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XII-Physics Atoms
Introduction

Plum Pudding model

» The first model of atom was proposed by J].J.Thomson.
» The positive charge of the atom is uniformly distributed throughout the volume.

» The negatively charged electrons are embedded in it like seeds in watermelon.

» Condensed matter (solids and liquids) and dense gases at

all temperatures emit electromagnetic radiation.
Water melon

Radiation - Distribution of several wavelengths
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Plum Pudding model

» The average spacing between atoms is large.

Therefore radiation can be considered due to individual atoms rather than because of

interaction between atoms (or) molecules.

» Hydrogen always gives a set of lines with fixed relative position between the lines
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Rutherford nuclear model of atom

Entire positive charge and most of the mass of the atom is concentrated in a

small volume called the nucleus.

Electrons revolving around nucleus just as planets revolve around the sun.

Limitations

Y,

» It could not explain why atoms emit light of only discreate wavelenghts.

» How could an atoms as simple as hydrozen consisting of a single electron and

single proton emit a complex spectrum of specific wavelengths.
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Alpha-Scattering

H Geiger and E. Marsden performed alpha scattering experiment.
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» Alpha particles (5.5 Mev) emitted by a ?*Bi were collinated into a narrow beam
83

through lead bricks.

» The beam was allowed to fall on the gold foil (2.1 x 10-7 m)

» The scattered alpha particles observed through a rotatable detector consisting of

zinc sulphide screen and microscope

» These alpha particles on screen produces scintillations.
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» A typical graph of the total number of

a-particles scattered at different angles

In @ given time. 106
105
» Many a-particles passes through foil o
they do not suffer any collisions. .
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> Only about 0.14% scattered by more than 1. § 1¢° D e P
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Number of scattered particles detected
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> 1 in 8000 deflect by more then 90°. )20 40 +00 120440

Scattering angle 6 (in degree)

» The deflected a-particle backwards due to large repulsive force provided by
greater part of the mass and postive charge of atom at its centre.
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» Size of the nucleus about 101> m to 10-1* m, size of atom about 10719 m
» a- particles are nuclei of helium atoms, carry 2e of positive charge

2e r
- QO

» The charge of any nucleus is Ze (Z - atomic number) o - particle

» Coulomb’s law for electrostatic force of repulsion between o-particle and

positively charged nucleus.

- _ 1 (2¢) (Ze)
B 47[60 I‘Z

The force is directed along the line joining the a-particle and nucleus.
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Alpha-particle trajectory

The impact parameter is the perpendicular distance of the intial velocity vector of the

a-particle from the centre of the nucleus.

» Scattering angle is the angle at which a light beam is deflected by a nucleus

when it comes in contact with it.

» If the impact parameter is minimum and — ! / >

the a-particle rebounds back (6 = =)

» If impact parameter is large, a-particle goes

undeviated and has small deflection (6 = 0°)

b - impact parameter

v
b
x > < @ Target nucleus

0 — Angle of scattering
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In the Rutherford’s nuclear model of the atom, the nucleus (radius about 101> m) is

analogous to the sun about which the electron move in orbit (radius = 1071 m) like the
earth orbits around the sun. If the dimensions of the solar system had the same
proportions as those of the atom, would the earth be closer to or farther away from the

sun than actually it is ? The radius of earth’s orbit is about 1.5 X 101 m. The radius of
sun is taken as 7 x 108 m.
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In the Rutherford’s nuclear model of the atom, the nucleus (radius about 101> m) is

analogous to the sun about which the electron move in orbit (radius = 1071 m) like the
earth orbits around the sun. If the dimensions of the solar system had the same
proportions as those of the atom, would the earth be closer to or farther away from the
sun than actually it is ? The radius of earth’s orbit is about 1.5 x 101 m. The radius of
sun is taken as 7 x 10% m.

-10
The ratio of the radius of electron’s orbit to the radius of nucleus = %f; = 10°m

The radius of the electron’s orbit is 10° times larger than the radius of nucleus.

If the radius of the earth’s orbit around the sun were 10° times larger than the radius

of the sun, the radius of the earth’s orbit would be 10°> x 7 x 108 =7 x 1013 m.
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This is more than 100 times greater than the actual orbital radius of earth.

The earth would be much farther away from the sun.

An atom contains a much greater fraction of empty space than our solar system does.

Adiclasses.com



XII-Physics Atoms
In a Geiger-Marsden experiment, what is the distance of closest approach to the nucleus

of a 7.7 MeV a-particle before it comes momentarily to rest and reverses its direction?
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In a Geiger-Marsden experiment, what is the distance of closest approach to the nucleus

of a 7.7 MeV a-particle before it comes momentarily to rest and reverses its direction?

The initial energy E; is just the kinetic energy K of the incoming o- particle.
The final energy E: is just the electric potential energy U of the system.
d = distance between the a-particle and the gold nucleus

1 g9
dneg r

From conservation of energy, E, = E; |- P.E between two charges, U =

1 (2e)(Ze) = 2Ze?
dreg d ~ 4ngd

27e?
4rgoK Al diclasses.com



XII-Physics Atoms

The maximum kinetic energy found in a-particles of natural origin is

7.7 MeV or 1.2x10712 ]

41 = 9.0 x 10° Nm?2/C2, e = 1.6 x 1012 C
EQ

d = (2)(9.0 x 10°)(1.6 x 10719 )2 Z

1.2 x 1012

d = 3.84 x 1071 Z m

The atomic number of foil material gold is Z = 79
d(Au) = 3.0 x 10 m (1 fm (fermi) = 10715 m)
d = 30 fm
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