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HINTS & SOLUTIONS OF EMF 
EXERCISE-1 

 

PART - I 
Section (A) 

A-1.  

 BP = 0

4



 3

M

d

2
1 3 c o s   = 

1 3

2
 × 10–4 wb/m2  

 
A-2.  

    

B = 0

4




q
 

3

v r

r


  

 (i) at (2, 0, 0) v r  so   B = 0     Ans. 

 (ii) at (0, 2, 0) B  = 0

4




q

3

v r

r
k̂ = (10–13) k̂    Ans. 

 (iii) at (0, 0, 2) B = 0

4




q

3

v r

r

ˆ( j ) = (10–13) ˆ( j )    Ans. 

 (iv) at (2, 1, 2) r  2 î + ĵ + 2 k̂        

  B = 0

4




q
 

3

v r

r


= 

4

2 7
× 10–13 (– 2 ĵ + k̂ ) Ans. 

 (v) on y2 + z2 = c2   

   
  magnitude is constant  
  as v r  = vr at all points   
  but direction keeps on changing as direction of v r . (Yes / No )  Ans.  
 (vi)  

  
  Still exactly in the similar fashion as in the privious problem.   (Yes, No )  Ans.  
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A-3.  

    

  (i) i = qf =
q v

2 R
  

   Bcentre = 0
i

2R


 = 0

2

q v

4 R




 Inwards.  

  (ii)  

      

   B  = 0

4




3

q ( v r )

r


   

   r2  =  x2 + R2 

  direction of B  is along v r   
  Which keeps on changing as the particle revolves.   
 

Section (B) 

 

B-1  

  

 Bdue to L  = Bdue to M = 0 at  0 

 Bdue to P  = Bdue to Q = 0
i

4 d




 both out of paper    

 BNet  = 0
i

2 d




  out of paper 

         = 10–4 wb/m2   Ans.   
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B-2.  

  

 
N e t

B  = 3 ( B due to one side )  

 Bnet  = 3 × 0
i

4 d




 [cos 300 + cos 300] 

 Bnet  = 3 × 10–7
 ×

0

1

a
ta n 3 0

2

  2 cos 300 = 4 × 10–5 wb/m2  Ans. 

 

B-3. (i)  B1 = B2  = 0
i

2 d




  

   BNet = 3 B1  

          = 3  × 
– 7

2 1 0 1 0

0 .1

 
    

          = 2 3  × 10–5  tesla   

 

 (ii)  

     

  BNet   = B1 =  2 × 10–5   tesla 

 

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx


Magnetic effect of current and magnetic force on charge or current 
 

 

 

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVEM-4 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

B-4.  

   
 B due to(1) =  Bdue to (2)  =  Bdue to(3) =   Bdue to (4)  

 B due to(1)  &  Bdue to (2)  are in same direction out of paper  
 B due to(3)  &  Bdue to (4)  are into the paper  
 So BNet  = 0  Ans.    
 
B-5.  

   

 Magnetic field at Q is  

 BQ = 0
i

4 d




 

 Now magnetic field at R is 

 BR = 0
i

4 d




2   

 

B-6.  

     

 B = 2 0
i

4 d




   [cos

2


  + cos 00]  

 Out of the plane of paper  

    = 2 0
i

4 x s in
2






 [1 + cos
2


] = 0

i

2 x




cot 

4


  

  K = 0
i

2 x




  Ans. 
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B-7.  

  

 B = 4 0
i

4 d




   [cos 450 + cos 450] 

      = 4 0
i

a
4

2





   [2 ×
1

2

] 

      = 2 2 0
i

a




  into the plane of paper.  

 

B-8.  

  
 Junction rule at  o  gives  
  i + i + i  = 0  
 So  No current flows in any section. Hence B = 0 At pt. P  
 

Section (C) 
 

C-1. (i) (a) 

    

  BNet  = 0

1

I

2 r

1
N

 + 0

2

I

2 r

2
N

= 0
I

2


1 2

1 2

N N

r r

 
 

 
   

         =
– 7

4 1 0 1

2

  
– 2

2 0

1 0

 
 
 

= 4 × 10–4  wb/m2   Ans. 

 (b)  
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  BNet  = 0

1

I

2 r

1
N

 – 0

2

I

2 r

2
N

=  0   Ans. 

 (ii)  

   

  BNet   =
2 2

1 2
B B = 2 B1 

          = 2 0

1

I

2 r

1
N

= 2 2 × 10–4 T Ans. 

C-2.  

   

 (a) B at C1  = 0
iN

2




 – 

2

0

3

2 2 2

N ir

2(r x )





   x = 6cm. 

   = 13 × 10–5 T  

 (b) B1 =  
2

0

3

2 2 2

N ir

2(r x )





right,   B2 = 
2

0

3

2 2 2

N ir

2(r x )





  left 

  So   BNet  = 0 
 

Section (D)  
 
D-1.  
 

  
 B due to st. part RS  = B due to st. part PQ = 0  at ‘c’ 

 B due to curved part  QR  = 
I

0

1
4R


out of paper   

 B due to curved part  SP = 
I

0

2
4R


into the paper  

 BNet   =
I

0

4



1 2

1 1

R R

 
 

 
   Ans.   
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D-2.  

      

 B due to (1) = 0
i

4 R




ˆ( k )    

 B due to (2) = 0
i

2R

 ˆ( i )     

 B due to (3) =  0
i

4 R




ˆ( i )   

 B Net = 0
i

4 R




ˆ ˆ( 2 1) i 1k    

 
 

 | B | = 0
i

4 R





2
4 1 4 1

     
  

= 0
i

4 R





2
4 4 2

    
  

k  Ans. 

 
 

D-3. (a)   

   
  Bdue to st. part AB  =   0   =  Bdue to st. part CD 

  Bdue to curved  part AD = 
2

2

   
 

 

0
i

2 a

 
 
 

    Into the plane of paper.  

  Bdue to curved  part BC = 
2





0
i

2 b

 
 
 

 Into the plane of paper.  

  BNet  = 0
i

4





2

a b

    
 

 
    Into the plane of paper. Ans.    

 (b)  

   
  Bdue to BC  = Bdue to EA =  0  

  Bdue to curved  part AB  =

3

2

2





I
0

2 a
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    = 
I

0
3

8 a


  Into the plane of paper 

  Bdue to CD = 
i

0

4 b




   [cos 900 + cos 450]   

    = 
I

4 2

0

b




  Into the paper   

  Bdue to DE  = 
I

4 2

0

b




   Into the plane of paper.  

  B Net = 
I

4

0




3 2

2 a b

 
 

  
 Into the plane of paper    Ans.   

 (c)  

     
           B =   Bdue to st  part + Bdue to curved  part  both into the plane of paper   

    = 
2 2

2

   
 

 

0
i

2R


+ 0

i

4 d




 [sin + sin ] 

    =
2 2

2

   
 

 

0
i

2R


+ 0

i

4 R c o s



 
 [2 sin] 

    = 0
i

2 R




 [+ tan

    =  28 T  Ans.  
 

D-4. (a) B = 
I

0

4 R




ˆ[ k ] +

I
0

4 R

 ˆ[ i ] +
I

0

4 R




ˆ[ k ]  = 

I
0

4 R




ˆ ˆ[ i 2k ]        Ans. 

 (b)  B  = 
I

0

4 R




ˆ[ k ] +

I
0

4 R

 ˆ[ i ] +
I

0

4 R




ˆ[ i ]  = 

I
0

4 R

 1 1ˆ ˆ1 ( i ) k
    

      
     

     Ans. 

 (c) B =
I

0

4 R

 ˆ[ k ]  + 0 1
3

8R

 I ˆ[ i ]  + 0 2
1

8 R

 I ˆ[ i ]  +
I

0

4 R




ˆ[ j ]   

  i1 
3

4

 
 

 
= i2

1

4

 
 

 
       

  i2= 3i1 

 

  So   B  =
I

0

4 R




ˆ ˆ[ j k ]       Ans. 
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Section (E) 
 
E-1.  

  

  


d.B =   

 Bl + Bl =  [n l i] 

 B = 0
n i

2


       Ans. 

 
E-2.  

   

  d.B =  

 B(2r) =  2 2

2 2

i
( r a )

(b a )

 
  

  
 

 B = 0

2 2

i

2 (b a )



 

2 2
(r a )

r


    

 for a 0 

 B = 0

2

i

2 b




r   Ans. 

 

E-3.  (top view) 

 (a) loop  (1) 

  B =
r

2
2

 
 

 
(0) 

      B = 0 
 (b) loop (2) 

  B
5 r

2
4

 
 

 
= i 

  B = 0
2 i

5 r




   Ans. 

 

E-4. B =  ni 

 n = 
0

B

i
= 2500 turns/m.   Ans. 
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E-5.  

  
     E   = IR  

 where  B =  ni 

 = 

0

B

N


× T × N × 2r n = 
N

 and T in the resistance per unit length   

     = 1V    Ans.  
 
E-6 (a)  BNet = 0 

  0ni = 0
k

2


    

       i =
k

2 n
   

 (b) BNet = 
2 2

2 2 2 0 0

0 0

k µ k
n i 2 .µ n i. c o s 6 0 º

4 2


    

 

  = 0
k

3
2


       

  and one more at an angle of 120º 

  BNet = 
2 2

2 2 2 0 0

0 0

k µ k
n i 2 .µ n i. c o s 1 2 0 º

4 2


      

 

  = 0
K

2


    

 

E-7. EP = E1 – E2 = 0 

 ER = E1 – E2 = 0       

E
1

E
1

E
2

R
E

1

x x x x x

E
2

E
2

 

 EQ = E1 + E2 = 
1

2
µ0k + 

1

2
0k 

 EQ = 0k towards right.  
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Section (F) :  
 

F-1. qV = 
1

2
mv2  

 qvB = 
2

m v

r
  

 
q

m
= 

2
v

2 V
    

 r = 
m v

q B
 = 

v

B
 × 

2

2 V

v
 = 

2 V

B v
= 12cm  Ans. 

 
F-2.  

   
 C is for neutron as it will move undeflected 
 + ve charge will be deflected left  
 – ve charge will be deflected right  
 So D is for electron  

       r = 
m v

q B
 

             
m

q


 
 
 

> 
P

m

q

 
 
 

  

 r > 
P

r    

 B is for particle.  
 
F-3. x  = 3yz2  

 [y] =
2

[ x ]

[ z ]
=

2 1 2 2

1 1 2

Q M L T

[M Q T ]

 

 
= M–3L–2T4Q4 = M–3 L–2 T8 A4  Ans. 

 
F-4.  

   

 (a) B = B1 + B2  = 0 1
i

2 (5 )




+  0 2

i

2 ( 2 )




  = 0

(2 .5 )
1 0




+ 

I
0

4




 

  F =  evB 

  B = 
F

e v
 = 

2 0

1 9 5

3 .2 1 0

1 .6 1 0 4 1 0







  
  =   5 × 10–7 

  Solving  I  =  4A   Ans.   

 (b) Net field at  R  =  5 × 10–7    

  To produce zero net field , field due to  third wire =  5 × 10–7   

  
I

0

2 r




 =  5 × 10–7    r  = 1m 

 Two possible positions  : 
 1. Current into the plane of paper 1m from  R  at S pt. 
 2. Current out of the plane of paper 1m from  R  at T pt.  
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F-5. F =  q( v B )  

 Let  
x y

ˆ ˆV V i V j    

 (4.0 î  + 3.0 ĵ ) × 10–10    =   (0.5 × 10–9)  

 
x y

3

ˆ ˆ ˆi j k

V V 0

0 0 8 1 0


 

 (4 î  + 3 ĵ ) × 10–1 = î [8 × 10–3 Vy] – ĵ [8 × 10–3 Vx] 0.5 

 So       Vy = 100 m/s    &   Vx = – 75 m/s 
 

F-6. F =  q ( v B ) 

 F  B  a  is to B    

  So    a . B   =  0 
  7x – 21  = 0   
  x  =  3.0   Ans.  
 
F 7.  

  

 (a) r =
m v

q B
    Ans. 

 (b) Angle Subtended by the arc =
2


     Ans. 

 (c)  =  t    

   
2


=

q B t

m
   t = 

m

2 q B


  Ans. 

 (d)  

   

  r   = 
m v

q B
    

    = 
3

2


  

  t   = 



  =  

3 m

2 q B
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F 8.  

  

 r   = 
m v

q B
   

 (a) d  = r  angle subtended = 
2


 

 (b) d < r  

  

       d  = 
r

2
  

  sin  =
d

r
= 

1

2

  

         =
4


  

 (c) d > r   

 
  d = 3r 

   = radians 
 
F-9. 

 

 
1

V
 – 

1

u
= 

1

f
  

 
1

V
 + 

1

1 5
 = 

1

1 0
 

 V =  30cm 

 rparticle = 
m v

q B
  

 = 
5

3

2 1 0 4 .8

2 1 0 1 .2





 

 
 = 4cm 
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 I

P

r

r
= 

V

u
 =  2 

 rmage = 8cm 
 
F-10.  

         
  mg = qVB  

  V = 
m g

q B
= 50 m/s 

F-11.  

  

 R = 0
m V

q B
= 

r

2
  

 = 0
2m V

q r
=  B  =  0ni       

 V0 = 0
n iq r

2 m


  

 
Section (G) :  

 
G-1.  

  

 r = 
m V

q B

  = 
1 2 3

6 3

5 1 0 1 1 0 0 .9

5 1 0 5 1 0



 

   

  
 = 18cm  Ans.  

             Diameter  = 36cm      

 T =
2 m

q B


  

 P = V cos  × 
2 m

q B


= 4 1 9 cm Ans. 
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G-2. r = 
m V

q B

   

 V  = 
q B r

m
  

 = 
1 9

2 7

1 .6 1 0 0 .0 4 0 .0 5

1 .6 7 1 0





  


 2 × 105 m/s Ans.  

 P = V||
2 r

V 


  

 V|| = 
P V

2 r




  

  = 
4


× 10 5 m/s  Ans. 

 

G-3. t = 
.1

V co s 6 0
, T = 

2 m

q B


  

 nT = t 

 
n 2 m V

q B


= 0.2 

 
n 2m E

q B


= 0.1 

 B = 
– 3 1 3 – 1 9

n 2 9 1 0 2 1 0 1 .6 1 0

e 0 .1

      


 

 B = 
n

0 .1


– 2 8

– 1 9

3 6 1 0

1 .6 1 0




= 

n

0 .1


– 8

9 1 0

4


       

 B = 15n × 10–4  T 

 Bmin = 15 × 10–4  T 
 

Section (H)  
 
H-1.  

  

 Fm  = FE  

 eVB = eE 

 V = 
E

B
 = 

4

3

3 .2 1 0

2 1 0





 

 = 16 × 106  m/s  Ans.  

 r = 
m V

e B
= 

9 1

2 0
cm  Ans. 
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H-2.  

 
  i = neAVd  

  Vd =
i

n e A
=

2

i

r n e
  

  Fm = eVdB =
iB

n A
upward 

  Fm = 
2

iB

r n
upward  

  Fm = FE  
  eVdB = eE 

  E = BVd  =
B i

n e A
=

2

iB

r n e
    

  P.d. = Ed =
B id

n e A
=

2iB

rn e
  

 

H-3. r = 
m V

q b
    

 
q

m
=

V

r B
     

 As, qE = qVB 
 E = VB 

 
q

m
=

2

E

rB
 = 

5

4
× 10 5 C/kg Ans. 

 

H-4. V= 
E

B
      

 r =
m V

q B
  

 B = 
m V

rq
=

2 7 5

2 1 9

1 .6 1 0 2 1 0

4 1 0 1 .6 1 0



 

  

  
= 5 × 10–2 T  Ans. 

 E = VB = 5 × 10 3 N/C   Ans. 
 
H-5.  

     
 WE = k       
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 qE0x =
1

2
mV2 – 0 

 V = 0
2 q E x

m
   Ans. 

 

Section (I)  

 

I-1.  

   

 F  = i  L B  

 F =BiL sin

 = 0.1 × 10 × 0.1 ×
3

5
 = 6 × 10–2N 

 

I-2.  

   

 F = B
i

2
l 

 = 0.1 × 1 × 0.1 = 1 × 10–2 N   Ans. 
 

I-3. F = BiL  L = 2r 

 = Bi (2r) 

 = 1 × 2 × 4 × 10–2 = 8 × 10–2 N 

 

I-4.   

   

 F = i [ l B ] = B0il ˆ ˆ ˆ ˆ[ j ( i j k ) ]     

 = B0il ˆ ˆ[– k i ]     

 F = 2 B0il    Ans. 
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I-5.  

   
  BIL sin= mg 

  B  = 
I

m g

L s in 
    

  Bmin  = 
I

m g

L
     

    =  
4

1 0 1 0

1 0 0 .2

 


     

    =      5 × 10–4 T 

  B  should be horizontal r  to wire  so that  F   =  BIL  is upward   
 

I-6.  
 

    
 F = BiL = Bi/2 Ans.  
 

I-7.  
 

 

× × × × × ×

× × × × × ×

× × × × × ×

× × × × × ×

R

i

x

y

z

FF
 

 Force due to straight portion cancle each other.   

 Force due to curved part = BiR ( ˆ– j ) Ans.  

 

I-8.  

          
   

 F = fL 
 N = mg 
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 BiL =  mg 

 =
IB L

m g
=

2

3

6
0 .8 4 .9 1 0

2 0

1 0 1 0 9 .8





  

 
= 0.12   Ans. 

 

I-9. The current carrying wires are electrically neutral. Hence the only interaction between wires is of 
attractive magnetic force. 

 But in parallel beams of electrons both the beams have negative charge. 
 Hence there is electrostatic repulsion and also magnetic attraction. Electrostatic repulsion has larger 

magnitude than magnetic attraction. Hence the beams repel.  
 

I-10. 
0

x ˆB B 1 – k
 

  
 

 

 
A B

F at x = 0 

 B = B0 k̂   

 at x =     B = 0 

 
A B

F  = B0i î . 

 
C D

F  = 0 

 
B C

F  = –
D A

F    

 So net force = B0i î   

 

 F = B0i î  
 

I-11.  

    
On AB : 

 0 1 2
i i

2 (2c m )




+  0 1 3

i i

2 ( 4 c m )




= 

F

l
= 2 × 10–7  × 400 × 100

3

4

 
 
 

   

 
F

=   6 × 10–3 N/m  downward   

 On CD : 

 
F

l
= 0 1 2

i i

2 (1c m )




– 0 1 3

i i

2 (1c m )




= 0  Ans. 

 

I-12.  
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F

= 0 1 2

2 x

  


        

 
d w

=
F

dx = 0 1 2
i i

2 x




dx 

 
w

= 0 1 2
i i

2





2

1

r

r

d x

x
  = 0 1 2

i i

2




ln 2

1

r

r

 
 
 

 Ans. 

 

 

 

I-13. Minimum required force to overcome friction     

 
2

m g

1



 
= Bisin   

 B = 
2

m g

i 1 s in



  
   

 Bmin =
2

m g

i 1



 
     

 

 

Section (J)  

J-1.  

   

  Ui = – MB 

  Uf = + MB 

 or  Ui = + MB 

  Uf  = – MB 

  W = U = 2MB = 2 × Ni  r2 B  

  W =  75× 10–3 J 
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J-2.  

   

 (a) df   =  BidL 

            F   =  Bi (2a) into the plane of paper.  

 (b)  

   

  B  = B0 r
e  

  All force elements due to B0 cos will be added up & due to B0 sin will get cancled         

  dF = B0
1

2

 cos i dl 

  dF = B0 × i dl 

  F = 0
B i

2

 (2a) = 2 iB0a  Ans. 

 
J-3  

   

  =  MB 

 0.2 = iNL bB 

 B =
4

0 .2

1 0 0 2 5 4 1 0
   

     

 = 0.5 T 
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J-4  

   
     = MB sin
  Max  = MB 

         = 50 ×  (0.04)2 × 2.5 × 0.2 

         = 4 × 10–2  N-m  

  sin =
1

2
 If  = 

1

2
Max 

  i.e. angle between M & B is 300  OR    angle between B and plane of coil =  600   
 
J-5  

    
 In uniform magnetic field force acting on closed loop  = zero  
 = MB 

   = i2 B 
   = 10 × 0.1 × 0.1 × 0.2 = 2 × 10–2 N-m 
 

J-6.     =    MB sin 300  

         =    Nir2 B ×  

         =    500 × 1 ×  × (0.01)2 × 0.4 ×   

         =     × 10–2 N-m  
 

J-7.       

 L = 2r    L = 6a a = L/6 

 = Bir2                                 = 2Bia2  

  =
2

iL B

4 
     As  iloop > Isquare loop  = 2Bi 

2
L

3 6
=

2
B iL

1 8
   

 

J-8. i = Qf =
Q

2




      

 M =i × R2 =
2

Q R

2


 Ans. 

 

Section (K) : 
 
K-1. As the field due to a current-carrying coil is along its axis, the vertical coil will produce horizontal field 

and horizontal coil vertical, i.e., 
 

 0 V V

H

V

2 N
B

4 R

  



 and  0 H H

V

H

2 N
B

4 R
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 But as  tan  = V

H

B

B
, BV = BH tan  = H

B

3

   [as   = (/6)] 

 and, 1
A

m
= 4 × 10–7

2

W b

m
  

 so, 10–7 v
2 1 0 0

0 .2

   
= 4 × 10–7 × 27.8  

 i.e.,  Iv = 1112 × 10–4 A 

 and 7 H
2 1 0 0

1 0
0 .3

    
 = 7 2 7 .8

4 1 0

3

    

 i.e.,  H = 556 3 × 10–4 A 

 

K-2. BR = 
2 2 0

1 2 1 2
B B 2B B co s 6 0     

 B1 = 2 0

4




3

M

r
   

 
  

 = 2 × 10–7
3

6

(0 .2 )
   

 = 1.5 × 10–4 T 
 B2 = 0.3 × 10–4 T 

 BR = 10–4 2 2 1
(1 .5 ) (0 .3 ) 2 0 .1 5 0 .3

2
      = – 4

2 .7 9 1 0       Ans. 

 

K-3. L = N × 2r – 50 × 2 ×  × 0.1 

 A = r2 = × (0.1 × 10–3)2 

 Resistance R = 
L

A


   

 = 
– 8

– 8

2 1 0 5 0 2 0 .1

1 0

     

 
 = 20

 i = 
R


= 1 A 

 BH =
0
N i

2 r
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Section (L)  

L-1. B = 
A


= 

– 5

– 4 2

2 .4 1 0 W b

0 .2 1 0 m




= 1.2 Wb/m2 = 1.2 N A –1 m–1.  

 The magnetising field (or magnetic intensity) H is 1600 Am–1. Therefore, the magnetic permeability is 
given by - 

 µ = 
B

H
= 

– 1 – 1

– 1

1 .2 N A m

1 6 0 0 A m

= 7.5 × 10–4 N/A2. 

 Now, from the relation µ = µ0 (1 + 
m

 ), the susceptibility is given by  

 
m

  = 

0

µ

µ
 – 1. 

 We known that µ0  = 4 × 10 – 7 N/A2. 

   
m

  =
– 4

– 7

7 .5 1 0

4 3 .1 4 1 0



 
 – 1 = 596. 

 
 

L-2. The magnetic field in the empty space enclosed by the windings of a toroid carrying a current i0 is µ0 n i0 
 where n is the number of turns per unit length of the toroid and µ0 is permeability of free space. 
 If the space is filled by a core of some material of permeability µ, then the field is given by  
 B = µ n i0 
 But µ = µ0ur, where µr is the relative permeability of the core material. Thus, 
 B = µ0 ur ni0 

 or µr = 
0 0

B

µ n i
 

 Here B = 2.5 T, i0 = 0.6 A and n = 
3 0 0 0

2 r
m –1, where r is the mean radius of the toroid (r = 

1 1 1 2

2


= 

11.5 cm 11.5 × 10–2 m). Thus, 

 µr = 
– 7 – 2

2 .5

( 4 1 0 ) (3 0 0 0 / 2 1 1 .5 1 0 ) 0 .6      
= 

– 2

– 7

2 .5 1 1 .5 1 0

2 1 0 3 0 0 0 0 .6

 

  
 

  µr = 798.5  
 

PART - II 
 

A-1. B1  = 0
2

4




3

M

r
  (As the dipole is short)  

 =
– 7

3

1 0 1 2

(1)

 
  = 2 × 10–7 T 

 

 B2 = 0

4




3

M

r
  

 = 10–7 T 

 Bnet   = 5 × 10–7 T (B) Ans.   
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A-2. B = 0

4




3

q( v r )

r


 

  
 Magnitude fixed but direction keeps on changing  (A)   
 

Section (B) 
 

B-1. 0
i

2 x




= 0

i

2 y




 

      
 y = x   Ans. (A) 
 only in first and third quadrant the fields will be oppositely directed. 
 

B-2. Bdue to AC = 0

0

i

4 2R s in 3 0




   [ cos 300 +  cos900 ] 

 = 0
i 3

8 R




   

 Bdue to BC = 0

0

i

4 2R s in 6 0




   [ cos 600 +  cos900 ]  

 

 = 0
i

8 R 3




    

 BNet = Bdue to AC –  Bdue to BC  = 0
i

4 R 3




      

 

B-3. B due to first loop  = 0
i

4
a

4
2





     [cos45° + cos45°] 

  = 0
2 2 i

a




  

 B due to second loop  = – 0
4 i

2 a
4

2





  [ cos45° + cos45°] 

  = 0
2 i

a

 


   

 B  = 0
2 2 i

a




 [1 – 

1

2
 + ............. ] 

  = 0
2 2 i

a




n 2 Ans.  (C)  

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx


Magnetic effect of current and magnetic force on charge or current 
 

 

 

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVEM-26 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

B-4. i1  >  i2   

  

 0

2 r


 (i1  – i2) =  20 

 0

2 r


 (i1 +  i2) =  30     

 1 2

1 2

i i

i – i


= 

3

2
   1

2

i

i
= 

5

1
    Ans.(C) 

 
B-5. If the current flows out of the paper, the magnetic field at points to the right of the wire will be upwards & 

to the left will be downwards as shown in figure.  

  
 Now let us come to the problem.  
 Magnetic field at C = 0  
 Magnetic field in region BX’ will be upwards (+ve) because all points lying in this region are to the right 

of both the wires.  

X
A C B

X '
 

 Similary  
 Magnetic field in region AX will be downwards (-ve)  
 Magnetic field in region AC will be upwards (+ve) , because points are closer to A, compared to B. 

Similarly Magnetic field in region BC will be downwards (-ve).  

 Graph (B) satisfies all these conditions. Therefore correct answer is (B). 

   

B-6. H1 = Magnetic field at M due to PQ + Magnetic field at M due to QR  

 But magnetic field at M due to QR = 0  

 Now  H2 = Magnetic field at M due to PQ (current ) + Magnetic field at M due to QS (current /2)  

   + Magnetic field at M due to QR  

   = H1 + 1
H

2
 + 0 = 

3

2
H1 

  1

2

H

H
= 

2

3
   

 Magnetic field at any point lying on the current carrying straight conductor is zero.   
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Section (C)  
 

C-1. B =  0
i

2
4 R


  

 
 

 where ; (2 – ) R = 2R 

   

  R =
2 R

2 –



 
   

  B =  

2

0
i 2

2R 2

    
 

 
  Ans. (A) 

 

C-2. Bat centre  = 0 1
i

2R

 [2 – ]

2

 


– 0 2

i

2R



2

 
  

 

 
 i1R1 =   i2R2 =   

 i1 (2 – ) = i2()  
 So   Bat centre = 0   Ans. (B) 
 

C-3. B =  rni 

  =  10–7 × 4 × 4000 × 1000 × 5  

  =   8T 
  =   25.12 T   Ans. (D) 
 
 

 

C-4. 
ABCDA

d.B 


= 
ABCA

d.B 


+ 
CDAC

d.B 


  

 
 =   0 (i1 + i3) +  0 (i2 – i3) 

 =   0 (i1 + i2)   Ans. (D) 
 

C-5. B = 0
i

2 r


= 0

(3 i)

2 d




    

 

 d = 
3 r


   Ans.  
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C-6. n = 
1

d
 = 

– 3

2

1 1 0
 /m 

 B = 0ni 

 = 4 × 10–7 × 
3

2

1 0


 × 2.5 = 2 × 10–3T   

 
C-7.  

  

  


d.B =   0  

 B = 0  Ans. (B) 
 

C-9. Binside = 

2

0 2

i R

4R

R
2

2


 





 = 0
i

4 R




    

  

 BOutside = 0
i

3R
2

2





= 0
i

3 R




     

 Energy density B2 

  1

2




=

2

1

2

B

B

 
 
 

= 
9

1 6
     

 

Section (D) 
 
D-1. F = qVB 
 FMin = qMinVB   Ans. (B) 

 As from the given options proton  has minimum charge. 

 
D-2.  

  

 Magnetic field at centre is zero Ans. (D) 
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D-3. qV = 
1

2
mv2 

 R = 
m v

q B
=

2 q V
m

m

q B
= 

2

2m V

q B
     

 1

2

R

R
= 1

2

m

m
     

 1

2

m

m
=

2

1

2

R

R

 
 
 

   Ans. (C) 

 
D-4.  

   
 F towards  west 
 So particle will be deflected towards west     Ans. (B)  
 

D-5.   
 V || B 
 F = 0    
 

D-6. (A)   

  
 Electrostatic force between two change q1 = q2 = 1.6 × 10–19 coulomb is very stronger than the 

magnetic force. Hence, attracted. 
 

Section (E) 
 
E- 1.  

       

 
2

m v

R
= qv (B sin ) 

 R = 
m v

q B s in 
      Ans. (C)   

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx


Magnetic effect of current and magnetic force on charge or current 
 

 

 

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVEM-30 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

Section (F) 
 
F-1. FE = qE,  Fm = qvB  

  

 R = 
m v

q B
   

 Pitch  p =V||T 

 T = 
2 R

V


   

 V|| = 
q E t

0
m

      Ans. (D)  

 

F-2. F  = q E  + q v  × B   
 If does not deflect then, resultant force must be zero. 

 
Section (G)  
 

G-1.   
 In uniform magnetic filed force acting on a closed loop = 0.  
 Ans. (C)  
 

G-2. M B = 0   

   
      =    0 
 Loop will Not rotate 

 F1  >  F2 

 So  loop move towards the wire 

 Ans. (C)   

 

G-3. B =  3 î + 4 ĵ  + k̂      

 l = 
2

2

 ( î + ĵ )  

 

 F = I ( l × B ) = 2 [( î + ĵ ) × (3 î + 4 ĵ + k̂ )] = 2 ( î – ĵ + k̂ ) Ans. (B) 
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G-4.  

  

 F = 
2

0
2 i

.
4 b




=

2

0
i

2 b




  

 
G-5.  

   
 As ; F1 > F2   
 Resultent of F1 & F2 will be inclined towards F1  
 Ans. (D)  
 

G-6. 1 = L2 

 2 = 2 × L × L/2    

     

 2 = 
2

L

2

    

 1

2




= 2     

 

G-7. Field produced by loop at the centre will be along the axis of the loop i.e.  || to st. wire .  

 

 So    F = i( i × B )  =  0    

 

G-8. F1  =  0
(1 0 i)

2 l

 


   

 

i 

 

  F2  = 0
( i 4 0 )

2 l

 


   

 F1 and F2  both points in the same direction towards 40 A wire.  
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G-9. Vector sum P Q  + Q R  + R P  = 0 
 Thus force on PQR = 0.    
 

SECTION (H) 
 
H-1. Ui = – MB 
 Uf = MB    

   
 W = U= 2 MB 
     = 2 × 2.5 × 0.2 
     = 1 J    Ans. (B) 
H-2.  

   

  = M B =  0     Ans. (A) 
 

H-3. Charge on the differential element dx, dq = 
Q

.d x  

 equivalent current di = f dq  

  magnetic moment of this element d = (di) NA  (N = 1)     

  d =  2 Q
x f d x     

 

    = 2

0

fQ
x d x


 ;   =  fQ 2 ....................Ans. 

 

Section (I) 

 

I-1.  

     

 F = BiL = 10–4 × 10 × 1 

  = 10–3  N  Ans. (C)   

 

I-2. BH tan  = 0
N i

2 r


  

 i = 
– 4

– 7

0 .3 4 1 0 2 .2

4 1 0 2 0

  

  
  = 

1 7

1 0 
        Ans. (A)   

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx


Magnetic effect of current and magnetic force on charge or current 
 

 

 

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVEM-33 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

PART - III 
 
1. The magnetic field is along negative y-direction in p,q,r, t 
 z-component of magnetic field is zero in all cases. 

 The magnetic field at P is 0
i

4 d




 for case (r) 

 The magnetic field at P is less than 0
i

2 d




 for all cases.  

2. The Force on a magnetic dipole placed in uniform magnetic field is zero. Hence option p is common to 

all the four situations. Torque on magnetic dipole is μ B    and potential energy of dipole in external 

magnetic U -μ B   

 (A) Since = 0, therefore =0  

 (B) Since =/2, therefore =B 

 (C) Since  is acute, torque is non zero and less than B in magnitude 

 (D) Since = , therefore =0  and U=B 

 Magnitic dipole will be in stable equilibrium only when  = 0   
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EXERCISE-2 
PART - I  

 

1. Point A shall record zero magnetic field (due to -particle) when the -particle is at position P and Q as 

shown in figure. The time taken by -particle to go from P to Q is   

 

  t =
1

3

2 


   or  =

2

3 t


  

 

2. B  = 0

3

v r
q

4 r

 


  and  E   = 

3

0

1 q r

4 r 
  B  = 0 0 ( v E )  =

2

v E

c


  

 
3. BOD = 0 
 BOB = 0 

 BAB = 0

4 a 2

 



ˆ ˆ[c o s 4 5 ( i ) c o s 4 5 k ]     = 0 ˆ ˆ( i k )
8 a

 
 


 

 

X

Y 

Z

a 

a 

A 

B 

D 
O 

I 

I 

upto  

upto  

parallel to 'y' axis 

 
   
4. Magnetic field at 'P' due to wires (1) and (2) is : 

 

 B1 = 0

2 ( x s in )

 

 
 + 0

2 ( x s in )

 

 
= 0

2

2 ( x s in )

 

 
   (outside the paper).   

 Now if a current of 
2

s in




 is flowing in the third wire then the magnetic field due to the same will be : 

 B2 = 0
2

2 x s in

  
 

  
, which will cancel B1 if it is inside paper which is possible if the current 

2

s in




 in the 

third wire is from right to left.  
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5. Magnetic field at P is B , perpendicular to OP in the direction shown in figure. 

 So, B  = B sin  î  – B cos  ĵ    

 Here B = 0

2 r

 


  



P  (x , y )


B

x
O

i

y



r

 

  sin  = 
y

r
  and  cos  =

x

r
  

  0 0

2 2 2

ˆ ˆ( y i x j )1 ˆ ˆB ( y i x j )
2 r 2 ( x y )

    
   

  
 (as r2 = x2 + y2) 

 

6. loop (1) 

 B =

2

0 2

1

i
r

R

2 r

  



  = 0

2

1

i
r

2 R




   B  r     

 

 loop (2) 

  B = 0
i

2 r




 B  

1

r
   

 loop (3) 

  B =

22

0 22 2

3 2

i
( i r R

R – R

2 r

   
 


= 

2 2

0 3

2 2

3 2

( R – r )

2 r ( R – R )




      

 loop (4)  B = 0
( i – i)

2 r




= 0  Ans. (C) 
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7. B =

2

0

2

i R

R 2

R
2 2

2

 
   

  



 [ cos45° î  – cos45° k̂  ]      

  

 =
2

0
i

4 R




( î  – k̂ )  Ans. (A) 

 

8.  


d.B = 2

0 2

i
r

R
  


      

  

  =
2

0

2

ir

R


      Ans. (B) 

   


d.B = 0i  

 

 

 

9. B = 0 0[ J ( r ) ] [– J r ]
2 2

 
     

 

 B = 0
[ J ]

2
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10. The torque of system = Torque on loop [AFGH + BCPE + ABEF] 

 

 = SB ˆ( i )  + SB( î )+ SB k̂   (I = current, S = area of loop, B = magnetic field. 

 =  S B k̂   

 = 1 × 1 × 2 k̂   = 2 k̂  units   
 

11. F = q( V B ) = 0ˆ ˆ ˆQ v i ( i j )
4 R

   
     

= 0
Q v. ˆ(k )

4 R

 


. 

 
12. If (b – a)  r 
 (r = radius of circular path of particle)     
 The particle can not enter the region x > b. 































v

y

x
x  =  b

z

x  =  a

 
 So, to enter in the region x > b, r > (b – a) 

 or  
m v

B q
 > (b – a)  or v > 

q(b a )B

m


 

 
13. As the magnetic field is along the x-axis, the magnetic force will be along (–) z-axis from t = 0 to t = T0 

and along (+)ve z-axis from t = T0 to t = 2T0 . 

 
 For t = 0 to t = T0 : 

 

 At t =  0
T

2
;     
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  x-coordinate = 0 0
( V c o s )T

2


 = 0

P

2
 (Since pitch = P0 = (V0cos)T0) 

  y-coordinate  = 0 (from figure) 
 and  z-coordinate = – 2 R0 (from figure) 
 Hence (A) is correct. 

 Similarly at t =  0
3 T

2
;  

 

 coordinates are  0

0

3P
, 0, 2R

2

 
 
 

Hence (B) is correct. 

 Note : z -coordinate will be + 2R0, because from t = T0 to t = 2T0, direction of B  changes. 
 As the charge will perform circular motion about x-axis, the two extremes from x-axis are 2 R0 from 

each other. 
 Hence (C) is also correct. 
 Hence only (D) is incorrect. 
 
14. The force on the rod due to magnetic field and gravity is  

   i B – mg (upwards) 

 

 Hence the extension in the springs is 
i B m g

2 k


 ( Note that effective spring constant is 2k) 

 Therefore the length of the spring is 0+ 
i B m g

2 k


   

 
15. The magnetic field at P(a, 0) due to the loop is equal to the vector sum of the magnetic field produced 

by loops ABCDA and AFEBA as shown in the figure.  

 Magnetic field due to loop ABCDA will be along î  and due to loop AFEBA, along k̂ . Magnitude of 
magnetic field due to both the loops will be equal. Therefore, direction of resultant magnetic field at P 

will be
1 ˆ ˆ( i k )
2

  

 

k̂

ĵ

î  
 This is a common practice, when by assuming equal current in opposite directions in an imaginary wire 

(here AB), loops are completed and solution becomes easy.   
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16. Loss in potential energy = gain in kinetic energy 
 (–MB cos900) – (–MBcos00) = KE 

 = MB = KE = R2B = KE.    
 

17. max = NiAB 

 max = 300 . 10 × 10–3 × 
– 4

4 1 0

4

 
 × 5 × 10–2 = 4.7 × 10–5 

 

18. B = 
I

0
r

2


 = 

I
0

2

r

2 a




 

 

19. 0

E

N I
B

2r


   E

0

B 2r
I

N



 

 
5 2

2 7

7 1 0 2 5 1 0
I

2 2
1 0 4 1 0

7

 



   


 
  

 

 = 5.57 × 10–2  = 55.7 × 10–3A = 55.7 mA 

 

20. U M B    

 U is max when  = 180°  
 
 

PART - II 
 

1. B  = 0

4




q

3

v r

r

 
 
 

        

 

B= 0

4




2 2

q v

( x R )
 

 = 
–7 4

1 0 1 0 .6 1 0

1

   
 

 =  6 × 10–4 T  
 

2. (a) B   = 0
i

d
4

2





 2  ( cos  + cos  ) + 2 0
i

l
4

2





 ( sin + sin )   

      = 0
2 i



c o s s in

d l
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       = 0
2 i

 2 2 2 2

l d

d l d l l d

 
 

   
      

       =  0
2 i

ld





2 2
l d       

 If   >> d  

 then  2 + d2  2 

  B = 0
2 i

d




 

 

3. B = n × 0
i 2 c o s

l
4 ta n

2

 

 

= 0
n i co s

l ta n

 

 
 

 

  = –
2 n

 
  

 = 

2

0
in s in ta n

n n

L

 



    

 

Section (E) 
 

4.  

    

 B1 = 0 1

1

i

2 r




     

 B1   = 
2

0 1
b r

3


     (i1 =

1r

0

d i = 
1r

0

(b r )(2 r d r ) = 
3

1
2 b r

3


)  

5. i = 
6q 50 10 (2 0 – 18 )

t 2

 



= 50 C/sec 

 B = 0 ni = 4 ×10–7 × 8000 ×  50 × 10–6  

 = 16 × 10–8 T 
 
Alternate Sol. 
 Let   q0  is intial charge on capacitor  &  q  is charge supplied at t = t.  
  i =  i0 sint  

   ( q0 – q ) = q0 cost.    

  0
q

C
 × 

9 0

1 0 0
 = 0

q co s t

C


   

  cost = 
9

1 0
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  cos 2=
9

1 0
 

  iav = 

2 s e c

0

0

i s in t d t

2


= 

2
0

0

i
co s t

2
  


    

                = 0
i

1 c o s 2
2

   


 = 0
i

2
×

1

1 0
= 0

i

2 0
 . 

          Bav   =      0niav 

           =      4 × 10–7 × 8000 × 0
i

2 0
  

      =      4 × 10–7 × 8000 × 0
q

2 0
 

        =
–7 –6

4 1 0 8 0 0 0 5 0 1 0 2 0

2 0

     
      

         Bav    =     16 × 10–8  T  
 

SECTION (F) 
 

6. Pitch  =  
2 m v co s

q B

 
   eV   =  

1

2
mv2 

     =  
2 2m e V

e B


   ( cos   1) 

 pitch   =  
2

2

8 m V

e B


  

  Distance from point of divergence = 
2

2

3 2 m V

e B


  

 

7. Magnetic force is in ĵ  direction and electric field is in – ĵ direction   

 
 Resultant force = qVB – qE 
 = q(1.28 × 106 × 8 × 10–2 – 102.4 × 103)  
 = 0    
 R = 100 m  
 Charge will move only in x direction.  
 x = V × t = 1.28 × 106  × 5 × 10–6 = 6.4 m 
  Now electric fields is switched off 
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8. When   V = 50 m/s  qVB = qE  B =
E

5 0
  

x

y

q E

q V B

 
 When   V = 100 m/s  qVB – qE = 2 x 10–19     
 E = 1.25 N/C 

 

9. F E = ma0        towards  east  
 +eE  = ma0         

 E  = 0
m a

e
towards  east. 

>
n o rth  

w e s t e a s t

s o u th

z

u p w a rd s

x

y

V
0

 
 Net acceleration  =   3a0  ,   

 acc due to electric force =  a0  (along east
 acc due to megnetic force  =  2a0  (along east 
  F B =   2ma0 î   

     qV0B sin   =   2ma0  

     B    = 0

0

2m a

q V s in 
   

     Bmin = 0

0

2m a

q V
    q  means  +e. 

 For magnetic  force along west with   =  90°      
 Direction of magnetic field must be along  + z . ( upward)   
 

10. R = 
m V

e B
      

 tan 
2


 = 

r

R
     

 
2


=  tan–1

r

R

 
 
 

  

  = 2 tan–1 
r

R
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 t = 
2 m

e B


 × 

2




 

 =  
2m

e B
tan–1  

re B

m V

 
 
 

 

 

Section (H) 
   
11. At equilibrium -  (1) 

  mg   = 0 1 2
i i

2 d




    .......... (1) 

 For a short displacement x 

  Fmg    = 0 1 2
i i l

2 (d x )



 
– mg 

          =
m g d

d x
– mg  =    mg

d
– 1

d x

 
  

  

          = mg
d – d – x

d x

 
  

  

  Fmg    = 
–m g x

d x
   

      a   = 
– g

x
d

     For very small x.    

 

      T   = 2
d

g
  

      T   =    2
.0 1

g
    

           = 
2 0 .1 


   

      T   =     0.2  = 
1

5
sec. 

12. Magnetic force on Rod  =  iBl (Leftward) 
 Gravitational force on Rod =  mg  (Downward)   

    Rod =
2

L
3 iB L.

2

m L
= 

3 iB

2 m
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    aCM = 
3 iB

2 m
× 

L

2
= 

3 iB L

4 m
   

   iBL – Fhorizontal   
=    maCM 

  Fhorizontal  =  iBL – 3 iB L

4
=

iB L

4
 (right side)  

  FVertical  =  mg (upward) 
 

13. Field due to strip     B = 0 0
j


tan–1

d

2h

 
 
 

 towards x axis 

 Force on unit length dl of wire.  

     d F =   i [dl ĵ  × B î ] 

     
d F

d l
= 0 0

j i


tan–1

d

2h

 
 
 

 (– k̂ ) 

 

14. Field at point P   

       B = 0 1

2 2

i

2 a x



 
     

 Force on differential element , dF   = 0 1 2

2 2

i i d x s in

2 a x

 

 
    

 Net force  F = 0 1 2
i i

4




2 2

0

2 x
d x

a x       

 

    = 0 1 2
i i

4




n

2 2

2

a

a

 
 
 

 

 

15. i =  qf = 
q

2




  

 

 M   = r2i 

 = r2
q

2




        

 = 
2

q r

2
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16. 
2

M

m r

2


= 

q

2 m
  

 

 M =
2

q r

4


         

 

17. T0 = 
m g

2
    

 T1 + T2               =     mg  =  2 T0 

 T2 

2
 + b2iB    =  T1

2
   (applying equation of torque about centre of mass) 

 

 T1   =   T0 + 

2
b iB

 

 T2   =   T0 – 

2
b iB

 

 

18. 0
i

2 a


 ×

2

3

2




 = BArc   (out) 

 0
i

a
4

2





 [ 2 cos30°]   =  Bst.  (in) 

 

 BNet = 0
i 3

2 a




– 0

i

6 a


     

 F =   qv BNet 

 = 0
i

6 a

 3 3
1

 
   

qv î   Ans. 
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 Area of the loop = 
1

2
a2

2

3

 
 
 

– 1

2
× 2a sin60° × 9 cos60° 

 = 
2

a

3


 –

2
3 a

4
  

  = BiA ĵ  = Bia2 
3

–
3 4

 
 
  

ĵ  

 

19. dB = 0
n i

2 x


   

 = 
0

N
d x i

b – a

2 x

 
  

 
   

 dB = 0
N i

2(b – a )

 d x

x
        

 B = 0
N i

2(b – a )


 ln 

b

a

 
 
 

= 
– 7 – 3

– 3

4 1 0 1 0 0 8 1 0

2 (5 0 1 0 )

    


× 2.303 × 0.3010 = 7 T 

 dM =  
N d x

b – a
 × ix2 

 M =
N

b – a
  i

3 3b – a

3

 
  = 15 mA-m2  Ans.  

 

20.  

  

 F = 0
I I

0
a

a
2 a –

2



 
  

 

– 0
I I

0
a

a
2 a

2



 
   

 

   

 = 0
I I

0




1 1
–

2 – 1 2 1

 
 

   
 = 0

I I
0

2

2

4 – 1



   

       

 
21. M   =    L × 2R × i 

 MB sin= mg sin R 

 

 i =
m g

2B N l
= 2.5 A 
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PART - III 
 

1.  = M B    

 F = m B     

 
 couple of force may give torque but not force is zero. 
 m  =  pole strength depending on angle
 = 0   0 ,  & F = 0         F  0 
 (ABC)  Ans. 
 

2. B = 0

4




i 

3

r d l

r

 
 
 

     

 B = 0

4




– i

3

d l r

r

 
 
 

 

  
 

 
3. Consider a ring of radius x and thickness dx.          

 Equivalent current in this ring = 
2




 × charge on ring = 

2




 × (2x dx) 

2

Q

R
   

 

 dB (due to this ring) = 0

2 x


2

2 xQ
d x

2 R

 
 

 
    B = 

R

0

0
2

 

 2

Q

R
  dx.     

              = 0

2
2 R

  


. R = 0

2 R

  


.   

4.  

  
 Loop (1) 

 B (2r) = 0 
        B = 0        
 Loop (2) 

 B (2r) = 0i 

  
1

B
r

    Ans. (B, C, D)  
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5. (A)  

  
 B (2r) = 0 (i – i)   =  0  

B = 0   
 

6. WE + WB = k 

 qE (2a) =
1

2
m(2v)2 – 

1

2
mv2  

 = 
3

2
mv2 

 E =
3

4

2
m v

q a
     

 At  P Rate of work done by E = qEv= 
3

4
 

3
m v

a
  

 At Q Rate of work done by E = qE (2v) cos90° = 0 
 At Q Rate of work done by B = 0    
 

7. V  constant in direction and may be in magnetude   

  a =    0 

  q E  + q ( V  × B )   =  0      
 Ist   posibility  

   E  =  0      &    B    =   0    V      

 IInd   posibility   

  E   =  0     &  V || B   i.e. B   0 

 IIIrd   possibility     V 

   E  E  || V & B = 0   

 IVth   posibility    

   B 

   V    E  || V  || B     

   E    V  × B  =  0 

 Vth   posibility  

E

V

B  

  q E =  – q( V × B )    
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8.  

 
     

 BAB = BBC = BCD = BDE    1

2

i 1

i 4
  Because from V = R 

 from above results BABCDE = – BAE So Bcentre  = 0 

 BAB = BBC = BCD = BDE A   1

2

i 1

i 4
   V = R 

 BABCDE = – BAE Bcentre  = 0  
 
9.  H+ He+ O2+ 

 
q

m
 

1

1
 

1

4
 

2

1 6

    

 
q

m

 1 
1

2
 

2

4
      

 R = 
m v

q B
  

 = 
2k m

q B
   

 =
m

q

2k

B
      

 RHe
+ =    RO

2+ 

 R  
1

q

m

    

       
       RH

+ :  RHe
+ :  RO

2+   =  1 : 2 : 2 Ans. (A, C) 
 

10. R = 
m v

e B
 =

P

e B
 

 Energy gained  =  0 
  As  WB =  0 

  FC = 
2

m v

r
   

 = evB= 
e P B

m
    Ans. (C, D)   
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11. R = 
m v

q B
   

 More q means less R   

 

 1

2

R

R

 
 
 

 = 2

1

q

q

 
 
 

 Ans. (B, D)   

 
14. For given condition : 
 Magnitude of Bsolienoid = Magnitude of Bloop 

  0ni = 0

2 R

 
 here n = 

T o ta l  n o .  o f tu rn

T o ta l  le n g th
=

1 3 0 0

0 .6 5
  

 i = 
1

2R n


 = 

–2

8 0 .6 5

2 0 .0 2 1 3 0 0 1 0



  
 = 10 A. 

 For given condition : 
 Total magnetic field at the centre of loop 

 = |Bloop| + |Bsolenoid |    |Bloop| = ||Bsolenoid| 

 = 2|Bloop | = 2 × 0

2 R

 
  

 = 
7

–2

2 4 1 0 8

2 0 .0 2 1 0

   

 
= 16  × 10–3 T.   

 

15. Field due to each plate =
1

2
µ0K = 2µT 

 At A, fields add up, being in the same directions whereas at B, cancel out due to opposite directions. 
 

16. F = 1 2

2

0

q q1
.

4 r 
 

 [0] = 1 2

2

[q ][q ]

[F ][r ]
 = 

2

2 2

[IT ]

[M L T ][L ]


 = [M2 L-3 T4 I2 ] 

 Speed of light, c =
0 0

1

 
  

  [ 0 ] = 
2

0

1

[ ][c ]
 = 

1 3 4 2 1 2

1

[M L T I ][L T ]
  

 = 2 2
[M L T I ]

   

 

17.         
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18. T = 2
I

M B
 

 I , T   |  B , T   |  I = 
2

m

1 2
 

 So correct options are (A, D) 

 

PART - IV  
 

1. When charge is accelerated by electric field it gains energy for first time KE1 = 
q V

2
 

 for second time KE2 =
3

q V
2

  

 for third time KE3 = 
5

q V
2

 

 hence the ratio of radii are  

 r1 : r2 : r3 : ............. : : 
2m q v 2m 3 q v

: : . . . . . . . . .
q B q B

 

 r1 : r2 : r3 ........ : : 1 : 3 : 5  ........... 

 
2. In one full cycle it gets accelerated two times so change in KE = 2 qV. 
 

3. f = 
q B

2 m
  106 = 

6
1 0 B

2 
    2  T. 

 
4. Distance travelled by particle in one time period : 

  (r1 + r2) : (r3 + r4) : (r5 + r6) ............... 

  : : 
2 m q v 2 m 3 q v 2 m 5 q v 2 m 7 q v 2 m 9 q v 2 m 1 1q v

: :
q B q B q B q B q B q B

    ......... 

  S1 : S2 : S3 ............... : : ( 1 3 ) : ( 5 7 ) : ( 9 1 1 ) 

 
5. Frequency of A.C. depends on charge and mass only so it can be tuned by magnetic field only.   
 
6. Inside the cylinder 

 B.2r = 0 . 2

2
r

R





 

 B = 0

2
.r

2 R

 


   ..............(1)   

 
 Outside the cylinder  

 B.2r = 0 

  B = 0

2 r

 


  ..............(2) 

 Inside cylinder B r and outside B  1/r 
 So at the surface nature of magnetic field changes. 
 Hence clear from graph, wire 'c' has greatest radius. 
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7. Magnitude of magnetic field is maximum at the surface of wire 'a'. 
 
8. Inside the wire 

 B(r) = 0

2
.

2 R

 


.r  = 0

J r

2


 ;   

d B

d r
 = 0

J

2


  

 i.e. slope   J   

   current density 
 It can be seen that slope of curve for wire a is greater than wire C. 
 
9.  (a) d  =2 Rm 

   d  = 
m

m V
2

q B
        

 
   

  Vm   =
q B d

2 m
        

     
 

10.  R = 

m

m

V
m

R4

q B 4
  

 min distance  =   d – 
d

4
 =

3 d

4
   

R m

2

R
m

2

V
m

4

V
m

4  

11.  max distance = d +
d

4
 = 

5 d

4
  

 

12. 4 Rm sin  = d     ; 2 dsin=d 

 sin= 
1

2
,  = 

6


      =

q B

m
  

 

 t = 
/ 6 m

6 q B

 



 

 
13. After collision 
 net charge  =   0 
 net  mass =   2 kg. 
 net force  =   0 
 Motion will be along straight line with uniform velocity.  

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx


Magnetic effect of current and magnetic force on charge or current 
 

 

 

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVEM-53 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

EXERCISE-3 
 

PART - I  
1.  

        

 2Tsin
d

2

 
 
 

 = dlB   2T
d

2


 = RdlB  T = BR = 

B L

2




. 

 

2.  

 

  

 tp = 
p pP

2 m v 2 m2 R

v e B v e B

   
      

 te = e
( 2 2 ) R

v

   
= e e

(2 2 )m v (2 2 )m

e B v e B

     
  

  te  tp  

3. 
0

0

N
d x i

d N i b a
B

2 x 2 x

 
    

   = 0
N i b

n
2(b a ) a
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4.  

 
 If  = 0° then due to magnetic force path is circular but due to force qE0 () q will have accelerated 

motion along y–axis. So combined path of q will be a helical path with variable pitch so (A) and (B) are 
wrong. 

 If  = 10° then due to vcos, path is circular and due to qE0 and vsin, q has accelerated motion along 
y-axis so combined path is a helical path with variable pitch (C) is correct. 

 If  = 90°  then FB = 0 and due to qE0 motion is accelerated along y-axis. (D) 
 

5. o a o a

1

J J
B

2 1 2

 
   

 o o 0
51 5a a JaJ J1

2 6 6 2 1 2

      
       

    
 =

N

1 2
0aJ 

 N =  5 
 

6. Area = a2 + 

2

a

2
4

2

 
  
 

  

 = a2 +
2

a

2


  

 A = 1
2

 
 

 
 a2 k̂  

 

7. Case-I x < 
R

2
      

 |B| = 0 

 Case-II  
R

x R
2

   

 
0

B.d I    

 

 |B| 2x = 0 

2

2 R
x J

2

  
    

   

 

 |B| = 
2

20
J R

x
2 x 4
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 Case-III    x > R  

 B.d = 0 I  

 |B| 2x = 0 

2

2 R
R J

2

  
    

   

 

 |B| = 0
J

2 x

 3

2
R2 

 |B| =
2

0
3 J R

8 x


     

 so 

 
   
8. Component of final velocity of particle is in positive y direction. 
 Centre of circle is present on positive y axis. so magnetic field is present in negative z-direction 
 Angle of deviation is 30° because  

 tan = 
y

x

v

v
=

1

3

  

  =  
6


 

 t =   

  =
Q B

t
M

  

 B =
M

Q t


 

 B = 
5 0M

3 Q

 
 
 

  

 
9.  

   
 (A) For 0 < r < R   B  0    
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 (D)  For r > 2R  B  0 
 

10. B2 = 0 0

1 1

, I I

2 x 2 ( x – x )

 


 
 (opposite)     

 B1 = 0 0

1 1

, I I
–

2 x 2 ( x – x )

 

 
 (same) 

Case-1 :  When current is in the same direction  

  B = B1 = 0

0

3 I

2 x




 – 0

0

3 I

4 x




= 0

0

3 I

4 x




  

 R1 =
1

m v

q B
  

Case-2 : When current is  in oposite direction  

 B = B2= 0

0

9 I

4 x




 

 R2 = 
2

m v

q B
 

 1 2

2 1

R B 9

R B 3
  = 3   

11. 
R

B B  due to ring 

 

 
1

B B  due to wire-1 

 
2

B B  due to wire-2 

 In magnitudes B1 = B2 = 0




I

2 r

 

 Resultant of B1 and B2 = 2B1 cos = 0

2

a

r

 


 

 BR = 0
2

4

 



2

3

I a

r

  

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx


Magnetic effect of current and magnetic force on charge or current 
 

 

 

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVEM-57 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

 For zero magnetic field at P 

  0

2

a

r

 


 = 

2 o

4

 



2

3

I a

r

  

  h 1.2a  

12. Magnetic field at mid point of two wires = 
I

d

0





 

 Magnetic moment of loop = I
2

a   
 Torque on loop = M B sin 150° 

  =
2 2

0
a

2 d

 I
  

13.  

  F i B    = i{2(L + R) î  × B } 

 If B  is along ẑ   

 F  = [i 2(L + R)B]  ĵ   

 If B  is along x̂   

 F  = 0 

 If B  is along ŷ  

  ˆF i 2(L R )B )k    

Alternate solution  

 

  d F i d B   

 In unfirom magnetic field  

  d F i d B   =  i d B   

    F =  i P Q B   

 (A) F = [i 2(L + R)B] = 2iB (L + R) 
 (B) F = 0 
 (C) F = [i 2(L + R)B] = 2iB (L + R) 
 (D) F = [i 2(L + R)B] = 2iB (L + R) 

 

14. q v B = m kq( V – V )

w
  v velocity of electrons   

 Vm – Vk = w v B. 
 I = neAv = ne(wd)v 

 w v
n e d


  

 
m kV – V B

n e d


  

 (A) w1 = w2, d1 = 2d2 V2 = 2V1  

 (D) w1 = 2w2, d1 = d2 V1 = V2  

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx


Magnetic effect of current and magnetic force on charge or current 
 

 

 

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVEM-58 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

15. VM – VK = 
IB

n e d
 

 (A) n1 = 2n2   ;   B1 = B2    V2 = 2V1  (correct) 
 (C) B1 = 2B2, n1 = n2   

       V1 = 2V2    V2 = 0.5 V, correct 
  
16.  

  

 y 

x 

 
 For constant velocity  

  F q E q V B 0     

  E V B    

 Ans. (C) 

 0

0 0

0

E
ˆ ˆ ˆE x y B z

B

 
    

 
 

 
17. For helix with axis along positive  z–direction magnetic field should be along z–direction. 
 
18.  

 

 

B 

y 

E 

x 

 

 

Force due to Electric field is along –y axis and force due to B  is zero. 
 
19.  

30° 
60° 

4a 

a 

a 

a 

a 

 

Total Magnetic Field 
 at centre = 12 times magnetic field due to one wire 

 B = 0
1 2 I

4 a




 [sin60° – sin30°] = 0

I 3 1
1 2

4 a 2 2

 
  

  
 

   0
I

B 6 3 1
4 a
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20.  
 

(A)

 

× 

× 

× 

× 

× 

× 

× 

× 

× 

d 

p 

p 

p 

  p 2 p   

(B) R' = 
m v

Q B
 

 d = 2R' = 
2m v

Q B
  d  m 

(C)  R' (1–cos) = R 

 R'sin = 
3 R

2
 

 
s in 3

1 c o s 2




 
 

 
2

2 s in c o s
32 2

2
2 s in

2

 




 

   cot
3

2 2


    tan

2

2 3


  

 

R' 

R' 


 

 tan = 

2 4
2

4 9 1 23 3

4 5 3 5 5
1

9 9

 
 
 

   



 

 

 


12 

13 

5 

 sin = 
1 2

1 3
 

 R'
1 2 3R

1 3 2

 
 

 
  ;    R' = 

1 3R

8
 = 

P

Q B
  ;  B = 

8P

1 3 Q R
 

(D) 
P 3R

Q B 2
  

 B > 
2P

3 Q R
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21. Magnetic field due to ring at origin  

    
2

0 0

3

I R Iˆ ˆK K
1 6R2 8R

   
   


 

 Magnetic field at origin due to wires  

 = 0 1 0 2
I I

K̂
2 R 2 R

  
 

  
  

 Here I1 and I2 will be substituted with sign 

 If I1 = I2 then   0

0

I ˆB K
1 6R


   

 It can be zero 
 If   I1 < 0, I2 > 0 

 then 
 0 1 2

0

I I .I ˆB K
2 R 1 6R

   
   

  

 

 It can not be zero 
 (D) 

  

 B1 

B2 

Bring 

 
 B1 = B2   
 magnetic field along z-axis is only due to ring  

 B = 0
i

2R


 in –z direction 

 

22. If average speed is considered along x-axis  

0

1

1

m v
R

q B
 , 0 0

2

2 1

m v m v
R

q B 4 q B
   

 R1 > R2  

 distance along x-axis x = 2(R1 + R2) = 0

1

5m v

2 q B
 

 Total time = 
1 2 1 1 1

m m m m 5 m

q B q B q B 4 q B 4 q B

    
     

 Magnitude of average speed = 

0

1

1

5 m v

2 q B
2 m / s

5 m

4 q B
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PART - II 
 

1.  

  
 Towards left of both wires direction of B is downward and at mid point between two wires, magnetic 

field is zero  
 

2. v = 
R




         

 dB = 0
2

4 R

  
 

 
    = R d

 

  B = 
/ 2

/ 2

d B c o s



 

  

     = 
/ 2

0

/ 2

c o s  d
2



 

 
 

   

     = 0
 


 = 0

2
R

 


  Ans. 

 

3. F q[E v B ]    

     = Fy = 7q ĵ . 

 

4. 
q

2 M
 = 

M a g n e tic   d ip o le   m o m e n t

A n g u la r  m o m e n tu m
   

 
  Magnetic dipole moment(M)      

  M = 
q

2 M
. 

2
M R

. 
2

 
 

 
 

      = 
1

4
.R4. 

 

5. dB = 0
( d q )

2r 2

  
 

 
 

 B = 
R

0

2

0

Q rd r
d B . 2

4 rR
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 B = 0

2

Q
.R

2 R

 


  

 0
Q

B
2 R

 



 

 B  
1

R
  

 

6. Bnet = B1 + B2 + BH  

 

 Bnet = 0 1 2

H3

(M M )
B

4 r

 



 

      =  
7

3

1 0 (1 .2 1)

(0 .1)

 
+ 3.6 × 10–5 = 2.56 × 10–4 wb/m2 

 Ans. (2)  
 

7. Fext. = B(x) IL 

 P = 
2

e x t .

0

1
F d x

t
  = 

2

0

1
B ( x ) IL d x

t
 = 

2

4 0 .2 x

3

0

1
3 1 0 e 1 0 3 d x

5 1 0

 


  

    

 =  9 [1– e–0.4] 

 = 9 
0 .4

1
1

e

 
 

 
 = 2.96  

9.  

   

 gsin = 
2

I
0

c o s
2 (2L s in )




 
 

 2sin 
0

g L

c o s

 

 
I. 
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10. For stable equilibrium angle should be zero and for unstable equilibrium angle between M  and B  

should be . 
 

11.  
 

R 



 
 Magnetic field at centre of circle 

 BA = 
R2

0 
 = 



 0   [Also  = 2R] 

 

 a 

45° 

 

 Magnetic field at centre = )45sin2(

2

a
4

4 0 




 

  = 




2

16 0      [Also  4a = ]   

 Now  
28B

B
2

B

A 
  

 

12. Since area of hysterics curve of (B) is smaller it is suitable for electromagnet and transformer. 

 
13. M = 6.7 × 10–2 A – m2 
 I = 7.5 × 10–6 kgm2 

 T = 
MB

I
2   

 = 
22

6

10107.6

105.7
2








  

 = 2
10

7.6

5.7
2

  

 = 
67

75
102

1  

 t = 10T 

 = 
67

75
2   = 6.65 sec. 

 

14. For circular path in magnetic field. 

2m E
r

q B
  E = kinetic energy 

So  

 e p 
m 1/1836 1 4 

q –e +e 2e 

 

 rp = r > re 
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15. 

 I 

 

Dipole moment (m) = R2 

 Magnetic induction (B) = 
I

0

2 R


 

 
1

B
m

  

 1 2

2 1

B m
2

B m
   

16.  
 F 

 +m 

x 

x 

–m 


d 

 

Force one pole  

 F = 
22

0

xd2

m




  

 Total force = 2 F sin. 

  = 
2222

0

ad

x

ad2

m
2








  

  = 
 22

0

ad

mx




 

 m × 2 = M =  × a2 (magnetic moment)  

 Total force = 
 22

2

0

ad2

a




  = 

2

2

0

d2

a
(As d >>a)  
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17.  = 2n rad/s 

 

 x 
x =  

dx 

 
 dQ = . dx 

 = xdx
0




 

 





2

.dQ
d  

 dM = d × A 

 dxx.x.
2

dM
20

0







  



 

 M = 
4

n
3

0 
     

 
18. I = xH 

 
6

6

10

1020




 = x 60 × 103 

 x = 1/3 × 10–3 = 3.3 × 10–4 

19. 

 

  

  sin = 
x

r
 and 

m v
r

q B
 = 

2m k

q B
 

 so d = r – rcos + 6tan12.87 cm 


20.  

 

B 

H 

x 
z 

y 
 

 x = retentivity 

 y = coercivity 

 z = saturation magnetization 
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21.  

 

 

m,q 

x 

y 

B = îB 0  

E = îE 0  

V0 ĵ  

 

As ĵvv 0


 (magnitude of velocity does not change in y–z plane) 

 (2v0)2 = 2

x

2

0 vv    ;    vx = 0v3  

  t
m

qE
0v3 0     ;   t = 

qE

3mv 0    

22.  

East 

North 

West 

South 

B 
Proton 

E = 1 Mev 

 

 K.E. = 1.6 × 10–13 = 2 71
1 .6 1 0

2

  v2 

 v = 7
2 1 0  m/s 

  Bqv = ma 

 B = 
2 7 1 2

1 9 7

1 .6 1 0 1 0

1 .6 1 0 2 1 0





 

  
 

 = 0.71× 10–3 T 
 So, 0.71 mT 
 
23.  

 

45º 

45º 

O 

i 

i 

3 

4 2 

1 

i 

 

       
403020100 BBBBB


  

  
R2

i
º45sinº90sin

R4

i 00 





 + 

R4

i0




(sin45º + sin90º)  

 





























 1

2

1

R4

i

R2

i

2

1
1

R4

i 000  

 












 1

2

1
2

2

1
1

R4

i0

  



 22

R4

i0

 














2

1

R2

i0
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24. (A) by work energy theorem  

  Wmag + Wele = 22
)v(m

2

1
)v2(m

2

1
  

  0 + qE02a= 2
mv

2

3
 

  E0 = 
qa

mv

4

3
2

 

(B) Rate of work done at A = power of electric force 
            = qE0V 

            = 
a

mv

4

3
3

 

 (C) at Q, 0
dt

dw
  for both forces 

 (D) )k̂mva()k̂a2v2m(L 


  mva3L 


 

25.  
 

2a 

i 

A 

a/3 

B 

 

 BA = 
2

0

a2

ir




 = 

2

0

a2

3

a
i





 = 
2

0

a

i





6

a
 = 

a6

i0




  

 BB = 
)a2(2

i0




  

B

A

B

B
 = 

6

4
 = 

3

2
  

 

26. Rmax =
2

R
 =

ine

mv

0

max


  

Vmax = 
m2

inRe 0
 

27.  = MB sin = I   

 R2I B = 
2

mR
2

   

  = 
m

B2 
 = 

T

2 
 

 T = 
IB

m2 
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HIGH LEVEL PROBLEMS [HLP] 
 

SUBJECTIVE QUESTIONS  
 

1. M =
0

d M s in



 

      

 = 
0

(d N ).i.A . s in



 

  = 
2

0

N d
.i. s in d

4

  
  

  
  

d Md M c o s

d M s in 

d M

d M c o s



d M s in 

d  

 

 M = 
1

2
N.i.d2 

 M = 
1

2
 (Amp. m2) 

 
2. Charge ball move in the form of conical pendulum. Magnetic force act along radial direction. 

Tc o s 


Ts in 

m g

T

 
 T sin = mr2 ± q.(r).B  

 Tcos = mg 

 tan = 
2

(m q B ) r

m g

  
 

  
2 2

r

r L
 = 

2
(m q B )r

m g

  
  

1 / 2
2

2

2

m g
r L

m q B

  
    

     

. 

 

3. N = (mg + i.B)cos 

 Fmax = (mg + i..B)sin + N   
N

(m g + i. B )c o s 
 = 3 0 º

(m
g+ i.

B )s
in

 





 

 Fmax = 
3 3

1  N
4 4

 
  

 
 

 Fmin = (mg + i.B) sin – N 

 Fmin =
3 3

1 N
4 1 0
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4. (a) B = 4B1 cos45º 

  =  4 × 0

2




 , 

1

a 2 2


       

B 4

B
1

B 3

B 2 x

B

y

x

x  

  B = 0

a

 


 along y–axis.  

 (b) Magnetic field at point D :  

B C

B
A

B
B

A

BC

×

×  

  0

A

ˆB  ( j )
2 2a

  
  

  
 

  0

B

ˆ ˆi j
B  

2 2 2  a 2

    
         

     

  0

C

ˆB (– i )
2 2 a

  
  

  
 

 Net magnetic field at D :    

  
A B C

B B B B    =  0

4 a

 



ˆ ˆi 3 j
–

2 2

 
 
 
 

 

 Force per meter acting on wire at point D :  

  ˆF  ( k ) B    
 

 =
2

0 ˆ ˆ( 3 i j )
8 a

 
 


  

 
5. Electric field at P is  

    E =
2 2 3 / 2

0

Q x

4 ( x r )  
  

 Magnetic field at P is B = 0

4





2

2 2 3 / 2

2 ir

( x r )




= 0

4





2

2 2 3 / 2

2 Q fr

( x r )




 

 
   f = frequency of revolution. 

 Electric energy density = 2

o

1
E

2
   ;  Magnetic energy density 

2

0

B

2
 

 
E le c tr ic e n e rg y d e n s ity

m a g n e tic e n e rg y d e n s ity
 = 

2

o

2

0

1
E

2

B

2





 =
2

2 2 4

0 0

x

4 f r  
 = 

2 2

2 2 4

x c

4 f r
 = 

2

9


 × 1010  = 9 × 109 J 
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6. Current in the element = J(2r . dr)  

 Current enclosed by Amperian loop of radius  
a

2
 

 I = 
a / 2

0

0

J r

a
  . 2r . dr = 0

2 J

3 a


3

a

2

 
 
 

 =
2

0
J a

1 2


  

d r

r

 
 Applying Ampere's law 

 B . 2 . 
a

2
 = µ0 . 

2

0
J a

1 2


  B = 0 0

J a

1 2


 

 On putting values 
 B = 10 µT 
 
7. Since, total charge is zero initially thus the two particle will be of opposite charges. Initially the neutral 

particle is at rest, so both will have same speed. As both particle move in opposite directions, magnetic 
force on them will be in the same direction and of same magnitude.  

 Using R = 
m V

q B
, both will be moving in the circle of same radius. So they will meet at point Q. i.e. 

diametrically opposite to starting point P. So time taken will be                   

 

 t =
R m

V q B

 
 ................... Ans. 

 
8. Let at time t particle be at point P (x, y) and its velocity be  

    x y

ˆ ˆV V i V j  .  

   2 2 2

0 0 x y
V V V V V    . 

 (work done by magnetic field is always zero so change in magnitude of velocity)   

 
 Then, magnetic force on the particle at point P is  

  .  x y

ˆ ˆF q V i V j  B0     y ˆ1 k
d

 
  

 
 – q B0

y
1

d

 
 

 
 dy= mdvx    

 Now when the particle will be coming out of the at that point y = d. Let the velocity in x-direction be Vx 
then integrating we get,  
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x

0

v

x

v

d v  = 
d

0

0

q B y
1 d y

m d

 
  

 
 =

2

0 0
q B 3 q B dd

d
m 2 d 2m

 
    

 
  

 so  Vx = V0 0
3 q B d

2m
    ...Ans. 

 Now      Vy = 2 2

0 x
V V   

     Vy = 

2

2 0

0 0

3 q B
V V d

2m

 
  
 

  ...Ans. 

 
9. A and P will have the same momentum in magnitude and they will move in opposite directions. They 

will move in the circle of same radius and the same centre but in opposite directions. If they meet after 
time t then 

 
  At + Pt = 2  

  t = 
A P

2 

  
 = 

2

2 e.B 2 e B

4 m ( A 4 )m






      

  t = 
4( A 4 )m

e B A

 
 ;  A =

A
t =

2 e B

4 m
  × 

4m ( A 4 )

e B A


  

  = 
2( A 4 )

A

 
= 

4 8

2 5
   n = 48   

 
10. As the particle enters the region of magnetic field, it moves in a circular path of radius  

 R = 
m v

q B
 = 1 m   whose centre is at O. and   = 

q B

m
 = 1 rad/sec.  

 we assume d to be sufficiently large so that the particle emerges out of region of magnetic field at Q 
figure - (a).  

   
  x = R – R cos 60° = 0.5 > d 

  The charge will cross the field and emerge from the right side. 

  The trajectory of the particle in the region of magnetic field is as shown in figure - b 

 In the figure (b) PQ is the chord and OC is  bisector of line PQ. Q is the point from where the particle 

emerges out. We can see from the geometry that APQ =  +  
2
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  PQ = d sec 
2

 
  

 
 = 2R sin

2


  

  d = 2R sin
2


 cos 

2

 
  

 
 = R s in s in ( )

2 2

   
       

  
 

  d = R [sin ( + ) – sin ]   sin ( + ) = 
d

R
 + sin = 0.7 

   +  = 45°     = 15° 

  Now  t =  

  1 × t = 
1 5

1 8 0

 
     t =  

1 2


sec. Ans.  

11.  

   

  
2

m v

r
 = qVB  r = 

m v

q B
 =

2m T

q B
  

   Separation between  &  particle  

  = 2 (r + r)    = 
e

2m T 2m T
2

(2 e )B e B


  

 
  

 =
2 2 T

e B
e

m
m

2


  

 
  

  

 

12. F  = q v  × B  , Let B = Bx î  + By ĵ  + Bz k̂   

 
1

F  = – e(1 î ) × {Bx î  + By ĵ  + Bz k̂ } = – e ĵ   

  eBy k̂ – eBz ĵ  =  e ĵ  

  By = 0 ; Bz = –1  

 
2

F  = e( î – ĵ ) × {Bx î  + 1 k̂ } = – e ( î  + ĵ ) 

  e ( – ĵ  + Bx k̂  – î ) = – e ( î  + ĵ )  

  Bx = 0 

  B  = –1 k̂  = – k̂  wb/m2 

 Now,  
3

v  = 
1

v  × 
2

v  = 1 î × ( î – ĵ ) = – k̂   

 Now,  F  = e
3

v  × B  = e(– k̂  × k̂  ) = 0 

 

13. Bsol = µ0
N

L
i where N is total no. of turns & L is length of the solenoid. 

 T = 
2 m

q B


 and pitch = V| | T 

 No. of revolution = 
L

p itc h
 =

| |

L .q B

V .2 m
  

 using B = µ0 
N

L
. i   0

||

.N i

V .2




.

q

m
  

 using values    
7 1 1

4 1 0 8 0 0 0 4 3 1 0

4 0 0 · 3 2

     

 
= 16 x 105 
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14.  

      
 Torque on element dx of current carrying wire AC about C is  
  d= (dF). (2L – x) in clockwise sense. 

  dF = (2 dx) 0
µ

2 

1

x


    

  Net torque on wire AC about C is    

 1 =
2 L

0

L

µ

2 
1 2

( 2L x )

x

  
   dx = 0

µ

2 
 12 L (n 4 – 1) = 0 1 2

0 .4µ L

2

 


 (clockwise direction) 

  Magnetic field at each point on segment BC due to infinite wire is uniform. 

  Net torque or wire BC about C is  

  2 = 0 1
µ

2 2L

 
 

 
 2 L × 

L

2
 = 0

µ

8 
 1 2 L (anticlockwise direction) 

   1 > 2     net torque  = 1 – 2  =  0
µ

8 
 (0.6) 12 L (clockwise direction)   

 moment of inertia of L shaped rod about C is  =  
2

m L

3
 

 angular acceleration  = 



 = 0 1 2

0 .6µ L

8

 


× 

2

3

m L
 = 0 1 2

9µ

4 0 m L

 


      

 
15. Applying Energy conservation,  initially, kinetic energy = 0  
 gravitational P.E. = 0 (say) & Magnetic P.E. = µB  

 where, µ = magnetic moment of the loop = i. 
23 a

4

 
 
 
 
 

 

 Finally when the loop becomes horizontal, Kinetic energy = 0  

 gravitational P.E.= 
a

3

 
 
 
 

mg(because mg acts on the centre of mass)  

magnetic P.E. = 0  

 

  0 + 0 + µB = 0 +
m g a

3
+ 0  B = 

m g a

3 
= 

4m g

3 ia
                

16.  

 
 Torque on the (coil + sphere) due to flow of charge through coil is   
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 p B =  (where p  is the dipole moment of the coil and B  is the geomagnetic field) 

 = i N r2  B = 
d

d t


 

  d = 
2

N r B
id t




 or  = 

2

2

N r B

2
m r

3


t

0

id t



   =
3N B Q

2M


  Ans. 

  [Ans:  =
3 B N Q

2 M


= 2.7  × 10–2 rad/s.] 

 

17. (2 0 – 0) + (– 0 + 2 0) + (– 2 0 + 4 0) + (4 0 – 2 0)  = 0      = 6 A 
 
18. Force of interaction will act an AB and AC only 

 

 
/ c o s

0 1 2

A B

0

i i s in
F d x

2 (d x c o s )


 


         

 = 0 1 2
i i ta n

2

 


 n 

d

d


 towards left 

 FAC = 0 1 2
i i ta n

2 d

 

 
 towards right 

 Fnet = FAB – FAC  

 Fnet = 0 1 2
i i ta n

2

 


 

d
n

d d

 
  

towards left. 

19. Force on differential length dF  =  i . 0 0
i

d x
2




   

 Net force  F =  0 0
i i

2





a

a

d x

x



   

   =  0 0
i i

2




n

a

a

 
 
 

  

 Torque about point of application =  0   
 Let point of application is at a distance x0 from wire i0 .   

 

  d= 0 0 0
i i ( x – x )

d x
2 x




  

  =  0 0
i i

2





a

0

a

x
1 – d x

x


 
 
 

      

 
a

0 a
x – x n x



   =  0 

   + a – x0 n ( + a) – a + x0 n a =  0 
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        x0 n 
a

a

 
 
 

 =   

        x0   = 

n 1
a

 
 

 

  

20. 
x y z

ˆ ˆ ˆv v i v j v k    

 
x

q E
v t

m
 , vy = v0 cos

q B
t

m

 
 
 

  

 vz = – v0 sin
q B

t
m

 
 
 

  

 i = 
E

| E |

 =
B

| B |

  

 ĵ  = 0

0

v

| v |
,  k̂ = 0

0

v B

| v B |

 


 = 0

0

v E

| v E |




 

 

Sol. (II) ĵ =
E

E
or  

B

B
: î = 0

0

v

v
  

 k̂ = 0

0

v B

v B
 

E  a n d  B

v
0

 
    
 Force due to electric field will be along y-axis. Magnetic force will not affect the motion of charged 

particle in the direction of electric field (or y-axis ) So 

  ay = e
F

m
= 

q E

m
 = constant. therefore, vy = ay t =

q E

m
 . t ......(1) 

 The charged particle under the action of magnetic field describes a circle in x-z plane ( perpendicular to 

B ) with 

  T = 
2 m

B q


or  =

2

T


= 

q E

m
  

 Initially ( t = 0 ) velocity was along x-axis. Therefore, magnetic force ( F m) will be along positive z-axis 

[ F m  = q (
0

v B )]. Let it makes an angle  with x-axis at time t, then  

  = t 

  vx = v0 cos t = v0 cos 
q B

t
m

 
 
 

 and  ....(2) 

  vz = v0
q B

t
m

 
 
 

sin t = v0 sin 
q B

t
m

 
 
 

         .....(3) 

z

x

v
z

v
0

v
x



 
 From (1), (2) and  (3) 
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  v = vx  + vy ĵ   + vz k̂   

  v = v0 cos
q B

t
m

 
 
 

0

0

v

v

 
 
 

 +
q B

t
m

E

E

 
 
 
 

+ v0 sin 
q B

t
m

 
 
 

0

0

v B

v B

 
 
 
 

  

 or v = cos
q B

t
m

 
 
 

0
( v ) +

q
t

m

 
 
 

(E ) + sin
q B

t
m

 
 
 

0
v B

B

 
 
 
 

  Ans.  

 The path of the particle will be a halix of increasing pitch. The axis of the helix will  be along y-axis. 
 
21. (a)  Given i = 10A, r1 = 0.08 m and r2 = 0.12m Straight portions i.e., CD etc. will produce zero magnetic 

field at the centre.Rest eight arcs will produce the magnetic field at the centre in the same direction 
i.e.,perpendicular to the paper putwards to vertically upwards and its magnitude is  

   B = Binner arcs + Bouter arcs  

       =
1

2

0

1

i

2 r

 
 
 

 +
1

2

0

2

i

2 r

 
 
 

   

       = 0
i

4

 
 

 
 ( i) 1 2

1 2

r r

r r

 
 
 

 

  Substituting the values, we have   

®

 

  B = 
7

(1 0 )(3 .1 4 )(1 0 )(0 .0 8 0 .1 2 )

(0 .0 8 0 .1 2 )

 


 Tesla 

  B = 6.54 × 10–5 T (Vertically upward or outward normal to the paper)  Ans. 
  Force on AC 
 (b)  Force on circular portions of the circuit i.e.AC etc.due to the wire at the centre will be zero 

because magnetic field due to the central wire at these arcs will be tangential ( = 1800) as shown. 
  Force on CD 
 Current in central wire is also i = 10 A. 
 Magnetic field at P due to central wire, 

  B = 0

2




.

i

x
 

   Magnetic force on element dx due to this magnetic field 

  dF = (i) 0
i

.
2 x

 
 

 
.dx = 0

2

 
 

 
 i2

d x

x

  (F = i/B sin 900 )    

 Therefore,net force on CD is 

  F = 
2

1

x r

x r

d F





  = 
2

0
i

2




 –

0 .1 2

0 .0 8

d x

x
  = 0

2




 i2 In 

3

2

 
 
 

       

C

P

D

B i

+

x

d x

 
 Substituting the values, F = (2×10–7) (10)2 In (1.5) 

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx


Magnetic effect of current and magnetic force on charge or current 
 

 

 

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVEM-77 

Toll Free :  1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

 or F = 8.1 × 10–6 N   (inwards)  

 Force on wire at the centre 
 Net magnetic field at the centre due to the circuit is in vertical direction and current in the wire in centre 

is also in vertical direction.Therefore, net force on the wire at the centre will be zero.( = 1800). Hence  
 (i)  Force acting on the wire at the centre is zero. 
 (ii) Force on arc AC = 0.        Ans. 
 (iii) Force on segment CD is  8.1 × 10 –6  N (inwards).        
 
22. (a) and (c)  
 Let the direction of current in wire PQ is from P to Q and its magnitude be I. 

x

y

z

QP

R
S

 
 The magnetic moment of the given loop is : 

    M  = – Iab k̂  
 Torque on the loop due to magnetic forces is : 

    
1
  = M  × B = (– Iab k̂ ) × {(3 î  + 4 k̂ )B0} = – 3IabB0 ĵ  

 Torque of weight of the loop about axis PQ is :  

    
2

  = r × F = 
a

î
2

 
 
 

 × (–mg k̂ ) =
m g a

2
ĵ    

 We see that when the current in the wire PQ is from P to Q, 
1
  and 

2
  are in opposite direction so they 

can cancel each other and the loop may remain in equilibrium. So the direction of current I in the wire 
PQ is from P to Q.Further for equilibrium of the loop : 

  |
1
 | = |

2
 |  

 or 3IabB0 = 
m g a

2
  

  I = 
0

m g

6b B
      Ans. 

 (b) Magnetic force on wire RS is : 

    F  = I (  × B ) 

        = I [(–b ĵ ) × {(3 î  + 4 k̂ )B0}] 

 or    F  = IbB0 (3 k̂ – 4 î )    Ans.  
 
23. Net ampere force acting on a closed loop in uniform magnetic field is zero. 

d   d  
T  c o s  d   T  c o s  d  

d
/2


d

/2


d /2
Ts in d /2

T

 

T T

d 

 
d m .r.

2

( i. rd . ) 

2 Ts in (d /2 )   

 2Tsin = 
d

2


 (dm.r.2) + r.d.iB 
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 T.d = 2m
.rd .r. r.d .i.B

2 r
   


 

 T = 
r

2 
 (m0

2 + 2i.B) . 

 

24. m
d v

d t
= q E0 ĵ  + q

x y

ˆ ˆv i v j 
 

 ´ B0 k̂  

 m
y

d v

d t
ĵ  + m x

d v

d t
î  = [q E0  q vx B0] ĵ  + q vy B0 î   

 

 m 
y

d v

d t
= [q E0  q vx B0]   .....(1)  

 m x
d v

d t
= q vy B0   .....(2) 

 From (1)   vx =
y

0

d v
q E m

d t

 
 

  0

1

q B
  

 From (2)  
0

m

q B

d

d t

y

0

d v
q E m

d t

 
 

 
 = q vy B0  

  

2

y

2

d v

d t
= 

2 2

y 0

2

q v B

m
 or 

2

y

2

d v

d t
+ 

2 2

y 0

2

q v B

m
= 0 

 Solution of above equation :  

 vy = A sin ( t + )  .....(3)  

 where   = 0
q B

m
   at t = 0, vy = 0,  = 0  vy = A sin  t   

 at t = 0, a = 0
q E

m
  a = 

y
d v

d t
= A  cos  t 

0
q E

m
 = A  0

q B

m
  A = 0

0

E

B
 

 This equation (3)  vy = 0

0

E

B
sin  t

d y

d t
 = 0

0

E

B
 sin  t  y =

t

0

0 0

E
c o s t

B

 
  

 
  

 y = 0

0 0

E m

B q B
 [1  cos  t]   y = 0

2

0

E m

q B

0
q B

1 c o s t
m
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25. (a) BR  =  4 Bsin 

        =  4 × 0
i

4 r s in



 
 [ cos + cos ] × sin  



   = 0

1

2 2
2

2 i

a
x

4



 
  

 

 × 
1

2 2
2

a

2

a
x

2

 
 

 

  ×
1

2 2
2

a

2

a
x

4

 
 

 

= 
2

0

1

2 2 2 2 2

4 a i

4 x a 4 x 2 a



        

     

   
 (b) x    =    0 

  BR  =
2

0

2

4 a i

(a )( 2 a)




    

        =  0
i

2 2
a




  

 (c) x  >> a 

  B =
2

0

2

4 a i

4 x ( 2 – x )




 = 

2

0

3

a i

2 x




= 0

3

M

2 x




  

 
26. Since the magnetic field is not uniform, the particle doesn’t follows circular path but the speed (v) of the 

particle is constant. 

  
 Here the magnetic field set-up by the straight current is along the negative z-axis, the initial velocity of 

the particle is along x-axis and the force F is in the x-y plane. 
 The force at time t after starting from point P is  
 F = q(v × B)  

 or  F = q 0

x y

ˆ ˆ( v i v j ) ( k )
2 x

   
    

  
 

  = 0

y x

q ˆ ˆ( v i v j )
2 x

 
 


  

 So, Fx =
y0

q v

2 x

 


       ax =

0 y
q v

2 m x
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 or 
0 yx x
q vv d v

d x 2 m x

 



  ......(i)  

 But  2 2

x y
v v  = v2 

  2vxdvx + 2vydvy = 0 
 or vxdvx = – vydvy   ......(ii) 
 From Eqs. (i) and (ii) 

  
y

0

2 m d x
d v

q x


 

 
 

 or   
0

2 m

q



 
0

v x

y

0 x

d x
d v

x
    or 

0 0

2 m x
v n

q x




 
 

  x = 02 m v / q

0
x e

    

 

27. 
2

M

2
m r

5


= 
q

2 m
     

 M = 
1

5
 qr2  

 

28. (a)  Consider a thin shell which is equivalent to a set of parallel long wires put around a circle. Consider 
two wires A and B which are equi-distant from OQP. 

 

 Let AB  be the magnetic field due to wire A and BB  be the magnetic field due to wire B. According to the  
Biot Savart law, both magnetic fields are equal in magnitude and their projections on the line OQP are 
also equal, but in opposite directions by geometry. 

 The resultant magnetic field 

   
A B

B B B   

 is always perpendicular to the line OQP and therefore always tangential to the circle through the point 
of observation. 

(b)   

(i) r a  : Using Ampere’s law 

  
0

c

B .d l i    

  B 2 r 0    
  B = 0 

  (i) 

r

C

  (ii) 

r

     (iii)

c

 

(ii) a r b   
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2 2

0 2 2

r a
B 2 r I

b a

 
  

 
 

 
 
 

2 2

0

2 2

I r a
B

2 r b a

 


 
   

(iii) r b  :  

 
0

B 2 r I    

 0
I

B
2 r





 

(c)  

   F q B   ; 0

r

I
F q v B q v

2 r


 


 

 Impulse : 

  0 0 0 0

r

q I q I q I q Id t d x d x L
F d t

2 r 2 r 2 r 2 r

   
   

         

 Change of momentum along radial direction : 

  0

r r

q IL
P F d t

2 r


 

  

 Deflection : 

  0 0r
q IL Iq LP 1

P 2 rm 2 m r
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