Atomic physics Lecture (1) - Rutherford’s model = Dr: Qudama Alsobahi

Rutherford’s model

 Rutherford was born in Nelson, New Zealand. He was educated at the University of
New Zealand and conducted research work in 1895 with J. J. Thomson at the
Cavendish Laboratory. In 1907, he accepted the Longworthy Professorship at the
University of Manchester in England.
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Basis Experimental Rutherford's For The Model |

*Rutherford overturned Thomson's model in 1911 with his well-known gold foil
experiment in which he demonstrated that the atom has a tiny, heavy nucleus.
Rutherford designed an experiment to use the alpha particles emitted by a radioactive
element as probes to the unseen world of atomic structure.

*Rutherford presented his own physical model for subatomic structure, as an
interpretation for the unexpected experimental results. In it, the atom is made up of a
central charge (this is the modern atomic nucleus, though Rutherford did not use the
term "nucleus” in his paper) surrounded by a cloud of (presumably) orbiting eletrons.
In this May 1911, paper, Rutherford only commits himself to a small central region of
very high positive or negative charge in the atom.
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' Rutherford scattering experiment

Rutherford beamed alpha particles(doubly charged helium ions) through gold foil and
detcted them as flashes of light or scintillations on a screen. When alpha particles
collide on the screen, it scintillates. Gold foil was only 0.00004 cm thick, meaning a
few hundres of atoms thick.
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Rutherford's observed

» Most alpha particles passed straight through the gold foil.
» Some of the particles deviated at small angles.
» A few were scattered at large angles.

 Very few bounced back towards the source.

2583y Laa

) A6y e Bl W Gl alies Cije e
Bra Loy Glaall (s bl @

BS Llod lgie l dae ayg o 0

dadll ga i)l alddVl e 13a JalE aae o



Atomic physics

Lecture (1) - Rutherford’s model

Dr: Qudama Alsobahi

Using these observations he formulated the theory of atom. According to him-:

i] An atom has a tiny , dense, positively charged core called nucleus, in which all the

mass Is concentrated.

if] The negative particles called electrons, revolve around the nucleus in paths called

orbits.
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where the ma of the electon
i 172000 the mass of the proton

and the mass of the proton
equals the mass of the neutron
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Drawbacks of Rutherford's Atomic |

 Rutherford's does not obey the Maxwell theory of electrodynamics, according to it
"A small charged particle moving around an oppositely charged centre continuously
loses its energy". If an electron does so, it should also continuously lose its energy and
should set up spiral motion ultimately failing into the nucleus

 Rutherford could not explain how the moving electron could remain in its orbit,
especially when it was charged particle and therefore it could accelerate due to its
movement, finally moving closer to the nucleus and drop in to it. The atom would not
be stable which in turn would mean that matter would not be composed of unstable
atoms
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Conclusions Drawn By Rutherford

Rutherford concluded from the alpha particles scattering experiment that-

a) Most of the space inside the atom is empty because most of the alpha particles passed
through the gold foil without getting deflected.

b) Very few particles were deflected from their path, indicating that the positive charge
of the atom occupies very little space.

c) A very small fraction of alpha particles were deflected by 180° “ indicating that all
the positive charges and mass of the gold atom were concentrated in a very small
volume within the atom
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Most alpha particles are undeflected

T' A few alpha particles are slightly
deflected
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A few alpha particles bounce off
Nucleus
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