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Rutherford faile s ) .
heEANE, it “‘:l:dclsni'l\i:i'(;‘ ::::tdl(::;u; alul)'ns on the basis of Thomson model. From these
through the gold foil undeflected. So, he " ‘jr'ge emm Space: a3 m,ml of (/,-purm]c:s pass
He assumed that the positive ch‘ar:;‘ ot‘rz]m‘pfm Ripew gloaese C\plmn the structuire of atom:
nucleus, -instead of being distribipd llnfflmm was concentrated in a minute centre. called
transformed the static model of Tho; uniformly in whole of the atom. Thus. Rutherford
Model. He concluded that atom cnnta’ls.n,n lmfyva, slymamie igdel, g0 knaws & the /‘,/""“[‘"T
be 10 metresand he also concl d‘dm;'d 'pmlmcl) chgrgcd sphere w hmc size was estimated 10
s TatéF Gtk cluge that atomic mass is concentrated in this sphere. This sphere

v own as nucleus of the atom. There are just enough electrons around the nucleus to
make lmom electrically neutral. Rutherford developed a detailed theory of the scattering of
a-particles by matter. which was tested in 1913 by Geiger and Mardey. They in\c\ligtncd
dept‘nd.encg of the a-scattering on various quantities like angle of \cancrinu: thickness of
scattering material, velocity of o-particles, nuclear charge. ete. The remarkable agreement
between the predictions of Rutherford’s theory and the experimental results e\mhl;hcd the
concept of the nuclear atom. In fact. such experiments using faster a-particles showed deviations
from the Coulomb law of scattering, which provided the first evidence of the existence of the

nuclear force.
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1.2 HISTORICAL DEVELOPMENTS

The beginning of the nuclear physics may be traced back to the studies on atomic structure started
with discovery of radioactivity in [896 by Henry Becqugrel. Further, three different modes of
radioactivity were observed emitting a-particles, f-particles and y-rays. It is well known that
a-particles are helium nuclei, B-particles are either electrons or positrons and y-rays are high-
energy electromagnetic radiations. Scattering of a-particles with matter revealed the existence of
nucleus inside the atom. In the following paragraphs, various models are presented for
establishing the structure of atom and nucleus.

> Dalton’s Atomic Hypothesis

The human beings have always been inquisitive to know the basic nature of the matter present in
the surroundings. Breaking a piece of matter into smaller and smaller parts. search was made for
its constituents, which are capable of independent existence. The atomic picture of matter is
generally credited to Greeks. Around 400 B.C.. the Greek philosopher Democritus postulated that
all matter is made up of minute particles, which could not be broken up. Around the same times,
perhaps earlier Kanada (an Indian philosopher) proposed the concept of parmanu, which in the
similar sense, means ultimate constituents of matter. Continuing this search, Dalton in 1803
proposed an atomic theory of matter, which has the following postulates:
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1. All elements consist of discrete particles, called atoms. These atoms cannot be subdivided
b)r any known chemical process.

2. "All atoms of the same element are identical in all respects, especially in weight. Atoms
‘of different elements differ in weight. ’ R
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3. A compound is formed by the union of atoms of different elements in simple NUmericy)

proportions, for example. 1 atom of sodium combines with 1 atom of chlorine to produce

one molecule of sodium chloride. Similarly, 2 atoms of hydrogen and | atom of oxygen

combine to give a molecule of water.

Till the end of the nineteenth century. scientists did not have any clue about the structyre of
atom. All that they knew about the atom was that it is neutral. Works of Faraday. Maxwel] and
1.1, Thomson provided the first insight into the atomic structure with the discovery of electrop i,
1897, 1t was also realized that all atoms contain clectrons, which carry negative charge. Sinfe
atom is neutral, so positive charge must be present in the atom. The question arises. what kind of
positive charge is present and how is positive charge arranged in the atom?
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Thomson Model of Atom

Discovery of electron in the famous cathode ray experiment by J.J. Thomson provided a starting
point for theories of atomic structure. Since electrons are found to carry negative charge. and atom
on the whole is electrically neutral, question arose about the magnitude and distribution of
positive charge inside the atom. One suggestion about the arrangement of positive charge in the
atom was made by J1.J. Ihomson who suggested that atoms are simply [umps of matter with
positive charge and electrons are embedded in these lumps. This model is popularly known as
Plum-Pudding model. where plums are negative electrons which are placed in the pudding of
smeared positive charge. This model is also called warermelon model. where seeds are negative
electrons. The pictorial representation is given in Figure 1.1. This model was consistent with the
observed overall neutrality of the matter and explained the flow of current in matter. As it turned
out later. that the real picture of the atom is quite different from Thomson's model.

Figure 1.1 Plum-pudding model of the nucleus as given by J.J. Thomson. Plums are represented by
- sign and pudding is represented by + sign.
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Rutherford Model of Atom
The failure of the Thomson model was finally established in its inability to explain scatteriné-of
o'-pamclcs‘ by atoms. The scattering of a-particles can be described in terms of the electrostatic
Coulomb force between the o-particles and the charges which make up atoms. In the case of
Thomson model. the average deflection of -particles by a single atom should be very small in

contrast to the experimental results. In 1911, Ernst Rutherford and his co-workers studied the way
the cc-particles got scatiered when they passed through thin gold foil. They made the following

observations:
1. Most of the a-particles went straight without getting deflected by the presence-of gold
foil.




