Chapter 4. Moving Charges and
Magnetism

Magnetic Field Laws and their
Applications

1 Mark Question

1.Draw the magnetic field lines due to a current carrying loop. [Delhi 2013 C]
Ans.

Magnetic field lines due to a current carrying
loop are given by
N

(1)

2 Marks Questions

2.Considering the case of a parallel plate capacitor being charged, show how one is required

to generalise Ampere’s circuital law to include the term due to displacement current. [All
India 2014,2011]

Ans.

Ampere’s circuital law conduction current

during charging of a capacitor was found

inconsistent. Therefore, Maxwell modified

Ampere’s circuital law by introducing

displacement current. (1/2)

Ampere’s circuital law ﬁB-dI =n, was
modified to @B-dl =poUg +1p)

It is called modified Ampere’s circuital law or
Ampere-Maxwell’s circuital law.

The displacement current arising due to time

varying electric field is given by I, = g %q:i
Therefore, modified Ampere’s circuital law may
be expressed as

§B i =uol(fc te, C-I}’[f-] "
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3.(i) State Biot-Savart’s law in vector form expressing the magnetic field due to an element dI

carrying current 7 at a distance r from the element.

(ii) Write the expression for the magnitude of the magnetic field at the centre of a circular
loop of radius r carrying a steady current 7. Draw the field lines due to the current loop.[All
India 2014C]

Ans.(i)

Biot-Savart’s law This law states that the
magnetic field (dB) at point P due to small

current

element Idl of current carrying

conductor is

(i) directly proportional to the /d! (current)
element of the conductor.

dB e<

(i)

(iif)

Idi

directly proportional to sin 6
dB o sin®
where, 8 is the angle between d/ and r.
inversely proportional to the square of the
distance of point P from the current
element.
dB o+
r (1)
Combining all the inequalities
dB Idi s;n 0
r
dB = Lo Idisin®
41 2

Ho
4

The direction of magnetic field can be
obtained using right hand thumb rule.

In vector form,

where, =2 =107 T-m/A for free space.

(112)

(1/2)
The direction of magnetic field will be
perpendicular to Y-axis along upward in
the plane of paper.
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(ii)
Magnetic field lines due to a current carrying

loop are given by
N

S (1)

4 Define one tesla using the expression for the magnetic force acting on a particle of charge
g moving with velocity v in a magnetic field B. [Foreign 2014]

Ans.
One tesla is defined as the field which produces a
force of 1 newton when a charge of 1 coulomb
moves perpendicularly in the region of the
magnetic field at a velocity of 1m/s.

F=qvB = B=i = 1 =———-—-~—-1N
qv (1001 m/s)

5.Two identical circular loops P and Q, each of radius r and carrying equal currents are kept
in the parallel planes having a common axis passing through O. The direction of current in P
is clockwise and in Q is anti-clockwise as seen from O which is equidistant from the loops P

and Q. Find the magnitude of the net magnetic field at O.
——— P ————,
ATNA
VARV,
P Q

I I [Delhi 2012]

. o) To calculate net magnetic field at point O, first of all, |

“f caleulate the magnetic field at point O due to both |
i coils with direction. By vector addition of these two |
! magnetic fields, net magnetic field can be obtained. ’

Magpnetic field at O due to two rings will be in

same direction (Q — P, along the axis) and of

equal magnitude. (1/2)
B= B, + B, but B, = B,

_ p.olr2 =u01r2

(2.r2]m 2323 a2
_ Mol

232 (1/2)
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6.A circular coil of closely wound N turns and radius r carries a current 7. Write the
expressions for the following:

(i) The magnetic field at its centre.

(i) The magnetic moment of this COil. [All India 2012]

Ans.

(i) Magnetic field at centre due to circular

current carrying coil, B = E—‘j'?—hj—r (1)
r
(i) Magnetic moment, M = NIA = NI (rr?)
M =T Nfrz (1}

where, r is the radius of circular coil, p is
permeability of free space and N is number
of turns.

7.A particle of charge g and mass m is moving with velocity It is subjected to a uniform
magnetic field B directed perpendicular to its velocity. Show that it describes a circular path.
Write the expression for its radius.[Foreign 2012]

Ans.

A charge q projected perpendicular to the
uniform magnetic field B with velocity v.
The perpendicular force, F = qvB, acts like a
centripetal force perpendicular to the
magnetic field. Then, the path followed by
charge is circular as shgwn in the figure. (1)

The Lorentz magnetic force acts as a
centripetal force, thus
mv? mv
qvB = or r=——-
T gB
where, r= radius of the circular path
followed by charge projected
perpendicular to a uniform magnetic
field. 03]
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8. Show how the equation for
Ampere's circuital law, viz

$B-dl=p,l
is modified in the presence of

displacement current,
[Foreign 2011]

Ans.

During charging of a capacitor, let at any
instant transient current (I ) flows through
the wire.

I Ic

| PN
1t (e}

Applying Ampere,s circuital law for loops I
and L,, we get

§,Bdl=no L
ﬁ B dl=p,x0=0
2

This violates the concept of continuity of
electric current. (1)

Maxwell  introduced the concept of
displacement current flowing in space due to
varying electric field such that

do
Io=1I,=¢,—E
= =%,
This maintained continuity of current,
Modified Ampere’s circuital law is given by

§B‘dl=ug(fc+ Ip). o

9.A long solenoid of length L having N turns carries a current I.Deduce the expression for the
magnetic field in the interior of the solenoid. [All India 2008; 2011C]
Ans.
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. Figure shows the longitudinal sectional view of
long current carrying solenoid. The current
comes out of the plane of paper at points
marked.

The B is the magnetic field at any point inside the
solenoid.

Considering the rectangular closed path abcda.
Applying Ampere’s circuital law over loop
abcda. 1)

§B-d|=u0x(Total current passing through

loop abcd)
7B+ [ B dl+ [ B.ol

' ol
+L B-dl=u0(z-l.')

where, %: number of turns per unit length

ab = cd = I = [ength of rectangle.
J: Bdi cos0° + j: Bdl cos90° +0

a NY,.
+jd Bdl cos90° =, (T]h

B’ d1=u0(%)li=81=p.o(%) I

= B=u0(ﬁ)i or B=pgni
L )

where number of turns per unit length. This is required expression for magnetic field inside
the long current carrying solenoid.

10.0btain with the help of a necessary diagram, the expression for the magnetic field in the
interior of a toroid carrying current. [HOTS; All India 2011C]

Ans.
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i |
‘7 Toroid is an endless solenoid to calculate the |
.+ magnetic field in the interlor of toroid, Ampere’s |
' circuital law can be obtained. |

Toroid is a hollow circular ring on which a
large number of insulated turns of a metallic
wire are closely wound. The direction of the
magnetic field at a point is given by tangent
to the magnetic field line at that point. (1)

§>Bd1=_[3dl cos0°=B2nr i)

asﬁB-dl:uolxNumber of turns  ....(ii)

If n be the number of turns/unit length, then
total number of turns =n x 2nr

soﬁB-dl=uonx2n:rl woplkliL)

From Egs. (i) and (iii), we get
B2rr=pqon2nri

Qe B

[}

It 11

Applying Ampere’s circuital law over loop,
we have 1)

{)B -dl =p g x Current passing through the
loop

11.A straight wire of length L is bent into a semi-circular loop. Use Biot-Savart’s law to
deduce an expression for the magnetic field at its centre due to the current 7 passing
through it. [Delhi 2011¢]

Ans.
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. When a straight wire is bent into semi-circular
loop, then there are two parts which can
produce the magnetic field at the centre one is
circular part and other is straight part due to
which field is zero.

Length L is bent into semi-circular loop.
Length of wire = Circumference of
semi-equal circular wire
= L=mnr

r=£ (1)
b1

Considering a small element d/ on current
loop. The magnetic field dB due to small
current element Id/ at centre C.

Using Biot-Savart’s law, we have

dg=Po. Id! 5||;90
4n r (112)
[+ Idl L¥, ~.6=90°]
dg= Mo ld!
an 2
Net magnetic field at C due to
semi-circular loop,
_ Ro IdI
= v[semlcircle 41 l’2

BB iz ol
41 2 4 semicircle (1/2)
B= Mo L
4 ?
But, r= £
T

B:EMQ_._I_L_A:E_QxE)(nZ
4an (L/m)? 4n [
g = Molm
4L )
This is required expression.

12.State Ampere’s circuital law. Show through an example, how this law enables an easy
evaluation of the magnetic field when there is a symmetry in the system? [All India 2010]

Ans.

As, Ampere’s circuital law states that the line
integral of magnetic field B around any closed
loop is equal to y, times the total current
threading through the loop. (1)
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Surface

Boundary

To explain the Ampere’s circuital law consider
an infinitely long conductor wire carrying a
steady current / as shown in the figure.

In order to determine the magnetic field at
point P which is situated at a distance R from the
centre of the circular loop around the
conductor wire B (magnetic field) is tangential

to circumference of the loop. (1)
Now, ﬁB-dl =_|'Bdl =B2nR
‘ Hol
=Uyl] = B="2-
Ho 2nR

[From Ampere’s circuital law]
The direction of magnetic field will be
determined by right hand rule.

P situated at a distance r from the element as shown in the figure.[Delhi 2009]

[Delhi 2009]

Ans.

13.State Biot-Savart’s law. A current | flows in a conductor placed perpendicular to the plane
of the paper. Indicate the direction of the magnetic field due to a small element dl at a point
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Biot-Savart’s law This law states that the

magnetic field (dB) at point P due to small

current element /di of current carrying

conductor is

(i) directly proportional to the Idl (current)
element of the conductor.

dB e< Id]

(i) directly proportional to sin©
dB =< sin®
where, 6 is the angle between d/ and r.

(i) inversely proportional to the square of the
distance of point P from the current
element.

dB o

P (1)

Combining all the inequalities

dB = Idl sin®

r2

dB = Wo Idisin®
4 i
Ko _ 1077 T-nv/A for free space.
47
The direction of magnetic field can be
obtained using right hand thumb rule.

In vector form,

where,

4B = Mo . Idl xr
4 fr? (12)
Z
I
dl
O -
r P ¥

(12)

The direction of magnetic field will be
perpendicular to Y-axis along upward in
the plane of paper.

14.A wire of length L is bent round in the form of a coil having N turns of same radius. If a
steady current | flows through it in clockwise direction, then find the magnitude and direction
of the magnetic field produced at its centre.[Foreign 2009]
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Ans.

: iy When a straight wire is bent in the form of a.
i P circular coil of N turns, then the length of the wire

is equal to circumference of the coil multiplied by
! the number of turns,

Let lhe radius of coil ber

As, the wire is bent round in the form of a coil
having N turns.

. N x circumference of the coil
= Length of the wire
(2mr) x N =1L

L ;
r_Ef\I sewll)

Magnetic field at the centre due to N turns of
a coil is given by

g = Mo NI)
2r
B= L.(’zg_)_ [From Eq. (i)]
=
2rN
g - MonN’I
L (1%2)

The direction of magnetic field is
perpendicular to the plane of loop and
entering into it. (1/2)

15. An element Al = Ax] is placed at the

origin (as shown in figure) and carries
a current / =2 A, Find out the magnetic
field at a point P on the Y-axis at a
. distance of 1.0 m due to the element
Ax =w cm. Also, give the direction of
the field produced. [Delhi 2009C]

Y

Ans.

Biot-Savart’s law states that

dB_ﬁ_Id!xf'
A rf?

(1)
Here, Idl = 2 x wi
JB = Mo . (2W| )
R 1/2)
i=i
|rl=1m
dB f.I.OW |dB| I'I'DW
2n 2n
and direction along +Z-axis. (1/2)
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16.Using Ampere’s circuital law,obtain an expression for the magnetic field along the axis of
a current carrying solenoid of length / and having N number of turns. [All India 2008]

Ans.

. Figure shows the longitudinal sectional view of
long current carrying solenoid. The current
comes out of the plane of paper at points
marked.

The B is the magnetic field at any point inside the
solenoid.

Considering the rectangular closed path abcda.
Applying Ampere’s circuital law over loop
abcda. 1)

§>B‘dI=u0x(Tota1 current passing through

loop ide)
c d
[/ B-di+] B.dl+ [ B-dl
a N .
+ J'd B-dl=p, (T l.')
N :
where, ha number of turns per unit length

ab = cd = I = length of rectangle.
J': Bdi cos0° + L: Bdi cos90° +0

a NY,.
+ _[d Bdl cos90° =, (T]h

B[ di=p, (%) li:Bl:po(%) li

= Bzuo(ﬁ)i or B=pgni
L (1)

17.A circular coil of radius R carries a current /. Write the expression for the magnetic field
due to this coil at its centre. Find out the direction Of the field. [All India 2008 C]

Ans.

Consider a small elementd!on a circular coil of
radius R carrying current /.

6 =90°
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By Biot-Savart’s law, magnetic field at the

centre due to element of coil.
dg= Mo Idl sin 90°
4m R?

ag=Ho. L g
4t R?
.. Net magnetic field at centre,

I

g=¢ Bo 1 g
§)4nR2
_Mo T
411:Rz§)

TR
4m R?

_ Mol
IR

Ko NI
2R

The direction of magnetic
perpendicular to the plane

For N turns of coil, B=

and directed inwards to the plane.

3 Marks Questions

(112)

(1)

field is
paper

2

18.(i) State Ampere’s circuital law expressing it in the integral form, (ii) Two long co-axial
insulated solenoids and S, of equal length are wound one over the other as shown in the

figure.A steady current / flows through the inner solenoid S, to the other end B which is
connected to the outer solenoid through which the some current / flows in the opposite

direction so, as to come out at end A. If ny, and n, are the number of turns per unit length,

find the magnitude and direction of the net magnetic field at a point

(a)inside on the axis and
(b)outside the combined system

N, turns

Ans.
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(i) Ampere’s circuital law states that the line
integral of magnetic field (B) around any
closed path in vacuum is L, times the net
current (/) threading the area enclosed by
the curve.

Mathematically, §> B-dl=p,!/
Ampere’s law is applicable only for an

Amperian loop as the Gauss’s law is used
for gaussian surface in electrostatics. (1)

(i) According to Ampere’s circuital law, the
net magnetic field is given by B=p yni Q)

(a) The net magnetic field is given by

Bnet =BZ _31
=Mool —uond, [WI,=1=1]
=Holny—ny)

The direction is from B to A. (1)

(b) As the magnetic field due to S, is
confined solely inside S, as the
solenoids are assumed to be very
long. So, there is no magnetic field
outside S, due to current in S,,
similarly there is no field outside S,.

Bt =0 (1)

19.(i) How is a toroid different from a solenoid?

(i) Use Ampere’s circuital law to obtain the magnetic field inside a toroid.

(iii)Show that in an ideal toroid the ! magnetic field (a) inside the toroid and (b) outside the
toroid at any point in the open space is zero. [All India 2014 C]

Ans.(i) A toroid can be viewed as a solenoid which has been bent into circular shape to close
on itself.

(if)
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= |
‘7 Toroid is an endless solenoid to calculate the |
.+ magnetic field in the interlor of toroid, Ampere’s |
! circuital law can be obtained. !

Toroid is a hollow circular ring on which a
large number of insulated turns of a metallic
wire are closely wound. The direction of the
magnetic field at a point is given by tangent
to the magnetic field line at that point. (1)

§>Bd1=_[3dl cos0°=B2nr i)

asﬁB-dl:uolxNumber of turns  ....(ii)

If n be the number of turns/unit length, then
total number of turns =n x 2nr

soﬁB-dl=uonx2n:rl woplkliL)

From Egs. (i) and (iii), we get
B2rr=pqon2nri

Qe B

[}

It 11

Applying Ampere’s circuital law over loop,
we have 1)

{)B -dl =p g x Current passing through the
loop

(iii)For the evaluation of magnetic field for a symmetrical system, we can consider the
example of a current carrying solenoid. Now,

Get More Learning Materials Here : & m @) www.studentbro.in



. Figure shows the longitudinal sectional view of
long current carrying solenoid. The current
comes out of the plane of paper at points
marked.

The B is the magnetic field at any point inside the
solenoid.

Considering the rectangular closed path abcda.
Applying Ampere’s circuital law over loop
abcda. 1)

§B-d|=u0x(Total current passing through

loop abcd)
7B+ [ B dl+ [ B.ol

' ol
+L B-dl=u0(z-l.')

where, %: number of turns per unit length

ab = cd = I = [ength of rectangle.
J: Bdi cos0° + j: Bdl cos90° +0

a NY,.
+jd Bdl cos90° =, (T]h

B’ d1=u0(%)li=81=p.o(%) I

= B=u0(ﬁ)i or B=pgni
L )

where number of turns per unit length. This is required expression for magnetic field inside

the long current carrying solenoid.
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{a) Let magnetic field inside the toroid is B
along the considere:. loop (1) as shown in
figure.

~ -

Applying Ampere’s circuital law,
§mom B-dl=pgy (NN

Since, toroid of N turns, threads the loop 1,
N times, each carrying current / inside the
loop. Therefore, total current threading the
loop 1 is NI.

= §Ioop1 B-di=p,NI
B§3|00p dl =, NI

Bx2mr=pyNI or B:M—I—
2nr (1)

(b) Magnetic field inside the open space

interior the toroid. Let the loop (2) is

shown in figure experience magnetic field

B.

No current threads the loop 2 which lie in

the open space inside the toroid.

Ampere’s circuital law
56 B-dl=p,0)=0 = B=0 (1
loop 2 :

Magnetic field in the open space exterior
of toroid Let us consider a coplanar loop
(3) in the open space of exterior of toroid.
Here, each turn of toroid threads the loop
two times in opposite directions.
Therefore, net current threading the loop
=NI -NI =0
By Ampere’s circuital law,
$  Bdl=p (NI-NI)=0 = B=0
loop 3

Thus, there is no magnetic field in the open
space interior and exterior of toroid. (1)
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20 Figure shows a long straight wire
of a circular cross-section of radius
a carrying steady current I. The
current I is uniformly distributed
across this cross-section. Derive
the expressions for the magnetic
field in the regionr <aandr > a.

I —

[All India 2011C]

Ans.
In these types of questions, first of all we have to§
calculate the current per unitarea of cross-section |

so that we can calculate the current in each Ioop,‘
_then only we can find the magnetic field.

The current is distributed uniformly across the
cross-section of radius a.

(r<a)

3 : I
. Current passes per unit cross-section = s
na

*. Current passes through the cross-section of
radius r is

2
I’=[L2xnr2J:I—r2—
a a (i) (2/2)
(i) Consider a loop of radius r whose centre
lies at the axis of wire where, r<a as

shown in figure inside the wire.
Applying Ampere’s circuital law,

§> B di=p,I’ —

. B .
§ Bdicos0® =p | — [From Eq. (i)]
a

ir
Bi’ dl:lio?

Mo lr? o g Bolr
32

Bx2nr= 5

2ra (1/2)
= Bocr
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(i) Considering a loop of radius r whose
centre lies at the axis of wire and (r> a) as
shown in outer dotied line,

Current  threads the loops.
Applying Ampere’s circuital law,

§B-dl=p,1 )

§ Bdi cos0° =p,I

B di=pol

Bx2mr=pgl

Mol
2nr (1

= B =
r

21. A long straight wire of a circular
cross-section of radius a carries a
steady current [. The current is
uniformly distributed across the
~cross-section. Apply Ampere's
- circuital law to calculate the
magnetic field at a point in the

region for (i) r<aand (i) r > a.
[Delhi 2010]

Ans.
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ko In these types of questions, first of all we have to}

calculate the current per unitarea of cross-section |
so that we can calculate the current in each loop,‘
then only we can find the magnetic field.

The current is distributed uniformly across the
cross-section of radius a.

(r<a)

: : I
*. Current passes per unit cross-section = —
na

~. Current passes through the cross-section of
radius r is

2
I’=(i2xnr2J=I—r2-
na a (i) (112)
(i) Consider a loop of radius r whose centre
lies at the axis of wire where, r<a as
shown in figure inside the wire.
Applying Ampere’s circuital law,

§ B-di= _

§ Bdl cos0° = ( i ) [From Eq. ()]
a

B di= Ho 7 I’
Bx2nr=% = B=“°I';
a 2ma (1)
= Bocr

(i) Considering a loop of radius r whose
centre lies at the axis of wire and (r> a} as
shown in outer dotted line,

Current | threads the loops.
Applying Ampere’s circuital law,

§B-dl=p,I a2
§ Bdicos0° =p,1I

B di=pol

Bx2mnr=pgl

g =Ml
2nr (1)

22 A solenoid of length 1.0 m has a radius of 1 cm and has a total of 1000 turns wound on
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it. It carries a current of 5 A. Calculate the magnitude of the axial magnetic field inside the
solenoid. If an electron was to move with a speed of 10* m/s along the axis of this current
carrying solenoid, what would be the force experienced by this electron? [Delhi 2008 C]
Ans.

k) We have to calculate the axial- magnetic field!

% inside the solenoid. In a solenoid, the magnetic|
field is along its axis, so it is called axial magnetic
field. So, to find the axial magnetic field inside

~ thesolenoid, its regular formula will be used. |

Given, L=Tm, r=1cm=0.01m,
N=1000, IT=5A
Magnetic field P inside the solenoid
B=u,nI (1/2)

1
=41 %1077 x1000 x 5
B=2nx107T (11/2)
The direction of B is along the axis of solenoid.
Now, g=-e,
v=10"m/s

and the angle between B and v is 0°
(. electron moves along the direction of the
magnetic field)

Magnetic Lorentz force,
Fy =qvB sin0°
=qvBx0=0
F=0
s Moomagnetic force experienced by the
electron, (1}

23.A long straight wire of a circular cross-section of radius a carries a steady current /. The
current is uniformly distributed across the cross-section of the wire. Use Ampere’s circuital
law to show that the magnetic field due to this wire in the region inside the wire increases in
direct proportion to the distance of the field point from the axis of the wire. Write the value
of this magnetic field on the surface of the wire.[All India 2008 C]

Ans.
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) In these types of questions, first of all we have to
calculate the current per unit area of cross-section|
s0 that we can calculate the current in each Ioop,‘

__then only we can find the magnetic field.

The current is distributed uniformly across the
cross-section of radius a.

(r<a)

. . I
. Current passes per unit cross-section = ——

wa’
~. Current passes through the cross-section of
radius r is
2
I’=(L2xnr2J:I—r2—
Ra a (i) (1/2)

(i) Consider a loop of radius r whose centre
lies at the axis of wire where, r<a as
shown in figure inside the wire.

Applying Ampere’s circuital law,

§ B di= -

§ Bdi cos0° =p1, ( ] ) [From Eq. (i)]

It
B§ d[:uo?

2
Bx2nr=% =5 B=“°'L;
a 2ma’ (12
= Bor
B= P-UI
Zna‘
= Ber (1/2)

Now, the value of magnetic field on the
surface of wire, i.e.

r=a
Bz_l'l'_U‘_I:z_xa=M
2na 2w a {”’2)

5 Marks Questions

24.Two very small identical circular loop(1) and (2) carrying equal current | are placed
vertically (with respect to the plane of the paper) with their geometrical axes perpendicular
to each other as shown in the figure. Find the magnitude and direction of the net magnetic
field produced at the point O.[Delhi 2014]
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Ans.

The magnetic field at a point due to a circular
loop is given by

_Ho  2mla’
4»“ (al +r2)3/2 (1}
where,

I = current through the loop
a = radius of the loop
r = distance of O from the centre of the loop.

Since /, a and r = x are the same for both the
loops, the magnitude of B will be the same and
is given by (1)

2
_n _ Mg 2nla
AT G

The direction of magnetic field due to loop (1)
will be away from O and that of the magnetic
field due to loop (2) will be towards O as
shown. The direction of the net magnetic field
will be as shown below: (1)
Bnet

! [ s R et r- o
| ——
90°
X

(1)
The magnitude of the net magnetic field is
given hy
BHEII = -\“/é]z + Bg
W, 242w Ia?
== Bn(’l it s ST
ToAm (a4 xY (1)
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25. State Biot-Savart's law expressing it
in the vector form. Use it to obtain the
expression for the magnetic field at
an axial point distance d from the
centre of a circular coil of radius a
carrying current I. Also, find the ratio
of the magnitudes of the magnetic
field of this coil at the centre and at an
axial point for which d = av/3.

[Delhi 2013C)

Ans..

Biot-Savart’s law This law states that the

magnetic field (dB) at point P due to small

current element /di of current carrying

conductor is

(i) directly proportional to the Id! (current)
element of the conductor.

dB =< Id!

Get More Learning Materials Here : & m @) www.studentbro.in



(i) directly proportional to sin©
dB =< sin®
where, 8 is the angle between d/ and .

(it) inversely proportional to the square of the
distance of point P from the current
element.

dB o

o (1)

Combining all the inequalities
dB = Idl sin®

!'2

dB = u_o.Id sin@
41 "2

Mo

41

The direction of magnetic field can be
obtained using right hand thumb rule.

In vector form,
4B = Mo . Idl xr
4 fr? (12)

where, =107 T-m/A for free space.

z

(112)

The direction of magnetic field will be
perpendicular to Y-axis along upward in
the plane of paper.

(i)Let us consider a circular loop of radius a with centre C. Let the plane of the coil be
perpendicular to the plane of the paper and current / be flowing in the direction shown.
Suppose P is any point on the axis at direction r from the centre.

Q

dB sin ¢ '

Q

Now, consider a current element Idl on top L, where current comes out of paper normally,
whereas at bottom M enters into the plane paper normally

Get More Learning Materials Here : & m @) www.studentbro.in



A 1P L diI
Also, MP 1 di

LP = MP = r* + a*

The magnetic field at P due to current
element Idi. According to Biot-Savart’s law,

dB = Wo IdI sin 90°

an (?+ad)
where, a = radius of circular loop.
r = distance of point P from centre along
the axis. (1)

The direction of dB is perpendicular to LP
and along PQ, where PQ L LP. Similarly,
the same magnitude of magnetic field is
obtained due to current element Id! at the
bottom and direction is along PQ’, where
PQ’ L MP. Now, resolving dB due to
current element at L and MdB cos ¢
components balance each other and net
magnetic field is given by

B=§ dBsino

=§) Lo Idl ‘ a
an \r? + a’ \/m
; a
~ In APCL, sin ¢ = ——=——
Jr? + a2

= Mo la
B W&‘ﬂ

_:I?c“ (r2 +a
2
Ho % Hola
B=—"—— —(2m3)= —- 2 —
2
For nturns, Bzm—%—%
2 +a?)

(1)
The direction is along the axis and away
from the loop.

(i) Magnetic  field lines due to a
current-carrying loop is given as below: (2)
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In this answer, putr=d.

Magnetic field induction at the centre of the

circular coil carrying current is

B, = o 21
4t  a

Mo 2ma’l

" an (@ 4+ d??
B _ _a'xa _ @&
Bz - {32 +d2)3j’2 - (aj +d3}m

[+d = ay3)

ﬂ_ a3 B a'3
B, 1
B, 8

26.State Biot-Savart’s law and give the mathematical expression for it. Use law to derive the
expression for the magnetic field due to a circular coil carrying current at a point along its

axis. How does a circular loop carrying current behave as a magnet?[Delhi 2011]

Ans.For Biot-Savart's law

Biot-Savart’s law This law states that the

magnetic field (dB) at point P due to small

current element /di of current carrying

conductor is

(i) directly proportional to the Idl (current)
element of the conductor.

dB < Id!
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(i) directly proportional to sin©
dB =< sin®
where, 6 is the angle between d/ and r.

(it) inversely proportional to the square of the
distance of point P from the current
element.

dB o
r (1)

Combining all the inequalities
dB = Idl szm 0
r
dp = Mo Idi sin®8
4n e
Ho
4n

The direction of magnetic field can be
obtained using right hand thumb rule.

In vector form,

where, =107 T-m/A for free space.

4B = Mo . Idl xr
4 fr? (12)
Z
I
di
(0] ™
r P T

(112)

The direction of magnetic field will be
perpendicular to Y-axis along upward in
the plane of paper.

For the magnetic field due to a circular coil carrying current at a point along its axis

(i)Let us consider a circular loop of radius a with centre C. Let the plane of the coil be
perpendicular to the plane of the paper and current / be flowing in the direction shown.
Suppose P is any point on the axis at direction r from the centre.

Q

dB sin ¢ '

Q@

Now, consider a current element Idl on top L, where current comes out of paper normally,
whereas at bottom M enters into the plane paper normally
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A 1P L diI
Also, MP 1 di

LP=MP = \r* + a*

The magnetic field at P due to current
element Idi. According to Biot-Savart’s law,

dB = Wo IdI sin 90°

an (?+ad)
where, a = radius of circular loop.
r = distance of point P from centre along
the axis. (1)

The direction of dB is perpendicular to LP
and along PQ, where PQ L LP. Similarly,
the same magnitude of magnetic field is
obtained due to current element Id! at the
bottom and direction is along PQ’, where
PQ’ L MP. Now, resolving dB due to
current element at L and MdB cos ¢
components balance each other and net
magnetic field is given by

B=§ dBsino

=§) Lo Idl ‘ a
an \r? + a’ \/m
; a
~ In APCL, sin ¢ = ——=——
Jr? + a2

Ho Ia

B="2————— ¢ dl

4 (r? + 222 §

Ho % Mo la’
B="—~ — — _(2ra)= —F—
2

Fornturns, B= m—%—%

2(°+a)

(1)
The direction is along the axis and away
from the loop.

(i) Magnetic field lines due to a
current-carrying loop is given as below: (2)

4] —

=1

As current carrying loop has the magnetic held lines around it which exists a force on a
moving charge. Thus, it behaves as a magnet with two mutually opposite poles

NS
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The anti-clockwise flow of current behaves like a North pole, whereas clockwise flow as
South pole. Hence, loop behaves as a magnet

27.(i) Using Ampere’s circuital law, obtain the expression for the magnetic field due to a long
solenoid at a point inside the solenoid on its axis.

(i) In what respect, is a toroid different from a solenoid? Draw and compare the pattern of
the magnetic field lines in the two cases.

(iii) How is the magnetic field inside a given solenoid made strong?[All India 2011]

Ans.(i)

. Figure shows the longitudinal sectional view of
long current carrying solenoid. The current
comes out of the plane of paper at points
marked.

The B is the magnetic field at any point inside the
solenoid.

Considering the rectangular closed path abcda.
Applying Ampere’s circuital law over loop
abcda. 1)

§B«d|=u0x(Total current passing through

loop abcd)
[[Bd+[ B dl+ [ Bd

a N .
+J’d B-dl=uo(z—l:)
N :
where, T= number of turns per unit length

ab = cd = I = [ength of rectangle.
b
|, Bdi cos0° + [ Bdl cos90° +0

a NY.
+ jd Bdl cos90° =, (T)h

B d1=u0(%)li=51=p.o(%) li

= B=u0(ﬁ)i or B=pugni
L (1)

where, n = number of turns per unit length. This is required expression for magnetic field
inside the long current carrying solenoid.

(i) Solenoid is a hollow circular ring having large number of turns of insulated copper wire on
it.

Therefore, we can assume that toroid is a bent solenoid to close on itself.

The magnetic fields due to solenoid and toroid is given in figures below
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Field due to toroid

Magpnetic field inside the solenoid is a uniform, strong and along its axis also field lines are all
most parallel while inside the toroid field line makes closed path.
(iii) The magnetic field in the solenoid can be increased by inserting a soft iron core inside it.

28.(i) State Ampere’s circuital law.

(i) Use it to derive an expression for magnetic field inside along the axis of an air cored
solenoid.
(iii) Sketch the magnetic field lines for a finite solenoid. How are these field lines different
from the electric field lines from an electric dipole? [Foreign 2010]
Ans.(i)For statement of Ampere’s circuital law

As, Ampere’s circuital law states that the line

integral of magnetic field B around any closed

loop is equal to w, times the total current
threading through the loop. (1)
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Surface

Boundary

To explain the Ampere’s circuital law consider
an infinitely long conductor wire carrying a
steady current / as shown in the figure.

In order to determine the magnetic field at
point P which is situated at a distance R from the
centre of the circular loop around the
conductor wire B (magnetic field) is tangential
to circumference of the loop. (1)

Now, SBB-m:dez:anR

Mol
=ugl = B="21
Mo 2nR

[From Ampere’s circuital law]
The direction of magnetic field will be
determined by right hand rule.

@ www.studentbro.in



. Figure shows the longitudinal sectional view of
long current carrying solenoid. The current
comes out of the plane of paper at points
marked.

The B is the magnetic field at any point inside the
solenoid.

Considering the rectangular closed path abcda.
Applying Ampere’s circuital law over loop
abcda. 1)

§B-d|=u0x(Total current passing through

loop abcd)
7B+ [ B dl+ [ B.ol

' ol
+L B-dl=u0(z- l.')

N ;
where, T= number of turns per unit length

ab = cd = I = [ength of rectangle.
J: Bdi cos0° + L: Bdl cos90° +0

a NY,.
+jd Bdl cos90° =, (T]h

B’ d1=u0(%)li=81=p.o(%) li

= B=u0(ﬁ)i or B=pgni
L )

where, n = number of turns per unit length. This is required expression for magnetic field
inside the long current carrying solenoid.
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(i) Magnetic field lines due to a finite
solenoid has been shown as below:

Q

2)
All the magnetic field lines are necessarily
closed loops, whereas electric lines of force
are not.

29.(i)Using Biot-Savart’s law, deduce an expression for the magnetic field on the axis of a
circular current carrying loop.

(i) Draw the magnetic field lines due to a current carrying loop.

(iiii) A straight wire carrying a current of 12 A is bent into a semi-circular arc of radius 2.0 cm
as shown in the figure. What is the magnetic field B at O due to

(a)straight segments,

(b)the semi-circular arc?[Foreign 2010]
[Foreign 2010]

.
0

Ans.(i)Let us consider a circular loop of radius a with centre C. Let the plane of the coil be
perpendicular to the plane of the paper and current / be flowing in the direction shown.

Suppose P is any point on the axis at direction r from the centre.
Ldr

Q

dBsin¢

M Q@

Now, consider a current element Idl on top L, where current comes out of paper normally,
whereas at bottom M enters into the plane paper normally
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A 1P L diI
Also, MP 1 di

LP = MP = r* + a*

The magnetic field at P due to current
element Idi. According to Biot-Savart’s law,

dB = Wo IdI sin 90°

an (?+ad)
where, a = radius of circular loop.
r = distance of point P from centre along
the axis. (1)

The direction of dB is perpendicular to LP
and along PQ, where PQ L LP. Similarly,
the same magnitude of magnetic field is
obtained due to current element Id! at the
bottom and direction is along PQ’, where
PQ’ L MP. Now, resolving dB due to
current element at L and MdB cos ¢
components balance each other and net
magnetic field is given by

B=§ dBsino

=§) Lo Idl ‘ a
an \r? + a’ \/m
; a
~ In APCL, sin ¢ = ——=——
Jr? + a2

= Mo la
B W&‘ﬂ

_:I?c“ (r2 +a
2
Ho % Hola
B=—"—— —(2m3)= —- 2 —
2
For nturns, Bzm—%—%
2 +a?)

(1)
The direction is along the axis and away
from the loop.

(i) Magnetic  field lines due to a
current-carrying loop is given as below: (2)
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(iii) Magnetic field due to straight part
B Mo fdIxr
4 p®

a QO
(1/2)

For point O, dl and r for each element of the
straight segments AB and DF are parallel.
Therefore, di x r = 0. Hence, magnetic field
due to straight segments is zero.

Magnetic field at the centre due to circular
point
_ Magnetic field at the centre of circular coil
2
[ Here, coil is half]
(ol Jzu_o'
2\ 2r 4r
Kol

4r

_(4nx107)x12
4%x2x%x107?

o -5
=6 x107°T (1/2)

30.(i) State Ampere’s circuital law. Show through an example, how this law enables an easy
evaluation of this magnetic field when there is a symmetry in the system?

(i) What does a toroid consist of? Show that for an ideal toroid of closely wound turns, the
magnetic field.

(a)inside the toroid is constant.

(b)in the open space inside an exterior to the toroid is zero.[All India 2010 C]

Ans. (i) For statement of Ampere’s law

As, Ampere’s circuital law states that the line
integral of magnetic field B around any closed
loop is equal to p, times the total current
threading through the loop. (1)
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Surface

Boundary

To explain the Ampere’s circuital law consider
an infinitely long conductor wire carrying a
steady current / as shown in the figure.

In order to determine the magnetic field at
point P which is situated at a distance R from the
centre of the circular loop around the
conductor wire B (magnetic field) is tangential
to circumference of the loop. (1)

Now, SBB-m:dez:anR

Mol
=ugl = B="21
Mo 2nR

[From Ampere’s circuital law]
The direction of magnetic field will be
determined by right hand rule.

For the evaluation of magnetic field for a symmetrical system, we can consider the example
of a current carrying solenoid. Now,

Get More Learning Materials Here : & m @) www.studentbro.in



. Figure shows the longitudinal sectional view of
long current carrying solenoid. The current
comes out of the plane of paper at points
marked.

The B is the magnetic field at any point inside the
solenoid.

Considering the rectangular closed path abcda.
Applying Ampere’s circuital law over loop
abcda. 1)

§B-d|=u0x(Total current passing through

loop abcd)
7B+ [ B dl+ [ B.ol

' ol
+L B-dl=u0(z- l.')

N ;
where, T= number of turns per unit length

ab = cd = I = [ength of rectangle.
J: Bdi cos0° + j: Bdl cos90° +0

a NY,.
+jd Bdl cos90° =, (T]h

B’ d1=u0(%)li=81=p.o(%) I

= B=u0(ﬁ)i or B=pgni
L )

where, n = number of turns per unit length. This is required expression for magnetic field
inside the long current carrying solenoid.
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{a) Let magnetic field inside the toroid is B
along the considere:. loop (1) as shown in
figure.

- o

Applying Ampere’s circuital law,
§mom B-dl=pgy (NN

Since, toroid of N turns, threads the loop 1,
N times, each carrying current / inside the
loop. Therefore, total current threading the
loop 1 is NI.

= §Ioop1 B-dl=u0NI
B{)Ioop dl =, NI

Bx2mr=poNI or B=HoM
2mr (1)

(b) Magnetic field inside the open space

interior the toroid. Let the loop (2) is

shown in figure experience magnetic field

B.

No current threads the loop 2 which lie in

the open space inside the toroid.

Ampere’s circuital law
56 B-dl=p,0)=0 = B=0 (1
loop 2 :

Magnetic field in the open space exterior
of toroid Let us consider a coplanar loop
(3) in the open space of exterior of toroid.
Here, each turn of toroid threads the loop
two times in opposite directions.
Therefore, net current threading the loop
=NI -NI =0
By Ampere’s circuital law,
$  Bdl=p,(NI-NI)=0 = B=0
loop 3

Thus, there is no magnetic field in the open
space interior and exterior of toroid. (1)
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Magnetic Force and Torque
1 Mark Questions

1.Using the concept of force between two infinitely long parallel current carrying conductors,
define one ampere of current. [All India 2014]
Ans.

Force between two straight parallel current
carrying conductors

£ Ko 2hls
n r
Let /,=1,=1A,r=1m, then

F=107 x ——2?1];“ =2x107

@

One ampere One ampere is that value of
current which flows through two straight,
parallel infinitely long current carrying
conductors placed in air or vacuum at a
distance of 1 m and they experience a force of
attractive or repulsive nature of magnitude
2 %1077 N/m on their unit length. 1)

2.1s the steady electric current the only source of magnetic field? Justify your answer.[Delhi
2013 C]
Ans.Yes, the net magnetic force acting on a wire carrying a steady (constant) electric current!

in an external magnetic field Band is given F=IdIB

3.Why should the spring/suspension wire in a moving coil galvanometer have low torsional
constant? [All India 2008]
Ans.Low torsional constant facilitates greater deflection (allpha) in coil for given value of

current and hence, sensitivity of galvanometer increases,

4. Write two factors by which voltage sensitivity of a galvanometer can be increased.
[Foreign 2008]
Ans .Voltage sensitivity of galvanometer can be increased by

(i) increasing the magnetic field (ii) decreasing the value of torsional constant,
5. Write two factors by which current sensitivity of a moving coil galvanometer can

be increased. [Foreign 2008]

Ans.Current sensitivity of galvanometer can be increased by
(i) increasing the number of turns of coil.

(i) increasing the magnetic field.

2 Marks Questions

6.A rectangular coil of sider | and b carrying a current | is subjected to a uniform magnetic
field B acting perpendicular to its plane. Obtain the expression for the torque acting on it.
[Delhi 2014 C]
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Ans.
Equivalent magnetic moment of the coil

m = JAn
m=1Ibn
Wher, n = unit vector L to the plane of the
coil.
s Torque =mxB
=IlbnxB
=0 (1)

As nandB are parallel or antiparallel to each other.

7.A coil of N turns and radius R carries a current /. It is unwound and rewound to make a
square coil of side a having same number of turns N. Keeping the current | same, find the
ratio of the magnetic moments of the square coil and the Circular COil. [Delhi 2013 C]
Ans.

Ratio of the magnetic moments
M, 2INA,

M INA

[

AL

R? 2

c

8.A steady current 11 flows through a long straight wire. Another wire carrying steady current
I, in the same direction is kept close and parallel to the first wire. Show with the help of a
diagram, how the magnetic field due to the current I, exert a magnetic force on the second
wire. Deduce the expression for this force. [All India 2011; Foreign 2008]

Ans.

) in these types of questlons, we are cafcu[atmg.
force on a wire in the field produced by the[
other current carrying wire.

Let two infinitely long straight current
carrying conductor carry currents I; and I; in
the same direction. Magnetic field B, due to

first wire on seconds, i.e. (1/2)
B, = i_o 25 i)
il 12)

The magnetic field is perpendicular to the
plane of paper and directed inwards i.e. (X)

type.
]

{ .

]

ole x|x T
ele x| x
[1n. 1\[2
el® X | X

ele F, Fp x|x

L
ele x1x
r
ole x| x
[e|e x| x
ole x| x
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Now, magnetic force on L length of second
wire is given by (1/2)

F,=1,B,1Lsin90°

25
= R=I, (':TOE T)L

b oMo 251,
L 4n r
By Fleming’s left hand rule, the direction of
force F, is perpendicular to the second wire in
the plane of paper towards the first wire,
Similarly, magnetic force on Ist wire is given

= R (1]

by
h_Bg 251, i
L 4n r
The force F is directed towards the second
wire.

Thus, two straight parallel current carrying
conductor have the same direction of flow of
currents attracting each other. (1/2)

9.How is a moving coil galvanometer converted into a voltmeter? Explain giving the
necessary circuit diagram and the required mathematical relation used. [All India 2011 C]
Ans.

Q? The resistance of an |deaI voItmeter is mflmty or:
very high in practical condition. So, to convert a;
galvanometer into voltmeter, its resistance needs |
to be increased, which can be done by a htgh
resistance in series connection with it.

A galvanometer can be converted into a
voltmeter by connecting a very high resistance
R in series with it. (1/2)
Let R is so chosen that current I, gives full
deflection in the galvanometer where I I8 the
range of galvanometer.

/— Voltmeter

E v I (1/2)
Let galvanometer of resistance G, range 1. 1510
be converted into voltmeter of range V (volt)

Now,
V=1’g (C+R)
= R+G=L = R:l—G
Ig Is

The appropriate scale need to be graduated to
measure potential difference. 47

- - -a

10. A square coil of side 10 cm has 20 turns
and carries a current of 12 A. The coil is
suspended vertically and normal to the
plane of the coil, makes an angle 6 with
the direction of a uniform horizontal
magnetic field of 0.80 T. If the torque,
experienced by the coil equals 0.96 N-m,
find the value of 6. [Delhi 2010C]
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Ans.
Here, Area(A) of coil

=10x10=100 cm? =107 m?

Number of turns, N. = 20 turns

Current, =12 A
Number of the coils make angle with
magnetic field=0=1

Magpnetic field, B=0.8T
Torque, T=0.96 N-m (1/2)

- Torque (1) experienced by current carrying
coil, the magnetic field is

T1=NIAB sin© (1)
0.96=20x12%x10%x0.8 xsin®
= s:'nGrELtg_E}:l
1.92 2

= B=Erad
6

(1/2)

11.Define current sensitivity and voltage sensitivity of galvanometer. Increasing the current
sensitivity may not necessarily increase the voltage sensitivity of a galvanometer, justify
your answer. [All India 2009]
Ans.

Current sensitivity The deflection produced

in the coil of galvanometer per unit flow of
electric current through it, i.e.

Current sensitivity,

0 NBA
lg=—=—=
| K
where abbreviations are as usual. (1/2)

Voltage sensitivity The deflection produced
in the galvanometer per unit applied potential
difference across it.

Voltage sensitivity

8 _8 NBA

* V. IR KR
where abbreviations are as usual.lts unit is
rad|A or diviA (1/2)

Increasing the current sensitivity may not
necessarily increase the voltage sensitivity,
because the current sensitivity increases with
the increase of number of turns of the coil but
the resistance of coil also increases which
affect adversely on voltage sehsitivity. (1)

3 Marks Questions

12.A metallic rod of length / is rotated with a frequency v with one end hinged at the centre
and the other end at the circumference of a circular metallic ring of radius r about an axis
passing through the centre and perpendicular to the plane of the ring. A constant uniform
magnetic field B parallel to the axis is present everywhere. Using Lorentz force, explain how
emf is induced between the centre and the metallic ring and hence obtained the expression
for it.[Delhi 2013]

Ans.
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Suppose, the length of the rod is greater than
the radius of the circle and rod rotates
anti-clockwise and suppose, the direction in
the rod at any instant be along + Y-direction.
Suppose, the direction of the magnetic field is
along + Z-direction.

Then, using Lorentz law, we get the following

F=-e(vxB)
= F=—e(vika)
= F=-evBi (1)

Thus, the direction of force on the electrons is
along X-axis.

Thus, the electrons will move towards the
centre, i.e. the fixed end of the rod. This
movement of electrons will result in current
and hence, it will result in current and hence,
it will produce emf in the rod between the
fixed end and the point touching the ring.

Let © be the angle between the rod and radius

of the circle at any time t. (1)
Then, area swept by the rod inside the circle
=2 7%
s

Now, induced emf = B x +d— (l nr29)
dt \2

:lnrngE= lnrsz
2 d 2

= l nr’B2nv)
2
= n’r’Bv 1)

NOTE There will be an induced emf between the
two ends of the rods also.

13. Arectangular loop of wire of size
2.5 cm x4 cm carries steady
current of 1 A. A straight wire
carrying 2 A current is kept near
the loop as shown. If the loop
and the wire are coplanar, find
the (i) torque acting on the loop
and (ii) the magnitude and
direction of the force on the loop
duetothe current carrying wire.

[Delhi 2012]

1=2A
25¢cm

1A 1A

4cm

1cm

Ans.
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There will be force of attraction between the
straight wire and 4 cm long arm of loop nearer
to the straight conductor.

F=bo 2X2XT 4107
4t 2 x107°)
[towards straight conductor]
F=8x107N L) ()

Similarly, force on other 4 cm arm of loop,
away from the straight conductor

2=E-°-><——2_>£X—12—x(4x10“2)
4n (4.5%1079
F,=3.55x107N D)

[away from conductor]
() Since, F, and F, are of different
magnitudes, therefore, do not form couple
and hence (1/2)
Torque, 1=0

(i) Net force on loop,
F=F-F
[towards straight conductor]
F=8x107 —3.55x1077

F=4.45x107N

The forces on two branches of loop are equal in
magnitude and opposite in the directions,
hence they balance each other. (1/2)

14.Draw a labelled diagram of a moving coil galvanometer and explain its working. What is

the function of radial magnetic field inside the coil?[Foreign 2012]
Ans.

Get More Learning Materials Here : & m

@ www.studentbro.in



Moving Coil Galvanometer

Principle

Its working is based on the fact that when a
current carrying coil is placed in a magnetic
field, it experiences a net torque. (1)

Scale

Soft iron
core

.—'E,H

; | Phosphor
bronze
strip

==bk:

(1/2)
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Working
Suppose, the coil PGQRS is suspended freely in
the magnetic field.
Let / = length PQ or RS of the coil

b = breadth QR or SP of the coil

n = number of turns in the coil
Area of each turns of the coil, A=Ix b
Let B = strength of the magnetic field in which
coil is suspended.

I = current passing through the coil in the
direction of PQRS
Let at any instant of time, o be the angle
which the normal drawn on the plane of the
coil makes with the direction of magnetic
field. The rectangular current carrying coil
when placed in the magnetic field
experiences a torque whose magnitude is
given by 1= NIBA sina (1/2)
Due to this deflecting torque, the coil rotates
and suspended wire gets twisted. A restoring
torque is set up in the suspension wire.
Let 8 be the twist produced in the phosphor
bronze strip due to rotation of the coil and

k be the restoring torgue per unit twist of the
phosphor bronze strip. ‘
Then,

total restoring torque produced = k8

In equilibrium position of the coil,

Deflecting torque = Restoring torque

NIk or T X e
NBA

where, —k— =17
NBA

[constant for a galvanometer]
It is known as galvanometer constant.

* Current sensitivity of the galvanometer is the
deflection per unit current.

¢ _ NAB
I k
* Voltage sensitivity is the deflection per unit

voltage.
$ _NAB (L)
v k \V
. [V =IR]

The uniform radial magnetic field keeps the
plane of the coil always parallel to the
direction of the magnetic field, ie. the angle
between the plane of the coil and the
magnetic field is zero for all the orientations of
the coil. (1)

15.Depict the magnetic field lines due to two straight, long, parallel conductors carrying
currents 1\ and 1, in the same direction. Hence, deduce an expression for the force per unit
length acting on one of the conductors due to the other. Is this force attractive or
repulsive? [Delhi 2011 c]

Ans.
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Q) In these types of questlons, we are calculatmg\
" force on a wire in the field produced by theE
other current carrying wire.

Let two infinitely long straight current
carrying conductor carry currents I, and I, in
the same direction. Magnetic field B, due to

first wire on seconds, i.e. 112)
Bi= Ko 21, )
4T r w2

The magnetic fieid is perpendicular to the
plane of paper and directed inwards i.e. (X)

type.
1
l |
)
ole x|x T
L 2K X%
11“ lfz
el x | x
e ¢ F, FZ x| x
L
ole x| x
r
e|e x| X
[ele x| x
ofe x| x

Now, magnetic force on L length of second
wire is given by (1/2)

F, =1I,B,Lsin90°

21,
= Fz--l'z(iror r)L

B Mo 2L1,
L 4n r

By Fleming’s left hand rule, the direction of
force F, is perpendicular to the second wire in
the plane of paper towards the first wire.

Similarly, magnetic force on Ist wire is given

= (i)

by
h_bo 24l ...
L 4=n r
The force F is directed towards the second
wire.

Thus, two straight parallel current carrying
conductor have the same direction of flow of
currents attracting each other. (1/2)

(i). (1)

Magnetic field lines due to both conductors

Current-carrying conductors having same
direction of flow of current, so the force
between them will be attractive. (1)

16.Find the expression for magnetic dipole moment of a revolving electron. What is Bohr
magneton?
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Ans.

As electric current associated with the
revolving electron

P
T 2nr

where, time period T = AxE
Vv

r = radius of orbit
v = velocity of electron
The magnetic moment due to the current,

p=lA=— xna? = p=L
2nr 2 ey
If electron revolves in anti-clockwise sense,
the current will be in clockwise sense. Hence,
according to right hand rule, the direction of
magnetic moment must will be perpendicular
to the plane of orbit and directed inwards to
the plane.
evrm el
So, p=me
: 2m  2m
where, vrm = [ = angular momentum orbital of
electron and in vector form,
!
| . 2m
negative sign indicates u and / are in mutually
opposite directions. From Bohr’s postulates,

Izmvrzﬂl, wheren=12,3......
27

n=2.00 oy
2m 2n e (2)
where, U i = eh called Bohr's magneton.
4mm

17.State the underlying principle of working of a moving coil galvanometer. Write two
reasons why a galvanometer cannot be used as such to measure the current in a given
circuit. Name any two factors on which the current sensitivity of a galvanometer depends.
[Delhi 2010]

Ans.

Principle The current carrying coil placed in
normal magnetic field experiences a torque
which is given by

T=NIAB
where, N = number of turns
I =current
A =area of coil
B = magnetic field (1)

The galvanometer cannot be used to measure

the current because

() all the currents to be measured passes
through coil and it gets damaged easily as
hair line spring or

(i) its coil has considerable resistance
because of length and it may affect
original current. [_1_ “2= 1]

2
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18. A moving coil galvanometer of
resistance G gives its full scale
deflection when a current [, flows
through its coil. It can be
converted into a ammeter of range
(0 to I) (I >Ig) when a shunt of
resistance S is connected 1is
converted into an ammeter of
range 0 to 1, find the expression
for the shunt required in terms of
I, and G. [Delhi 2010 C]

{

ij {) The resistance of an ideal ammeter is zero or |
i * very low in practical condition, so to converta |
J, galvanometer into ammeter its resistance |
! needs to be decreased which can be done by

; connecting alow resistance in its parallel order. |

A moving coil galvanometer of range /, and
resistance G can be converted into ammeter by
connected very low resistance shunt in parallel
with galvanometer.

To convert a galvanometer into an
ammeter, shunt resistance is connected in
parallel with the galvanometer, so the
potential difference across the combination is

same. (1)
- PD across galvanometer = PD across shunt$
,G=1.5 )

But [ +1, =
= [f=1-1g
= 1,G=(I-1)5

e
= S=

- Ig )

The shunt resistance S to be connected to
convert galvanometer into an ammeter,

Ammeter

(-1 U-lIg)

19.Write the expression for the magnetic moment (m) due to a planar square loop of side /
carrying a steady current / in a vector form. In the given figure, this loop is placed in a
horizontal plane near a long straight conductor carrying a steady current at a distance | as
shown. Give reasons to explain that the loop will experience a net force but no torque. Write

the
expression for this force acting on the
loop. . [Delhi 2010]
1
lop Q
I
!
S R
Ans.
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The magnetic moment of a current carrying

loop
m=I/A

where, A = area of the loop (square)
A=

Here, nis a unit vector normal to the direction
of area vector.
The forces acting on the arms QR and SP of
given (in question figure) loop are equal,
mutually opposite and collinear. Hence, they
are balanced by one another. (1)
F _g =M Kokl
orce on arm PQ,F =8, ll= s =
2nl 2n

Obviously, F, is of the attractive nature and
directed towards MN.
Again, force on arm RS,

F, =8y 1= 0hld Mokl @

21 {(21) 4m

F, is perpendicular to wire RS and directed
away from the conductor MN,

.. Net force on loop PQRS, E. =K+ K

= Fa= ﬁ - F2
=M0"1’ _Rokhl!
2n 47
Wolil .
or Fg= —f;ﬂ:— [attractive]

As, F and F, are collinear, hence does not
produce torque on the loop PQRS.

20.Derive the expression for force per unit length between two long straight parallel current
carrying conductors. Hence, define one ampere. [Delhi 2009]
Ans.

Force between two straight parallel current
carrying conductors

F=to2hh
7
Let I, =1,=1A,r=1m, then
F=107 x 200 _ 5 %107
L @

One ampere One ampere is that value of
current which flows through two straight,
parallel infinitely long current carrying
conductors placed in air or vacuum at a
distance of 1 m and they experience a force of
attractive or repulsive nature of magnitude
2 %107 N/m on their unit length. (1)

21.Deduce the expression for the torque experienced by a rectangular loop carrying a steady
current | and place® in a uniform magnetic field B. In dicate the direction of the torque
acting on the loop. [Foreign 2009]

Ans.
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. Let a current carrying rectangular [oop PQRS
carrying a steady current / placed in a uniform
magnetic field B keeping axis of the coil
perpendicularto field as shown in figure. Let at
any instant the area vector A makes an angle 6
with the direction of magnetic field B. )

TTPAA
- P Fii/
\@
| Q

s
F1
s 3
B
— — B
F2/_*
= 2 S I
"\\}\

Fig. (b)

Let length and breadth of coil are / and b,
respectively. '
Now, magnetic force on PS arm of the coil is
given by
F, = IBI sin 90°
[+ PS || axis of coil, . 8=90°]
f,=1BI ..(0)
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By Fleming’s left hand rule, the direction of
force is perpendicular to SP and B is along
upward direction. Similarly, force of QR arm
of the coil.

F, = IBI sin 90° )

The direction of force is perpendicular to QR
and B is along downward direction.

* F and F, are equal in magnitude, opposite
in direction, parallel to each other acting on
the loop forms a couple which try to rotate
the coil. 1)
Now, force on RS part of the coil

F =1Bb sin (90° + 6)
F =1Bb cos®
and force on PQ part of the coil

fy =1Bb sin(90° — 8) = IBb cos

But Fleming's left hand rule, £, and F, are
equal in magnitude and opposite in direction
along the same line of action. Therefore, they
balance each other. (cancel out)

Now, torque due to F, and £, is given by

T = Force x perpendicular distance between
lines of action of f; and F,.

T=Fxbsing
But, F=F=F=IBI

T=(IBl) x (b sin )

t=IB (ib) sin®

t=1BA sin®
where, A = Ib = area of coil for N turns of
coil

T=NIABsin9 1)

22. A circular coil of 200 turns and radius
10 cm is placed in a uniform magnetic
field of 0.5 T, normal to the plane of
the coil. If the current in the coil is 3.0
A, calculate the

(i) total torque on the coil
(if) total force on the coil

(iif) average force on each electron in
the coil due to the magnetic field.
Assume the area of cross-section of
the wire to be 10° M? and the free

electron density is 10%° /M?.
[All India 2008]

Ans. .
Given, N=200,r=10cm=0.1m,B=05T

NOTE Magnetic field is normal to the plane of coil.
Therefore, area vector of coil (which is normal to
plane of coil) is along the cirection of magnetic field.

8=0°Also/=3A
(i) As, tT=NIAB
=200 x 3 x[n(0.1)’] x0.5
[ A =rr]
= 1=9.42 N-m (1)

(i) The net magnetic force on circular loop is
Zero. (1/2)
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(iii) .~ Average force on electron,
F=(-e€)(vy) Bsin90°
But, I=—neAvy

v
d - neA
|
F=(—e)|—|B
(neA]
F—’i—- 3x0.5
nA  10%° x107°
_ 1.5
_1024
= F=15x10"N (1¥2)

5 Marks Questions

23.(i)Draw a labelled diagram of a moving coil galvanometer. Describe briefly its principle
and working.

(i) Answers the following questions.

(a) Why is it necessary to introduce a cylindrical soft iron core inside the coil of a
galvanometer?

(b)Increasing the current sensitivity of a galvanometer may not necessarily increase its
voltage sensitivity. Explain giving reasons. [All India 2014]

Ans.(i)
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Moving Coil Galvanometer

Principle _

Its working is based on the fact that when a
current carrying coil is placed in a magnetic
field, it experiences a net torque. (1)

Scale

Pointer ~— Permanent magnet

‘el
|

N S
Soft iron
core
520
1 Phosphor

bronze

strip
el
[=—

/

(1/2)
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Working
Suppose, the coil PQRS is suspended freely in
the magnetic field.
Let 7 = length PQ or RS of the coil

b = breadth QR or 5P of the coil

n = number of turns in the coil
Area of each turns of the coil, A=Ix b
Let B = strength of the magnetic field in which
coil is suspended.

I = current passing through the coil in the
direction of PQRS
Let at any instant of time, o be the angle
which the normal drawn on the plane of the
coil makes with the direction of magnetic
field. The rectangular current carrying coil
when placed in the magnetic field
experiences a torque whose magnitude is
given by 1= NIBA sina (1/2)
Due to this deflecting torque, the coil rotates
and suspended wire gets twisted. A restoring
torque is set up in the suspension wire.

Let 6 be the twist produced in the phosphor
bronze strip due to rotation of the coil and

k be the restoring torque per unit twist of the
phosphor bronze strip. '
Then,

total restoring torque produced = k8

In equilibrium position of the coil,

Deflecting torque = Restoring torque

o« NIBA= kel or P X psto
NBA

where, —i(— =0
NBA

[constant for a galvanometer]
It is known as galvanometer constant.

¢ Current sensitivity of the galvanometer is the
deflection per unit current.

0 _ NAB

! k
» Voltage sensitivity is the deflection per unit

voltage.
9 _NAB (i)
vV  k \V
= [V =IR]

The uniform radial magnetic field keeps the
plane of the coil always parallel to the
direction of the magnetic field, ie. the angle
between the plane of the coil and the
magnetic field is zero for all the orientations of
the coil. (1)
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(i) (@) It is necessary to introduce a
cylindrical soft iron core inside the coil
of a galvanometer because magnetic
field is increased, so its sensitivity
increases and magnetic field becomes
radial. So, angle between the plane of
coil and magnetic line of force is zero
in all orientations of coil. (2)

(b) The relation between current sensitivity
and voltage sensitivity is given by
Current sensitivity

Resistance of coil

Voltage sensitivity =
= Vi = § (1)
f =S
Re
If R- is constant, then V¢ o< [

This means if \; increases, &k also

increases.
But, if R increases in the given ratio,
then V; is a constant. (1)

24.(i) State using a suitable diagram, the working principle of a moving coil galvanometer.
What is the function of a radial magnetic field and the soft iron core used in it? (i) For
converting a galvanometer into an ammeter, a shunt resistance of small value is used in
parallel, whereas in the case of a voltmeter a resistance of large value is used in series.
Explain why? [Delhi 2014C]
Ans.(i)

Principle The current carrying coil placed in

normal magnetic field experiences a torque
which is given by

T=NIAB
where, N = number of turns
I =current
A =area of coil
B = magnetic field (1)

The galvanometer cannot be used to measure

the current because

() all the currents to be measured passes
through coil and it gets damaged easily as
hair line spring or

(i) its coil has considerable resistance
because of length and it may affect

original current. [;_ X2 = 1]
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1 Phosphor
bronze
strip

T
%A’ OM ’fj

| S
//

Core @ as R

= = N

S
Vooan)
The coil remains suspended in radial

magnetic field so that it always
experiences maximum torque.

When current passes through the coil,
deflection torque t(8) is produced given by

Tdeflecriun = NIAB sin g(Q° (l)
As a result, coil rotates and phosphor bronze
strip gets twisted. As a result restoring torque
given by
1:resturing = ke (“)
where, k = torsional restoring constant
In equilibrium,

t(ieflecting = Tresloring

NIAB = k@
| = (--ﬁfw)e
"~ \NAB
I <@

greater the current, greater the deflection.
(1)
(i) In radial magnetic field, the plane of the coil
is always parallel to the plane of the
magnetic field and area vector of coil is
perpendicular to magnetic field. It is always
exerts maximum torque on the coil. (1)
(iiiy The voltmeter connected in parallel with the
electrical circuit elements to measure
potential difference. For exact measurement
of PD voltmeter must draw minimum
current which is possible only when it has
high resistance. Ammeter is connected in
series with the electrical circuit and current
to be measured passes through it.

In order to protect the galvanometer, a
feeble current must pass through the
galvanometer, it is possible only when a low
resistance (shunt) is connected in parallel
with galvanometer to allow the major part of
the current to pass through it. (2)

(i)
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(il A galvanometer of range [, and
resistance G, can be converted into

(a) avoltmeter of range V by connecting
a high resistance R in series with it
where value is given by

rR=Y_g
lS

25.(i) Explain giving reasons, the basic difference in converting a galvanometer into (a) a
voltmeter and (b) an ammeter.(ii) Two long straight parallel conductors carrying steady
currents and |, are separated by a distance d. Explain briefly with the help of a suitable
diagram, how the magnetic field due to one conductor acts on the other. Hence, deduce the
expression for the force acting between the two conductors. Mention the nature of this
force.[All India 2012]

Ans.

(il A galvanometer of range [, and
resistance G, can be converted into

(a) a voltmeter of range V by connecting
a high resistance R in series with it
where value is given by

R=Y G
JS

Get More Learning Materials Here : & m @) www.studentbro.in



(b) an ammeter of range |/ by connecting a
very low resistance (shunt) in parallel with
galvanometer whose value is given by

1,G

- Ig

o

(1)

(i) Let two straight wires of infinite length are
carrying currents, I, and [, in the same
direction and separated by distance d apart

from each other. 1)
The magnetic field due to wire 1 at any point
on wire 2,
l"’O 2’1 (
==L oo (1)
'U4n d

The distance of B, is perpendicular to plane
of paper and directed inward.

@ @

LEN X | %
LAR x| x
*|® x| X
LN X | %

[ e|e ® | %
Iy I

(R x| x
LR d x| X
00F1 Fa x| x
- 1 B
ele x| x
*|® X X

1

H

(12)
Magnetic force on wire 2 in L length of it

3 - “‘{} 2’1]
F,=1,B,Lsin90° =1, | = - =L x1 1/2
2 =0 b z(% d (1/2)

_Ho 2h1 .

F, e . id)
[towards wire]

By Fleming’s left hand rule.

Similarly, force on wire 1 due to wire 2 can be

L ...(iii)

4 d

Thus, the nature of force is attractive.

When direction of flow of current- gets in

opposite direction, the nature of force becomes

repulsive. (2)

proved

26. A rectangular loop of size [xb
carrying a steady current [ is placed
in a uniform magnetic field B. Prove
that the torquet acting on the loop is
given by tT=m x B, where is the
magnetic moment of the loop.

[All India 2012]

Ans.
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Magnetic force on AB and CD parts of wire
=F =IBlas0=90° (1/2)

.

The magnetic force on BC and DA part of wire
are equal in magnitude, opposite in direction
along the same line. Therefore, they balance
each other. (112)
Let at any instant area vector of coil made an
angle 6 with the direction of magnetic field.
. F and F, form couple which try to rotate
the coil.
From figure,

Torque, 1 =force x arm of the couple

=(IBl) x MD
=IBlx bsin® =IB(/b) sin®
T=IBAsinb (1)
where, A = /b = area of coil
=1ABsin®
Butt m=IJA
T=mBsind
In vector form,
T=mxB (1)

27. (i) Show thata planerloop carrying a
current I, having N closely wound
turns and area of cross-section A,
possesses a magnetic moment
m= NIA,

(ii) When this loop is placed in a
magnetic field B, find out the
expression for the torque acting
on it,

(iii) A galvanometer coil of 50 Q
resistance shows full scale
deflection for a current of 5 mA.
How will you convert this
galvanometer into a voltmeter of
range 0 to 15V? [Foreign 2011])

Ans.
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(1) Torque on rectangular loop,
1=NIABsin®9 i)
where, symbols are as usual.

Also, torque experienced by magnetic
dipole of moment m are placed in a
uniform magnetic field.

T=mBsin@ ]

Comparing Egs. (i) and (ii), we get

The magnetic dipole moment,

m=NIA
Also, mis along A.
= m=NIA (2)
(if) Referto ans. 21. (1/2)

(i) G=50Q,l;,=5x107 A V=15V

Voltmeter

V=1l (G+R)
= R=Y——G

lg

15
5%x1073

R=2950Q (1)

A resistance R=2950€Q is to be
connected in series with galvanometer to
convert it into a desired voltmeter.  (1%%)

-50

28.(i) With the help of a diagram, explain the principle and working of a moving coil
galvanometer.
(ii)What is the importance of radial magnetic field and how is it produced?
(iii)Why is it that while using a moving coil galvanometer as a voltmeter, a high resistance in
series is required whereas in an ammeter a shunt is used?[All India 2010; Delhi 2009]
Ans.(i)

Principle The current carrying coil placed in

normal magnetic field experiences a torque
which is given by

T=NIAB
where, N = number of turns
| = current
A =area of coil
B = magnetic field (1)
The galvanometer cannot be used to measure
the current because
() all the currents to be measured passes
through coil and it gets damaged easily as
hair line spring or
(i) its coil has considerable resistance
because of length and it may affect

original current. [;_ « 2:1]

Get More Learning Materials Here : & m @) www.studentbro.in



1 Phosphor
bronze
strip

]
—— om =

| S
//

Core @ as R

- —

S
Vooan)
The coil remains suspended in radial

magnetic field so that it always
experiences maximum torque.

When current passes through the coil,
deflection torque t(0) is produced given by

Tgeflection = INIAB sin90° ()
As a result, coil rotates and phosphor bronze
strip gets twisted. As a result restoring torque
given by
Trestoring = ke (”)
where, k = torsional restoring constant
In equilibrium,

tdeflecting = Trestoring

NIAB = k8
I= (—-’L) )
NAB
[ =6

greater the current, greater the deflection.
(1)
(i) In radial magnetic field, the plane of the coil
is always parallel to the plane of the
magnetic field and area vector of coil is
perpendicular to magnetic field. It is always
exerts maximum torque on the coil. (1)
(ili) The voltmeter connected in parallel with the
electrical circuit elements to measure
potential difference. For exact measurement
of PD voltmeter must draw minimum
current which is possible only when it has
high resistance. Ammeter is connected in
series with the electrical circuit and current
to be measured passes through it.
In order to protect the galvanometer, a
feeble current must pass through the
galvanometer, it is possible only when a low
resistance (shunt) is connected in parallel
with galvanometer to allow the major part of
the current to pass through it. (2

29.(i) Derive an expression for the force between two long parallel current carrying
conductors.

(i) Use this expression to define Sl unit of current.
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(iiii) A long straight wire AB carries a current /. A proton P travels with a speed v, parallel to
the wire at a distance d from it in a direction opposite to the current as shown in the figure.
What is the force experienced by the proton and what is its direction?[All India 2010; Foreign

2008]
B
I
P
—d —-I Proton
v
A
Ans.(i)

D In these types of questions, we are caicuiatingE
“  force on a wire in the field produced by theE
other current carrying wire.

Let two infinitely long straight current
carrying conductor carry currents I, and I, in
the same direction. Magnetic field B, due to

first wire on seconds, i.e. 112)
B, = Mo 21, A0
arn r w2

The magnetic field is perpendicular to the
plane of paper and directed inwards i.e. (X)

type.
| |
]
ole x|x |
{ 2K ] x| X
11 4 b 1o
el X | X

el F, Fp x|x

L
oo x| x
r
L 2K XX
[eole x| x
eole x{x

Now, magnetic force on L length of second
wire is given by (1/2)

f,=1,B,Lsin90°
= FZ:Iz(@&)L
4 r
f Mo 2L,
L 4 r

By Fleming’s left hand rule, the direction of
force F, is perpendicular to the second wire in
the plane of paper towards the first wire.,

Similarly, magnetic force on Ist wire is given

= (1))

by
F 25T
L -..(ii)
L 4n r
The force F is directed towards the second
wire.

Thus, two straight parallel current carrying
conductor have the same direction of flow of
currents attracting each other. (1/2)
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(1) As, —
L 4n r
L=L=1A
F 5
-=2x10 N/m
L
r=1m

For definition Refer to ans. 20. (1)

(i) Here, magnetic field due to the current
carrying conductor at a distance d from it
is given by

p=Pa?
4n d (1i2)
. Force on proton,
F={(e) (v) Bsin90°
F=evB

Ho 2’)
F=eVj = —
(47: d

_Ho . 2ieV
4n d 1)

The proton is directed perpendicular to
straight conductor and away from it. (1/2)

F

30.(i) Two straight long parallel conductors carry currents !, and |, in the same direction.
Deduce the expression for the force per unit length between them. Depict the pattern of
magnetic field lines around them.

(i) A rectangular current carrying loop EFGH is kept in a uniform magnetic field as shown in
the figure.

(a) What is the direction of the magnetic moment of the current loop?

(b) What is the torque acting on the loop maximum and zero?

[Foreign 2010; Delhi 2009]

Ans.(i)
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‘\:? In these types of quest!ons, we are calcu!atmg.
force on a wire in the field produced by thel
other current carrying wire.

Let two infinitely long straight current
carrying conductor carry currents I, and I, in
the same direction. Magnetic field B, due to

first wire on seconds, i.e. (12)
Bi= Bo 21y )
4T r w2

The magnetic field is perpendicular to the
plane of paper and directed inwards i.e. (X)

type. .
{ |
)

ole x|x 1
[ 2L X | X
I1IL L I
ele® x| x
ele F, Fr x|x
L

ole x| %

r

LAE ] x| X
[ele x| x
ele x| x

Now, magnetic force on L length of second
wire is given by (112)

Fy=1,B,1Lsin90°

- Fz_Iz(i;i er)L

I _Mo. 21,
L 4n r

By Fleming’s left hand rule, the direction of
force F, is perpendicular to the second wire in

the plane of paper towards the first wire.
Similarly, magnetic force on Ist wire is given

= ()]

by
h_Bo 251 i)
L A4rx r
The force F, is directed towards the second
wire.

Thus, two straight parallel current carrying
conductor have the same direction of flow of
currents attracting each other. 1/2)
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*  force on a wire In the field produced by thei
other current carrying wire.

Let two infinitely long stréight current
carrying conductor carry currents I, and I, in
the same direction. Magnetic field B, due to

first wire on seconds, i.e. 12
g~ 020 )
4n r a2

The magnetic field is perpendicular to the
plane of paper and directed inwards i.e. (X)

type.
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ele x|x
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L
ele x|x
r
[ K ] X | X
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Now, magnetic force on L length of second
wire is given by (1/2)
F,=1I,B,Lsin90°

= FZ—Iz(i; %)L

F o 251,

L 4n r
By Fleming’s left hand rule, the direction of
force F, is perpendicular to the second wire in

the plane of paper towards the first wire.

Similarly, magnetic force on Ist wire is given
by

(1)

EnE
r
The force F is directed towards the second

wire.

Thus, two straight parallel current carrying
conductor have the same direction of flow of
currents attracting each other. 1/2)

(). (1)

b
L

B[
<

- (ii)

rrrrr

;TN
o~
I,

]
1

Magnetic field lines due to both conductors

Current-carrying conductors  having same
direction of flow of current, so the force
between them will be attractive. (1)

(ii) (@) Perpendicular to the plane of the
paper and directed inward. (1)

(b) When angle between area vector of
coil and magnetic field is 90°, then
maximum torque experienced by the

coil.
When 8 =0° or180°, then torque will
be minimum, i.e. zero. (1)
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