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COUIO’I-I_lb’S Law

Statement:
“The maenitude of the force between two point charges is directlv proportional to the product

of the macnitudes of the charges and inverselv proportional to the square of the distance
between them™. Nlathematically

%

G
c,;_‘

wherek = 1/4me, = 9x 10° Nem?/ C?

Coulomb’s Torsion balance: ‘ F
As shown in the figure, the torsion balance consists

of a horizontal insulated rod R carrying two metallic
spheres a & a ' at the ends of the rod. The rod is
suspended from middle with a fibre supported from F.
A small mirror M is attached to the fibre and a beam
of light reflected from this mirror falls on the scale.
Another insulated rod P, carrying a small sphere b, equal
in size a. can be brought near the small sphere a.

I

Experimental details:

The sphere b is charged by rubbing it with some suitable
material. When sphere b is touched with sphere a, it
shares its charge so that both have equal charges,

Q=9 =9 @
b

The charge on b can be further divided into g/2, a/4, so on,
by touching it with the spheres of equal sizes.
By keeping the distance a and b fixed, we find

3

®

a

% b o Gﬁ),
o

L % %

F =qq

e

On varying the distance between two spheres with constant
charge. it found that

F <1/ -
Combining the above two relations, we get

,F xq qu’rz

which is Coulomb’s Law.
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Magnetic Properties of Solids

Magnetism: :
A property that all materials posses as a result of the motion of their electrons™.

Origin: B

Magnetism is due to the spin and orbital motion of the electrons surrounding the nucleus and
is a property of all substances. Each electron orbiting the nucleus behaves like an atomic
sized loop of current that generates a small magietic field. Also each electron possesses a
spin that also gives rise to a magnetic field. An atom in which there is a resultant magnetic
tield, behaves like a tiny magnet and is called a magnetic dipole.

Types:

1. Paramagnetic substances
The substances in which, the orbits and the spin axes of the electrons in the atom are so
oriented that their fields support each other and the atoms behaves like a tiny magnet.
e.g. transition metals (such as scandium, vanadium, etc.) and rare earth elements (such as
lanthanium. neodymium. etc.)

0

Diamagnetic substances

The substances in whose atoms, there is no resultant field as the magnetic fields produced
by both orbital and spin motions of the electrons might add up to zero.

e.g. atoms of water, copper, bismuth and antimony.

3. Ferromagnetic substances
The substances in which, the atoms cooperate with each other in such a way so as to
exhibit a strong magnetic effect.
e.g. iron, cobalt, nickel, chromium dioxide, and Alnico.
[Alnico: Alloy for making magnets; an alloy of iron, aluminum, and nickel together with
one or more of cobalt, copper, and titanium, used for making strong permanent magnets.]

Domains:
A region inside a ferromagnetic material in which all the atomic magnetic fields point the
same way™. -

Domains exist in ferromagnetic substances. Their size are of the order of millimeter or less
but large enough to contain 10" to 10'® atoms. Each domain is magnetized to saturation.
They behave as a small magnet with its own north and south poles. In unmagnetized iron, the
domains are oriented in a disorderly fashion. When the specimen is placed in an external
magnetic field. the entire specimen becomes saturated. The combination of a solenoid and a
specimen of iron | side it thus makes a powerful magnet and is called an electromagnet.

Soft magnetic material:

Such material in which domains are easily oriented on applying an external field and also
readily return to random positions when the field is removed. For example iron. This is
desirable in an electromagnet and also in transformers.
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Hard magnetic material:

Such material in which domains are not so easily oriented to order. They require very strong
external fields. but once oriented, retain the alignment. For example, steel and Alnico V,
makes a good permanent magnet. :

Effect of temperature:

Curie temperature

~The temperature above which a ferromagnetic substance loses its ferromagnetism”.
Thermal vibrations tend to disturb the orderliness of the domains. Ferromagnetic materials
preserve the orderliness at ordinary temperatures. When heated, they begin to loose their
orderliness due to increased thermal motion. This process begins at Curie temperature. For
iron its value is 750 °C. Above this temperature iron is paramagnet but not ferromagnetic.

Hysteresis & Hysteresis Loop: . ,
Hvsteresis

The lagging of magnetization of ferromagnetic
material behind the magnetizing force.

Hysteresis loop
The loop formed by magnetic hysteresis.

Saturation

The magnetic flux density increases from zero
and reaches a maximum value. At this stage the -
material is said to be magnetically saturated. (a) Hysteresis loop of steel

Remanence (or Retentivity)

i) The residual magnetic flux density in a substance
when the magnetizing field strength is returned to zero.
ii) When substances are applied forces for producing
magnetization and then force removed then power of
retaining their original magnetization is called retentivity.

Cocrcivity
Degree of reversed magnetizing force required to deprive
- the metal of the whole of its original magnetization.

Hysteresis loss

The dissipation of energy that occurs. due to magnetic
hysteresis. when the magnetic material is subjected to
cyelic changes of magnetization.

(b) Hysteresis loop of soft iren

OR = Retentivity

OC = Coercivity
Area of the loo
The area of the loop is a measure of the energy needed to magnetize and demagnetize the
specimen during each cycle of the magnetized current, This is the energy required to do work
against internal friction of the domains. Hard magnetic materials (such as steel) have large
loop area and soft magnetic materials (such as iron) have small loop area.
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Electromagnetic Spectrum

Rays Freguency Wave-length Photon Energy
Cosmic rays } 102 Hz 107" em below 10% to10% eV
y- rays 6x10% to 10" Hz 10" t0 10% cm 10° to 107 eV
X=rays’ 6x10% 106x10%Hz  10% 10 10° em 10 to 10° eV
Ultra-violet 2x 10" o 8x10%Hz 1.4x10° t04x10°cm 1to 107 eV
Visible 8x10™ t04x10"Hz  4x10° 108x10° em 1 eV
Infra-red (heat 4%x10™ t03x 10" Hz  8x10° t00.04 cm 10%101 eV
radiation ) - ) o
Microwaves 10" o 10°Hz 10% 10 10 em 10?10 107 eV
Electrical
radio waves 10" to 10° Hz 0.01 cm to 100 km 10" t0 107 eV
TV. Radar 7x10° 102x10°Hz  4x10' t03.5x10° m 10% 10100 ev
Micropulsation emenan 1x 10° 05x 10" m 100 1077 eV
Spectrum of visible portion
Colour of light Wavelength Freguellzcy
- x 10" Hz

Red
Orange
Yellow
Green
Blue
Violet

Range

UHF
f_ VHF
I_HF (or VL)

FM (frequency
meodulation)
MW T .
SW15 <
tsw of #

LF

VLF
ELF (extremely)

Radio

x107m

6.470 to 7.000
5.850 to 6.470°
5.750 to 5.850
4912 to 5.750
4.240 to 4.912
4.000 10 4.240°

4.634 1o 4.284
5.125 to 4.634
5215 to 5.125
6.104 10 5.215
7.115 to" 6.104
7.495 to 7.115

Radio and TV waves

Frequenc

2.11x10° to 6.9x 10"

5x100 10 12x10%
2x10° 10 4x10

88x107 to 1.08x10°

53x10% to 1.605x 10°
2.3x10% 10 7.0x 10°
7.0% 10° to 22.0x 10°

3x10° to 3x10°
3x10° o 3x10°
------- to 3x 10°

Wavelength

0.1 o 1m
1 to 10m
10 to 100 m

110 10m
200 to 550 m
49 to 120 m
13 to 41 m

1000 to 10,000 m
10,000 to 100,000 m
100,000 to -------m
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Appendix B

Elementary Particles

. . Mass ;
Particle Name ... Symbol Mass. - | (electron, | Electric l Mean life
_ S b (GeV) | masses) Charge (Sec)
| BARYONS : e B ‘
Proton p 0.93826 1,836 +1 Stable
o 0% ¢ _ (>2.5x10%%)
Neutron n 0.93955 . 1,837 0 1.01x10°
‘Lambda Hyperon “A° 1.1156 - 2,180, 0 25x10™
Sigma Hyperon - =t 1.1974 . 2,300 -1 0.8x 107"
| Sigma Hyperon e 1.1926 2,290 <. 0 less than 107"
Sigma Hyperon S 1.1974 2300 - -1 1.65x 1077
Xi Hyperon =° 1315 2,590 0 3x 107"
Xi Hyperon = 1.321 2,600 -1 1.7x 107
MESONS :
Pi meson (Pion) nt 0.13958 273 +1 2.61x 107
Pi meson _ n°. 0.13497 264 0 09x10™
Kappa meson (Kion) e 0.4938 | 920-960 +1 1.23x 107 |
{"Kion short lived K? 0.4978 974 "0 | 087x10"
Kion long lived K 0.4978 =Lz 0 . 52x 10"
Eta meson I 0.5486 1070 -0 -
[ Theta meson 0° o985 | 0 " 15x 107"
‘Theta meson s ' o) 955 +1 107
LEPTONS | Mass at rest (MeV/e’)
Electron neutrino - v About0 - - 0 Stable
Electron eore’ 0.511 -1 Stable
Muon neutrino Vi About 0 0 Stable
Muon porj 106.6 -1 2.2x10°
Tau neutrino Vo Less than 164 0 Stable
Tau TOrT 1,784 -1 )
QUARKS ' Mass(GeV) | Mass (emasses) e
1 Up u - 035 - 310 +2/3
Down d 0.35 310 -1/3
Charm c 1.5 1,500 +2/3
Strange s 0.5 505 -1/3
Top / Truth - t 30-40 ->22,500 42/3
Bottom / Beauty b 4.7 | About 5,000 -1/3
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