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Magnetism
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1. Introduction

If a magnetic needle is suspended freely in a filed and a torque acts on it such
that the needle comes to rest after rotating in a definite direction, then the force
field acting on the magnetic needle is called magnetic field.

Our earth also produces a magnetic field as a result if a magnetic needle is
suspended freely it always comes to rest in the north-south direction.

The magnetic field intensity and its
direction at different points in a magnetic
field can be represented by lines of force.
These lines of force can be obtained
either by tapping the iron filings spread in
the field or by marking the rest position
of a magnetic needle at different points
in the plane of magnetic field. _

v El_le line of force in a magnetic field is that imaginary continuous line,
the tangent to which at every point provides the direction of magnetic
field at that point. Only one direction of field is possible at one place. So
no two lines of force inte;sect each other. Magnetic lines of force are in
the form of closed curvesg In external region they start from north pole of the
magnetic and go to south pole, whereas inside the magnet they are from south
pole to north pole. Where the force field is strong the number density of lines of
force is greater. In weak fields the lines of force are at large distances apart. The
number of lines of force crossing certain area is called flux.

uﬁ:he number of lines of force passing through area placed
Perpendicular to the field is called magnetic flux density of s
ind““i“'313"1\’[agnetic field intensity can be represented by this flux density. If the
Magnetic field intensity at a certain point is B, then the magnetic flux passing

Fig. (2.1) : Magnet

t]mmtwargh vd ai'ema e_alcml ent da s ﬁ : aﬁ; In vector form the direction of area element
S outward normal to that area. Hence
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If the direction of vector area da is in the direction of B. i.c.. the p_la_lm_-_{_lr
area is perpendicular to the magnetic field, then i
e v do = B da §=o

From the definition of flux
d
B = ﬁ Wh/m? or tesla

In uniform magnetic field the magnetic lines of force are parallel and equidistant
from each other. This shows that the direction and intensity of the magnetic field
are same at all paim{.)

If we draw magnetic lines of force =4
of a bar magnet. then it is found that all
lines of force appear to be concentrated
at the ends of the bar magnet\In fact
the lines at the ends of the magnet are
very near each other because the intensity e nnaeesn ™
is quite large therej[Fig, (2.2)). In earlier Fig. : 2.2 : Bar magnet
day it was assumed that magnet has two poles like an electric dipole. On suspending
a magnet the end which points towards north of the earth is called north pole and
that which points towards south of the earth is called south pole. Magnetic poles
can not be isolated. If a magnet is broken into pieces, then each picce will contain
both poles, that is every picce shall be a complete magnet. But if we take a thin
and long magnet, then its poles can be considered approximately isolated. Using
this hypothesi: sl:Cuu!amb gave a law which states that if two magnetic poles are at

_adist d apart then they experience a force between them which is inversely

roportional to the square of the distance and directly proportional to the product
of the pole strengths,

L™ .

Thus
F e mym,
1
e
m,; Mo
or  F=K' 2

where K' is a constant whose value in rationalised MKS system is 107 weber/
ampere-metre.

The unit of pole strength m is ampere-metre.

m,m
F =107 —&2—2 newton

pagnes=
intensity of m 1 65
Th'c B is defin dagl?ﬂm field oy ANY point which i ;
jnduction £ 13 e as force PET unit nopyy . IS.also called magnetic
pole placed at that point, Pole acting on any magnetic
I oimagnctic poleiof strength CXperiences of 5 force F in a field th
; a field then
g
m
To obtain thg magnetic ficld intensity at o boint P
due to @ magnetic pole m, we place another pole of it
strength m' at that point and find the force acting on it, f
By Coulomb’s law the force is given by

-l

% mm' .,
w F=K 5 r
5 : m L
where r is the distance of the point from the pole m. Fig. : 2.3 : Intensity of

Intensity of magnetic field at P magnetic field at point P

5 B I('mm 1 -

= = —— % —

v m' r m'
m ..
=KI_2T

In rationalised MKS units it is convenient to write

o B
WK 4n
when the poles are situated in free space. 1y is called permeability of free space.
U = 4nK’
=dm x 107

= 12.56 * 1077 Henry/metre

Hence in free space the magzetic field intensity or magnetic induction at a

point due to a magnetic pole is

. Mpm

_ P01 weber/m? or tesla.
s g

o
ue to a Bar ‘Magnet

o dipole. If the pole strength is m
and the pole strength of south

-2 Magnetic Field d

A magnetic can be considerc
then the pole strength of the north

d as magnetic
pole wil be +m
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pole will be —m. The distance between the poles of the magnet is called its effective
length and represented by Ea’.fl'he product of pole sirength m and the distance
between the poles 2/, is called magnetic moment of the magnet. Thus
magnetic moment M = m(2/) = Zma"lhc unit of magnetic moment is ampere-
metre?: The line joining the poles of a magnet is called the axis of the magnet
while the line passing through the centre and perpendicular to the axis is called its
equatorial line. Depending on the position of the point with respeet to the magnet
the determination of magnetic field can be treated in three parts.

(i) Point on the axis of the magnet (End-on position) :

Consider a point P on the axis of

a bar magnet at a distance r from its a
centre. The distance of the point P fo-——--—- ittt [ EEEEEE = B
from the N-pole will be (r - ) while > D L 5

from S-pole it will be (r + ). The
magnetic field intensity at P due to N- Fig. (2.4) : Axis of
m the Bar magnet

Ho
pole will be E(r—-fjl and due to S-

)
pole it will be an (r+.|’)3 s

<. Resultant magnetic field intensity at P is

Bo m _ m
B=n (=1 . (r+1)? |Along the axis.

u_nm(r +J'}2 - m(r—’!')2

41 (l’2 _I2 )2

_Mo_dmlr oy 2Mr
T 4m (rl __!12)2 - 4m (1_2 _‘;2 )3

where M = 2m/ (magnetic moment of the magnet).

For a short magnet r >> £, so 2 will be negligible compared to 12,

- L
. v an 4 T dn 3
(i) l'-:oint on the equatorial line (Broad-side-on position) :
Cnn;;l'i:e; i: point I;‘on the equatorial line of a magnet at a distance r from its
centre. tance of P from both the poles will be the same, equal to (12 + [2)%

mag neti sm

The intensity of magnetic field due 1 Nepole will b 67
i e

o M m
1= dn 2, F?} along PQ).
The intensity of magnetic field due S-pole will be
Ho .

s B = b,
i B g et
4 (2 4 2, along PR. /{'_',B
- — 4 : :
[f we resolve By and B,, parallel 10 the axis )
and perpendicular to the axis, the components /
ndicular to the axis being equal and opposite

[

/ Y
i
will cancel each other while the components £ b
arallel 1o the axis being in the some direction s
will get added. ‘ - D e iea
‘ Resultantlmagl?cuc‘ l'lelcil al,.P will .be N2 pio (2.5 : Equatorial line
direction parallel to the axis and will be given be of & magnet
B=B cos®+B;cosB
Boc W Mo M w28 o
= anl+ ;z)cos 87 Un th_.l ) I
Ho  2m ! B M

Tan (4P 4P T AR+
For a small magnet [ <<, so that
=P
4n r’ .
_Afii) Point lying on a line making an angle 8 with the axis of the magnet :
For simplicity the magnet is considered
small so that { << r. For this position the
magnetic moment can be resolved into m:o
components, M cos 6 along OP and M sin
0 perpendicular to OP.
For the component M cos 8 the point
P will be in end-on position so the intensity
of magnetic field at P will b

(M)

fg 2Mcosb
15 4m £
For the component M sin 8 the point P

will be in broad side-on positio_n ;o the
intensity of magnetic field at P will be

along OF- Fig. (2.6) : Point lying on a

line making an angle 0 with
the axes of the magnet
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Asint
:I“- h-i--“%ll" . perpendicular to OP,
n e

@l .
),

N s, o

Fig. : 2.7 : Board side-on Position of the intensity of magnetic field at P
Resultant intensity of magnetic field

B = (B, + B,2)%
. My M 2 g%
RS [1 + 3 cos® 8]

If the field B makes an angle o with T then

«/3° Biot-Savart's Law . b

When current flows through a conductor
a magnetic field is produced around the
conductor. Biot and Savart proposed a law for
determining the magnetic field intensity at a
certain point on the basis of these experiments.
This law is called Biot-Savart's law. According
to this law the magnetic field intensity B at a
certain point P due 10 a current carrying
element 8/ of the conductor js

(i) directly proportional to the current 1,

(ii) directly proportional 1o the length &/ of {

(i) directly ‘proportional 1o sin 0, where @

vector T of the point of obsery.
element §/ and

Fig. (2.8) : Biot-Savart's law
he current clement,

is the angle between the position
ation with respect to the element and the

) ad
Elementary Physicg v (i) inversely proportional 1, the g

Uare of e 1o o
. € T H
point from the elemeny, ie., W the distanee ¢ of the observation
: 18/ 5
OB o —on@
°]
r
n free SPAce Or non-magnetic Medium,

- (%o | Bising )
(= \dn) 2 weber'm? o tesla.

o Ho IS called magnetic permeability
<eber/A-m OF henry/m.
For other media p is used in place of Uy

of free Space and its value is 47 - 1077
for the permeability of that medium.

: : = ;
The ratio of p and py, ie., p, = ;B called relative permeability of the medjum,

The direction of magnetic field is normal 1o the plane containing the element

§/ and the position vector ¥ and its sense can be determ
hand screw rule or right hand palm rule.
Biot-Savart’ law in vector form is

ned by Maxwell's right

__p_ulﬁfx}
SB—M 3

T

o WIxF
B in r3 _‘////
Case1:1f0 =0 i.c. the position vector of the observation point is parallel to

the direction of flow of current then sin 8 = 0 and 8B = 0, which is its minimum
value,

Case 2 :If p = il-i.e. the position vector of the observation point is
2 Bt
¥rpendicular to the direction of flow of current, then sin © = 1 and
p ol s

= 2 .
4m -

8B

Which js jtg maximum value.

i!'eetinn of masnetic field |
gnetic fie : ; £

i direction of magnetic field is determined with the help of the following
Mip] s . |
Vriar ording to this law if a right hand screw

is (wﬂlwell's cork-serew rule : Acc ard in the direction of current in the

in such a way that it moves forw



20 Elementary Physicg

conductor, then the dircction of rotation of the serew will show the dircetion of
lines of force. Fig. (2.9) [

L (G

Fig. (2.9) :Maxwell's cork-screw rule  Fig. (2.10) : Right hand palm rule

S5 8 i B T |

Fig. (2.11) : Right hand Palm rule for circular current
(b) Right hand palm rule : According to this rule if a current carrying
conductor is held in the right hand such that the thumb represents the direction of
magnetic lines of force Fig. (2.10)
(¢) Right hand palm rule for circular currents : According to this rule if
the direction of current ina circular conducting coil is in the direction of folding

fingers of right hand, then the direction of magnetic field will be in the direction of
_stretchcd thumb Fig. (2.11).

A-Magnetic Field due to a Circular Coil Carryinj
~ Current S R T i S

(i) Observation point is at the centre of coil :

When the observation point
is at the centre of a coil, the distance of observation

point, from each element of

Mﬂﬂ"etism

= coil 1 equal to the radiug 'y

In agg;y:

tor T ms hon fhe
sition vector T makes an anop, of g the
element: Hence sin 0 = gy ggpo _ e With eacp

| : L ; « Thugs
giot-Savart’s law the magnej nduction EZ »rmm
D rent carrying clement &/ 5 the poing P "
4 a‘j‘
The direction of magnetic field due 1, all
elements is same (normal o the plane of coil)
Asa result total magnetic induction g the cenlrt;
ormc coil is
B=zsp
RS
4in a2
gl

Fig, ( 2.12) . Magnetic Field
due to a circular coil

0 I
== (Qm)< X
2

 4ma?
In the coil has n tumns, then

&&hzmm

m
B = —— weber/m? or tesla.

on!
2o,
(ii) Observation point is at
a distance x from the centre =
and on the axis of a coil : In &F

!his case the observation point P
15 at the same distance r from
tach element of the coil, r =

2

a°+x2 . Further the angle 0
Between the current element 8/
ad the position vector 7 is 90°
the position vector 7 is in the
“'.“3 of paper and the element
S perpendicular to the plane of
T. Hence sin @ = sin 90° = 1.
According to Biot-Savarts law the m

Fig, (2.13) : Magnetic field on the
axis of a coil

maichﬂudiﬂndmmammis
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The direction of 8B is normal to the plane containing the position vector ¢

ment 5/ . Suppose $B makes an angle o with the axis of the

and the current ¢l¢ ‘ e ‘
il. §B can be resolved in components along the axis and pufpx.erlulldr to the
ey . duction 8B due to different elements

i 5 B cos ot of magnetic in clem
:Efl;;: ::.::F::izl‘mc same direction but the pcr!:endis:ula_r cnmpcnm}?s 211):3 s.m o
are symmetrically distributed in different du'ccfwns :!rou_r.nd lhc*axflz.s E;us the
magr;etic induction due to the coil at the nbscr.va?lon point B =Z8B = €OS O
along the axis as Z8B sin o normal to the axis is equal to zero.

o lcos O
by 18lcos _ g 1

Thus B=E'4_n 2

tesla (allcng the axis).

If a graph is plotted between
the magnetic induction B against
the distance x from the centre TB
then the curve as shown in Fig.
(2.14) is obtained. In this curve
points of inflection are obtained
at the positions x = a/2. The
points of inflexion are those points
where the curvature becomes
zero and the direction of
curvature changes sign. The
variation of B with x near these —a/2
points is linear. The distance
between these two points of
inflexion is equal to the radius of
the coil.

+a/l2 —_’x
Fig. (2.14) : Variation of magnetic
induction B with the distance
: from the centre

Consider a long straight wipe &
which @ current [‘ is flowing, The e
is in the plane of paper. The length of
ihe wire is Very large as compared o ..ot .
he distance T of the point at which
magnetic induction is to be determined, -

so that the wire can be treated g5 r
5 =4
infinitely long. g o SO " B
Due to flow of current in the &l

conductor a magnetic field is produced
allaround it and in this case the magnetic
lines of force will be in the form of Fig (2.15) Magnetic Induction to a
concentric circles around the wire, long current carrying wire

The magnetic induction at a distance r from the wire is given by :

Q/B="_°]_”_0[£]

2 dnlr

@lus'u, the magnitude of magnetic induction B due to a long current
carrying wire at a point near it is (i) directly p rtional to the current |
and (ii) inversely proportional to the distance r.

; Force between Two Current Carrying Parallel

- Conductors

In the figure two parallel
conductors are shown. The
distance between them is d.
Let i, and i, be the currents
flowing in these, conductors.

hen currents flowing in
these conductors are in the
Same direction, they attract
tach other, When currents

OWing in them are in
“Pposite directions, they repel
¢ach other, The magnetic field produced by the ¢
8 distance d js

Fig. (2.16) : Two parallel conductors

urrent i, flowing in the wire 'a’ at
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Mol
4 Ind -
According to the Fig. (2.16) if the current i‘s in y--ldimclmfn an_d pu:\um:-n veclor
of a point is in x-direction. then the magnetic field will be (—'!_.] direction,
The wire b carrving a current iy, is situated in the magnetic f'u:ldl B, produceg
by the wire a. Consider an element of length 8/ of wire b. The magnitude of force

on the element of wire b will be

Fy = iy, &/ B,
because current element &/ and B, are perpendicular to each other.
Bgigind/
b"  2nd

The direction of Fy, will be towards the conductor a.
Thus the force per unit length of wire b

F _ Holaip
&l 2nd

Similarly the force per unit length of wire 'a' due to the magnetic field produced
by the wire b will be
h _ Bolaip
Y o T 2md
This force will be in (+x) direction, i.e. towards the conductor b.

l}‘ Definition of Ampere

If same amount of current i, = iy = 1 A is flowing in the wires and d the
distance between the wires is 1m, then

S "3 3 =2%107Nm

Ehus if “f“ infinitely long thin conductors are placed parallel to each
n_tl:er_al a distance 1m apart each carrying same current in the same
direction, and a force of attraction of 2 x 10~7 N/m acts between them,

then the current flowing in each wire will be one ampere. This definition
has been accepted as an International Standard:.]

Vsylhgneﬁc Indunﬁm!lsiﬂe a Long Straight Solenoid

- A solenoid consists of'a hollow cylindrical wb i
- _ ¢ on whi i i ed
wires are wound uniformly along its length, The diamcteri)hf ':::: :;?:L?)‘i:lnis:l:;l’l

10

mag netisn‘l_

- -
much smal I.cr compared tg jis
ength and llll a ideal solenpig
he plane of each wm of the
wire can be considereq
crpendicular 1o its lengih,
when @ current is passed
(hrough the solenoid the
magnctic field near each wire
is due to a straight current
carrying wire and the lines of
force are concentric circles,
as shown in Fig. 2.17.

The magnetic field B at
any point due to the solenoid
is the vector sum of magnetic Fig. (2.17) : Solenoid

field intensities due to all the tums, The resultant field inside the solenoid is
thus 1.|ml'orm and along the axis. At points outside the solenoid the field is
negligible compared to the field inside. For 3 long solenoid at points sufficiently
outside it the field can be treated as zero. '

If the current flowing through the solenoid is I and the number of turns per
unit length is n then inside the solenoid

) B =pynl
NI

where N is total number of turns and L is the length of solenoid.

i |
If the medium inside the solenoid has a permeability p then B = pnl. E =,

is relative permeability.
9. Magnetic Induction in a Toroid J.|

A toroid is an endless solenoid i.c.. if
along solenoid is bent in a circular form
nd its ends are joined, it becomes a
Woroid. In a toroid electrically insulated
Wire is wound uniformly over a torus
(circular ring) as shown in Fig. (2.18).

he thickness of toroid is kept smnll.
Compared to its radius and the number of Fig. (2.18) : Toroid
tms is kept very large. When 8 current
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1 is passed through the toroid then at its center cach turn ‘ul' l!lc tt}r{)id produces g
magnetic field along its axis. Due to the uniform dlslruhytmn of the turns th."'
magnetic field at the centre of each turn is of the same magnitude and l:hc I]’llilgl:lF[IIc
lines of force inside the toroid are circular with centre at the centre of lnrmdl. This
magnetic field is only in the space covered by the tums. Outside the toroid the
magnetic field is negligible (~ zero).

Let the current flowing through the toroid be I, N be the number of turns in it
and R be its mean radius. Then inside the toroid the magnetic induction is

N
= T |
v B =pgnl=poe

N ;
wheren = SR is number of turns per unit length.

If the toroid is made on a ring a permeability p, then B = pnl.

10. Magnetic Flux .-

The concept of magnetic lines of force was given by Faraday. Faraday tried
to piturize the lines of force as stretched rubber bands. In present day physics the
idea of lines of force is only used for the visualization and explanation of physical
principles. For quantitative calculations field vectors are used. Through a close
correlation between picturization and mathematical analysis the understanding of
various principles becomes easier and more realistic. In a magnetic field the
tangent to a lines of force at a given point gives the direction of the
magnetic field at that point and their density i.e., the number of lines of
force passing through a unit area perpendicular to the field represents
the intensity of the filed. In a uniform magnetic field the lines of force are
parallel and equidistant straight lines. Wherever the lines of force are closely

spaced the intensity of field B is more and wherever these are at larger distances
the intensity of field B is less.

(a)

a5
p 5 24 48
1Tn TE) B ) B
[T 1/ E q.’b
A
|
—

(b) (<)

Fig. (2.19) : Magnetic flux

1

magnatism

The flux. Whi'fllf is represented py,
amber of lines of force Passing throy,
al Slll'rﬂcc‘ FOF Slmplqul}' ir we im
iform magnetic field B the Num
o) agnetic Nux ¢ will be mayim,,

Qs a Chara- g 7w
eha given suL;c”spc of a vector field. The
AEine & plane e - ed the flux through
r of lineg (’:.ﬂlhr.urra.;u oFarea A placed in a
e % M equa tn. BJ Oree passing through this area
;) the ﬁcid Ilg (2'9‘?]] “‘ﬂ‘]g area is PEIa]lQ[-l A th:ﬂ the areais p(fl'['l'cn{“(.'lllilr
2.19b). When the perpendicular 1 the areg mzl::: :’:iz;er:}ﬂu?{ 0is zero, l';ig.
of the field then the flux ¢' becomes BA gqq B, Fig. (2,19 % “:‘th the direction
rc resented by a vector with a directipn which iihﬂu;ﬁar:; A p:';nu area can be

a is a scalar but can be represented g5 3 e ThmniT:' Eu Il r::cm::ll_x
angle 0 is the angle between Magnetic s : ig. (2.19¢) the

field vector and )
. arga vector A so that
the flux BA Eosﬂﬂ 15 equal .lo scalar product of B &l & . b ainetal Tor o hhaa
surface ¢ = B. A . In the siwation give %

o | Biven in Fig, (2.192) 0 = 0 (normal 1o area in
the direction of field B) so that B-4 - BA c0s 0 = BA, while in the sitation

given in Fig. (2.19 b) 0= 90° (normal to area perpendicular 1o the ficld B ) therefore
¢ =BA cos 90" =1,

If the magnetic field is not uniform and the given surface is not plane, then
any element dA of area can be treated as plane and at the element the field can

also be treated as uniform. Hence the flux emerging out of an area element will
be

I
|

do = Bda,
and the total flux through a given surface S will be
o= _[E.EA
5

For a closed surface the area elements with outward normal direction are
treated positive and area elements with inward normal direction are taken negative.

The magnetic lines of force are closed curves because rr::r. magnct_ic poles
do not exist, Hence for a closed surface the number of lines of force which enter
into it is equal to the number of lines of force which emerge out of it. As a result
for a closed surface

0= cﬁﬁﬂ:\ =0

This result s different from the result obtained for an c]eclms_talic field because
the source of electric field that is electric charge can freely exist.

For a plane surface perpendicular to 8 magnetic field

9
@:BAO[‘BSX

3 etic flux passing
ie, the magnetic induction B can be defined as the magn



Elementary Physicg
78 = — : = &

¢
- s field. BB is aly
curface perpendicular to the field. B0 s alsg

per unit area of a plane

called flux density. L e )
In M.ES. svsiem the unit off magnetic flux jg

Units of magnetic flux : ) .
“weber' (Wh) and in C.GS. system the unit is ‘maxwell'.
1 weber = 108 maxwell,
The M.K.S. unit of flux density or magnetic induction B3 is weber/m? and s
also called tesla (T .
I tesla = 1 weber/m=.
The C.GiS. unit of magnetic flux density is 'gauss’.
1 gauss = | maxwell/em?
I tesla = 1 weber/m? = 10% gauss.

11. Faraday's Experiments and Induced E.M.F.

In 1831 Michael Faraday in England and almost at the same time Joseph
henrv in America demonstrated that when a bar magnet is swiftly brought near a
coil connected 10 a galvanometer. the galvanometer shows a deflection Fig. (2.20)
Furthermore. the faster the magnet moves the greater is the deflection and when
the movement is stopped the deflection becomes zero.

There is no cell or source :- Coil

of e.m.f in the circuit.
—_—

However. the deflection in the
galvanometer shows that a
current has been produced
and there must be an e.m.f.
developed. When the magnet
is moved away swifily again
adeflection is observed in the
galvanometer. but now in
opposite direction. I the
magnel is reversed (end for

end) the results are as before except that the directions of deflections are reversed.
Thus, the motion of the magnet towards or away from the loop is the reason for
the deflection in the galvanometer. Further experiments prove that it is the relative

motion of the magnet and the loop which produces an e.m.f. in the loop.
This

@G

Fig. (2.20) : Faraday Experiment

obtained is called induced current.
Regarding this phenomenon Faraday observed the following :

12

) phenomenon was named by Faraday as electromagnetic induction. |
The e.m.f. that is produced in the coil is called induced e.m.f. and the currenl |

Magnetism

= _'_'_‘_—_‘—‘——._._
i) Galvanometer hag 5 dcﬂm_-ti[, .
the magnet the deflectigy, hu:-:,:.:“ 1
(ii) Using magnet of greate, Pole-strengy,
(iii) By increasing the numbe, of tur g, Mection i Attt
core in between, the b e
. ¢ deflection in the gq
(iv) The deflection further increas E
magnet is moved towargs or
! ; away o
motion results ina larger Pl gnirnm the coil
(v) The dirc‘clio_n of deflection in he galvanome
pole which is moving towards or away fmn:
(vi) If the magnet is kept at rest ang the ol
; ] coil is made 1 ¢ wi 5
G 0 move with the same
:feobsmed l'f[l_;:sll'ﬁl magnet was moved earlier, same amount of deflection
ved. 1hus the induced e.m.f. and curren; developed depend on
the relative motion between the magnet and the coil :
(vii)The induced e.m.f. develo .

ped does not depend on the resistance
coil while the induced current depends on i:e n the resistance of the

In another exPcﬁment the apparatus used was as shown in Fig, (2,21 ) Two
coils are placed side by side. One coil is connected 1o a cell E. rc;i,w'tan-.‘c R and
key K while the other one is connected to a sensitive galvanometer. When the
key K is pressed a current flows through the first coil and at the same time a
momentary deflection is observed in the galvanometer connected 1o the second
coil. On releasing the key K the current in the first circuit is stopped but again a
momentary deflection is observed in the galvanometer. The deflection on sw itching
offis opposite to the deflection on switching on. With a steady flow of current in
the first coil no defection or current is observed in the second circuit. In this
experiment there is no relative motion between the two circuits but the deflection
is observed on closing and opening the key. By closing or opening the key the
current in the first circuit grows or decays and with that the magnetic field produced
by the coil also changes.

Coil Coil

79

he magne ;.
ENeLEs in motion. Op stopping

s vero,

I'or by placing a soft iron
i “anometer is increased.

Y INcreasin. i

7 INCreasing the speed with which the

L&, increase in relative

ter depends on the magnetic
the coil

Cell

Fig, (2.21) : Experimental arrangement of the Faraday's experiment
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From these experiments one can conclude that the source Irur the BeneTatio)
of e.m.f. in the coil connected to the galvanometer is the magnetic Mux linked wiy),

= % T an i) \
the coil and whenever this flux changes an induced el is developed.

12. Faraday's Laws of Electromagnetic Induction

The results obtained from the experiments on electromagnetic induction werg
explained by Faraday on the basis of magnetic flux linked with the circuit. For the
cause of generation of induced e.m.f. and the magnitude of e.m.f. developeq,
Faraday gave two laws called Faraday's laws of electromagnetic induction,

1) Faraday's first law : Whenever the magnetic flux linked with a circuit
ch‘inges with time an induced e.m.f. is developed in the circuit. The induceq
e.m.f. in the circuit exists so long as the change in magnetic flux continues,
This law gives the cause of the generation of induced e.m.f. If the circuit is
closed then due to the induced e.m.f. an induced current is produced in the circuit,

ii) Faraday's second law : The magnitude of induced e.m.f. in a circuit

is equal to the rate at which the magnetic flux linked with that circuit
changes. This law thus gives the magnitude of e.m.f. developed.

If in time At the change in magnetic flux linked with the circuit is. AQ then the

magnitude of induced e.m.f. '
o= 5
and if At — 0 then

. Ad do
= lim — = —
.,/JEI mlvn-:u At dt

A
If A e rate of change of flux is in weber/second then the induced e.m.f.
€ will be in volts,

Explanation of experimental facts by Faraday's laws : Every magnet
produces a magnetic field and the lines of force outside it start from the north-
pole and end up at south-pole. When a coil which is connected 1o a galvanometer
is placefd near the magnet a definite number of lines of force pass through it, as is
shown in Fig. (2.22) i.e., a definite amount of magnetic flux is linked with the coil.
When the magne or the coil is moved and they are brought near each other the
rmmber. of lines of force i.e., the magnetic flux passing through the coil increases.

Accord_mg to fmday'§ Ia_ws an ean.f. is induced in the coil due to change of
t1::.5:;3-,mu-:: flux linked with it. When the magnet or coil is moved in such a way that
ey go away from cach other then again due to decrease in magnetic flux an

13

etism
magn® "

"---|' is developed inthe coil by,
o LLE

NOW the direer: - Bl
I CClion 15 Opposite to the state when
i Hion .hcl\\-u,--:n the magnet and

BES and an induced emf s developed

v were brought nearer, Thys, ¢
:“L_'an magnetic Mux linked wity th
ini}'““[’il' .

The rate of change of flux wij
du‘l";“d on the -"FI‘L'U" of relative motion
petween the coil and the magnet, he
pigher is the speed the greater will be
|I1; rate of change of flux and larger
will be emf induced and vice-versy,
{fthere is 1o relative motion ie.. both
are either at rest or both are moving
with same velocity in the same
direction then the magnetic flux linked
with the coil will remain constant and
induced emf will be zero.

In the second experiment when the key of the first circuit was closed or
opened an emf was induced in the neighbouring circuit and this can also be explained
with the help of Faraday's laws. On closing the key the current in the circuit
increases from zero to a maximum value and this changes the magnetic field
produced by the first coil. The neighbouring coil of the second circuit is placed in
the magnetic field produced by the first coil and when the current increases the
magnetic flux linked with second coil increases resulting in the production of induced
emf. On opening the key the current in the first circuit decreases from the maximum
value to zero. Again due to this change of current the magnetic flux linked with
the second coil changes and an induced emf is developed. Further at break the
deflection in galvanometer connected 1o second coil is more than that al make,
because the decay of current is faster than the growth of current.

e 1o r‘:lfﬂi\-‘t me
1e Coil ch,

High Flux

Fig. (2.22) : Experimental facts
by Faraday's law

13. g
jj, Lenz's law

The production of induced e’ and its ma;nimde are -.'Xplaim"n_i‘on “}cdbasi
of Faraday's law but the know'edge of direction of mduc::d emf and 34 uce
current is obtained with the help of another law cullr.:d Lenz's lfm:. According tﬁ
the Lenz's law the direction of inducﬂll' eurrendf I:C ; it‘tlrt'-"l is always suc
that it opposes the very cause which has produ ).

When the north-pole of a magnet is meUghI ﬂeﬂfli:hio;;c‘f:ﬂ;?;:iii:"i“‘f
galvanometer the direction of induced b o Iu:h-pole i.c.. looking into
front of the north-pole of the magaet behaves 1e ;encc'tl is anti-clockwise from
the coil from the side of the IS i currcnll 1rslol developed opposes the north-
Bto A, as shown in Fig. (2.23a). The north-pole
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pole of the magnet moving towards it.

— -— L e,

k1

()

(d)

[ @
Fig. (2.23) : Lenz's Law

In the same way when the north-pole of the magnet is taken away from the
coil the induced current in the coil is clockwise (A to B) so that the end A behaves
like a south pole. again opposing the movement of north-pole away from it, Fig,
(2.23b)

By moving the south-pole of the magnet towards the coil and away from it
again the induced current developed is always such that in effect it opposes the

motion of the magnet. When the south-pole is brought nearer, the end A of the coil
behaves as south-pole (current clockwise from A to B) and when the south-pole
is moved away the end A acts as north-pole (current anti-clockwise, from B to A)
1o oppose the motion of the magnet.

In the above discussion on should remember that the development of magnetic
poles due to induced current (end A behaving as north-pole or south-pole) does
not oppose the external magnetic field but it opposes the variation of magnetic
flux.

Further. it should be noted that Lenz': Jaw gives the direction of induced
current i.c., is applicable to closed cireuits only. If the circuit is open and we have
to find the direction of induced emf then assuming the circuit to be closed the

direction of induced current is determined which in tum gives the direction of
induced emf,

Itis clear that in every case for the relative motion between the magnet and

coil work has to be done against the opposi ; !
posing force develope wion.
This mechanical wo, & veloped due to induction

Tk appears as electrical ener;

: gy and the total energy of the
system remains conserved, The mechanical work don 3 pi
equal to the energy consumed in Joule-heating and thus in clectro,
the law of conservation of energy is obeyed,

14

“,gnﬂtﬁrﬂ_...___._
f";-;;d;uy's law provide ”M
IRy T A ke agmny o z

o Lenz's Jd‘f BIVES its direction, (o ;ni];:d:h:f"]'d“f“d emf developed

oped by electromagnetic ingucjop 1. Givenhy o e induced emf
do

: : dt
shere the negative sign shows thay the

\[ﬂuxl which produces it

0

u.'l"il
dc'\.lCI
[

induced emf Opposes the cause (change

14. Intensity of Magnetisation 0

The magnetic moment produced in unjt volume of a substance is called

- intensity of magnetisation. If the magnetic momen; produced in a substance of

volume V is M, then

N
<=z

Its unit is ampere/m (A/m).

If the shape of the substance is rectangular whose cross-sectional area is A,
length / and the pole strength produced in it is m, then

M=mx]
ju M _mxl m
; TV AxI A

Thus the pole strength produced in a unit cross-sectional area of a bar
magnet is called intensity of magnetisation. _

Intensity of magnetisation is a vector quantity. It is either along or opposite to
the direction of the magnetising field (H). ‘ _

In diamagnetic substances the direction or! is opposite to that of H and in
paramagnetic and ferromagnetic substances the direction of | is along the d'lrf:{':-llt?‘l'cl
of H. Intensity of magnetisation in a substance depends on the nature o

substance and also on temperature.

15. Magnetising Field (H)

Whilestudying the ffst ofmagnctc eldan o st (S PREEEL U
dlso called magnetic induction, is regecacoind Y & wtisoatinn of the medium. In
depends on the external currents as well as the magnc By
absence of medium, i.e. vacuum if the magnetic induction is By. then o e
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= Jizine field depends onl
a vector, called magnetising field (). Magnetizing e i iy

the currenl carrying conductor.

external currents and the geometry ol

By .
feld H = = A ~turns/m.
Magnetising field H = o A/m or A-turn

| a
S e .
CGS unit of H is oersted. 1 oersted = T x 10° A/m

For example, the magnetising field at the centre of a current carrying coil of

radius a and turns n is
1 pgni i

=l 20~ 2a

and for a current carrying solenoid of n turns per unit length,

uoﬂi ;
H = 'I =ni

In media other than air or vacuum H is related to B as
B=py(H+1)

16. Magnetic Susceptibility (X)

When a substance is placed in an external magnetising field H, magnetic
moment is induced in it. The intensity of magnetisation I is parallel or opposite to
the direction of the magnetising field. In weak magnetising fields, the intensity of
magnetisation I is directly probational to the magnetising field H. As a result the
_ralio of I and H is a constant. This constant is called magnetic susceptibility,
ie.,

[eH
or I'=XH
hence X = _].

H

where X is the magnetic susceptibility of the substance, I't is a dimensionless
quantity.

i H=1,thenX-=1. :

The magnetic susceptibility is numerically equal to the intensity f

magnetisation induced by a unit magnetisin i i
e g field in that subs Magnetic
susceptibility depends upon the nature of the substance, It is negt:I?:: and small

- d{gmag"""ic substances (X

E'x - () and positive and very
Magnetic susccptibili:.y is defineg i
4 volume magnetic susceptibiligy, § Mt volume of

< Q) po o
- Sitive ang
|"TgC for i:nnm:::nnalli'ﬁ.r o amagnelic substances
ENelie 5ub'i|1'incu' A
: s (X == ).

substance, so it is also

calle imilarly gy
ilarly mags magnetic susceptibility is
Nl o
and molar magnetic susceptibility i
. X
Xmo!w = ‘d—.f‘\

where d is the density of the substance and A is yhe atomic weight of the substance.

17 Magnetic Permea_l:llity

The'ratiu of the magnetic induction B inside a substance and the magnetising
field H is called magnetic permeability of the substance. )
It is represented by p. Thus

B ¥
L T
If By is the magnetic induction in vacuum then the magnetic permeability of
vacuum will be
Iy = ByH = dn x 1077
Unit of p is weber/ampere-metre or henry/m.
If p is relative magnetic permeability of the substance, then

= g
or H =Ky
The magnetic permeability is always positive.
(a) For diamagnetic substances : 0 < 1 < |
(b) For paramagnetic substances : 1, > |

(¢) For ferromagnetic substance : > | s B
The magnetic permeability of some substances Gepen on the tem
:d the intensity ot!] magnetisation. For different substances p may be less or more

g,
Magnetic permeability p is related 1
1=Ho

o the susceptibility Xas
(1+X)

15
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= (1 +X)

or

18. Qualitative Explanation of Magnetic Properties

Wien different materials are placed in a magnetic ﬁ‘{ld- they get magncli?w
and magnetic property of different magnitudes is produced in thclrj_ ﬂ']{.'sc malcrla'lx
are classified in the following categories on the basis of their magnetje
properties :

(i) Diamagnetic. (i) Paramagnetic and

(iii) Ferromagnetic.

(i) Diamagnetic substances : When a diamagnetic material is placed in 5
non-uniform magnetic field, they move from higher intensity region to lower intensity
region. i.e.. they are repelled by magnetic field. Magnetic moments are induced in
it in small quantity and in a direction opposite to that of magnetising field. Magnetic
induction B induced in these materials is less than that in free space. Magnetic
permeability of these materials is positive and less than one. Magnetic susceplibility
of these materials is negative and very small. It does not depend up on the temperature
and the magnetising field. Diamagnetic materials are Cu, Hg, H,0, He ete.

Diamagnetism of these materials can be explained on the basis of electron
theorv. In atoms electrons are considered 1o be moving in circular orbits around
the nucleus. When an external magnetic field is applied in a direction normal to
the plane of circular orbit, the motion of electron is affected, as a result the magnetic
moment of the electron is changed. From analysis it is found that the angular
velocity of an electron is different for clockwise and anticlockwise rotation inthe
presence of the magnetic field. The magnetic moments induced due to these

rotations do not cancel each other and net magnetic moment is induced in the

atom ‘whcse direction is opposite to the applied magnetic field. This property of
materials is called diamagnetism. Diamagnetism is a property of all substances
and is produced due to orbital motion of all electrons in atoms. Since the motion of
cicctrons.does not depend upon the temperature, so the magnetic susceptibility
of the diamagnetic substances does not depend upon the temperature.
() Paramagnetic substances : When a paramagnetic substance is placed
In & nonuniform magnetic field it is attracted from low intensity region to high
:int;m%-l region. Mlagl?euc moment induced in these are in the direction of magnetic
eld. The magnetic tnducnfm B in these materials is greater then that in free
G 1s positive and greater than one. Their magnetic
susceptibility is positive and very small. [y does . isi
; not depend up on etising
field but depends upon the temperature. Their decp ,P ‘h? o
- Al, Cu, Cl,, NiSO, ete.
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fures t];zlmmmmcmy filled. They have
3 A H i
" ENetic moments of different

areg i :
ult the ney magnetic moment of

; bstances
. 5 e ] H o i i

b i magnetic momens ge aligned inghe dim{;l:gcﬁrm a magnetic field, the

magnetic field and the

qubstance is ma gﬂmisc.d.. This magnei Property is

ihe intensity Of magnetising field i incregceq 1 im::I-I'Ed peramagnetism. When
substance Jncrcas-us but due 1o increase ip lemperatyr 3 l: of magmtlsati[m of the
aiumS_TCnds to disturb the alignmen of gpe atomic r:[ ‘ Ih_urm‘ motion of the
intensity of magnelisation decreases. Thus jt is found 1hatdt§n.m LB eale
of these materials cllepcnds upon the temperature as ve)| a:?;agmm susceptibility
According to Curie's law the magnetic susceptibility X of 3, ‘c magnetising field.
depends on temperature T as : paramagnetic substance

faner orbits of atomg ol these Materia}
o 2 diCNalg -

et magnetic MOMCnL Al moderg, lemp e
Aloms of materials are runtlaml'.,. il

(he substance is zero. When syep, su

Tal

ted,

C

1
Xee —or¥ =
Tor T

C is a constant called Curie's constan,

(iii) Fﬁrmmagnetit_suhstances : When ferromagnetic materials are placed
in anon-uni form magnetic field, they experience strong attraction from low intensity
region to high intensity region. The magnetic moments induced in them and the
intensity of magnetisation are very high and in the direction of magnetising field.
The magnetic induction B in these materials is very high in compa;'ison to that in
vacuum. The magnetic permeability is positive and very large. The magnetic
susceptibility is also positive and very large. Their magnetic susceptibility depends
upon the temperature and the magnetising field both. Its dependance on temperature
s according to Curie-Weiss law. Ferromagnetic materials are Fe, Ni, Co, Fe,Ox
ete. Curie-Weiss law is ' o

c
X = 5 where T, is called Curie-temperature.
r-Te c

Curie temperature is  that
‘emperature at or below which a material
haves like 3 ferromagnetic material and
ibove which it behaves like a
Paramagnetic material. For example Curie
“Mperature of iron js 770°C and that of nickel
15 36 Mlad
Ferromagnetism i Jained on the basis \\._\
of doprr gnetism is exp 4
main theory. Inner shells of atoms &
el"'”'magng[ic materials are partially fi!led and - :
“Clrons of (hese shells are responsible ff i 224 : Domain formation of
¢ r""'fOi'ﬂaalgnrctism. I'he electrons of inner ferromagnetic materials
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—
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. «e electron to remain in the pos N :
ZT:J:;?:;;?:QT;E“‘;TLElu[l:.:!.rou of other atom ir.] the l'“""'“]‘“j ‘j'l i::]“::":l -'“I'-'l.ﬂ of
first atoms. In this way first atom successfully |_‘l'“1!1“ the ather aic ¢ slate
of parallel spin with the help of free clectron. !I“"" : i .
small regions of parallel spin are formed in the ferromagnetic ‘““[‘*”" N L'“Lt o thig
proccss.‘]'hc::c regions are called domains. In each d'unhllll all dll"m-\.-"*- n I_hu
state of parallel spin. as & result there is a net m-,]g‘n.,:nc moment in each dtmmum,
However the spin directions of other domains are different and randomly orienteq,
as a result net magnetic moment of the substance remains zero. In the adjoining
Fig. (2.24) domain formation of ferromagnetic materials is shown.

When a ferromagnetic material is placed in a magnetic field the domains iy
which the direction of magnetic moments are not in the direction of magnetising
field. tend to align themselves parallel to the applied magnetic ficld and the size of
favourable domain increases. As a result intensity of magnetisation increases. If 3
strong magnetic field is applied, then the directions of all domains are aligned in the
same direction and the large domain is formed. Hence the intensity of magnetisation
becomes very high and magnetic saturation is reached in the substance. 4

19. Comparative Study of Magnetic Properties of
- Different Materials

i = —
S.No. | Property/Effect| Diamagnetic | Paramagnetic | Ferromagnetic
1. | Effect of non- | Repelled from | Attracted from Strongly attracted
uniform field | high imensity | low intensity from low intensity
region to low | region to high region to high
i 1nt:ensity region.| intensity region intensity region | |
2. | Magnetic M is nearly Mis very small | M is very large and
moment (M) zeroandina | andin the in the direction of
direction direction of H. H.
; opposite to H.
3. Intensnt;a o:f lis very small | Iissmalland in | I'is very large and |
magnetisation a.l:ld in opposite | the direction of H. | in the direction of
; 1] i direction to H. H.
il ?:;f::‘;:ﬁ P B{Bo.lhe_ B =B, the B == By, the
. ofli:;mes n??bﬂ of lines numbcr_ol‘ lines of | number of lines of
es | of force is force slightl force preatly
of force passing | small i 7 TSRy
i . Increases. increases.
Magnetic | Xisnezatve 5t o
susceptivilty | and very small, | vy o 14| X' positive and
o - | very small. very large,
L____‘—-—

17

srmeability F
permeda ¥ and less ¢ | 1. is positiv
han Breater thap, one, | e e

() __lone, (p < ery >3
!,--—--"'jj;;:hcndclwc of | No ac&hﬁ?ﬁg'%il}——-—__ | very large, p, >> 1
| Xon I'Id — No dependence _TTJe?cnd.cncc_ ]
— L __ | I
3. | Dependenceol | No dependenge | 37— 1|
!//, XonT onT Xis Inversely As temperature
rf_ﬂpfnl'_lmnal 10T | increases, X
{’"T;" § law) decreases
Ko or % € | aceording to Curie-
i T | Weiss
Law. X = CT
L | =
9. | Change ofon | Do not change Paramagnetic | -
! E et 7 i
type of into another rernainsgn - (T)nl:i!;_];% ahire |
substance to type of paramagnetic. c;n\ erted into
another type of | substance. ot
il | paramagnetic.

10. | Explanation of | Based on Based on electron | Based on domain |
magnetic gh::clron theory | theory. Itis due to| theory. It is due to |
property and it 1s-due o orbital and domain formation.
reason gf orbital motion | spinning motion o
magnetism of electrons. | electrons.

11. F_’ov.:de_r or Concentrates in| Concentratesat | High concentration
liquid in watch | the middle the edges and is | at the edges and
glass placed depressed inthe | strongly depressed
between poles middle in the middle.
of a magnet.

12. | Suspending a Rod aligns Rod aligns parallel] Rod aligns parallel
rod between the perpendicular | to the field to the field even in
magnetic poles | to the field weak field.

20. Self Induction

Consider a conducting coil connected to a battery and a key. Fig. (2.25 a).
on closing the key a current is passed through the coil, it pmd_uces amagnetic
field. A g a result magnetic flux passes through the coil or magnetic flux is linked
With the coil. On closing the key the current increases with time and along x:.rilh it
© Magnetic flux linked with the coil also increases from 2ero 1o a maximum
Valye which produces an induced emf in the coil. On breaking lhf_: circuit the
Clrrep; decays from the maximum value to 2ero and the magnetic flux also
feases from the maximum value to Zero. Again an "'“.f's ‘"d"feld it C°‘!-
According to Lenz’s law the direction of induced emfin i';-c c;::ssiu::a::ﬂe:

e the change of magnetic flux linked with the coil. ‘.The ire
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current at make and break are sl'il?:;l'] I::g!-lll: coil the magnetic field Producey
to a change in current passing thro

H i ime, produci
by it and the magnetic flux linked with It “'.'aug;:;lg:sl:'l ind:ctiun. e
induced emf in the coil. This phenomenon is €a

i i deacreasi
Magnetic Flux i increasing i deacreasing
e i e T
j 1
: g
—
@ (b) (©)

Fig. (2.25) : Self Induction )

The phenomenon of self induction occurs not cnljl-' in a coil bl_lt in every Cl-ll'l'em
carrying circuit or element. However, it is more significant and important in coils
carrying current varying with time. ]

CoefTicient of self induction or self inductance : When a cum:nf is passed
through a coil the magnetic field produced by it and the magnetic ﬂl:lx_l;r[ked with
it are directly proportional to the current. If the current in the coil is i and the
magnetic flux linked with it is ¢, Then

0 oi
or ¢ =Li sl 1)
where L is a constant of the coil and it is called coefficient of self induction of
self inductance. .
A change in current i produced a change in the magnetic flux ¢ linked with it.
Hence according 1o the laws of induction an induced emf E is developed in the
coil, which is given by

o _ | d ,
e R wl2)
Relation (1) and (2) can be used to define self inductance L.
From (1), L= 2
1
and if i = | than L=¢ 3)

i.e., self inductance I, of a coil is

k. numerical g
- linked with the coil whep 4 unit ¢ ally equal to the magnetic flu

urrent passes through the coil.
i E
From (2), L= —{-_‘:le e

di

18

(2.25b) and (2.25¢). In genera| dyg |

-
e,
. [._di'
i le -|l|:|3|-|]._ E

; efficient ; i
i.c., the co of self mductigy or self inductance L i il i
a coil is

5 ically equal to the ;
pumerica A induceg ¢ 4 i
decay of current in the cojf 5 unity, = developed i when the rate of

The MLK.S. unit of self inductance

is henry or volp.
pci' ampere, e

sec/ampere i.c., weber

henry (H) = — Pvolt _ 1 weber
lampere / second 1 ampere

If a change in current in a coil a e
on induced emf of one volt its coeffigi
one henry.

The unit henry is a large one so jts sub-multiples are ofien used.

1 milli-hem'y (mH) = 1034
1 micro-henry (uH) = 106 .

The dimensions of coefficient of self induction are MILIT-24-2,

Self-inductance of a coil : The self inductance of 2 coil depends on its area
of cross-section, number of turns and medium inside it (code).

Suppose a coil has N turns and its radius is R. If a current i flow through it
the magnetic field produced at its centre is

pNi

STy

where p is the permeability of the medium. IfR is small, this field can be assumed
uniform and the flux passing through the coil is

rate of one ampere per second produces
ent of self induction or self inductance is

w
9o =BA= %(ﬂrﬁ)

d
If due to any reason the flux changes with time then an induced emf’ _E(BA)

is developed in each turn of the coil in the same direction. As a result the total

d i
; el Thi 1 with N tuns behaves
emf developed in the coil becomes -N 3 (BA). Thus a coil wi

: . p
3 if the flux passing through it is Ny = NBA. N, is called the flux linkage o
coil

. The flux linked with the coil
€ Tux usz:Rz
¢=Nep= g
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Using the definition of self inductance

ol
“R
L= ﬂ—m-:— henry. _
Thus L will depend on number of turns N, radius R and the PCTI'IICEIhllil_y of
the core p.
A coil having a large self inductance L has a higher induced emf.

Self-inductance of a solenoid : Consider a snlcnoil:! Oﬂmglh { and arey of
cross-section A. The total number of turns in the solenoid is N,' If a eurrent j jg
passed through it. a magnetic induction B is produced along the axis of the solenpig

-
B =pni=p 71
Where i is permesbility of the material of core. For air p = py = 4m x 107 H/m,
Magnetic flux passing through the solenoid

o, = B - ENIA
0 {

Flux linked with the N turns of the solenoid

By definition of self inductance ¢ =Li.
' 50 that L= E;é
If radius of solenoid is R then A = 7R2.

L= "“IfRz henry

For example for an air co

red solenoid of | i
total number of turns 500, the ength 40 em, diameter 3 em and

self inductance will be
L = TX4mx107 x(500) x (1.5 x1072)?

04
=550 x 106 H = 550

19

[l, = E] the sell inductance of the ¢o;) |
i
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21. Mutual Inductigy 93

Consider tWo coils A ang placeg
(o a battery and a key in serics,
coil l?, whcndlljc key is clloscfl 8 CUrTent pagges Mick :
field is f:rcalc_ I.l_m_und thlslcmt. The coil  j Situated ':1} Cn-ll Aand a magnelic
nagnetic I.'lu.\ 15 linked \\-Llh. this coil, On closing II:TE.;": 'I-n‘l_l.'.m:ll..c field sn_thm
increases fr(_Jm zt_.'ro 10 a maximum value ang accor{linuhel‘h ".“r.rcm_i."_ St _C‘.m' e
with the coil B increases from 2600 1o 21y the magnetic flux linked

g & maximum valye, [y is i
i i 2 - Due to this change in
flux an emf is induced in the coil B, Iy the same way when the key K is‘nphcned

the current in the coil A decreases rapidly 10 zero so that the st it
with coil B also decreases from the maximum value 1o zero -\n;ir: lnip change
in flux linked with coil B an emfis induced ip it. In both the L-:.':\ci the ckirmi;n g'ol'
induced emf or induced current in B js such that it opposes the change in flux
finked with B or the change in current in A. The direction of induced current in B
at the time of break is opposite to the direction ‘at the time of make.

hen the change in current in a coil or circuit causes a change in
magnetic flux linked with another neighbouring coil or circuit so that an
emf is induced in the other circuit, the phenomenon is called mutual
induction.

The coil in which the current is
changed is called primary coil and
the neighbouring coil in which an emf
is induced is called secondary coil.
In Fig. (2.26) coil A is primary and
coil B is secondary.

Cit]sg ey o -
A galvangyy .[“ each other, The eojf A is connected
Cler i connecteq between the ends of

Fig. 2.26 : Experimental
To have a more effective arrangement of mutual interaction

phenomenon of mutual induction the Laminated

flux linkage between the coils must '/mr, Iron
be as large as possible. For this core
Purpose the two coils insulated from

cach other are wound over the same %

tore of some magnetic material P
having a high permeability or a closed
Magnetic path is provided in such a
Way that maximum number of
Magnetic lines of force due to the
Primary ¢oi pass through the
Secondary as is shown in Fig: {2-2'_”'
The construction and working Igi
Mentioned principles related to mutid

Ig. (2.27) : Transformer

fa (ransformer are based on the above

nduction.
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Coefficient of mutual induction i Suppose the Cu”cf]l’ "jl'(‘:t:!]~lh al ay
instant is i, and the magnetic flux linked with coil B due to magnetic field creapy
by A is 0. then

Op = Iy

or o = Miy . (1)

Here M is a constant which measures the magnetic coupling between the Twy
coils and is called coefficient of mutual induction.

If iA-—LLheanﬂ:M
i.e.. the coefficient of mutual induction for two coils magnetically coupled to eag,
other is numericallv equal to the magnetic flux linked with the secondary whey ,
unit current flows through the primary.

According to the laws of induction the emf induced in B is

__ dop _ dia

AT M
__Es

so that M= (i, 7d)
B EMF induced insecondary
~ Rateof decay of current in primary
dip
If == —I,lhanM—EB

i.e., the coefficient of mutual induction between two coils is numerically equal to
the induced emf in the secondary due to a unit rate of change of current in the
primary.

M.K.S. unit of mutual induetion between two coils depends on the number of
tumns and the area of cross-section of the two coils, the permeability of the medium
which provides the magnetic path for linkage and coupling between the coils. A
larger value of M results in a Larger emf induced in the secondary.

When two coils, magnetically coupled to each other are given any one of
these can be taken as primary and the other as secondary. Thus the coefficient of
mutual induction

o Mup =My, =M.

For the estimation of M consider two coaxial solenoids each of length / having

ny and ny number of turns per unit length, respectively. I the permeability of the

core is , the magnetic induction produced by a current i} in the primary, is

: N;.
B =punji =p _Illl

20

wgnetism

here Ny i the total number o~
isf“he flux passing ‘hmugh g n the pTl'm‘“’!r! If

95
—_ 9
the areq of cross-section

°D =BA = {“l\_ﬂ -I-.l'\
; ; vl
and the flux linked with the Pritary coij - J

b= Ni% = Ezq-]lil.ﬂ..

= I-‘|i| fb}' deﬁnitian of s

- Self inductance Ofprimary elf inductance)

coil
2
L = UNTA
Similarly the self inductance of secondary coil
‘ 2
L2 a yN? !\

Due to mutual induction the magnetic flux |

: inked with the second coil why
current iy passes through the first coil, will be e

¢2 = Nz[BA)
N ENIGA (NN )i A
2 T e
! !
=Mi, (by definition of mutual inductance)
NN,A
T o L i

7 vLiLa

Usually the magnetic field produced by primary is not fully linked with
secondary. In such a case M=K ||1_11_ , where K is called coupling coefficient.
In ideal case for perfect coupling K = 1.

22¢ Energy Stored in a Inductance

il of self inductance L the emf

. Ata certain time if current i flows through a co
"duced in the coil due to variation of current is
di

=Ly

i d will
The work done by the induced emf against the current flow per second wi

be
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%——4—//—’— B
di
~E=Li3;
! s 1 k d
; . the total work done
If current in the coil increases from 0 10 Tyaye then

Tgs

j‘ Lidi -

Tmax di B
Lis

1
2 “lmax
2

W= Ll:i.l_ di =
0

Total work done by the induced emf against the current is stored in the inducy,
in the form of magnetic energy.

1
. . =il
Energy stored in the inductor = 3 Lices

23. Growth and Decay of Current in L-R Circuit

Consider an L-R circuit connected L R
10 a cell through a key. When the key
K is pressed or closed, the current in
the circuit increases but it does not E
attain the steady state value s =
immediately because an opposing emf
is induced i il whi
s megﬁcﬁﬁmhfh RS Fig. (2.28) L-R Circuit

The steady state value of current is attained after some time depending on the |
values of L and R. |
When key is opened, the current in the circuit does not decrease to zero al

once but decreases to zero after some time, because emf is induced in the coil |
which opposes the decay of current, |

|
| K

. Grqwtl_: of current : Let [ be the current in the circuit at time 1. The net emf
in the circuit will be the sum of emf of cell E and emf induced in the inductance |

o, d '
coil [-LI]' Therefore by Kirchhoff's law i

dI
ELl— =
7 =R

dl 2
or =l E
Ldl -E-]R=-R[1_’E]

21

e R

jn the steady state when curpen reaches

Magnetiﬁm_

the maximum valu di E
¢, — =0,1= = =1,
| di dt R
&t -~ RI-1
dl
—_— R
Bt (I-1g) == T

Integrating the above equation,

R
log, (- 1) = L' constant K
Nowatt=0,1=0, K =log, (-1p)
’ R
I R
08 (1-Ip) == =1+ log-Iy)

or  log(l-1p - lc-ge(—lu) =_ %1

or 0] e B
2. _[ﬂ L t
I-1
or __—]ua = g-RUL

= -1, e RL
=1y (1 - R
Thus the growth of current with time depends on the value of time t compared

to the value of constant L/R, called time constant of the circuit. It is represented
by .

1=l -¢¥)

Whent=1= 1=1(1-¢h)=06321

=\

The current at t = 0 is zero an® it reaches the maximum value I asymptotically
at = o, ;

Decay of current : When the key is opened the cell emf'is disconnected i.e.
E =0, If now at time t after breaking the circuit the current is [ then

1— =IR
Lﬂ[
e R
or I L



98

Integrating. log, 1 -

Now at t = 0, the current was maximum i.c.. |

Elementary Ph)"“cg

T

L. { + constant K'
|

ln

K' = log, Iy
R
Hence log, I = - T log, 1,
R
or In&!—logclﬂ'——I—!.
x R
or log, I =1 t
—I— = g-Rul
lo
or 1= ln e Rl
[=1,e?
Thus at break ar=0,1=1,
: =1 1=lge"=03681,
and att=w =0
The growth and decay
Fig. (2.29),

 of current in a L-R circuit are shown in the following

Time { —

Fig. (2.29) . Variation of ¢y

rrent I and time ¢ in 4 L-R circuit

22
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M gxample 1. Two identicq) -

¢ of 0.004 newton on eqep mh:""‘* poles

of
when 1, *qual strength exert a

¥ are 8 em apart. Find the
golution : By Coulomb's |gy

F = %o mym,
4n T
Given ml=mz=m-f’3cm=a-lr,:m_
F‘—'O.{Jm:.ix ]i_]—}_\-and ? - 107
'\-\.__\l m2
4 ][]—3_-_”:,-? —
(8x107)
2 X107 xeaxipt
or T
m = 16 amp-m.

B Example 2. When a N-pole of 50 amp-m is placed 5 cm away from
another pole of unknown strength it experiences a force of 2 newtons.
Find the strength of unknown pole and magnetic induction at the position
of given pole.

Solution : Using Coulomb's law

Jp mym;
T dm r:

2

(m1=50mnp-m,m,.,'=m.r=5cm=511tl m)
0% m

— 1! =

2=107 (5x1072)

2x25x107

= 1000 amp-m
1077 x50

m=

i it N-pole
Magnetic induction = force per unit N-po
)

0

4 x 1072 Weber/m?

L
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& Example 3. The pole strength in a bar magnet is 16 amp=m ang the
distance between the two poles is 10 em. Find the magnetie induction »¢ S
point on its axis at a distance of 15 em from the N-pole.

Solution : For a point on the axis of magnet the magnetic induction is fivey
by

Bo  2IMr
B=dngl_ 52
Given m = 16 amp=m. 2/ = 10 em = 0.1 m

Hp
r=15+5=20cm=0.2mand = -7
M =2m/ =16 = 0.1 = 1.6 amp-m?

o 2x16x02
B =107 1027 — 0037

107 % 2x1.6%0.2
{0.04 - 0.0025)>

1077 x2x1.6%0.2
14.06 %1074
=445 2 107 tesla
W Example 4. The pole strength of a short bar magnet is 15 amp-m
and its effective length is § cm. Calculate the magnetic induction at a
point on the equatorial line at a distance of 20cm from the centre of the
magnet.

Solution : For a short bar magnet r == [, the magnetic induction at a point on
the equatorial line is given by

iy M

B 4n r}

Given m =15 amp-m, 2/ = 8cm = 8 = 102
r=220cm=02m

M=2mi=15x8x102=12 amp-m?

. Eaijra = _10rhal

02 " g0 " 15 * 1075 esha

23

gg“eﬂsu_l— ——
'f/;‘l;;;l'l"" 5. The rading of
50 If current of 0,7 A
it ot the centre.

a cuil_ls Iu'r_n;f' — o 101
WS throgy, ; " the numper of turns in

I, then ‘Iﬂerm

ine the magnetic
T
n : The magnetic § :
golutio g ield a the entre of o)
B = 20
Za
By = 12,57 -7

"WhiA.m ;
=50 3= Wem-=g Im

B = 257107 450,57
2x0.]

=22« |4 Wh/m?

m Example 6. The radius of 4 ¢gj) i 0.2m and the number of turns in
itis 50. How much Curreny be passed through the coi] 50 that the magnetic
field at the centre is 5 gauss ? [I gayss = 19+ Wh/m?|

Solution : The magnetic field at the centre of 4 coil

_ bygni

Y
B =5 gauss =3 « 104 Wh/m?
n=50,a=02m, o= 1257 < 10 "Hm

2aB

Hon
2x0.2x5x107
12571077 %50
=3185A
® Example 7. The radius of a coil is 7em and the number of turns in it

5300, 5 current of 0.1A is passed through the coil. Determine the
Magnetic field on the axis of the coil at a distance of 9em from the centre.

}lﬂﬂiﬂ-: _— 5
: B =—5 533 ‘Whm
Solution - g = 3{,—+x-}-‘-
= 12.57 x 1077 Hm,n=300,i=0.1 A
Ta and x =9 em = 0.09 m
a =‘?cm=ﬂ.l]?m.mdx 9cm :
12.57x10°77 x300x0.1x(0:07)° .
B ] A
B:% 2(0.0049+0008D)*?
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102 o s wh/m along the axis,

——— a3 10

awing [hﬂ‘“ﬂh
with the magne

o a circular coil. Compay,
: i i Id on its axis
W Example 8. A curren ic flek i
the magnetic field at the centre
i its radius. . o
distance equal to rrent i ampere is flowing through the coil of radiyg X
Solution : Suppose current 14 !
The magnetic ficld at the centre of the coil
wghi
' 2a

i Eorane o a from its centre j
and the magnetic ficld on the axis at a distance equal to a f centre g
and the mag

P
Mm_a‘
B = 2(a” e
.
wonia~
B 3(:1:+z3|:]3"2
Honi
= 422
By 2
20
B

B Example 9. Current is flowing in a coil of radius a. At what distance
from the centre of the coil on the axis the magnetic field will be (1/8)th
that at the centre ? ’

Solution : Suppose the coil has n turns and current i is flowing through it.
Thus the magnetic induction at the centre of the coil

_ Mgni
07 29
Since magnetic field at a distance x from the centre on the axis is (1/8)th of
the magnetic field at the centre, so

B = By ponia’
3 %al + szm
1 pgni !.luﬂiai2
= oengll | Holld
8 2a 2{32+ x2)3x2

1 a4’
or = N N
2 (a? + x2 )2

24

z S
— \\\_ﬂ
| 4
or F
’ 2 (a +x2}| 2
o (a® + x2) = 4.2
of x? = 332
or X=afi

0.4m
Calculates force exerted by each v

crrents are in the same direction (;:

F = "I'Eiiliz
2nd
o _
Bo= 12.57 = 10 Hfm,d- 0.4 m, li = leﬂl'I.dI: =24

F = 1257x107 x1.3x2
2x3.14x0.4
132 106N
(i) Adractive force F = 1.3 x 105 N when currents are in same direction.
(ii) Repulsive force F = 1.3 x 105N when currents are in opposite direction.

B Example 11. Two parallel wires earry currents of 10A and 2A
respectively. At what distance should they be placed from each other so
that a repulsive force of 8 x 10~ N/m acts between then ?

Snluti_nn : Force on unit length of wire

iy
g _ Yoliz

2md
_ Hoiyiy
© 2nF
Ho=4m x 10-7 H/m, F = 8 x 10 N/m, I, = 10A and I, = 2A
anx1077 x10x2
T 2mx8x107
=5x |0': m
" Example 12, A solenoid has 500 turns and its ltll.g’ﬂl is0.25m. Ifa
“Urrent of 3 A flows through it determine the magnitude of magnetic
i
"duction inside the solenoid.

n
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ik PO olenoid is
Solution : The magnetic induction inside a long solcnot

NI
B =T

——

GivenN=500.L=025m.I=3Aand jt,= 4n = 1077 Him.

411:)(1(]"jl =500 %3
0
=754%10°T
B Example 13. In an uperiment a magnetic field of !0'3 T is to be

produced in a solenoid. The length of solenoid is 0.5 m and the number of
turns is 1000. Determine the value of current to be passed.

Solution : Magnetic induction inside a solenoid

_ N1 .-
=3 so that [ = oN

According to the question
B = 10-3T. N = 1000, L = 0.5 m and p, = 41 x 10"7 H/m,

1073 x0.5 5

B Example 14. In a 0.5 m long solenoid 1600 turns have been wound
over an iron core. When a current of 2 A is passed the flux-density in the
core is 0.8 weber/m?. Determine the relative permeability of iron.

Solution : The magnetic induction o flux density in the core of a long solenoid
is

NI NI
BowT =mp T

Given B =0.8 weber/m?, N = 1600, L = 0.50 m, =2 A and p = 47 » 107 Him.

_ BL
Relative permeability K = NI
I
dnx1077 #1600 %2
S0
T i

25

ngti sm
p,wﬂ

/:Iu 15. The
e tprmine th numh"“fturns in 105

. ".jl]. Dete € magnetj "“dllqo _3 toroig of mean radius 0.10
L10 ' m

- ion
5A I8 Pab“_d_ through _!T- N the torgjg when a current of
solution - The magnetic induction N a torgig
o1

By N
) " " o
According 10 the question Ho=dmx |07y o
010 M- Him, N < 1100,1=2.5 4 and R =
2x3.14%0.10
=35x 1031

m Example 16. A rectangular surface of dimenc:
i dim ;
plnceﬂ in a uniform magnetic field of 1 ensions 0.04 m = 0.05 is

: . ensity 0.80 weber/m?,

the magnetic flmf passlng“thmugh this surface, when the Turgzlc;;l?i;
along the magnetic field, (ii) perpendicular to the magnetic field and (iii)
making an angle of 60° with the magnetic field,

Solution : According to the question B = 0.80 weber/m? and th :
3 : e area of
surface A = 0.04 = 0.05 =2 x 107 m2,

(i) When the surface is along the magnetic field then
8 =90° cos 90° =0

& o =BAcos@=0.
(i) When the surface is perpendicular to the field then
0=0cos0=1

o =BAcos8=BA
=0.80 x 2 x 107 = 1.6 x 10 weber.
(iii) When the surface makes an angle of 60° with the magnetic field then

3
0 = 90° - 60° = 30°, cos 30° = —~
o=BAcos0

s N3
. T o
=080x2x10 3

assing through a coil of 50 turns

n Example 17, The magnetic flux p 4. Determine the emf induced in

“Cays from 0.3 weber to zero in 1 secon
¢ cojl,
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o 5
Solution : Given N =50 Sy
Change in lux A = 0-03=-U

Time interval At = 1 second
] A0

EMF induced € = - N 'E

50%0.3

= 15 volt.

: 2 .

B Example 18. A coil of mean area of cross-section 500 em® and having
1000 turns is placed in a uniform magnetic field of 4 x l{r'ﬂ_ tesla, If the
coil is turned by 180° in 1/10 second caleulate the average induced emf
developed in the coil.

Solution : When the normal 1o the plane of coil makes an angle 8 with the
magnetic field the flux linked with the coil is

¢ = NBA cos ©
The emf induced due to change in flux is
oo do
dt
0 -y

and average emf g = - ?

According 1o the question A = 500 ¢m? = § « 1072 m?, ’
N =1000,B=4x 103 T,
By turning the coil through 180%, change in flux
®; = 0, = NBA (cos 180° — cos 0°) = - 2NBA
1

t=s — =

T 0.1 second

2NBA
t

- 2x1000x4 %107 x 5192
S e

=4 volt,
Magnetie flux pa
ime in accorday

B Example 19, Th

e i
20 ohm changes with 1 SSINg through a cireyjt of resistance

ce with "Ie fl{ll]owi]] on
1 2 relati

26

etism

n
"’g 107
ine (i) ind i
petermine () induced emf 4y duced current, a¢ ¢ = 1 eeond
: vatt = — second.
golution The induced ey dﬁVCInpm — Pl
1N 2 gircuit g &
gen by L due to change of flux is
dg
€ =X
d Yolt
As 0= (6¢ - 5+ 1) weber
E =

4
TR =St a5

1
= — second (i
Att=7 nd (i) =

1
“12x 2 +5=2von

" . E 32
(i) = = 30 = 0.1 ampere.
B Example 20. The magnetic moment of a
g x 10-7 A-mZ. If the density of the magnetic
then find the intensity of magnetisation,
Solution :

magnet of mass 75 gm is
substance is 7500 kg/m3,

M=8x107A.m2
d = 7500 kg/m?
m=75gm="75x 103 kg
> : Volume V = L

75107

7500

= 10"%m?
- Intensity of magnetisation

= (.08 A-m.
| Example 21. A magnetic moment of 5_ n't-ml is produced :;3 a A.;:: 1::’
Maghetic material when placed in a magnetising field of 0.4 M ot
the e 10-% m?, then find the intensity o

Magnetisation and the magnetic induction.
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Solution : H =04 x 10° A/m
M =5 A-m?
YV =25x% 10-5m?
Intensity of magnetisation

I =

<|=Z

5
"~ 25x107°
2 % 105 A/m
B=p,(H+1)
=12.57 x 1077 (0.4 x 103 + 2 x 10%)
=0252T
W Example 22. A magnetising field of 2 x 10° A/m produces a magnetic
flux of 6.28 x 10~ Wb in an iron rod. The area of cross-section of rod is 2

* 1075 m?. Calculate the relative permeability of the rod and the intensity
of magnetisation.

Solution : H =2 =103 A/m; ¢ = 6.28 x 104 Wb
A=2x10"%m
- Magnetic flux density
g2 6.28x107
A 2x107
=31.4 Wb/m?2
- B 314
Permeability p = H- I x10°
: o u
Relative permeability W= Ho
~ 314
" 21068 x4x3.14x107
=1.25 = 10¢
Intensity of magnetisation 1= —B_ -H
Hy
314

 4x3.14x107 ~2*10°
=25 % 107-2 x 103

= 24998 « 103 :
=2.5 %107 AJm

27

neu=r-

ad
g Examp]t 23, ThE self ||'|d 5
is flowing thrﬂl.-lgh 1T the Urre EtO-f ~ oll 5 3 m
A 0.1 S what will he the avers red

lUctap

H and a current of

Ces tg Zero gp STl 2
i . . : d g Switching off in
' gplution : The emf induceq in the coi| “Veloped in the coil 2

cwydl
dt
Average emf g =- .@l
= At
Giv,cn:l_.=3¥ |0‘JHrﬂ[=0_5:_SA Bl
4 =uls

g =_1>11-_.'T:_’5_[_‘_5_1

0.1
=0.15 volt.
® Example 24. On passing 3 g

4 rect current of 2.5 amperes in a coil
paving 500 turns the flux Passing through it js 1.4 107 weber. What is
the inductance of the coil ? ‘
Solution : The magnetic flux linked with a coil
¢ =Néy=Li

. N
Given 9= 1.4 x 10~ weber, i =2.5 A, N = 500

_ 500x1.4x10™
25
=28x 102H =28 mH.

B Example 25. A solenoid has a self inductance of 50H and a resistance
of 25 ohm. If it is connected to a battery of 100 volt, calculate the time
luring which the current grows from zero to half of its maximum value.

Solution : I =11 - eYLR)

L

=]-¢®L

b | —

L
L= %mgeu R @3 log;2)

50%23x0.3

25
=138=14s
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Questions

Short Answer Type Question

1. Define Magnetic induction in terms of magnetic flux.

2. If a magnetic pole of strength m is placed in a magnetic field of iﬂtcnsily B,
what is the force acting on it ?

3. What is the value and unit of permeability of free space 7

4. A bar magnet of magnetic moment M, length 2/ and width 2d is cut into foyr

pieces each of length / and width d. what will be magnetic moment of eqq,

piece ?
5. In the end-on position if the distance of the point from the centre of g shor
magnet is doubled what will happen to the magnetic field intensity ?
6. The intensity of magnetic ficld at a point on the equatorial line of a smg)|
magnet is B. Keeping the distance same what will be intensity of magnet
field if the point lies on the axis ?
7. On what factors does the magnetic induction due to a current element depend 7
8. What is the direction of magnetic field due to a current element ?
9. Ifacurrent of | ampere flows in a coil of 1 tum and 1 m radius, what will be
the value of magnetic induction at its centre ?
10. What is the magnetic field intensity at the middle of two current carrying
parallel conductors ?

I1. What are the dimensions of magnetic field ?

12. How does the magnetic field inside a long current carrying solenoid vary with
distance from its axis ?

13. Keeping the total number of turns fixed how will the magnetics induction
inside a toroid depend on its radius 7

14. What is magnetic flux ?

15. When the magnetic flux passing through a coil changes, is the emf or current
always induced ?

16. A copper ring is suspended by a thread in a vertical plane. One end of &
magnet is swifily brought towards the ring in the horizontal direction. Will the
motion of magnet affect the ring ?

17. A piece of metal and a piece of non-metal are dropped from the same height

above the surface of earth, Which one will reach the surface first ?

18. The resistance wires fixed in resistance boxes are first doubled, why ?

19. Two iron bars are identical in shape and size but one js magnet and other s
not. How will you distinguish them without suspending or any other instrument ! |
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Long Answer Type Questigy,

i Obtain an expression of the m,
on its axis.

For a short bar magnet by,
from the centre ?

2. Obtain an expression for the i,
a point on its equatorial line.
For a:shori bar magnet show that the fielq
field in broad side-on Position for the same

. State Biot-Savart's law, How ; irecti .
¢ element determined ? s he dirction of magneric feld due t0.a current
P b [Raj., 2003, 2005, 2007, 2008, 2010, 2011

4, Dete € magnetic field at the centre of 5 current carrying coil,

) ‘ ' [Raj., 2003, 2005

5. Obtain an e:gprcSSL?n for the magnetic induction at a point on the axis of a
current carrying coil. How does the field very with distance from the centre,
show graphically. [Raj. 2004, 2011)

6. OP what factors does the magnetic induction due to a long current carrying,
wire depend ? [Raj. 2011)
Determine the force per unit length between two current carrying parallel
conductors, Hence define the unit ampere.

7. Give the expression for magnetic induction inside & long straight solenoid.
What is a toroid 2 How will the field inside a toroid depend on its mean radius
for a given number of tums ? [Raj. 2006, 2008]

agnetic in i
duction dye 1q a bar magnet at a point

the m, £ E .
A8netic induction depends on the distance

ifl end-on position is double the
distance,

8. Define magnetic flux.

State Faraday's laws of electromagnetic induction. How do these laws explain
the observations of Faraday's experiments ? [Raj. 2006]
9. State Lenz's law. Explain with the help of examples how does this law enable
one to determine the direction of inducted current in a coil |Raj. 2010]
10, Considering the response of various mat.{ﬁals to a magnetic field, classify
these in dia, para and ferromagnetic materials. '
1. State the difference in the properties of i, para and ferromagnetic substances.

i ials 7
w i" ou i i e tween para Eﬂd fierror |'|agr|e|.|c materia ?
¥ dlﬂem"at be 9
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12, How do the magnetic susceptibilities of

13.
14.
15.

16.

- 5 —
diai, para and ferromagnetic materig)g

depend on temperature ?

What is Curie temperature # ; N _
Define self induction and coeflicient of selt induction, Obtain an expressig,

for the inductance of a coil. . [Raj. 20"]’
Define mutual induction, How is coefTicient of mutual induction related to g,
coefficients of self induction of two coils magnetically coupled ?

Obtain an expression for the energy stored in an inductor. In what form doeg
this energy exist ?

Discuss the growth and decay of current in an L-R circuit. What is time
constant of such a circuit ?

2 What is its value for iron 2

Numerical

1.

Calculate the intensity of magnetic field due to a magnetic pole of strength |6
A-m at a distance of 10 cm from it. [Answer : 1.6 = 104 7]

. The pole strength of a short bar magnet is 10 A-m and its effective length is

4 cm. determine the magnetic induction at a distance of 20 cm from its centre
in (i) the end on position, (ii) the broad side-on position.
[Answer : (i) 10 x 1078 T, (i) 5 x 1067

. The radius of a coil is 10 cm and it has 100 turns. A current of 0.5A is passed

through it. Determine the magnetic induction at its centre.
[Answer : 3.14 = 104 7T]

. The radius of a circular coil is 6 cm and number of turns is 20. If 1.5 A

current is passed through the coil, then determine the magnetic field on the
axis of the coil at a distance of 8 cm from its centre.

[Answer : 6.78 x 107 tesly]

- The radius of a coil is R. At what distance from the centre is the magnetic

field equal to (1/8) th of the magnetic field at the centre ?[Answer : R3]

- A current of 10 amperes is flowing in a long straight wire. What will be the

magnetic induction at a distance of 2 cm from the wire Answer : 1074 T)

;lr'lféi ;umbe} :f mf;z-in a 60 cm long solenoid is 1000. To obtain magnetic
ion of 4 = tesla inside the solenoid, how much be

ms el L much current must

The mean radius of a toroid made on a copper ring is 10 em and the number

of tumns in it is 500. If a current of 0.] i
s i s 500. .1 ampere is pas ine the
magnetic induction produced in the toroid, : R

[Answer : 1074 T)

[Answer : 19.1 A] [Raj. 2004]

gnﬂtism

a e
Wll is 100 cm long, fis g

9. 500- If a cnranl nf 2.4 ampere
alue of B at 15 axis ?

v
assing a current of
¥ induction of 47t < 10 :
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lameter

is m;g‘: 'ﬂ? €M and the number of wrs s
Tough it then what will be the

10 am . [Answer : 1.5 « 1073 T)
tesla js ;:;:TZCT da iﬁllennlid of length 10 ¢m, magnetic
On it axis. Find the number of turns in

: . [Answer - :
1. Two long parallel WIrc? are 5 em apant, The force wer : 1_00] [Raj. 2003)
wire due to the other is 4« g5 e on a unit length of each

S . Current | fire is
calculate the current flowing through the other s nt in G[n: wire is ?:]

. nswer @ >
current | A and 2A respectively in
Magnetic induction at a point in the
&5 perpendicularly.

the solenoid.

3. Two long parallel wires 2 ¢m apart, have
{he same direction. Calculate the resultant
middle of the line joining the two wir

[Answer : 2 < 1075 7]
tibed in Q. (12) are opposite,
[Answer : 6 = 107 T)
14. A rectangle loop of area 0.2 m? is situated in magnetic field of intensity
3% 107 tesla. What will be the magnetic flux passing through the loop when
(a) the plane of the loop is perpendicular to the magnetic field,
(b) The plane of the loop makes an angle of 30 ° with the magnetic field,
(c) the plane of the loop is parallel to the magnetic field ?
[Answer : (a) 0.6 x 1073 weber, (b) 0.3 « 10~F weber, (c) zero]
15. A square coil has 100 turns and its side is of 0.4 m. It is placed perpendicular
to magnetic field. If the intensity of field increases from 0.1 tesla to 0.5 tesla
in 0.02 s, what will be the value of induced emf ?

13. If the directions of currents in the wires desc
what will be the resultant field 7

[Answer : 320 volts]
16. The magnetic moment of an iron bar of mass 80 gm is 20 A-m?. If density of
iron is 8 gm/cm’, then find the intensity of magnetisation.
[Answer : 10° A/M]
17. An iron bar is place in a mage tic field of 20 oersted. If the total magnetic
flux is 0.2 Wh/m2, then calcriate the permeability, the susceptibility and the
intensity of magnetisation
[Answer : 12.57 % 10-5 H/m, 99, 157.5 * 10° A/m]
side a solenoid of 50 ¢cm long and number -
t flowing in solenoid is 10 amp.
[Answer : 1.256 x 107 Tesla]

18. Caleulating the magnetic induction in
of twins per unit length is 100, the curren
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