Magnetic Field Laws & 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.
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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 =u,l was
modified toEEB dl=p g I +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’ti

Therefore, modified Ampere’s circuital law may
be expressed as

$8.dl =u[,|(rc +g 9‘1’&)

dt (112)

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.

(i) 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 /d/ of current carrying
conductor is

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

dB e< Id!
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(i) directly proportional to sin©
dB e sin®
where, 8 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+
r (1)
Combining all the inequalities
dB o Idi s2m 0

r

e Ko Idlsin®
i 2
where, %Q =10~ T-m/A for free space.
T

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

In vector form,

dB—EQ-IdIXF
an |r)? 1R
z
[
di
e

(1/2)

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

(i)
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.
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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 Tm/s.

F=qvB = B=L 1N

o = Taoams @

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.

AT
VARV

I i1

[Delhi 2012]

Ans.

. 'r_'> Tcr caiculate net magnetlc Feld at pomtO ﬁrst ofall,

' calculate the magnetic field at point O due to both |
' coils with direction. By vector addition of these two_
~_magnetic fields, net magnetic f ﬂeld 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,

2
- - Holr
= B=2B=2 l 5 2)3{2}

_ Holr™ _polr” Ir?

{2 ]3[2 3!2,,3 {1!2}
= _________”'I’O

232 (112)

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.

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

Ans.

() Magnetic field at centre due to circular

current carrying coil, B = Ko NI (1)

(i) Magnetic moment, M = NIA = NI (rr?)
M=m N;'rz (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 q 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.
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A charge g projected perpendicular to the
uniform magnetic field B with velocity v.
The perpendicular force, F = gvB, acts like a
centripetal force perpendicular to the
magnetic field. Then, the path followed by
charge is circular as sth)wn in the figure. (1)

The Lorentz magnetic force acts as a

centripetal force, thus
v? mv

ar r=—-

‘ qB

where, r= radius of the circular path

followed by charge projected

perpendicular to a uniform magnetic

field. (1)

gvB =

8. Show how the equation for
Ampere's circuital law, viz

$B-dl=p,!

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.
1 G,
n\ I’ﬂ‘l
Ly Lz
I le
[

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

§,8dl=uo &
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

dog

Ie=1,=¢g,—%

dt
This maintained continuity of current,
Modified Ampere’s circuital law is given by

$ B-dl=p,(Ic+ Ip). a

9.A long solenoid of length L having N turns carries a current .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 reétangular closed path abcda.
Applying Ampere’s circuital law over loop
abcda. )

§B'dl=u0x(Total current passing through

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

a N ..
+J‘d B-d|=|,lo(I—lr]

where, B number of turns per unit length

ab = cd =/ = length of rectangle.
Lb Bd! cos0° + j: Bdl cos90° +0

a NY,.
+ _[d Bd! cos90° =, (T)h

b NY . NY ..
BL dl=u0(T)h=:Bl=p.0 (—L—Jh

= B=u0(ﬁ)i or B=p,ni
L (1)

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 !
ol £ Toroid is an endless solenold to calculate the|
.+ magnetic field in the interior 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=j3dt cos0° =B 2nr 0

asﬁB-dl:uolxNumber of turns  ....(iI)

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

50 $B-dl =pon x 27l ...(iii)

From Egs. (i) and (iii), we get
B2mr=uon2nrl
B=p4nl

Q. B

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

{)B -dl =py 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 2011c]

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=mr

r=£ ()
s

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

Using Biot-Savart’s law, we have

dg = Mo Idi 5||;90
4r r (1/2)
[ idlLr, ..6=90°]
q = Mo 1d!
4 ?
Net magnetic field at C due to
semi-circular loop,
B= J o Id!

semicircle 4 !’2

p=tolf
4Ar 2 J semicircle (1/2)
g I
p= £2.
A r?
But, r = £
T

B:E_O_.__I_L_:Ehgx{i_xmz
an (/m? 4mn |2
g Holm
This is required expression.

=1

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 p, times the total current
threading through the loop. (1)
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Boundary Alrace
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, §B-di=[Bdl=B2zR
\ Mol
=0l = B="—
Ho 2nR

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

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

z
!
di
0 —Y
r P
X

[Delhi 2009]

Ans.
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Biot-Savart’s law This law states that the

magnetic field (dB) at point P due to small

current element Id/ of current carrying

conductor is

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

dB << Id!

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

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

1
dB o< —
r? (1)

Combining all the inequalities

dB o Idl sin®

.f'2

dB = Wo Idisin®
41 2

Ko _ 107 T-m/A for free space.

41t

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

In vector form,

where,

dB—EQ-IdIX?
4 |rf? (1/2)
z
I
di
ala

(1/2)

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
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steady current | flows through it in clockwise direction, then find the magnitude and direction
of the magnetic field produced at its centre.[Foreign 2009]
Ans.

s  When a straight wire Is bent In the form of a:
P circular coil of N turns, then the length of the wire

i
‘ is equal to circumference of the coil multiplied by
! the number of turns. '

Let the radius of coil be r.

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

. N % circumference of the coil
= Length of the wire
2rnxN =1L

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

g Ho(NI)
2r
B= M’E’LL [From Eq. ()]
ax
B= WonNI
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 = AxI 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 2009¢C]

4

Ans.
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Biot-Savart’s law states that

dB = Mo . Idixr
A |rf? )
Here, Idl =2 xwi
dB:p_O_(zwix’i)
4 {1}2 (1:2}
r=j
|rj=1m

dB=E i - |gp|= KB
2n 2n

and direction along +Z-axis. (1/2)

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.

.........
XXX XX XXX XX DDRIRIRDY

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‘dl=u0x(Total current passing through

loop abcd)
[[Bdi+[ B d+[B.d

a N ..
+J B-dl=u0(7_—h)

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

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

a NY,.
+ Jd Bdl cos90° =, (T]h

B dl=p0(%)li=81=uo(%) I

= B=u0(ﬁ]i or B=pg,ni
L 4

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

8 =90"

By Biot-Savart’s law, magnetic field at the
centre due to element of coil.
4B = Ho Idi sin90°
am R? (112)
ag=to. L g
4 R?
.. Net magnetic field at centre,

oy I
3_§ ZEPCH

_Mo 1
g
=%%x2m€
T
_ Mol
2R

For N tums of coil, BzuoNI

(1)
The direction of magnetic field s
perpendicular to the plane of paper
and directed inwards to the plane. 112

3 Marks Questions

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 Sy 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 n, 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

ns turns

[Delhi 2014]

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 p, times the net
current (/) threading the area enclosed by
the curve.

Mathematically, §> B-dl=u,l!
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 (1)

(@) The net magnetic field is given by

Bret =B, — B,
=Homly ~pomly [+1I,=1=1I]
=Wolny-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 §,,
similarly there is no field outside S .

Bt =0 (1)

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

(ii) 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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i {
ol £ Toroid is an endless solenold to calculate the|
.+ magnetic field in the interior 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=j3dt cos0° =B 2nr 0

asﬁB-dl:uolxNumber of turns  ....(iI)

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

50 $B-dl =pon x 27l ...(iii)

From Egs. (i) and (iii), we get
B2mr=uon2nrl
B=p4nl

Q. B

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

{)B -dl =py 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,
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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 reétangular closed path abcda.
Applying Ampere’s circuital law over loop
abcda. )

§B'dl=u0x(Total current passing through

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

a N ..
+J‘d B-d|=|,lo(I—lr]

where, B number of turns per unit length

ab = cd =/ = length of rectangle.
Lb Bd! cos0° + j: Bdl cos90° +0

NY,.

+ J: Bd! cos90° =, (T)h
b NY . NY ,.
B-L dl:“o(T)l":’Bl=u0 (‘L—Jh

= B=u0(ﬁ)i or B=p,ni
L (1)

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,
&Ioopi L dl = MO (NI)

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.

= §3lmp1 B-dl =, NI
8§3|00p dl = o NI

Ho NI

27r (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
35 B-dl=p,©0)=0 = B=0 ()
loop 2 '

Bx2nr=pyNI or B=

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,
$ . Budl=p,(N-ND=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.

J—

Ly [All India 2011C]

Ans.

3 9. 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 fi

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

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

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

2
I’:[%xsz:I—rg—
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=p,I’ )

§ Bd! cos0° =, ( & ) [From Eq. ()]
a’

B di= Bo 7 I’
szm=p.0!2r = B:“Oﬁ2
a 2ma (1/2)
= Bor
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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 auter dotted line,

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

§B-di=p,I )
§ Bdl cos0° =, 1
B di=pyl
Bx2nr=p,l1
g=Mol
2mnr {1)
= Bc»c1
r

21. A long straight wire of a circular
cross-section of radius a carries a
steady current I. 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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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)

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

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

2
I’=(L2xn:r2)=f—r2—

na a (i) (112)

() 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,l _—

§ Bdl cos0° =, ( L ) [From Eq. (i)]
a

B § di= bo 7 If
2
Bx2nr=% = .'3=-!'£9—-IL2
a 2ma (1/2)
= Bocr

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

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

§B-di=pyI a2
§ Bdlcos0° =p,1
B di=pgl
Bx2nr=pgl
g=Mol
2mr (1)
= Boc1
.
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22 A solenoid of length 1.0 m has a radius of 1 cm and has a total of 1000 turns wound on 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.

ke 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
the solenoid, its regular formula will be used. |

ot

Given, L=Tm, r=1cm=0.01m,
N=1000, T=5A
Magnetic field P inside the solenoid

N
WCIE
= !“lU (10_OQJ X5
1
=41 x1077 x1000 x 5
B=2rx1073T (112)
The direction of B is along the axis of solenoid.
Now, g=-—¢,
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,

Fg = qvB sin 0°
=qvBx0=0

Fr=0

~ Mo magnetic 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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Y ? In these types of questions, first of all we have to|

calculate the current per unit area 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)

. 2 I
. Current passes per unit cross-section = g

na
~. Current passes through the cross-section of
radius r is
2
I’=(L2xm2)=f—r2—
na a () (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= e

$ Bdl cos0° =, ( i ) [From Eq. ()]

I’
Béd{zuo?
2
szm=_,u0!2r = B= uoIr
a 2na’ (1/2)
= Bocr
“UI_
2ma’
=3 Bor (1/2)

Now, the value of magnetic field on the
surface of wire, i.e.
r=a
B=—|'l—U-I--xa= Hol
2na’ 2na a12)

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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e et -4
90° |
i X
o
I
Ans.

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

g=Ho. _2mla’
4 (al 5 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
_p _Me 2mla
PR e

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

[ e Lo oy O
| -
90°
X

o
\@

(1)
The magnitude of the net magnetic field is
given by
Bnet =Vj~812 + Bg
W, 2v2m Ia?
= Bpgy =+ e
4 (a“ 4+ x)y'° (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 Id/ of current carrying

conductor is

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

dB << Id!
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(il) directly proportional to sin 6
dB =« sin®
where, 0 is the angle between d/ and r.

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

dB o L

e (1)

Combining all the inequalities

dB = Idl sin®

r2

dB - &.Idl sin@
4n g

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

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

In vector form,
B = Mo  Idl x r

. frf? (1/2)
Z
I
d
0 ¥ F=’ Y
A (1/2)

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.

Lal Q

dBsing

M @

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 LP L dl
Also, MP 1 dl

LP = MP = \Jr* + &*

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

Jg = Mo Tdisin90°

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=§ dBsin¢

=§ Ko Idl! . a
41 r2+a2 ,J_r2+32
: a
= In APCL, sin ¢ = ——=——
Jrt +a*

- Ho Ia
puto It g

4n (2 + a?)
Mo Ia W la’
B=t0 _ % __(ua=_—t0% _
an (2 1 272 202 + 222
2
For n turns, B= u—%ﬂ%—aﬁ
2(r°+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

5, - Mo 281
4t a
W, 2ma’l
B, _ a‘xa _ &
B, @ +d¥)"? @ +d)”
[-.—d=av’§]
B, _ a’ _a
‘§2' - @ +3a)"? - (4222
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 Id/ of current carrying

conductor is

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

dB o< Id!
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(il) directly proportional to sin 6
dB o< sind
where, 8 is the angle between d/ and .

(iti) 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 sin®

r2

dB - &.Idl sin@
4n g

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

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

In vector form,
B = Mo  Idl x r

. frf? (1/2)
Z
I
d
0 ¥ F=’ Y
A (1/2)

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.

Lal

Q

dB sin ¢ '

M @

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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i 1P L.gdl
Also, MP L dl

LP=MP = r* + a*

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

Jg = Mo Tdisin90°

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=§ dBsin¢

_f Mo Id! . a
4n r2+a2 ,J_r2+az
; a
= In APCL, sin ¢ = ——=——
Jrt +a*

- Ho Ia
B="to 3/2§;dl

4n (2 + a?)
Ho Ia W la’
B=""2 —— (2ma)= —2%—__
an (2 + a9 202 + 292
2
For n turns, B= u_%i’_{‘l_r
2 * wa > (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)

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
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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. )

j;B.dI:qu(Total current passing through

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

a N .
+—[d Bdl=|.lo(—L'[fJ
N ]
where, Ol number of turns per unit length

ab = cd =/ = length of rectangle.
b
L Bdl cos0° + jbc Bdi cos90° +0

a NY..
+ Jd Bdi cos90° =p, (T)h

b NY .. N1Y ,.
BL d1=u0(T)h=>Bl=uo(-L—Jh

= Bzuo(—[\i)i or B=pgyni
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.
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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

Field due to toroid

Magnetic 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 p, times the total current
threading through the loop. (1)
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(i)

Get More Learning Materials Here : i

Boundary Alrace
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, §B-di=[Bdl=B2zR
\ Mol
=0l = B="—
Ho 2nR

[From Ampere’s circuital law]

The direction of magnetic field will be
determined by right hand rule.
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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 reétangular closed path abcda.
Applying Ampere’s circuital law over loop
abcda. )

§B'dI=qu(Total current passing through

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

a N ..
+J‘d B-dl:uo(—L-lrJ

where, %= number of turns per unit length

ab = cd =/ = length of rectangle.
Lb Bd! cos0° + J': Bdl cos90° +0

a NY,.
+ _[d Bd! cos90° =, (T)h

b NY . NY ..
BL dl=u0(T)h=>Bl=p.0 (—L—Jh

= B=u0(ﬁ)i or B=p,ni
L (1)

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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(iii) Magnetic field lines due to a finite
solenoid has been shown as below:

Q

s P =N

(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.

(iii) 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]

.
)

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.

Q

dBsin¢

@

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 LP L dl
Also, MP 1 dl

LP = MP = \Jr* + &*

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

Jg = Mo Tdisin90°

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=§ dBsin¢

=§ Ko Idl! . a
41 r2+a2 ,J_r2+32
: a
= In APCL, sin ¢ = ——=——
Jrt +a*

- Ho Ia
puto It g

4n (2 + a?)
Mo Ia W la’
B=t0 _ % __(ua=_—t0% _
an (2 1 272 202 + 222
2
For n turns, B= u—%ﬂ%—aﬁ
2(r°+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
L

iar 3

(1/2)
For point O, dI and r for each element of the
straight segments AB and DE are parallel.
Therefore, dI x r=0. Hence, magnetic field
due to straight segments is zero.

Magpnetic field at the centre due to circular

point
_ Magnetic field at the centre of circular coil
2
['-Here, coil is half]
(u ] Ko
2 2r 4r
P - uo
4r
_(4rx107)x12
4x2x1072
=6‘EX10_5 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?

(ii) 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 pu, times the total current
threading through the loop. (1)
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Boundary Alrace
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, §B-d1=j3d1=32nk

Mol
=Uqsl = B="S—
Ho 2mR

[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,
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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 reétangular closed path abcda.
Applying Ampere’s circuital law over loop
abcda. )

§B'dl=u0x(Total current passing through

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

a N ..
+J‘d B-d|=|,lo(I—lr]

where, %: number of turns per unit length

ab = cd =/ = length of rectangle.
Lb Bd! cos0° + j: Bdl cos90° +0

a NY,.
+ _[d Bd! cos90° =, (T)h

b NY ,. NY ..
BL dl—uo(T)h:Bl—p.o (—L—Jh
= B=u0(ﬁ)i or B=p,ni

L (1)

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.

Applying Ampere’s circuital law,
&Ioopi L dl - MO (NI)

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.

o &Ioom B-dl=LLQNI
Bﬁmp dl =y NI

HoNI

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
35 B-dl=p,©0)=0 = B=0 (1)
loop 2 :

Bx2nr=p NI or B=

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,
$ . Budl=p,(N-N=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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