Centre,  0=x   

  ∴ B-field at the Centre of the circular coil 
a
NIo

2
µ

=  and H-field at the Centre 
a

NI
2

=  

  or 
a
NIB o

centre 2
µ

=  and 
a

NIHcentre 2
=   

 (b) When the point is very far off ∞=x , B-field is zero. 
 

Example-4: A small magnet is suspended at the center of a vertical circular coil. When the coil 
carries a current of 1.25 ampere and makes an angle of 30° with the magnetic 
meridian, the suspended magnet points east-west. If the number of turns in the coil 
is 10 and its radius 20 cm, find the horizontal component of the earth’s field. 

Solution:   

     

OB

B

°30

 

 The torque on the needle due to the earth’s field 090sin MBMBo =°=  

 where M is the magnetic moment of the needle. The torque on the needle due to the B-
field of the current  2/30sin MBMB =°=  

 For equilibrium, we have  MBMB
2
1

0 =  

 or, 
a
NIB

2
.

2
1 0

0
µ

=  

 or, Tesla109.1
2.04

25.110104 5
7

0
−

−

×=
×

×××π
=B  

  

Example-5: A cell is connected across two points P and Q of a uniform circular conductor. Prove 
that the magnetic field at its center O will be zero.  

Solution: Let 21, ll  be the lengths of the two parts PRQ and PSQ of the conductor and ρ  be the 
resistance per unit length of the conductor.  
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1I
R

2I

2I
S

P

QO

 

 The resistance of the portion PRQ will be, ρ= 11 lR  

 The resistance of the portion PRQ will be ρ= 22 lR . Let 21, II  be the current in PRQ and 
PSQ respectively. Since these parts are in parallel, the potential difference across their 
ends will be same 

 ∴ 2211 RIRI =  

 or ρ=ρ 2211 lIlI   , 2211 lIlI =    …(i) 

 According to Biota -Savart’s law, the magnetic fields at the center O due to current 
through circular conductors PRQ and PSQ will be  

 2
111

1
90sin

4 r
lIB °

π
µ

=  and 2
220

2
90sin

4 r
lIB °

π
µ

=  

 Since, 2211 lIlI =  

 ∴ 21 BB =  

  According to right hand rule, the directions of 1B  and 2B  are opposite to each other, Hence, 
the resultant magnetic field at O will be zero. 

 
Exmaple-6: In the given figure find the magnetic field induction at O when PQ and ST are 

infinite long and radius of curved path rQRS = . 

S

R O

Q

I

P

I
T

 

Solution: Magnetic field induction at O due to current through PQ is zero as the point O lies on the 
axis of conductor PQ, i.e. 01 =B   

 Magnetic field induction at O due to current through semicircular coil QRS will be  

   
r
IB o π

π
µ

=
42  
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It is directed upwards, perpendicular to the plane of coil.  

 Magnetic field at O due to current through straight conductor ST, will be  

   
r
I

r
IB oo

π
µ

=°+°
π
µ

=
4

]90sin0[sin
4

 

 Its direction is r⊥  to the plane of coil upwards. 

 Thus, total magnetic field induction at O due to current through the entire conductor will 

be    
r
I

r
IBBBB oo

π
µ

+
π

π
µ

+=++=
44

0321  )1(
4

+µ
π
µ

=
r
Io  

Example-7: Find the magnetic field induction at a point O if the current carrying wire has the 
shape shown in figure (a), (b), (c). The radius of the curved part of the wire is r , the 
linear parts are assumed to be very long. 

i
i

i

i

i

i

i

i
i

O

O

O

R

R

RP

P

S

S
S

S

Q

Q

Q

)(a

)(b

)(c

 

Solution: (a) Magnetic field induction at O due to current through straight wires PQ and RS is zero. 
The magnetic field induction at O due to current through semicircular part QR of wire is 
given by  

  
r
iB o π

×
π
µ

=
41   (It acts r⊥  to the plane of the current loop downwards). 

  ∴ 
r
i

r
iB oo ×

µ
=×

µ
+=

44
0  

 (b) Magnetic field induction at O due to current through straight portion PQ.  

   
r
i

r
iB oo

π
µ

=°+°×
π
µ

=
4

)90sin0(sin
41    acting r⊥  to loop downwards.  

  Magnetic field induction at O due to current through curved part QR of the wire is  

   
2

;3
42

3
42

π
×

π
µ

=×
π

×
π
µ

=
r
i

r
iB oo  acting r⊥  to loop downwards 

  Magnetic field induction at O due to current through straight wire RS is zero. 

 

www.sm
art

ac
hie

ve
rs.

on
lin

e



 





 π
+

π
µ

=
π

×
π
µ

+
π
µ

=+=
2

31
42

3
4421 r

i
r
i

r
iBBB ooo  

   (c) In this case, the effective magnetic field induction at O due to current through the 

entire wire will be    )2(
4444

π+
π
µ

=
π
µ

+
π

π
µ

+
π
µ

=
r
i

r
i

r
i

r
iB oooo  

 
 
 Magnetic field due to solenoid:  

 Suppose that a long wire is wound on a cylinder in such a way that its turns lies side (not one 
above the other) on the cylinder. A wire shaped in this way is called a solenoid. A solenoid has a 
uniform distributed of turns and so linear density of turns is a constant.  

 Consider a solenoid have n  turns per unit length, radius a  and carrying current I . Let P be any 
point on the axis of the solenoid. 

'X X
dxP

2θ θd N

1θθ

B

F E

A

'X X
dxP

2θ θd N

1θθ

B

F E

A

 
 At a distance x  along the axis from P, consider an elementary length of the solenoid of width 

EFdx = . This element may be considered as a circular conductor of )(ndx  turns and P as a point 
at a distance x  from its centre. Hence the field at P due to this elementary length of the solenoid 
is given by the formula for the magnetic field at a point on the axis of a circular conductor and is  

  3

2

2/322

2

2)(2
)(

r
dxnIa

xa
hndxdB oo µ

=
+

µ
=  where 22 xar +=  

 Draw a perpendicular En from E on FP. 
 From the triangle θ= sin, dxENENF  and again from θ=∆ rdENPNE,  
 Where rPE =  

 ∴ θ=θ rddxsin  and 22 xar +=  ; 
θ
θµ

=








θ
θ

µ
=

2

sin222
sin

2

2

r
dnIa

rh

rdnIa
dB o

o

 

 Again θ= sin
r
a

 or 
θ

=
sin

ar  

                   θθµ=
θθ

θµ
= dnIadIadB o

o sin
2
1

sinsin2 2

22

 

 If 1θ  and 2θ  be the values of θ  when the element is at the ends of the solenoid, the total field at 
P is given by  

  )cos(cos
2
1sin

2
1

21
2

1

θ−θµ=θθµ= ∫
θ

θ
nIdnIB oo  
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Special cases: 
 (1) When the solenoid is very long   
  In this case 01 =θ  and π=θ2  

  ∴ nIB oµ=   and  nIH =  
 (ii) When the solenoid is short, but it is very thin  
  Here, also 01 =θ  and π=θ2  

  ∴ nIB oµ=  and nIH =  
 
 FORCE ON CONDUCTOR CARRYING CURRENT PLACED IN A MAGNETIC FIELD. 

 Consider a straight conductor PQ of length l , area of cross-section A, carrying current I  placed 
in a uniform magnetic field of induction, B


. Let the conductor be placed along X-axis and 

magnetic field be acting in XY plane making an angle θ  with X-axis. Suppose the current I flow 
through the conductor from the end P to Q. Since the current in a conductor is due to motion of 
electrons, therefore, electrons are moving from the end Q to P (along 'X  axis) 

B

dv
Q

II
'X X

l
O
θ

 
 Let  =dv  drift velocity of electron  
  =− e charge on each electron. 
 Then, magnetic Lorentz force on an electron is given by  
   )( Bvef d


×−=  

 If n  is the number density of free electrons i.e., number of free electrons per unit volume of the 
conductor, then total number of free electrons in the conductor will be given by  

  nAlAlnN == )(  
 ∴ Total force on the conductor is equal to the force acting on all the free electrons inside the 

conductor while moving in the magnetic field and is given by  
  )]([ BvenAlfNF d


×−==  

   )( BvnAle d


×−=  

 We know that current through a conductor is related with drift velocity by the relation 
  dnAevI =  

 ∴ lnAevIl d .=  

 We represent lI


 as current element vector. It acts in the direction of flow of current i.e., along 
OX. Since lI


and dv  have opposite directions, hence we can write 

  dvAlenlI 
−=  

  BlIF


×=   |||| BlIF


×=  
 θ= sinBlIF  

 where θ  is the smaller angle between lI


 and B


.  
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Special Cases: 
 (a) If °θ  or 180°, 0sin =θ , from 0)0( == lBIF  
 It means a linear conductor carrying a current if be placed parallel to the direction of magnetic 

field, it experiences no force.  
 (b) If ;1sin,90 =θ°=θ  from lBIlBIF =×= 1  
 It means a linear conductor carrying current if be placed perpendicular to the direction of magnetic 

field, it experiences maximum force. The direction of which can be given by right-handed screw 
rule of Fleming’s left-hand rule. Accordingly, the direction of F


is perpendicular to the plane of 

paper directed upwards.  
 It is important to note that the relation is valid only if magnetic field B


 is uniform over the whole 

length of the conductor.  
 
Example-8: A conductor of length a = 30 cm and carrying current AI 10=  is placed 

perpendicular to a long straight conductor carrying AI 15'=  with its nearer end at 
a distance d = 12 cm. Calculate the force experienced by the conductor.  

Solution: Consider an element dx at a distance x. Field at the element = 
x
I
π

µ
2

'0  and dF, force on the 

element = Idx
x
I








π
µ
2

'0  in the direction parallel to the long conductor and perpendicular to 

the short conductor. 

 ∴  





 +

π
µ

=
π

µ
= ∫

+

d
adII

x
dxIIF

ad

a
ln

2
'

2
' 00  

   Here NF 5
7

1075.3
12

3012ln
2

1510104 −×=





 +









π

×××π
= . 

 

Example-9: A wire of 60 cm length and mass 10 gram is suspended by a pair of flexible leads in 
a magnetic field of induction 0.40 weber/meter2. What are the magnetic and 
direction of the current required to remove the tension in the supporting leads? 

 

C D

cm60  
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Solution: We know that the magnetic force experienced by the linear wire carrying current, placed 
in magnetic field is given by  

  θ=×= sin|| ilBBliF


 

 Here,  l


 and B


 are perpendicular, so, °=θ 90  

  ∴ ilBF =  

 If this force F balances the weight of wire )( mg= , then the tension in the supporting leads 
will be removed.  

 So,  mgilB =   or  A
lB
mgi 41.0

4.0)1060(
8.9)1010(

2

3
=

××
××

== −

−

 

 The force )( ilBF =  must be acting vertically upwards. It will be so if the direction of 
current is from left to right.  

Example-10: Figure shows, rectangular twenty turn loop of wire, cmcm 510 × . It carries a current 
of 0.10 ampere and is hanged at on side. What torque (direction and magnitude (acts 
on the loop if it is mounted with its plane at an angle of 30° to the direction of a 
uniform field to magnetic induction 0.50 tesla? 

Q
R

P B
S

°30

i

i

i

i
 
 

 Solution: Here, TBAin 5.0;1.0,20 ===  

 Torque acting on the coil is  

  °××××=θ=τ 30cos)05.01.0(5.01.020cosniBA mN −×= −31033.4  

 
3. INTERACTION BETWEEN TWO LONG STRAIGHT CONDUCTORS. 
 Let us consider two long, straight parallel conductors separated by a distance ‘ d ’ and carrying 

currents 1I  and 2I  respectively in the same direction. Since each conductor lies in the magnetic 
field of the other each will experience a force, exerted on it by the magnetic field set up by the 
current in the other conductor. 12B  (Magnetic field due to the first conductor at the site of the 

second conductor) 
d
Io

π
µ

=
2

1 . The screw rule for the direction of the magnetic field indicates that 

this field is perpendicular into the paper shown usually by the symbol ‘ ’, a direction 
perpendicular out of the paper is shown by symbol . 
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12F12F21B 21B

1I 2I

d
1 2

 
 The force exerted on a current element in a magnetic field is given by that is BlIF


×∆=∆  

 ∴ The force exerted by the first on unit length of the second  
    °= 90sin122BI    °=θ 90( here) 

    
d
II

d
II oo

π
µ

=
π

µ
=

22
211

2 . 

 The screw rule for the direction of the force of indicates that is force is towards the first.  
 The force exerted by the second conductor on the first per unit length of it, is the same in 

magnitude but opposite in direction as may be seen by considering the field due to the 
second on the first or by Newton’s third law. Hence the two conductors attract each other.  

 ∴ The mutual force of attraction per unit length between two long parallel conductors is  

   
d
IIE o

π
µ

=
2

21  or 
d
II 217102 −×  

 This formula is made the basis for the definition of the ‘ampere’ in SI. 
 Put 7102 −×=F  Newton 
  21 II =  and md 1=  in the above formula. 

 Then 
1

102102
2
177 I−− ×=×    or 21 1 II == . 

 Thus, one ampere is that steady current which, if maintained in each of two infinitely 
long, straight parallel wires of negligible cross-section placed 1 metre apart, in vacuum, 
will produce between the wires a force of 7102 −×  Newton per metre length of the wire.  

 The reason for defining the ampere in terms of a force of attraction between two long 
straight parallel current carrying conductors is that it has now got the same footage as the 
definitions of the units of electric charge and magnetic charge (magnetic pole). 

 
4. INTERACTION BETWEEN ISOLATED CURRENT ELEMENTS 
 Let us consider two isolated current elements 11dli  and 22dli . The magnetic field due to 1 

at the site of 2 is given by Biota-Savart law is  3
12

1211
12 4 r

rldiBd o


 ×
π

µ
=  

 The force experienced by a current element in a magnetic field is given by Lorentz force 
BlidFd


×=  
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 ∴ Force experienced by 2 due to 3
12

1211
22 4

1
r

rldildi o


 ×
π

µ
×=  

 ⇒  3
12

1212
2112

)(
4 r

rldldiiFd o


 ××
π

µ
=  

 Similarly,  3
21

2121
2112

)(
4 r

rldldiidF o


××
π

µ
= ;   23

21

21
2112 cos||||

4
|| θ

π
µ

=
r

ldldiiFd o



 

  12
21

21
2112 cos||||

4
|| θ

π
µ

=
r

ldldiiFd o



;         ∴ ||| 211221 FdFd


≠θ≠θ  

 Thus, we see that the forces are not equal and opposite. Hence there is apparent violation of the 
third law of motion. This does not mean that there is breakdown of Newton’s third law.  

 This apparent violation is due to acceleration and retardation of charge carriers at the ends of the 
elements. In the isolated elements charge carries are accelerated at the starting end from zero to a 
uniform velocity and at the other end from that uniform velocity to zero.  

 This acceleration and retardation produce and electromagnetic field, which carries away 
momentum from charge carriers, that is, charge carriers experience additional force. This force 
compounded with the above force shows that the force exerted by the elements are equal and 
opposite. So, violation is only apparent. This situation arises only in case of isolated current 
element where there are acceleration and retardation of the charge carriers at the ends. In case of 
loops where there is no such acceleration or retardation of charge carriers there should be no 
violation of third law. In fact, such difficulty does not arise. For loops shown in the figure here. 

1i

2i
Loop-1

Loop-2

1

2
 
 

        
12

1212
212112

)(
4 r

rldldiiF o ××
π

µ
= ∫∫




 

 By mathematical laws this can be transformed into symmetrical from   

  
12

1221
212112

).(
4 r

rldldiiF o



∫∫π

µ
=  

 This equation shows that 2112 FF


−= . 
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 The force experienced by a charged particle moving in space where both electric and magnetic 

fields exist is called Lorentz force. 
 Force due to electric field: When a charge particle carrying charge +q is subjected to an electric 

field of strength E


, it experiences a force given by EqFe


= . 

 Whose direction is the same at that of E


.  

 Force due to magnetic field: IF the charged particle is moving in a magnetic field B


, with a 
velocity v  it experiences a force given by  

  )( BvqFm


×=  

 The direction of this force is in the direction of )( Bv


× i. perpendicular to the plane containing v  
and B


  is directed as given by right hand screw rule. 

 Due to both the electric and magnetic fields, the total force experienced by the charged particle 
will be given by  

  )( BvqEqFFF me


×+=+=  

   )( BvEq


×+=  
 This is called Lorentz force. 
 
         Special case: 

 (a) When Ev
,  and B


, all the three are collinear. In this situation the charged particle is 

moving parallel or antiparallel to the fields, the magnetic force on the charged particles is zero. 

The electric force on the charged particle will produce acceleration 
m
Eqa



= , 

 Along the direction of electric field. As a result of which there will be change in the speed of 
charged particle along the direction of the field. In this situation there will be no change in the 
direction of motion of the charged particle but, the speed, velocity, momentum and kinetic energy 
all will change. 

 (b) When Ev
,  and B


 are mutually perpendicular to each other. In this situation if E


 and B


 are 

such that 0=+= me FFF


It means the particle will pass through the fields without any change in 
its velocity. Here,  

  me FF =  so,  BqvqE =  or BEv /=  
 This concept has been used on velocity-selector to get a charged beam having a definite velocity.  
 
 
 
 
 
 
 
 
 

   

 Lorentz Force 
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 The above facts regarding the motion of a charged moving particle in a uniform magnetic field 

are utilized in accelerating charged particles to very high velocities in a machine called a 
Cyclotron. 

 A cyclotron, developed by EO Lawrence in 1932, consists of two D-shaped copper chambers 
placed side by side leaving a small gap. A magnetic field perpendicular to the plane of these Dees 
(Ds) is maintained with the help of an electromagnet having flat, circular pole pieces. An altering 
electric field is applied across the gap between the Dees with the help of an oscillator.  

 

O

Dee

Dee

 
 A source of ion is placed at the center of the dees. Ions coming out of the source with some 

velocities are bent by the magnetic field and move in a circle with a constant time period 
depending on the magnetic field and the mass and charge of the ions. If the frequency of the 
applied electric field and the strength of the magnetic field are such that the moment the ions 
reach the gap, the electric field between the dees exerts an impulsive force on them, they gain 
velocity. Thus, they go to a path of higher radius, but their angular velocity remains unchanged. 
Again, on reaching the gap, the ions will be accelerated and will move to a still higher radius. 
Thus, they keep on adding in velocity and spiraling around, till they come out at opening O with 
tremendous speed. The condition for acceleration at the opportune moment is that the angular 
frequency of the ions in the magnetic field be the same as the frequency of the electric field. 
Therefore, the condition for resonance is that  

  
m

qBv
π

=
π
ω

=
22

 

 be the required frequency  of the oscillating field. This is called cyclotron frequency.  
 

Example-11:In a cyclotron the frequency of the applied voltage is Hz7102.1 × . Find the value of 

the B–field for resonance with deuterons of mass kg271067.1 −× . If the diameter of 
the cyclotron is 1 m, what is the velocity of the particle, when it comes out of the 
cyclotron? 

Solution: The force experience by a deuteron = Bev = centripetal force = rmv /2  

;   

  

 

 

 Cyclotron 
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∴  ω=
ω

== m
r

rm
r

mvBe  

 ∴  
e
vm

e
mB π

=
ω

=
2

 19

277

106.1
)1067.1()102.1(2

−

−

×
×××π

=  

 or  B = 1.57 Tesla 

 When the deuteron comes out, the radius of the orbit is equal to the radius of the Dees. 

 ∴  
R

mvBe max=   ;  17
27

19

max 105.7
1067.1

5.0106.157.1 −
−

−

×=
×

×××
== ms

m
BeRv .  

 

Example-12:An electron enters into a uniform magnetic field of 8.0 Gauss (1 gauss (G) = T410− ) 
with velocity sm /100.4 6×  at an angle 30° with the field. Calculate the radius, period 
of revolution and pitch of the helical path. 

Solution: We know   
Bq

mT π
=

2  

 ∴ Here sT 8
194

31
1047.4

106.1108
101.92 −

−−

−

×=
×××

××π
=   

 Now, Rv ω=°30sin  or 
π

°
=

2
30sinTvR  

 mR 2
68

1042.1
2

5.0100.41047.4 −
−

×=
π

××××
=   

 Pitch 86 1047.4866.0100.430cos −××××=×°= Tv  m21048.15 −×= .  
 
 MOTION OF A CHARGED PARTICLE IN A UNIFORM MAGNETIC FIELD  

 Suppose a particle of mass m  and charge q , entering a uniform magnetic field induction B


 at 
O, with velocity v , making an angle θ  with the direction of magnetic field acting in the plane of 
paper as shown in figure. 

BO
θcosv

θ
θsinv

v
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Resolving v  into two rectangular components we have: 
  )(cos 1vv =θ  acts in the direction of the magnetic field and )(sin 2vv =θ  acts perpendicular 

to the direction of magnetic field. 
 For component velocity 2v , the force acting on the charged particle due to magnetic field is  

  )( 2 BvqF


×=  
 or °=×= 90sin|| 22 BqvBvqF

  
   Bvq )sin( θ=     …(i) 

 The direction of this force F


 is perpendicular to the plane containing B


and 2v  hence acts 
perpendicular to the plane of the paper. As this force is to remain always perpendicular to 2v , it 
cannot change the magnitude of velocity 2v . It changes only the direction of motion. Hence the 
charged particle is made to move on a circular path in the magnetic field, as shown in figure with 
dotted circle. The force F  on the charged particle due to magnetic field provides the required 
centripetal force )/( 2

2 rmv=  necessary for motion along the circular path of radius r .  

 ∴  rmvvqB /2
22 =  

 or mqrBv /2 =  
 or mBqrv /sin =θ     …(ii) 
 The angular velocity of rotation of the particle in magnetic field will be  

   
m
qB

mr
qrB

r
v

==
θ

=ω
sin

 

 The frequency of rotation of the particle in magnetic field will be  

   
m
qBv

π
=

π
ω

=
22

    …(iii) 

 The time period of revolution of the particle in the magnetic field will be  

   
qB
m

v
T π

==
21     …(iv) 

 From (iii) and (iv) we note that v  and T do not depend upon velocity v  of the particle. It means, 
all the charged particles having the same specific charge (charge/mass) but moving with different 
velocities at a point, will complete their circular paths due to component velocities perpendicular 
to the magnetic fields in the same time.  

 For component velocity 1v  )cos( θv , there will be no force on the charged particle in the magnetic 
field, because, the angle between 1v  and B


 is zero. Thus, the charged particle covers the linear 

distance in direction of the magnetic field with a constant speed θcosv . 
 Therefore, under the combined effect of the two component velocities, the charged particle in 

magnetic field will cover linear path of the charged particle will be helical, whose axis is parallel 
to the direction of magnetic field.  
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Resolving v  into two rectangular components we have: 
  )(cos 1vv =θ  acts in the direction of the magnetic field and )(sin 2vv =θ  acts perpendicular 

to the direction of magnetic field. 
 For component velocity 2v , the force acting on the charged particle due to magnetic field is  

  )( 2 BvqF


×=  
 or °=×= 90sin|| 22 BqvBvqF

  
   Bvq )sin( θ=     …(i) 

 The direction of this force F


 is perpendicular to the plane containing B


and 2v   hence acts 
perpendicular to the plane of the paper. As this force is to remain always perpendicular to 2v , it 
cannot change the magnitude of velocity 2v . It changes only the direction of motion. Hence the 
charged particle is made to move on a circular path in the magnetic field, as shown in figure with 
dotted circle. The force F  on the charged particle due to magnetic field provides the required 
centripetal force )/( 2

2 rmv=  necessary for motion along the circular path of radius r .  

 ∴  rmvvqB /2
22 =  

 or mqrBv /2 =  
 or mBqrv /sin =θ     …(ii) 
 The angular velocity of rotation of the particle in magnetic field will be  

   
m
qB

mr
qrB

r
v

==
θ

=ω
sin

 

 The frequency of rotation of the particle in magnetic field will be  

   
m
qBv

π
=

π
ω

=
22

    …(iii) 

 The time period of revolution of the particle in the magnetic field will be  

   
qB
m

v
T π

==
21     …(iv) 

 From (iii) and (iv) we note that v  and T do not depend upon velocity v  of the particle. It means, 
all the charged particles having the same specific charge (charge/mass) but moving with different 
velocities at a point, will complete their circular paths due to component velocities perpendicular 
to the magnetic fields in the same time.  

 For component velocity 1v  )cos( θv , there will be no force on the charged particle in the magnetic 
field, because, the angle between 1v  and B


 is zero. Thus, the charged particle covers the linear 

distance in direction of the magnetic field with a constant speed θcosv . 
 Therefore, under the combined effect of the two component velocities, the charged particle in 

magnetic field will cover linear path of the charged particle will be helical, whose axis is parallel 
to the direction of magnetic field.  
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The linear distance covered by the charge particle in the magnetic field in time equal to one revolution 

of its circular path (known as pitch of helix) will be 
Bq

mvTvd π
θ==

2cos1 . 

 Note:  

 (a) If a charged particle having charge q  is at rest on a magnetic field B


, it experiences no 
force, as 0=v  and θ= sinBvqF  

 (b) If charged particle is moving parallel to the direction of B


, it also does not experience any 
force because angle θ  between v  and B


 is 0° or 180° and 0180sin0 =°° . Therefore, the 

charged particle in this situation will continue moving along the same path with the same 
velocity. 

 (c) If charged  particle is moving perpendicular to the direction of B


, it experiences a 
maximum force which acts perpendicular to the direction of B


 as well as v . Hence this 

force will provide the required centripetal force and the charged particle will describe a 

circular path in the magnetic field to radius r , given by vBq
r

mv
=

2

 

 When a charged a particle is projected perpendicular to the magnetic field, (i) its path is circular 
in a plane perpendicular to the plane of magnetic field and direction of motion of the charged 
particle. (ii) the speed and kinetic energy of the particle remain constant. (iii) The velocity of the 
charged particle changes only in direction. The force acting on the charged particle is independent 
of the radius of circular path but depends upon the speed of the charged particle i.e., °∝rF  (but 

vF ∝ ). (v) The time period of revolution of a charged particle in the magnetic field is independent 
of velocity of particle and radius of the circular path i.e., oo vrT ∝ . 

 Fleming’s left-hand rule: The direction of the force experienced by a linear conductor placed at 
right angles to a magnetic field is more conveniently given by the following rule by Prof. Fleming.  

B
B

IF  
 

         If the forefinger, middle finger and thumb of left hand are extended so as to make them mutually 
perpendicular then on pointing the forefinger and the middle finger in the directions of the field 
and the current respectively, the thumb indicates the direction of the force experienced by the 
conductor. 

Example-13: A proton is moving with a velocity of 15 ms10 −  perpendicular to a magnetic field of 
strength 1.5 Tesla. What is the magnetic force on the proton? Compare it with the 
gravitational force. (Charge carried by a proton C101.6 19−×=  mass of a proton 

kg101.67 27−×= ). 

Solution: We have ),sin(
∧

=∆ BvvBqF o  

 Since the angle between v and B  is 90°, ),sin(
∧
Bv  
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∴ 14519 1040.25.110106.1 −− ×=×××=∆F  N 
 The gravitational pull 2627 106.18.91067.1 −− ×=××=  N  
 Thus, the magnetic force is 1210  times greater than the gravitational force. 
 
Example-14: A beam of ions with velocity 15102 −× ms  enters normally into a uniform magnetic 

field of 0.04 tesla. If the specific charge of ion is 17105 −× kgC , find the radius of the 
circular path described. 

Solution: Here, 15102 −×= msv  

  kgCmqTB /105/;04.0 7×==  

 As rmvBvq /2=  

 or m
Bmq

bBqvmr 01.0
04.0)105(

102
)/(

/ 7

5
=

××
×

===  

 
Example-15: An electron of mass kg301090.0 −×  under the action of magnetic field moves in a 

circle of radius 2.0 cm at a speed of 16100.3 −× ms . If a proton of mass kg27108.1 −×  
were to move in a circle of the same radius in the same magnetic field , find the 
speed.  

Solution:  Here, kgme
31109 −×=  

  16103;02.0 −×== msvmr ee  

  mrvkgm ppp 02.0;?;108.1 27 ==×= −  

 We know that 2mvBvq =  
 or mBrqv /=  

 so, 
p

e

eee

ppp

e

p

m
m

mBrq
mBrq

v
v

==
/
/

  [as epep rrqq == ; ] 

 ∴ 13
27

316

ms105.1
108.1

109103 −
−

−

×=
×

×××
=×=

p

e
ep m

mvv  

 
 TORQUE ON A CURRENT CARRYING LOOP IN A MAGNETIC FIELD 

 (i) Consider a rectangular loop of wire with sides l  and b the loop is in the plane of the paper 
and the magnetic field is parallel to the plane of the paper. Sides ad  and bc of the loop are 
perpendicular to the field in all the figures. In figure the magnetic field is perpendicular into the 
paper and in figure the magnetic field is neither perpendicular nor parallel to the plane of the loop, 
but it is inclined to it. In figure equal and opposite magnetic forces of magnitude, BIlF =  are 
exerted on ad  and bc  perpendicular into the paper and out of the paper respectively. Since ab  
and cd  are parallel to the magnetic field )0( =α no magnetic force acts on them. Thus, the net 
translatory force on the loop is zero. The torque, however, is not zero, because the forces on the 
sides ad  and bc  constitute a couple of moment (torque = force × perpendicular distance). 

    
 

 Torque 
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 IBSbBIl =×=τ  
  bIS ×=  area of the loop.  

       

τ

θ= sin2 BB

θ= cos1 BB
d

b

I

I θ

S

 
 In second figure the forces on ad  and bc  are equal and opposite in the plane on the paper, the 

forces on ab  and cd  are also equal and opposite. Hence the loop experiences torque and no 
translatory force in this position. Therefore, this is the equilibrium position of a current loop in a 
magnetic field. 

 In the last figure the magnetic field is inclined to the normal to the loop by θ . A magnetic field 
is a vector. It may be resolved into two resolved components, along and perpendicular to the plane 
of the loop. The resolved components are θ= sin2 BB  and θ= cos1 BB  respectively. We have 
just seen that a magnetic field perpendicular to the loop exerts no torque, no force and hence due 
to the normal component, the loop experiences neither torque nor a translatory force. But the other 
component, being parallel to the plane of the loop exerts a torque given by through its also exerts 
no force.  

 Thus τ (torque on the loop in the inclined position) SIB2=  

 or θ=τ sin.SIB   

 If the loop is a closely wound one, having N turns then evidently  θ=τ sinNIB  

 An area S  can be represented be vector S


 of magnitude S and along the motion of a screw held 
along the normal to S and rotating in the direction of the current round the loop. We may then 
write 

   BSI


×=τ  or BnIS


×=τ  

 where τ  is the vector torque on the loop and n̂  is unit vector along the normal to S.  
 (ii) When the loop is of any shape carrying a current in the clockwise direction. Divide the loop 

into a large number of smaller loops.  
I

B

 
 

          Imagine current I  to circulate in each loop in the same direction. Along the sides of adjacent 
loops, the currents cancel out, since each side in traversed twice in the opposite direction, and 
only the current along the external boundary itself remains. Hence the entire loop is equivalent to 
a summation of the smaller loops.  
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  τ  (torque on the loop) 
   ...321 +τ+τ+τ=  where  321 ,, τττ , ….. are the torques on the elementary loops 

   .....321 +++= IBSIBSIBS  

   ....)( 321 +++= SSSIB  

 
         IBS=  where =+++= ...321 SSSS  area of the loop.  

 The force is zero, because the force on each elementary loop is zero. Thus the shape of the loop 
has nothing to do with the torque on a current loop.  

 

 
 

 MAGNETIC POTENTIAL ENERGY OF A CURRENT LOOP IN A MAGNETIC 
FIELD 

 In placing a current loop in a magnetic field, an external agent must have done some work, i.e., 
during the process of placing it in the magnetic field there is a flow of energy from the external 
agent to the current loop. This energy is called the magnetic potential energy of the loop. Thus, 
a current loop possesses potential energy in any position. Let it be oU , when 0=θ . The total 
potential energy in any position is the work done by the external agent from this position to the 
assigned position plus the potential energy at 0=θ . 

 ∴ θθθ
θ−+=θθ+=θτ+= ∫∫ 0

00
]cos[sin MBUdMBUdUU ooo  

 or )cos1( θ−+= MBUU o  

 If we take  2/π=θ  as the zero-energy position, then 
    MBU += 00  or MBU −=0  

 or  BMU


.−=  
 Equation provides an alternative unit and definition of magnetic moment. According to this 

equation,  
  U∆  (change    in   potential   energy) )cos1( θ−=−= MBUU o .  

 This is the work done in turning the normal to the loop through θ  in the magnetic field.  
 ∴ Work done in turning through θ  by an external angle )cos1( θ−= MB  

 Put 2/π=θ  and 1=B Tesla 

 ∴ Work done in turning though  MB=π 2/ . 

 Thus  the  magnetic moment may be defined as the energy required to turn the normal to the loop 
through 2/π  in a unit uniform magnetic B-field of 1 tesla. An alternative unit of magnetic moment 
is obviously, joule per tesla )(JT 1− , as can be seen easily.  

 

 

 Magnetic Potential Energy 
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 A suspended type moving-coil galvanometer consists of a rectangular (or circular) metallic frame. 

It is suspended between the semi-cylindrical poles of a permanent magnet by means of a fine 
phosphor bronze wire from a torsion head T. Co-axially with the cylindrical space between the 
poles, a soft iron cylinder is placed in such a way that a small air gap is left all around for the free 
turning of the coil. The cylindrical poles of the magnet give rise to a radial field and the soft iron 
cylinder intensifies this field by virtue of its high permeability. The advantage of the radial field 
the horizontal section is shown in figure is that the plane of the coil is always parallel to the 
magnetic field. One end of the coil is soldered to the phosphor bronze wire and the other end to a 
loosely wound spiral of the same material, namely, phosphor bronze. This is connected to a 
binding screw 1T . 

N S

S
 F

B


θ

 
          Which forms one terminal of the galvanometer. The other terminal 2T  is connected to the torsion 

head. The whole instrument is enclosed in a flat cylindrical box supported on a heavy circular 
base provided with three leveling screws. The small angle of rotation of the coil is measured by a 
lamp and scale arrangement. For this, a small concave mirror M is attached to the suspension 
wire. Light from a source L is directed on to the mirror through a glass window and the reflected 
light is received on a translucent scale graduated in millimeter. 

 
 
 

 Moving Coil Galvanometer 
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 THEORY:  
 When a current is passed through the coil, it experiences a magnetic torque due to the magnetic 

field, which is given by ϕ=τ sinNISB , where N = number of turns, =I current through the coil, 
=S area of the coil, =B magnetic field and =ϕ angle between the normal to the coil and the 

magnetic field. Due to the use of cylindrical poles, the magnetic field between the poles is radial 
in nature. In such a field the plane of the coil is always parallel to the magnetic field. Hence, 

2
π

=ϕ  always in such a field. 

 ∴ NISB=τ  
 By the action of this torque, the coil is set in rotation about the axis of suspension producing a 

torsion in the suspension wire. A mechanical torque is then called into play in opposite direction, 
which increases with an increase of the angle of twist, and eventually when this torsional torque 
equals the magnetic torque, the coil comes to rest. 

 If =c the torsional torque per unit twist, then for equilibrium θ= cNISB , where θ  is the angle of 
twist. 

 or  θ=θ×= K
NSB

cI  

 where 
NSB

cK = , called the current reduction factor of the galvanometer. 

 When the coil rotates through θ , the attached mirror will also rotate through θ , but the reflected 
ray from it will rotate through θ2 . Let D be the distance of the scale from the mirror and d be the 
distance through which the image is shifted, then 

d
L

D
θ2

θ

 

   
D
d

=θ2tan  

 or 
D
d

=θ2  (since θ  is small) 

 or 
D
d

2
=θ     ∴ 

D
d

NSB
cI

2
=       dI ∝ . 

 Current sensitivity: These   galvanometers are extremely sensitive because, K is very small. The 
current sensitivity )( iS  is defined as the deflection in millimeters produced on a scale 1 metre 
away by a current of one micro ampere. The order of sensitivity of this type of galvanometer is 

mmA /10 11− . 
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 Factors governing the sensitivity of a galvanometer: Since 
D
dKKI

2
=θ= , for a given current, 

the greater the deflection, the smaller is the reduction factor K. Hence the sensitivity of a 
galvanometer is inversely proportional to its reduction factor. That is, the current sensitivity 

c
NSBSi α . Thus, the factors governing sensitivity are: 

 1. The sensitivity is proportional to the number of turns, the area of the coil and the intensity of 
the magnetic field. 

 2. The sensitivity is inversely proportional to the torsional torque per unit twist (c). The complete 
expression for torsional rigidity, i.e., torsional torque per unit twist is 

   
l
rnc

2

4π
= ,  

 where n = modulus of rigidity of phosphor bronze, r = radius of the phosphor bronze wire and 
=l length of the phosphor bronze wire. 

 All these factors are controlled to contribute their maximum towards the sensitivity of the 
galvanometer. This is why these galvanometers are extremely sensitive. 

 
Example-16: A moving coil galvanometer consists of a coil of area 24105.2 m−×  and 100 turns. It 

is suspended in a radial B–field of strength 0.1 tesla. Calculate the current required 
for a deflection of one degree. The torsional rigidity of the suspension wire is 

radianNm /105.1 7−× . 
Solution: We have, θ= KI  

 Where 
NSB

cK =  

 Here radian
180

1 π
=°=θ      

180
. π

=
NSB

cI   ampere10
1801.0105.2100

105.1 6
4

7
−

−

−

=
π

×
×××

×
=

  
 
Example-17: A milliammeter of resistance 10 ohm gives a full-scale deflection for 50 milliampere 

of current. How will you convert it into (a) voltmeter reading up to 100 Volt, (b) 
ammeter measuring up to 1 ampere? 

Solution: To convert the milliammeter into a voltmeter of 100 V a high resistance of such value 
should be connected in series with the coil of the ammeter that a current of 50 
milliamperes is produced through the ammeter 

 By ohm’s law 

   
10

1001050 3

+
=× −

R
  or  Ω=1990R      

 To convert the milliammeter into an ammeter if 1 ampere, a shunt of such resistance 
should be connected in parallel with the ammeter coil that a current of 50 milliampere is 
passed through the coil of the ammeter and the rest is passed through the shunt. 

33 105010)10501( −− ××=×−S  

 or  5.0)05.01( =−S Ω== 526.0
950
5.0S    
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 COMPARISON OF ELECTRICAL AND MAGNETIC FORCES: 

 Form coulomb’s law, the magnitude of electrostatic force between two charges 1q  and 2q  
separated by distance r  is given by  

   2
21

4
1

r
qqF

o
e ∈π
=     

 Consider two parallel conducting wires of length 1dl  and 2dl  carrying currents 1I  and 2I  
separated by distance r .  

 The magnitude of the magnetic force acting between these two current elements is given by  

   212
21

4
dldl

r
IIF o

m π
µ

=  

 Let 1q  and 2q  be the charges flowing for time t  in wires for currents 1I  and 2I . Then 

   111
1

11 . vqdl
t
qdlI ==    and 222

2
22 vqdl

t
qdlI ==  

 ∴ 212
21

4
vv

r
qqF o

m π
µ

=  

 Dividing by )(21 oo
e

m vv
F
F

∈µ= . 

 Since left hand side in dimensionless, therefore, right hand side of must also be dimensionless. It 
means the quantity oo ∈µ  must have the dimensions of 2(velocity)− . Here 1v  and 2v  are the drift 

velocities of electrons in current elements. As drift velocities are of the order of 1510 −− ms , 
therefore 

  221055
21 101010 −−−− =×= smvv  

 It also found that  

  
oo

c
∈µ

=
12  or    2−=∈µ coo  

 where c  is the velocity of light i. e. 18103 −×= msc  

 Putting values in 27
28

10
10

)103(
10 −

−

≅
×

=
e

m

F
F  

 It shows that the magnetic forces are very much smaller than the electrostatic forces in current 
carrying conductors. However, the electric forces never dominate the magnetic forces in current 
carrying conductors because 

 (i)  the matter is electrically neutral to very high degree of accuracy. The flowing charges do not 
disturb the neutrality of the matter. Thus, the coulomb’s electric forces are very rarely in evidence.  

 (ii) in an electric current, the large number of electrons are drifting towards the same direction. 
This adds up weak magnetic fields, which become evident.  
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1. To determine the minimum magnitude of the magnetic field, we consider a scenario where a 
particle with a charge of 2 × 10-12 C moves along the x-axis with a velocity of 10^5 m/s. The 
particle experiences a force of 10-9 N in the y-direction due to the magnetic field. Calculate the 
minimum value of the magnetic field. 

a) 5 × 10−3 T in z − direction 
b) 2 × 10−3 T in z − direction 
c) 4 × 10−3 T in z − direction 
d) 9 × 10−3 T in z − direction 

 
2. When a proton with an energy of 1 MeV moves in a plane perpendicular to a uniform 

magnetic field of 6.28×10^(-4) T, and considering its mass as 1.7×10^(-27) kg, the cyclotron 
frequency of the proton is approximately equal to. 
 

            a)107 Hz b) 105Hz c) 106 Hz d) 104 Hz 
 

3. Given that a magnetic pole with a strength of 9 × 10-2 A-m experiences a force of 2N, 
determine the magnetic field at the point where the pole is located. 
 

 a) 20 Wbm−2 b) 50 Wbm−2 c) 112.5 T d) 22.2 T 
 

4. Consider a charged particle with mass 'm' and charge 'q' entering a region of uniform magnetic 
field 'B' perpendicular to its velocity 'v'. Prior to entering the magnetic field region, the 
particle was accelerated by a potential difference 'V' (in volts). Calculate the diameter of the 
circular path traced by the charged particle within the magnetic field region. 
                             

               a) 2
B�

mV
q

 b) 
2
B
�

2mV
q

 c) B�
2mV

q
 d) B

q
�2mV

B
 

 

5.  𝐴𝐴𝐴𝐴 and 𝐶𝐶𝐶𝐶 are long parallel conductors separated by certain distance.  𝑋𝑋 is the mid-point 
between them (see the figure). The net magnetic field at 𝑋𝑋 is 𝐵𝐵. Now, the current 4 A is 
switched off. The field at 𝑋𝑋 now becomes 

 
 

 

M 

4 A 

  

A C 

  

www.sm
art

ac
hie

ve
rs.

on
lin

e



  

                 a) 2B b) B c) 
B
2

 d) 3B 

 
 

6. When a wire AB carrying a current of 15 A is bent into the shape depicted below and placed in 
a magnetic field of 3 T, which is perpendicular to the plane of the paper and directed outward, 
the wire will undergo a force. Determine the value of force. 

 
 

a) Zero b) 5 N c) 3 N d) 4.5 N 
7. When a beam of electrons passes through mutually perpendicular electric and magnetic fields, 

it remains undeflected. However, if the electric field is switched off while maintaining the 
same magnetic field, the electrons will continue to move in  

a) In an elliptical orbit b) In a circular orbit 
c) Along a parabolic path d) Along a straight line 
 

8. Consider a closed loop in the shape of a right-angled isosceles triangle ABC, carrying a 
current. The loop is placed in a uniform magnetic field that is aligned with the side AB. If the 
magnetic force experienced by the side BC is denoted as F, determine the force exerted on the 
side AC of the triangle. 
 

 
a) -√2F                  b) -F                             c) F                         d)  √2F   

 
9. A 44.0g wire of length L=98.0cm is suspended by a pair of flexible leads in a uniform 

magnetic field of magnitude 0.440 T (see figure). What is the (a) magnitude and (b) direction 
(left or right) of the current required to remove the tension in the supporting leads? 
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b) 10A, right                  b) 20A left                c) 10 A left                      d) none of these 

 
 

10. Consider the figure shown, which consists of two semicircles with radii r₁ and r₂, 
through which a current i is flowing. Find the magnetic induction at the centre point 
O. 
 

 
 

 a) 
𝜇𝜇0𝑖𝑖
𝑟𝑟

(𝑟𝑟1 + 𝑟𝑟2) b) 
𝜇𝜇0𝑖𝑖
4

(𝑟𝑟1 − 𝑟𝑟2) c) 
𝜇𝜇0𝑖𝑖
4 �

𝑟𝑟1 + 𝑟𝑟2
𝑟𝑟1𝑟𝑟2

� d) 
𝜇𝜇0𝑖𝑖
4 �

𝑟𝑟2 − 𝑟𝑟1
𝑟𝑟1𝑟𝑟2

� 

 
 

11. Let's consider a wire loop PQR in the shape of a right-angled triangle, where PQ = 2x, 
PR = 5x, and QR = 7x. A steady current I flows through this wire loop. The magnitude 
of the magnetic field at point P, caused by this wire loop, is given as: 
K (μ₀ I)/(24πx). Determine the value of k. 
 

a) 8 b) 3 c) 7 d) None of these 
 
 

12. Consider two wires, A and B, with lengths 50 cm and 30 cm, respectively. Wire A is bent into 
a circle of radius r, while wire B is bent into an arc of radius r. A current  passes through wire 
A, and a current i₂ passes through wire B. To achieve the same magnetic inductions at the 
centre, determine the ratio of i₁ to i₂. 

a) 3: 4 b) 3: 5 c) 2: 3 d) 4: 3 
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13. The net force on the square coil is: 

 
 

            a) 25 × 10−7N moving towards wire b) 25 × 10−7N moving away from wire 
             c)32 × 10−7N moving towards wire d) 32 × 10−7N moving away from wire 
 

14. Let's consider a situation where two long parallel wires are placed 2d units apart. These wires 
carry equal and steady currents flowing out of the plane of the paper, as shown. The magnetic 
field along the line XX' varies according to the given expression or function. 

 

 
 

1.  
 
a)                                                                           c)  

 
b)                                                                             d)  
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15. PQ and RS are long straight conductors, distance d apart, carrying a current I. The magnetic 
field at the midpoint of QR is 

 

               a)
−μ0I
2πd

k� b) 
−μ0I
πd

k� c) 
−μ0I
4πd

k� d) 
−μ0I
8πd

k� 

 
16. At a specific location, the magnetic induction of the Earth is measured to be 6× 10-6 Wb/m^2. 

To counteract this magnetic induction, we need to generate an equal and opposite magnetic 
induction at the centre of a circular conducting loop with a radius of 5 cm. Find the current 
value required in the loop. 

a) 0.56 A b) 5.6 A c) 0.28 A d) 2.8 A 
17. A horizontal rod, weighing 15 gm and measuring 20 cm in length, is placed on a smooth 

inclined plane tilted at a 60° angle with respect to the horizontal. The rod is oriented parallel 
to the edge of the inclined plane. To maintain the rod in a stationary position on the inclined 
plane, a uniform magnetic field of induction B is applied vertically downward. The current 
passing through the rod is set to 1.96 amperes. Find the specific value of B that allows the rod 
to remain motionless on the inclined plane. 

a) 1.96 tesla b) 
1

1.96
tesla c) 0.66 tesla d) None of the above 

 
18. Consider where an electron enters the region between the plates of a charged capacitor, as 

depicted. The plates have a charge density of σ, generating an electric field intensity E in the 
space between them. Additionally, a uniform magnetic field B exists in the same region, 
perpendicular to both the direction of the electric field E and the electron's motion. The 
electron moves perpendicular to both E and B, maintaining its path without any deviation. 
Determine the time required for the electron to cover a distance of l in this region. 

+
+

+
+

++ +

- --
-

 
 

                   a)
σl
ε0B

 b) 
σB
ε0l

 c) ε0lB
σ

 d) ε0l
σB

 

 

 

 
 

 

Q R 

S P 

I I 
d 

j ̂ 

k ^ i ̂ 

I 
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19. If a straight wire carrying a current is transformed into a circular loop, and the magnitude of 
the magnetic moment associated with the loop is represented by M in MKS units, determine 
the length of the wire used in creating the loop. 

 
       a) 

4π
M

 b) �4 π M
i

 c) �r π i
M

 d) 
M π
4 i

 

 
 

20. When two parallel wires in free space are situated 15 cm apart and each wire carries a current 
of 5 A in the same direction, calculate the force per meter of length that one wire exerts on the 
other. 

                 a) 2 × 10−4N, attractive b) 3.33 × 10−4N, repulsive 
                 b) 3.33 × 10−5N, attractive d) 2 × 10−7N, repulsive 

 
21. Consider two long solenoids. The first solenoid consists of 100 turns per cm and carries a 

current of magnitude resulting in a magnetic field of 8.3×10-2 Wb/m^2 at its centre. The 
second solenoid is comprised of 200 turns per cm and carries a current of magnitude i/3. Find 
the value of the magnetic field at the centre of the second solenoid. 
a) 5.5 × 10−2 Wbm−2 
b) 5.5 × 10−5 Wbm−2 
c) 5.5 × 10−3 Wbm−2 
d) 5.5 × 10−4 Wbm−2 

  
22. In the given situation, there exists a homogeneous electric field E⃗ and a uniform magnetic 

field B⃗, both pointing in the same direction. A proton is projected with a velocity parallel to 
E⃗. Determine the behaviour or the path followed by the proton under these conditions. 

a) Go on moving in the same direction with increasing velocity 
b) Go on moving in the same direction with constant velocity 
c) Turn to its right 
d) Turn to its left 

 
23. A large magnet is broken into two pieces so that their lengths are in the 4:1. The pole 

strengths of the two pieces will have ratio 

a) 2: 1 b) 1: 2 c) 4: 1  d) 1: 1 
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24. Consider a configuration where three long, straight, and parallel wires carrying currents are 

arranged as shown in the figure. Wire C, carrying a current of 6.0 A, is positioned in such a 
way that it experiences no force. Find the distance between wire C and wire D in this 
arrangement. 

 
 

a) 9 cm b) 7 cm c) 5 cm d) 3 cm 
 
 

25. A wire along x-axis carries a current 5 A. Find the force in newton on a 2 cm section of the 
wire exerted by a magnetic field B��⃗ = (0.85 ȷ̂ + 0.24 k�) T. 

                 a) �1.26 k� − 2.59 ȷ�̂10−2 N b) �−1.26 k� + 2.59 ȷ�̂ × 10−2 N 

                 c) �−2.97 k� + 0.84 ȷ�̂ × 10−2 N d) 2.97 � k� − 0.84 ȷ�̂ × 10−2 N 
 
 

26. A solenoid of 2.5 m length and 5 cm diameter has 20 turns per cm. A current of 8 A is flowing 
through it. The magnetic field induction at axis inside the solenoid is 
 

          a)2π × 10−4 T b) 2π × 10−5 T c) 12.8 π G d) 1.28π G 
 
 

27. The graph depicting the relationship between the magnetic induction (B) along the axis of a 
long solenoid, caused by the current flow (i) within it, and the distance (x) from one end is

 

1.  

 a) 

 

b) 

 

c) 

 

d) 

 
 

B  

x 

B  

 

Bmax  

B  

x  x 

B  
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28. To extend the range of a voltmeter, which has a resistance of 35×103 Ω, to three times its 

original value, an additional resistance needs to be connected in 
series. Determine the value of the additional resistance required 

           a)9 × 106 Ω b) 0.55 × 105 Ω c) 1.5 × 105 Ω d) 9 × 105 Ω 
 

29. When a vertical circular coil carrying current is situated in a way that a neutral point is 
achieved at its centre, find the angle between the plane of the coil and the magnetic meridian. 

a) 0 b) 45° c) 60° d) 90° 
 
 

30. When comparing three magnets with cross-sectional areas A, 3A, and 5A, all having the same 
length, determine the ratio of their magnetic moments. 

a) 5: 3: 1 b) 1: 3: 5 c) 3: 6: 1 d) 1: 1: 1 
 

31. In a mass spectrometer designed to measure the masses of ions, the ions undergo initial 
acceleration through an electric potential V. Subsequently, they are directed to move along 
semicircular paths of radius R by a constant magnetic field B. Keeping V and B constant, the 
ratio of the charge on the ion to its mass remains proportional. 

a) 1/R b) 1/R2 c) R2 d) R 
 
 

32. Consider a pair of stationary, infinite long bent wires positioned in the x-y plane. These wires 
carry currents of 12 A each, as shown in the figure. The wire segments L and M run parallel to 
the x-axis, while the segments P and Q are parallel to the y-axis. Additionally, the points OS 
and OR are both located at a distance of 0.03 m. Determine the magnetic field induction at the 
origin, denoted as point O. 

 
 

      a) 10−3 T b) 4 × 10−3 T c) 1.6 × 10−4 T d) 10−4 T 
 

33. When a 10 Ω shunt is applied, the deflection in a galvanometer decreases from 50 divisions to 
20 divisions. Determine the resistance of the galvanometer. 

a) 15 Ω b) 36 Ω c) 24 Ω d) 30 Ω 
 

S

i
R 

P

QiL
O

M

y

i
x
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34. Consider a long straight wire positioned along the z-axis, carrying a current I in the negative z 
direction. The magnetic vector field B⃗ at a point located in the z=0 plane, with coordinates (x, 
y) is 

               a)
μoI(yı̂−xȷ̂)
2π(x2+y2)

 b) 
μoI(xı̂ + yȷ)̂
2π(x2 + y2)

 c) 
μoI(xı̂ − yȷ)̂
2π(x2 + y2)

 d) 
μoI(xı̂ − yȷ)̂
2π(x2 + y2)

 

 
 
 

35. A cable, carrying a direct current, is buried in a wall that lies in a north-south plane. On the 
west side of the wall, a horizontal compass needle deviates from its usual northward 
orientation and points towards the south instead. This occurs because the coil is positioned in 
a manner that 

a) Vertically upwards and the current is also 
flowing upwards  

b) Vertically upwards and the current is flowing 
down downwards 

c) Horizontal with current from south to north d) Horizontal with current from north to south 
 
 

36. In Nebraska, where the horizontal component of Earth's magnetic field is 0.5 G, a vertical 
wire carries a current of 10 A in an upward direction. Find the magnitude and direction of the 
force exerted on 1 meter of the wire. 
(1 G = 10−4 T) 

a) 5 E to W b) 5 × 10−3 E to W c) 5 × 10−3 E to W d) 5 × 10−4 E to W 
    

     

37. Two circular concentric loops of radii 𝑟𝑟1 = 10 cm and 𝑟𝑟2 = 20 cm are placed in the 𝑋𝑋 − 𝑌𝑌 
plane as shown in the figure. A current 𝐼𝐼 = 10 A is flowing through them. The magnetic 
moment of this loop system is 
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     a) +  0.4 𝐤̂𝐤 (Am2) b) −1.5 𝐤̂𝐤 (Am2) c) +2.51 𝐤̂𝐤 (Am2) d) + 1.3 𝐣̂𝐣 (Am2) 
 

38. A linear conductor with a length of 50 cm carries a current of 4A. The conductor is positioned 
within a magnetic field of strength 400 G, making an angle of 30° with the field's direction. 
Under these conditions, the conductor experiences a force of a certain magnitude. Determine 
this magnitude of force. 

           a)4× 10−4 N b) 4 × 10−2 N c) 3 × 102 N d) 3 × 104 N 
 

39. To convert an ammeter with a resistance of G Ω and a range of ampere into an ammeter with a 
different range in ampere, a parallel resistance needs to be introduced. Determine the value of 
this parallel resistance. 

               a) n G b) (n − 1)G c) 
G
n

 d) 
G

n − 1
 

 
40. The magnetic potential due to a magnetic dipole at a point on its axis distant 30 cm from its 

centre is found to be 1.4 × 10−5 JA1m−1. The magnetic moment of the dipole will be 
 

a) 28.6 Am2 b) 32.2 Am2 c) 12.6 Am2 d) None of these 
 
 

41. Let's consider a galvanometer with a resistance of G and a current that produces a full-scale 
deflection. To convert it into an ammeter with a range of 0 to  a    shunt with a value S_1 is 
utilized. Similarly, for a range of 0 to 2i, a shunt with a value S_2 is employed. The ratio 
S_1/S_2. 
 

              a)�
2i − ig
i − ig

� b) 
1
2

 �
i − ig

2i − ig
� 

c) 2 d) 1 

 
 

42. When a proton and an α-particle are projected perpendicular to a magnetic field, determine the 
ratio of their trajectory radii. 

 a) 2: 1 b) 1: 2 c) 4: 1 d) 1: 4 
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                   ---------------------ANSWER KEY---------------------- 

1) a 2) d 3) d 4) b 
5) c 6) d 7) b 8) b 
9) a 10) c 11) c 12) b 
13) c 14) a 15) b 16) b 
17) c 18) c 19) b 20) b 
21) a 22) a 23) d 24) c 
25) d 26) c 27) a 28) b 
29) d 30) b 31) b 32) c 
33) a 34) a 35) a 36) d 
37) c 38) b 39) d 40) c 

41) a 42) b 
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1. (a) 
The minimum value of magnetic field  

             𝐵𝐵 =
𝐹𝐹

𝑞𝑞𝑞𝑞 sin 90°
 

              =
10−9

2 × 10−12 × 105
= 5 × 10−3 T in 𝑧𝑧
− direction 

2. (d) 
Cyclotron frequency is given by 

    𝑣𝑣 =
𝑞𝑞𝑞𝑞

2π𝑚𝑚
 

∴ 𝑣𝑣 =
1.6 × 10−19 × 6.28 × 10−4

2 × 3.14 × 1.7 × 10−27
 

      = 0.94 × 104  ≈ 104 Hz 
 

3. (d) 

𝐵𝐵 =
𝐹𝐹
𝑚𝑚

=
2

9 × 10−2
= 22.2 T or 22.2 Wbm−2 

 
4. (b) 

𝐵𝐵𝐵𝐵𝐵𝐵 =
𝑚𝑚𝑣𝑣2

𝑟𝑟
 ⇒ 𝑟𝑟

=
𝑚𝑚𝑚𝑚
𝐵𝐵𝐵𝐵

                                   … (i) 

Since particle was initially at rest and gained a 
velocity 𝑣𝑣 due to a potential difference of 𝑉𝑉 
volt.  So, 
KE of particle = 1

2
 𝑚𝑚𝑣𝑣2 = 𝑞𝑞𝑞𝑞 

𝑣𝑣

= �2𝑞𝑞𝑞𝑞
𝑚𝑚

                                                          … (ii) 

From Eqs. (i) and (ii), we get 
  

𝑟𝑟 =
𝑚𝑚
𝐵𝐵𝐵𝐵

�2𝑞𝑞𝑞𝑞
𝑚𝑚

 

𝑟𝑟 =
1
𝐵𝐵
�

2𝑚𝑚𝑚𝑚
𝑞𝑞

 

∴ Diameter of the circular path 

𝑑𝑑 = 2𝑟𝑟 =
2
𝐵𝐵
�

2𝑚𝑚𝑚𝑚
𝑞𝑞

 

 

5. (c) 
Magnetic field at mid-point 𝑀𝑀 in first case is 𝐵𝐵 =
𝐵𝐵𝑃𝑃𝑃𝑃 − 𝐵𝐵𝑅𝑅𝑅𝑅 
(∴ 𝐵𝐵𝑃𝑃𝑃𝑃  and 𝐵𝐵𝑅𝑅𝑅𝑅 are in opposite directions) 

=
4 μ0
4π𝑑𝑑

−
2 μ0
4π𝑑𝑑

=
2 μ0
4π𝑑𝑑

 
When the current 4 A is switched off, the net 
magnetic field at 𝑀𝑀 is due to current 1 A 

𝐵𝐵′ =
μ0 × 4 × 1

4π𝑑𝑑
=
𝐵𝐵
2

 
 

6. (d) 
The given wire can be replaced by a straight wire 
as shown below 

 
Hence force experienced by the wire 

𝐹𝐹 = 𝐵𝐵𝐵𝐵𝐵𝐵 = 3 × 15 × 0.1 = 4.5𝑁𝑁 
 
 

7. (b) 
If both electric and magnetic fields are present 
and perpendicular to each other and the particle is 
moving perpendicular to both of them with 𝐹𝐹𝑒𝑒 =
𝐹𝐹𝑚𝑚. In this situation 𝐄𝐄�⃗ ≠ 0 and 𝐁𝐁��⃗ ≠ 0. 

 
But if electric field becomes zero, then only force 

due to magnetic field exists. Under this 
force, the charge moves along a circle 
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8. (b) 
Force along AB is zero as magnetic 
field is along AB. 
The net force on a current carrying loop 
is always zero. 
Fnet=F on AB→+F on BC→+F 

             Hence on AC, 
             ⟹0=0+F+ (F on AC) 
             Hence, F on AC is −F 
 

9. (a)  
The magnetic force on the wire must be 
upward and have a magnitude equal to 
the gravitational force mg on the wire. 
Since the field and the current are 
perpendicular to each other the 
magnitude of the magnetic force is 
given by FB=iLB, where L is the length 
of the wire. Thus, 
 
iLB = mg ⟹ i= mg/LB 
 
= 10A 
 
(b) Applying the right-hand rule reveals that 
the current must be from left to right. 
 

10. (c) 
The magnetic induction due to both semicircular 
parts will be in the same direction perpendicular 
to the paper inwards 

∴ 𝐵𝐵 = 𝐵𝐵1 + 𝐵𝐵2 =
𝜇𝜇0𝑖𝑖
4𝑟𝑟1

+
𝜇𝜇0𝑖𝑖
4𝑟𝑟2

=
𝜇𝜇0𝑖𝑖
4
�
𝑟𝑟1 + 𝑟𝑟2
𝑟𝑟1𝑟𝑟2

� 

 
11. (c) 

Magnetic field at 𝑃𝑃 due to 𝑃𝑃𝑃𝑃 & 𝑃𝑃𝑃𝑃 is zero 
∴ Magnetic field at 𝑃𝑃 due to 𝑄𝑄𝑄𝑄 

𝐵𝐵 =
𝜇𝜇0
4𝜋𝜋

∙
𝐼𝐼
𝑃𝑃𝑃𝑃

(sin𝛼𝛼 + sin𝛽𝛽) 

Were, 𝐵𝐵 = 𝜇𝜇0
4𝜋𝜋
∙ 1
12𝑥𝑥
5
�3
5

+ 4
5
� 

𝐵𝐵 =
𝜇𝜇0
4𝜋𝜋

×
1

12𝑥𝑥
× 7 =

7𝜇𝜇0𝐼𝐼
48 𝜋𝜋𝜋𝜋

 ∴ 𝑘𝑘 = 7 
 
 

 

 
 

12. (b) 
For wire 𝐴𝐴, 

𝐵𝐵1 =
μ0𝑖𝑖1
2𝑟𝑟

 

Where 𝑟𝑟 = 50
2π

 
For wire 𝐵𝐵, 
Circumference = length 
      𝑛𝑛π𝑟𝑟 = 30 
or   𝑛𝑛π = 30

𝑟𝑟
= 30

40/2π
= 3

2
π 

or      θ = 𝑛𝑛π = 3
2
π 

∴      𝐵𝐵2 =
μ0
4π

�
𝑖𝑖2
𝑟𝑟
� θ 

But  𝐵𝐵1 = 𝐵𝐵2 
or  μ0𝑖𝑖1

2𝑟𝑟
=  μ0

4π
�𝑖𝑖2
𝑟𝑟
� θ 

  or   𝑖𝑖1
𝑖𝑖2

= 3
5
 

 
13. (c) 

Force on side 𝐵𝐵𝐵𝐵 and 𝐴𝐴𝐴𝐴 are equal but opposite 
so their net will be zero 

 
But 𝐹𝐹𝐴𝐴𝐴𝐴 = 10−7 × 2×2×1

1×10−2
× 15 × 10−2 =

6 × 10−6𝑁𝑁 
and 𝐹𝐹𝐶𝐶𝐶𝐶 = 10−7 × 2×2×1

(21×10−2)
× 15 × 10−2 =

2.8 × 10−6𝑁𝑁 
⇒ 𝐹𝐹𝑛𝑛𝑛𝑛𝑛𝑛 = 𝐹𝐹𝐴𝐴𝐴𝐴 − 𝐹𝐹𝐶𝐶𝐶𝐶 = 3.2 × 10−6𝑁𝑁 

= 32 × 10−7𝑁𝑁, towards the wire 
 

 

 

Q

R
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P
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14. (a) 
If the current flows out of the paper, the 
magnetic field at points to the right of 
the wire will be upwards and to the left 
will be downward. Now magnetic field 
at C, is zero. The field in the region BX 
′will be upwards (+ve) because all 
points lying in this region are to the 
right of both the wires. Similarly, 
magnetic field in the region AX will be 
downwards (– ve). The field in the 
region AC will be upwards (+ve) 
because points are closer to A compared 
to B. Similarly magnetic field in region 
BC will be downward (–ve). Graph 2) 
satisfies all these conditions. 
 

15. (b) 
The field at the midpoint of 𝐵𝐵𝐵𝐵 due to 
𝐴𝐴𝐴𝐴 is �− 𝜇𝜇0

4𝜋𝜋
. 𝑖𝑖
𝑑𝑑/2

𝑘𝑘�� and the same is due 
to 𝐶𝐶𝐶𝐶.  
Therefore, the total field is �− �𝜇𝜇0𝑖𝑖

𝜋𝜋𝜋𝜋
� 𝑘𝑘�� 

 
16. (b) 

 
𝜇𝜇0
4𝜋𝜋

×
2𝜋𝜋𝜋𝜋
𝑟𝑟

= 𝐻𝐻 ⇒
(10−7) × 2 × 3.142 × 𝑖𝑖

0.05
= 7 × 10−5 

∴ 𝑖𝑖 =
7 × 0.05 × 10−5

2 × 3.142 × 10−7
=

35
2 × 3.142

= 5.6 𝐴𝐴 
17. (c) 

The given situation can be drawn as follows 

 
𝐹𝐹 = 𝑖𝑖𝑖𝑖𝑖𝑖 ⇒ 𝑚𝑚𝑚𝑚 sin 60° = 𝑖𝑖𝑖𝑖𝑖𝑖 cos 60° 

⇒ 𝐵𝐵 =
0.015 × 10 × √3

0.2 × 1.96
= 0.66𝑇𝑇 

 
 

18. (c) 
Force on the electron due to the electric field 𝐸𝐸 
is 𝐹𝐹𝐸𝐸 = (−𝑒𝑒)𝐸𝐸 
Force on the electron due to the magnetic field 
𝐵𝐵 is 𝐹𝐹𝐵𝐵 = (−𝑒𝑒)𝑣𝑣𝑣𝑣 The electron will move in 
the fields undeflected, if these two forces are 
equal and opposite 
𝑒𝑒𝑒𝑒 = 𝑒𝑒𝑒𝑒𝑒𝑒 or 𝑣𝑣 = 𝐸𝐸

𝐵𝐵
 

Electric field between the plates is 𝐸𝐸 = 𝜎𝜎
𝜀𝜀0

 

∴ 𝑣𝑣 =
𝜎𝜎
𝜀𝜀0𝐵𝐵

 

The time take by the electron to travel a 
distance 𝑙𝑙 in the space is 𝑡𝑡 = 𝑙𝑙

𝑣𝑣
= 𝑙𝑙

𝜎𝜎
𝜀𝜀0𝐵𝐵

=

𝑙𝑙𝜀𝜀0𝐵𝐵
𝜎𝜎

 
 

19. (b) 
𝑙𝑙 = 2𝜋𝜋 𝑟𝑟           or  𝑟𝑟 = 𝑙𝑙/2𝜋𝜋 
Area of circular loop,  𝐴𝐴 =  𝜋𝜋 𝑟𝑟2 
Magnetic moment 𝑀𝑀 = 𝑙𝑙𝑙𝑙 = 𝑖𝑖 𝜋𝜋 𝑟𝑟2 
 = 𝑖𝑖 𝜋𝜋 × 𝑙𝑙2/4𝜋𝜋2     or   𝑙𝑙 =  �4 𝜋𝜋 𝑀𝑀/𝑖𝑖 
 

20. (b) 

𝐹𝐹 =
𝜇𝜇0
4𝜋𝜋

2𝑖𝑖1𝑖𝑖2
𝑎𝑎

= 10−7 ×
2 × 5 × 5

0.15
= 3.33 × 10−5𝑁𝑁 

Direction of current is same, so force is 
attractive 
 

21. (a) 
Magnetic field due to a long solenoid is given 
by 
                    𝐵𝐵 = μ0𝑛𝑛𝑛𝑛 
From given data, 
8.3 × 10−2 = μ0 × 100 × 102 × 𝑖𝑖                           
…(i) 
and             𝐵𝐵 = μ0 × 200 × 102 × �𝑖𝑖

3
�                      

…(ii) 
Solving Eqs. (i) and (ii), we get 

         𝐵𝐵 = 5.53 × 10−2 Wb/m2 
22. a) 

Here magnetic force is zero, but the 
velocity increases due to electric force 

23. (d) 
Pole strength does not depend on 
length. 
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24. (c) 
For no force on wire 𝐶𝐶, force on wire 
𝐶𝐶 due to wire 𝐷𝐷 = force on wire 𝐶𝐶 due 
to wire 𝐵𝐵 

⇒
𝜇𝜇0
4𝜋𝜋

×
2 × 12 × 6

𝑥𝑥
× 𝑙𝑙

=
𝜇𝜇0
4𝜋𝜋

×
2 × 6 × 12
(10 − 𝑥𝑥)

× 𝑙𝑙 ⇒ 𝑥𝑥 = 5 𝑐𝑐𝑐𝑐 
 

25. (d) 
          F�⃗ = 𝑖𝑖[I⃗ ×  B��⃗ ]  
              = 3.5 [10−2ı̂ × �0.85 ȷ̂ −  0.24 k�� 
              = �2.97k� − 0.84 ȷ�̂ × 10−2 N. 
 

26. (c) 
               𝐵𝐵 =  μ0 𝑛𝑛𝑛𝑛

= 4𝜋𝜋 × 10−7 × (20 × 20)
× 8 

= 1.28𝜋𝜋 × 10−3 T
= 1.28𝜋𝜋 × 10−3
× 104 G = 12.8𝜋𝜋G. 

 
27. (a) 

Magnetic field in the middle of the solenoid is 
maximum, magnetic field at it’s one end is half 
of the 𝑀𝑀.𝐹𝐹. at the centre 

𝑖𝑖. 𝑒𝑒.𝐵𝐵𝑒𝑒𝑒𝑒𝑒𝑒 =
1
2
𝐵𝐵centre 

 
28. (b) 

𝑉𝑉 = 𝑖𝑖g𝑅𝑅        and  𝑉𝑉′ = 𝑖𝑖g𝑅𝑅′     or 
𝑅𝑅′

𝑅𝑅
=
𝑉𝑉′

𝑉𝑉
 

Or    𝑅𝑅′ = 𝑉𝑉′

𝑉𝑉
𝑅𝑅 = 3𝑉𝑉

𝑉𝑉
× 35 × 103 = 1.05 ×

105Ω 
∴     Additional resistance  

= 1.05 × 105 − 0.5 × 105
= 0.55 × 105 Ω 

 
 

29. (d) 
The magnetic meridian refers to a vertical 
plane aligned in the north-south 
direction, within which the Earth's 
magnetic field (B_H) is present. To 
achieve a neutral point at the centre of a 
coil, it is necessary for the magnetic field 
resulting from the current (B) and B_H to 
counteract each other. As a result, the 
plane of the coil and the magnetic 
meridian must be positioned 
perpendicular to one another, as depicted 
below. (For additional information, refer 
to the topic of magnetism.) 

 
 

30. (b) 
   As magnetic moment ∝  pole strength  ∝  area 
of cross section and 𝑀𝑀 ∝ 𝑚𝑚 ∝ 𝐴𝐴 

𝑀𝑀1 ∶ 𝑀𝑀2 ∶ 𝑀𝑀3 = 1 ∶ 3 ∶ 5 
 

31. (b) 
          Radius of path 

𝑅𝑅 =
1
𝐵𝐵
�

2𝑀𝑀𝑀𝑀
𝑞𝑞

⇒
𝑞𝑞
𝑚𝑚

=
2𝑉𝑉
𝐵𝐵2𝑅𝑅2

⇒
𝑞𝑞
𝑚𝑚
∝

1
𝑅𝑅2

 

 
32. (c) 

Total magnetic field induction at 𝑂𝑂 is 
𝐁𝐁��⃗ = 𝐁𝐁��⃗ 𝐿𝐿𝐿𝐿 + 𝐁𝐁��⃗ 𝑅𝑅𝑅𝑅 + 𝐁𝐁��⃗ 𝑀𝑀𝑀𝑀 + 𝐁𝐁��⃗ 𝑆𝑆𝑆𝑆 

= 0 +
μ0
2𝜋𝜋

𝑖𝑖
𝑟𝑟

+ 0 +
μ0
2𝜋𝜋

𝑖𝑖
𝑟𝑟

=
μ0
2𝜋𝜋

2𝑖𝑖
𝑟𝑟

 

=  2×10−7×2×12
0.03

= 1.6 × 10−4 T 
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33. (a) 
𝑖𝑖 = 50 𝑘𝑘;  𝑖𝑖g = 20𝑘𝑘, where 𝑘𝑘 is the figure of metit 
of galvanometer; 𝑆𝑆 = 𝑖𝑖g𝐺𝐺/(𝑖𝑖 − 𝑖𝑖g); 
So,  10 =  20𝑘𝑘.𝐺𝐺

(50𝑘𝑘−20𝑘𝑘) 
On solving we get 𝐺𝐺 = 15Ω. 
 

34. (a) 
Magnetic field at 𝑃𝑃 is 𝐵𝐵�⃗ , perpendicular to 𝑂𝑂𝑂𝑂 in 
the direction shown in figure 
So, 𝐵𝐵�⃗ = 𝐵𝐵 sin𝜃𝜃𝚤𝚤̂ − 𝐵𝐵 cos 𝜃𝜃 𝚥𝚥 ̂
Here 𝐵𝐵 = 𝜇𝜇0

2𝜋𝜋
𝐼𝐼
𝑟𝑟
 

sin𝜃𝜃 = 𝑦𝑦
𝑟𝑟
 and cos𝜃𝜃 = 𝑥𝑥

𝑟𝑟
 

∴ 𝐵𝐵�⃗ =
𝜇𝜇0𝐼𝐼
2𝜋𝜋

.
1
𝑟𝑟2

(𝑦𝑦𝚤𝚤̂ − 𝑥𝑥𝚥𝚥̂) =
𝜇𝜇0𝐼𝐼(𝑦𝑦𝚤𝚤̂ − 𝑥𝑥𝚥𝚥̂)
2𝜋𝜋(𝑥𝑥2 + 𝑦𝑦2)

 [as 𝑟𝑟2

= 𝑥𝑥2 + 𝑦𝑦2] 

 
 

35. (a) 
The magnetic needle will be deflected 
towards south if initially the direction of 
force on the needle due to current 
carrying conductor is towards west. It will 
be so if the direction of the current is 
vertically upwards and the wire is held 
vertically upwards (according to 
Fleming’s left-hand rule). 

 
36. (d) 

           𝐹𝐹 = 𝐵𝐵𝐵𝐵𝐵𝐵 = (0.5 × 10−4) × 10 × 1 
 = 5 × 10−4 east to west. 
 

37. (c) 
Here, magnetic moment due to loop 1 
𝑀𝑀1 = 𝑖𝑖𝐴𝐴1 
      = 𝑖𝑖 π𝑟𝑟12 
      = 10 × π (0.30)2 = 0.9 π 
Similarly magnetic moment due to loop 2 
𝑀𝑀2 = 𝑖𝑖𝐴𝐴2 = 𝑖𝑖π𝑟𝑟22 
      = 10 × π (0.10)2 = 0.1 π 
 

Net magnetic moment  
      = 𝑀𝑀1 −𝑀𝑀2 

      = 0.9 π − 0.1 π =  2.512Am2 
 

38. (b) 
𝐹𝐹 = 𝑖𝑖𝑖𝑖𝑖𝑖 sinθ = 4 × 0.50 × (400 × 10−4)

× sin 30° 
= 4 × 10−2 N 

39. (d) 

𝑆𝑆 =  
𝑖𝑖g 𝐺𝐺
𝑖𝑖 − 𝑖𝑖g

=
𝑖𝑖𝑖𝑖

𝑛𝑛𝑛𝑛 − 𝑖𝑖
=

𝐺𝐺
𝑛𝑛 − 1

 

 
40. (c) 

Here, 𝑟𝑟 = 30 cm = 0.3 m 
θ = 0°                                      (Axial line) 
𝑉𝑉 = 1.4 × 10−5J/A −m; 𝑀𝑀 =? 
As 𝑉𝑉 = μ0

4𝜋𝜋
𝑀𝑀 cosθ
𝑟𝑟2

 

1.4 × 10−5 = 10−7
𝑀𝑀 × 1
(0.3)2 

𝑀𝑀 = 12.6  Am2 
 
41. (a) 

𝑆𝑆1 =
𝑖𝑖g 𝐺𝐺
𝑖𝑖 − 𝑖𝑖g

; 𝑆𝑆2 =  
𝑖𝑖g 𝐺𝐺

2𝑖𝑖 − 𝑖𝑖g
; so,

𝑆𝑆1
𝑆𝑆2

= �
2𝑖𝑖 − 𝑖𝑖g
𝑖𝑖 − 𝑖𝑖g

� 

 
42. (b) 

In perpendicular magnetic field 
Magnetic force = centripetal force 

                           𝑞𝑞𝑞𝑞𝑞𝑞 =
𝑚𝑚𝑣𝑣2

𝑟𝑟
 ⇒ 𝑟𝑟 =

𝑚𝑚𝑚𝑚
𝑞𝑞𝑞𝑞

 

        For proton  𝑞𝑞1 = 𝑒𝑒,𝑚𝑚1 = 𝑚𝑚 
For 𝛂𝛂-particle 𝑞𝑞2 = 2𝑒𝑒,𝑚𝑚2 = 4𝑚𝑚 

∴                            
𝑟𝑟1
𝑟𝑟2

=
𝑚𝑚1𝑣𝑣
𝑞𝑞1𝐵𝐵

 ×
𝑞𝑞2𝐵𝐵
𝑚𝑚2𝑣𝑣

 

                               
𝑟𝑟1
𝑟𝑟2

=
𝑚𝑚
𝑒𝑒

 ×
2𝑒𝑒
4𝑚𝑚

 

                
𝑟𝑟1
𝑟𝑟2

=
1
2

 

 

 

 
θ 

θ 

B sinθ  

B cosθ  r 
B 

y 

x 
X 

Y 

P 
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