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1. Magnetism

Every molecule of a substance is a complete magnet in itself.
However, in a magnetic substance the molecular magnets are
randomly oriented to give net zero magnetic moment. On the
basis of mutual interactions or behaviour of various materials
in an external magnetic field, the matenals are divided in three

main categories.

A small number of crystalline substances exhibit strong
magnetic effects called ferromagnetism. Some examples of
ferromagnetic substances are iron, cobalt, nickel, gadolinium,
and dysprosium. These substances contain permanent atomic
magnetic moments that tend to align parallel to each other even
in a weak external magnetic field. Paramagnetic substances
have a small but positive magnetism resulting from the
presence of atoms or ions that have permanent magnetic
moments. These moments interact only weakly with one
another and are randomly oriented in the absence of an external
magnetic field. When an external magnetic field is applied to a
diamagnetic substance, a weak magnetic moment is induced in
the direction opposite the applied field, causing diamagnetic
substances to be weakly repelled by a magnet.
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Earth's Magnetic Field
As per the most established theory, it is due to the rotation of
the earth where by the various charged ions present in the
molten state in the core of the earth rotate and constitute a current.
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At the poles and equator of earth the values of total intensity
are 0.66 and 0.33 Oersted respectively. Magnetic axis and
Geographical axis don't coincide but they make an angle of
17.5° with each other. The direction of earth’s Horizontal
magnetic field is from south to North. At poles Horizontal
component H(By) = 0, while at equator vertical component V
(By)=0.

Magnetic Declination (8): It is the angle between geographic
and the magnetic meridian planes. Declination at a place is
expressed at 6°E or 6°W depending upon whether the north
pole of the compass needle lies to the east or to the west of the
geographical axis.

By &~
.
. /%
" -
Geographical —> D
meridian B
<——Magnelic
moridion
Figure: 7.2

Angle of inclination or Dip (@): It is the angle between the
direction of intensity of total magnetic field of earth and a
horizontal line in the magnetic meridian.

Horizontal Component of Earth's Magnetic Field (8,):
Earth's magnetic field is horizontal only at the magnetic
equator. At any other place, the total intensity can be resolved
into horizontal component (8,) and vertical component (8y).
Also By= Bcos¢ and B, = Bsing

Therefore Earth’s magnetic field is B=JBH; +B,: and
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Isolated magnetic poles do not exist.

Magnetic dipole moment is a vector quantity; its direction is
from south to north along the axis. Repulsion is the sure test to
distinguish between a magnet and a piece of iron.

* Magnetic moment of bar-maguet M = m.2l amp = m’

where m = pole strength in amp-m, 2/ = separation between
poles.
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* Ifa rectangular bar magnet 1s cut in n equal parts then time

n

1
period of each part will beTﬂmes that of complete

T
magnet (i.e. T’=UT_) while for short magnet I''=—. If
n n

nothing is said then bar magnet is treated as short magnet

Figure: 74

= Magnetic moment of current loop Is a vector quantity. Its
direction is perpendicular to the plane of the loop. Magnetic
moment of a current loop, M = NIA amp-m* . A dipole in a
uniform magnetic field; Net force on dipole =0

= Torque on dipole r = MBsin#@ r =M x B (vector form)

* Potential energy of dipole U =MBcosf= -M B (vector
form )

* Work done in rotating the dipole form equilibrium position
(8 = 0°) through an angle 8. W = MB(1-cos8)

Magnetic Field: Magnetic field produced by a short magnetic

2M
dipole at axial position B = 2 Z=_ (axial position)
dr ¥
; w0 Ho M
At equatonial position, B =—.—
m P ) 4 r;

At any general point (r, 0) relative to centre of dipole
p=t M [3cse
Az 3

Force between to short magnetic dipoles (magnets) at
separation r (magnetic moments M, and M;)



When they are co-axial, 8 = &M
4r- 4
M M
When they are broadside on position, 8 = 4&3'—42
T r

: o M
* Intensity of magnetization /= Vamp/meter; where
V= volume.

* Magnetic susceptibility y, =—;where H = magnetizing

1
H
field in A/’

=  Absolute permeability, u= % Weber/Amp-meter
= Relative permeability, g, = i + ¥
Ho

* Cune law of paramagnetic substances, y_ « o

i
* Deflection magnetometer Tan A position (arms along £ —
W and magnet parallel to arms) &ﬂ =Htan@
4 (d? -1%)?

Tab B position (arms long N = § and magnet perpendicular

to arms) i M

———55=Hand
4z (d*+1*)"?

Vibration Magnetometer: If a small magnet is placed in
magnetic meridian and vibrates in horizontal plane, the time

periodis T = ZEJM{—H Where / = moment of inertia of magnet

My (% +b%)
12

about axis of rotation /= (Where My = mass of

2
magnet) If breadth of magnet is negligible J = %
* [f a magnet is placed parallel to magnetic meridian and

: . : 1
oscillates in vertical plane T =27 |——

MB,

= If a magnet is placed perpendicular to magnetic meridian

and oscillates in a vertical plane T =2z, /L
MV

= Comparison of magnetic moments; Sum and difference
M, T2+T]

method =
M, T?-T}

Magnetic moment of a current loop = Nid amp x m" where
A = area of loop, N = number of loops
* Torque on a current loop in a magnetic filed 7 = MBsin8

Where 8= angle between M and B ; In vector fromz =M x B _ In
moving coil galvanometer, the pole pieces of a magnet are
strong and cylindrical to make the field radial (sin @ =1).

* Deflection of moving coil galvanometer i1s 8 = % =i

= G
Where C = torsional nigidity of suspension wire.
= Sensitivity of galvanometer: E = %
1

Galvanometer: A normal galvanometer measures current. But
a B.G measures charge due to impulse in the coil (sudden flow
of charges for a short interval of ime. A ballistic galvanometer
measures the charge and its deflection is proportional to charge
le. 8= gq.
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When the plane of vertical circular coil is in magnetic
meridian, then /= K tan @

2ri

o N
r = radius of coil,
H = horizontal component of earth’s magnetic field.
A tangent galvanometer is most accurate when its deflection is 45°.

Where K = = reduction factor

Conversion of Galvanometer: With increase of range of
ammeter, its resistance decreases. With the increases of range
of voltmeter, its resistance
ammeter and galvanometer, the resistance of voltmeter is
largest and that of ammeter is smallest

increases. Out of voltmeter,
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Figure: 7.6



* Working equation of conversion of galvanometer into

i

ammeter. !'g =
S+G

i
= Shunt resistance S=I 3'! G
Y

= The resistance of ammeter so formed.
SG
Ri=——>=2 R, <
4" $x0 :

Figure: 7.7

= Working equation of conversion of galvanometer into

voltmeter. Iy =
R+G

: ; vV
* Series resistance R =—-G

lg

= Resistance of voltmeter so formed is Ry =R + G.
Rs
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* The voltmeter is a high resistance device so that it does not
draw appreciable current from the circuit. A series resistor
limits the current.

» The ohmmeter has a voltage source to drive a small current
through the external resistance to be measured. It contains a
calibration resistor.

= The ammeter has a parallel resistor of very small value to
shunt most of the current away from the sensitive current
measuring element. It must carry the total current of the
circuit to be measured without appreciable voltage drop

Hysteresis Curve: The complete cycle of magnetisation and
demagnetisation is represented by BCDEFGB. This curve is
known as hysteresis curve. Hysteresis energy loss = Area
bound by the hysteresis loop = VAnr Joule; Where, V= Volume
of ferromagnetic sample, 4= Area of B-H loop P, n=
Frequency of alternating magnetic field and r = Time

Retentivity: When H is reduced, / reduces but is not zero
when H = 0. The remainder value OC of magnetisation
when H =0 is called the residual magnetism or retentivity.
Coercivity or coercive force: When magnetic field H is
reversed, the magnetisation decreases and for a particular
value of H, denoted by H_, it becomes zero ie., H.= OD
when /= 0. This value of H is called the corecivity.
Magnetic hard substance (steel) - High coercvity
Magnetic soft substance (soft iron) — Low coercivity
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2. Magnetic Effect of Current

A magnetic field is the magnetic effect of electric currents and

magnetic materials. The magnetic field at any given point is

specified by both a direction and a magnitude (or strength); as
such it is a vector field

Magnetic flux ¢, = BAcosé = B.A weber

Where B = magnetic field in Tesla, 4 = area of loop and &
angle between magnetic field and normal to loop.
Magnetic force on a current carrying wire F,_ = Bilsin @

Where #= angle between current element i51 and magnetic

field B
Maximum force, F, = Bil when 6 =90°.

When a current carrying wire is placed parallel to direction
of magnetic field, the force on the conductor is zero.
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* Magnetic Lorentz force on moving charge particle

F_=qvBsin@. Where # = angle between velocity vV and
magnetic field 3. F_ =vxB (vector form)

= Lorentz force is perpendicular to both 7 and B.When a
charged particle moves along the direction of magnetic
field, the magnetic force on it is zero.

* Magnetic force between charges moving with velocity v,

F, vy

and v, is weaker than electric force —*=—5
c
L

=  When charge g enters perpendicular to magnetic field. The

2mE
path is circular having radius r given by r == E

g8 4B
Where E; = kinetic energy of particle.
Time period T = Lo, Frequency [ = L= 88
gB T 2mm

* A charged particle entering perpendicular to magnetic field
can suffer 180°C deflection if length of magnetic field =
radius of path.

=  When charge enters at angle 8= 0° or 90°, the path is helix

having radius, r = ™Si0¢
gB
. 2zm
Pitch p =vcosdT =vcos@
gB

Biot-Savart Law: Biot-Savart’s law is used to determine the
magnetic field at any point due to a current carrying conductor.
This law is although for infinitesimally small conductor yet it
can be used for long conductors. The Magnetic field for
current-clement id/ in different form:

Table: 7.2 Biot-Savarns Law in Vector Form and in Terms of Current Density

Vector form

Blot-Savarts Law in
terms ol
density

currcat

Biot-Sovarts Law in
terms of charge and
fts velocity

Vectorially,
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di = 2X1) 4y
ar r

\Where

current density at any
point of the element,
dV = volume of
element

In terms of charge
and its  welocity,

Magnetic field due to a straight current carrying conductor

of finite length 5=

7

7 "2 (sing, +sind,)

JT

For infinite length 8 and &, both are 90°

Therefore, sin6, =1and sind, =1 = g = 2oL
4ra
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Direclion of I;*iagnel.il: field
Figure: 7.12
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= Atitscentre B= where N = number of turns.

1o Nia®

* At ils axis distance x from centre B=—"——
2a" +x)""

Helmholtz Coils: A pair of Helmholtz coil is to calculate
magnetic field intensity B produced by each ring. If a current
(/) is allowed to flow through a wire of length /, and the wire is
bent into an arc of radius r, then the magnetic field intensity at

center of the arc is B=LH,

Figure: 7.13

Holn or B= 2;rn11
a ax10

= The magnetic field at any point on axis at a distance x from

= For a circular coil of n tums B =

2znla’

center of coil is B=———————
107(x2+a'.’)31-
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Table: 73 Concentric Circulor Loops (N=1)
Coplanar Non coplanar
Current in same | Curvent in opposite | Plano of both coils are
dircction direction perpendicular o cach other
Hy Ho Ho o T
=—2mi == B:.fﬂ’ B =\ +L
A= 4z R P

£L=(::+_f-]
B \m-n

Magnetic Field due to a Solenoid: When solenoid having n

number of turns/metre and canying current {.

Solcnmd

Figure: 7.15

= For finite length of solenoid 5 = ﬁz"—i(cosa -cos ff)

* For infinite length B = ypni
Magnetic Field due to Current in Toroid: 5 = gyni

A

Figure: 7.16

Force between the Parallel Current Carrying Wires
When the wires are at separation r per unit length
F iy
=—=="=N/
! I 2zr .

Parallel currents attract while anti-parallel currents repel.
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Ampere’s Circuital Law: The line integration of magnetic
field B around the circular path in vacuum is equal to y, times
the total current I threading the closed path.

(#E.df = p1

where / = current enclosed by path.

Direction of
integration

Figure: 7.18

Magnetic Field through Cylinder: Magnetic field due to solid

current carrying cylindn'cal conductor at distance r from axis is

* Inside B=—f0_ (.—<R)
27R

= Qutside B—

(r>R)

Note: Magnetic filed within a hollow current carrying conductor

IS ZETO

Cyclotron: Cyclotron is used to accelerate charged particles

and

(+) or (=) by means of magnetic field. Frequency f = g8
2rm
1plpl

Energy E = - ; where R is the radius of Dee.




