MAGNETISM
1.COULOMB’SLAW

POINTSTO REMEMBER

1. Magnetism wasfirst observed in the mineral called magnetite (Fe;O,). It iscalled
load (showing the directions) stone.

2. Properties of a magnet:

a) When amagnet isfreely suspended or pivoted, it comesto rest showing north and
south directions.
b) Like polesrepel and unlike poles attract each other (Dufay’s law).
c) A magnet attracts substances like iron, nickel, cobalt, steel etc.
3. Polestrength (m) :

a. Polestrengthisascalar.
b. S.I unit is ampere-metre.
c. Dimensional formula of m=[IL]
d. It (a) depends on nature of the material of the magnet (b) depends on level of
magnetization (c) is directly proportional to area of cross-section.
e. |solated magnetic poles do not exist. They are imaginary.
4. Magnetic moment :
a. Itisthe product of magnetic length and pole strength M = 2| x m.
b. Its S.I unit is ampere-metre? or Joule / Tesla or N-m*/weber.
c. Dimensional formulais[I*L?].
d. It isavector with its direction from South Pole to North Pole along its axial line
(SN).
5. . Coulomb’sinverse squarelaw :
(i) Theforce of attraction between two point magnetic polesis directly proportional
to the product of their pole strengths and inversely proportional to the square of

the distancethem. F [ _m;r;Z

Where m;, m, are pole strength'd’ is the distance between the magnetic poles.

ji) =t M2
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Here 1= it where y. = relative permeability and o - absolute
permeability
to = 471x107 Hm™ (Henry / meter) and for air or vacuum
pr=1
(i) FbomDz o7, mle
vi)  If Fistheforce between two magnetic polesin the medium and Fy is the force
between the same poles when they arein air or vacuum, then the relative

permeability is given by :Fi
0

vii)  Force experienced by a magnetic pole ‘m’ when placed in auniform field B is
F = mB Newton.

6. Unit Pole: Unit poleis one which when placed at a distance of one meter apart from
asimilar polein air or vacuum repelsit with aforce of 10~ Newton.



7. Magnetic lines of force: A line of force in amagnetic field is the path or the curve
along which afree unit north pole travels. The tangent to the magnetic field line at a
point gives the direction of the field induction B at that point.

Very Short Answer Questions:

1. Definethe magnetic moment of a bar magnet. What isitsdirection?

Ans: M agnetic moment (M) : It is defined as the torque acting on a bar magnet which
when placed perpendicular to the direction of uniform magnetic field of unit
induction.

It is also defined as the product length of a magnet and its pole strength. M =
2lm

It isavector quantity. Itsdirection is for South Pole to North Pole along the axis
of the magnet.

o Distinguish between uniform and non-uniform magnetic fields. Give examples.
(June2010)

Ans: Uniform magnetic field : If the magnetic induction at every point in afield is
same both in magnitude and in direction, the field is said to be uniform magnetic
field.

Ex :- 1) The magnetic field between two pole pieces of an electromagnetic is
uniform.

2) Horizontal component of earth’s magnetic field at a given place is uniform.

Non —Uniform Magnetic field : If the magnetic induction varies from point to
point in afield both in magnitude and in direction, then the field is said to be non
—uniform.

Ex :- The magnetic field due to bar magnet is a non-uniform field.

3. What aretheunits of the following magnetic physical quantities?(i) M agnetic
moment (ii) Magnetic per meability?

Ans: Magnetic moment: An¥ and  Magnetic permeability: Hm™(or)NA™.
4. Doyou find two magnetic field linesinter secting? Why?

Ans: Two magnetic field lineswill not intersect each other. If they intersect at the point of
intersection, the magnetic field should have two different directions which is not
possible

5. Theforce between two magnetic poles separated by a distance'd’ in air isF. At what
distance between them the for ce becomes doubled?

Ans: Wehave Fa iz But,F, =2F
d
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6. What isthe magnetic moment of a semi circular magnet of radius‘r’ and pole
strength ‘m’?
Ans: Pole strength = m
Length of the magnet (SN) = 2r
0 Magnetic moment (M) = Pole strength x length of the magnet = m x 2r = 2mr

7. Themagnetic moment of a bar magnet isM. If it iscut into two piecesin theratio
1:2 perpendicular toitslength, what istheratio of their magnetic moments?

Ans. In this case, pole strength remains same for both the pieces. Hence M, : M, =1: 2

SOLVED PROBLEMS

1. The distance between a north pole of strength 6x10° Am and a south pole of

strength 8x10™° Am is 10 cm. The poles are separated in air. Find the force
between them.

Sol:  Theforce between two magnetic polesis, F = Ho MM,
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2. A N-pole of avery long magnetic needleis placed at a distance of 20cm from

apoint ‘P’. If the pole strength of the magnetic needleis 40 Am, what isthe
magnetic induction at the point P?

Sol: [0 Themagnetic induction due to the N-poleat Pis,

=0 = X =10™*T

amrr? 4 (20x107%)?

Unsolved Problem

1. Two magnetic polesof strengths40 Am and 10Am are separ ated by a distance of 20
cm. in air. Find the for ce between them .If thedistanceisreduced to 10 cm, find the
for ce between them.( March2011)

Sol: Case(l): m=40Am, my,=10Am, d=20 cm

F :&w: F=10" XL]-—%Z =10°N
4 d (20x107)

Case(2): F, =10°N, d,=20cm, d, =10cm, F,=?
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2. Two magnetic poles one of which isthreetimes stronger than the other, exert on
each other aforceequal to 3x10°N when separated by a distance of 10 cm. Find
the strength of each pole.
Ans: If m =m, then m,=3mmd=10cm, F =3x10°N
2
F=to MM 301092107 x>0 — m=10Am
4 d 10
Oms m 10Am and m, =3m=3x10 =30Am
3. A bar magnet of magnetic moment M isbent into a semicircle. What isits new
magnetic moment?
Ans.  When amagnet is bent into a semi circular arc its distance between the polesis
reduced.
[0 New magnetic moment M, =2rm
But r =2—|
Vg
oMz g 2 2M
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Two identical magnets are placed per pendicular to each other with their
unlike polesin contact. If each magnet has a magnetic moment M, what isthe
magnetic moment the combination? "
Y
Ans: M,=M and M, =M W
Angle between their axes 8 = 90°
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ASSESS YOURSELF:
1. Cantheforceon unit N-pole between two isolated like pole be zero at any point?
Ans: Y es, at the midpoint of the line joining the two poles the force on unit N-pole
becomes zero.
2. Cantheforceon unit N-pole between two isolated unlike poles be zero at any point?



Ans: No. At every point on the line joining them between the poles the forces due to
both the poles will be in the same direction.

2. What do you infer from the magnetic field lines around a bar magnet which are
closed loops?

Ans. | solated poles do not exist.

3. What happensif a bar magnet iscut into two equal pieces a) alongitslength b)
perpendicular toitslength ?

Ans: a) The pole strength gets halved and hence the magnetic moment of each piece becomes
half of the original moment.

b) The magnetic length gets halved and hence the magnetic moment of each piece
becomes half of the original moment.

5. What isthe magnetic induction at the mid-point of the straight linejoining the two
poles of a hor se shoe magnet separated by a distance ‘d’? (The pole strength of each
poleis‘m’)

Ho 8M

Ans: Magnetic induction B = s towards the S-pole and away from N-pole.
T



