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Early Origins

Humans have been curious about their surroundings from the time immemorial. The composition
of the materials in and around us have always been a matter of inquiry. Now, we know that we
are made up of atoms. The name atom itself is about 2500 years old! The Story of Atom is
also the story of the people who enquired about it.

Democritus

Democitus was a philosopher from ancient Greece who lived during the period 460 - 370 BCE.
He inferred that everything is composed of small physically but geometrically indivisible particles.
He named them atoms from the greek word atomos which means “that which can’t be split”.
According to him,

a. There are infinite number of atoms.

b. Different substances are made up of different kinds of atoms.

c. The different atoms differ in size, shape and weight.

d. There is an empty space between atoms.

e. The atoms are indestructible.

f. The atoms are always in motion.

Figure 1: Democritus Figure 2: Aristotle
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Aristotle

Aristotle was a philosopher and polymath from ancient Greece who lived during the period 384 -
322 BCE. He was the student of Plato (who was the student of Socrates) and teacher of Alexander
the Great.
He didn’t believe in the theory of atoms! He theorised that all substances are made up of

a. Earth; which is cold and dry.

b. Water; which is cold and wet.

c. Air; which is hot and wet.

d. Fire; which is hot and dry.

e. Aether; which is the divine substance that makes up the heavenly spheres and heavenly
bodies (stars and planets).

His model was in vogue for the next 2000 years!

The Atom We Know

From early 1800s, the enquiries into the atom had begun again. These led to a series of experiments
and theories over the period of the next two centuries and has brought us to the atom that we
know now.

Dalton Atomic Model

John Dalton was an English chemist, physicist and meteorologist who lived during the period 1766
- 1844 CE. In the early 1800’s he started his investigations concerned with the atomic theory in
chemistry.
The main points of Dalton’s atomic theory, as it eventually developed, are,

a. Elements are made of extremely small particles called atoms.

b. Atoms cannot be subdivided, created or destroyed.

c. Atoms of a given element are identical in size, mass, and other properties.

d. Atoms of different elements combine in simple whole-number ratios to form chemical com-
pounds.

e. In chemical reactions, atoms are combined, separated, or rearranged.

His model is also called as Billiard Ball Model as he envisioned atoms as solid hard spheres like
billiard balls.
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Figure 3: John Dalton Figure 4: Dalton’s Symbols for Elements (1803)

Electron and Thomson Atomic Model

Joseph John Thomson was an English physicist who lived during the period 1856 - 1940 CE.
While conducting experiments on the properties of Cathode rays (called Lenard rays at that time),
in 1897, he found that cathode rays could travel much further through air than expected for an
atom-sized particle. His experiments suggested that the cathode rays were over 1,000 times lighter
than the hydrogen atom and their mass was the same in whichever type of atom they came from.
He concluded that the rays were composed of very light, negatively charged particles which were a
universal building block of atoms. He called the particles “corpuscles”. Later scientists preferred
the name electron (electr ic ion) which had been suggested by George Johnstone Stoney in 1891.

Figure 5: Joseph John Thomson Figure 6: Thomson Atomic Model (1904)

Thomson believed that the corpuscles emerged from the atoms of the trace gas inside his cathode
ray tubes. He thus concluded that atoms were divisible, and that the corpuscles were their build-
ing blocks.
In 1904, Thomson suggested a model of the atom, hypothesizing that it was a sphere of positive
matter within which electrostatic forces determined the positioning of the corpuscles.
Atoms are neutral, so there must be positive particles in the atom to balance the negative charge
of the electrons. Electrons have so little mass that atoms must contain other particles that ac-
count for most of the mass. The model was analogous to a pudding of positive charge on which
negatively charged plums (electrons) were embedded.
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He received the Noble Prize in Physics for the Year 1906 in recognition of

The great merits of his theoretical and experimental investigations on the conduction
of electricity by gases.

Wikipedia states his role as a teacher as

One of Thomson’s greatest contributions to modern science was in his role as a highly
gifted teacher. One of his students was Ernest Rutherford, who later succeeded him as
Cavendish Professor of Physics. In addition to Thomson himself, six of his research
assistants (Charles Glover Barkla, Niels Bohr, Max Born, William Henry Bragg, Owen
Willans Richardson and Charles Thomson Rees Wilson) won Nobel Prizes in physics,
and two (Francis William Aston and Ernest Rutherford) won Nobel prizes in chemistry.
In addition, Thomson’s son (George Paget Thomson) won the 1937 Nobel Prize in
physics for proving the wave-like properties of electrons.

Proton and Rutherford Atomic Model

Ernest Rutherford was a New Zealand-born British physicist who lived during the period 1871
- 1937 CE. He was the central figure in the study of radioactivity, and with his concept of the
nuclear atom he led the exploration of nuclear physics. He is at times called the father of nuclear
physics. Encyclopædia Britannica considers him to be the greatest experimentalist since Michael
Faraday.
The work that he performed at McGill University in Montreal, Canada resulted in the discovery of
the concept of radioactive half-life, the radioactive element radon and differentiation and naming
of alpha and beta radiation. It was the basis for the Nobel Prize he received in 1908. In 1907, he
moved to Victoria University of Manchester (now University of Manchester) in UK. Here, he and
Thomas Royds proved that alpha radiation is helium nuclei.
In 1909, at his suggestions, Hans Geiger and Ernest Marsden devised an experiment (Geiger-
Marsden experiment, more famously known as Rutherford gold foil experiment) to study the
atomic structure. They used fast alpha particles as probes. A narrow beam of these particles was
directed at a thin gold foil. The Thomson atom could provide a very weak electric field and it was
expected that the alpha particles would go right through the foil with hardly any deflection.

Figure 7: Ernest Rutherford Figure 8: Rutherford Gold Foil Experiment (1909)
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It was observed that most of the particles indeed were not deviated, few were scattered through
large angles and some were even scattered in the backward direction. As alpha particles are rel-
atively heavy and were fired at high speeds (2 × 107m/s), strong forces could only produce such
deflections. Also most of the alpha particles went through indicating empty spaces.
Rutherford himself remarked, “It was incredible as if you fired a 15-inch shell at a piece of tissue
paper and it came back and hit you”.

Rutherford theorised that the atom was
empty with a central positively charged nu-
cleus where nearly all the mass was concen-
trated. The light negatively charged elec-
trons revolve around the nucleus just like
revolution of planets around the sun.
The radius of the atom was known to be
about 10−10 metres. Using the experimental
results of this model, the radius of the nu-
cleus was found to be about 10−14 metres.
In 1919–1920, Rutherford found that nitro-
gen and other light elements ejected a par-
ticle, which he called a “hydrogen atom”,
when hit with alpha particles. Figure 9: Rutherford Atomic Model (1911)

Hydrogen was known to be the lightest element and its nuclei presumably the lightest nuclei.
Rutherford decided that a hydrogen nucleus was possibly a fundamental building block of all
nuclei and also possibly a new fundamental particle as well, since nothing was known from the
nucleus that was lighter. Thus, confirming and extending the work of Wilhelm Wien who in 1898
discovered the proton in streams of ionized gas, Rutherford postulated the hydrogen nucleus to
be a new particle in 1920, which he dubbed the proton, Proton means first in Greek.
He incidentally received the Noble Prize in Chemistry for the Year 1908 in recognition for

His investigations into the disintegration of the elements, and the chemistry of radioac-
tive substances.

At the formal banquet following the prize-giving, Rutherford joked that the fastest transformation
he had ever encountered was his own instant one from physicist to chemist.
Rutherford became Director of the Cavendish Laboratory at the University of Cambridge in 1919.
Under his leadership the neutron was discovered by James Chadwick in 1932.

Bohr Atomic Model

Neils Bohr was a Danish physicist who lived during the period 1885 - 1962 CE. He made founda-
tional contributions to understanding atomic structure and quantum theory.
He improved the planetary Rutherford model by using quantum physical interpretations like
Planck’s theory of radiation. The Rydberg’s formula for spectral emission lines of atomic hy-
drogen couldn’t be explained using Rutherford atom. In 1913, Bohr suggested that the puzzle of
the hydrogen spectra may be solved if certain assumptions were made.
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Figure 10: Neils Bohr Figure 11: Bohr Atomic Model (1913)

These assumptions are known as Bohr’s postulates,

a. The electron revolves around the nucleus in circular orbits.

b. The orbit of the electron can take only special values of radii. In these orbits, the electron
does not radiate. These orbits are called stationary orbits.

c. The energy of the atom has definite value in a given stationary orbit. The electrons can
jump from one stationary orbit to other. If an electron jumps from an orbit of higher energy
E2 to an orbit of lower energy E1, it emits a photon of radiation having frequency ν given
by,

E2 − E1 = hν =
hc

λ

d. In stationary orbits, the angular momentum l of the electron about the nucleus is an integral
multiple of Planck’s constant h divided by 2π,

l = n
h

2π

This is called Bohr’s quantization rule.

He received the Noble Prize in Physics for the Year 1922 in recognition for

His services in the investigation of the structure of atoms and of the radiation ema-
nating from them.

His son Aage Bohr received the Nobel Prize in Physics for the Year 1975 jointly with Ben Roy
Mottelson and Leo James Rainwater for the discovery of the connection between collective motion
and particle motion in atomic nuclei and the development of the theory of the structure of the
atomic nucleus based on this connection.
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Quantum Mechanical Atomic Model

Erwin Schrödinger

Erwin Schrödinger was an Austrian-Irish theoretical physicist who lived during the period 1887 -
1961 CE. He made foundational contributions to the wave theory of matter and to other fundamen-
tals of quantum mechanics. He is also known for his “Schrödinger’s cat” thought experiment.
Adopting a proposal made by Louis de Broglie in 1924 that particles of matter have a dual nature
and in some situations act like waves, Schrödinger introduced a theory describing the behaviour
of such a system by a wave equation that is now known as the Schrödinger equation.
Schrödinger theorised that waves can be used to describe electrons in atoms. This model depicts
the floating motion of the electrons, rather than them having a set path of travel. He determined
the probability location of electrons in atoms. According to Schrödinger, electrons stuck in their
orbits would set up “standing waves”.
He stated that the position of the electron is probable and not definite. The distributions of these
probabilities forms areas of space about the nucleus called orbitals. An orbital is a wave function
describing the state of a single electron in an atom.

Figure 12: Erwin Schrödinger Figure 13: Orbitals

He received the Noble Prize in Physics for the Year 1933 jointly with Paul Dirac in
recognition for

The discovery of new productive forms of atomic theory.

Werner Heisenberg

Werner Heisenberg was a German theoretical physicist who lived during the period 1901 - 1976
CE. He is one of the key pioneers of quantum mechanics and is the proponent of the Uncertainty
principle. It states that it is not possible to obtain precise values of both position and momentum
of a particle at the same time.
He determined that the only way to describe the location of an electron in an atom is through
probability distribution. This principle forms the basis of the electron cloud model.
He received the Noble Prize in Physics for the Year 1932 in recognition for

The creation of quantum mechanics, the application of which has, inter alia, led to the
discovery of the allotropic forms of hydrogen.

Prepared in LATEX Page 7



B.Sc Forensic Science Sem III Unit I Nuclear Radiations

Figure 14: Werner Heisenberg Figure 15: Quantum Mechanical Atomic Model

Quantum mechanical model of atom is based on the theories of Schrödinger and Heisen-
berg. The quantum mechanical model does not define the exact path of an electron, but rather,
predicts the odds of the location of the electron.
This model can be portrayed as a nucleus surrounded by an electron cloud. Where the cloud is
most dense, the probability of finding the electron is greatest, and conversely, the electron is less
likely to be in a less dense area of the cloud. This has led the model to be commonly known as
electron cloud model.

Neutron

In 1930, German physicists Walther Bothe and Herbert Becker found that the alpha particles
emitted from polonium when bombarded on beryllium produces an uncharged radiation which
has energy enough to penetrate lead.
In 1932, Irene and Frederic Joliot Curie discovered that this radiation could knock out protons
of energy 5.7 MeV out of a paraffin slab. They assumed this unknown radiation to be that of
gamma rays. They calculated the energy to be of about 55 MeV which was too big an energy to
be produced by the interaction of alpha particles with beryllium.
Italian Physicist Ettore Majorana suggested that the radiation could be composed of a new neutral
particle.

Assisted by Norman Feather, Chadwick quickly per-
formed a series of experiments showing that the
gamma ray hypothesis was not possible.
He instead proposed that neutral particles with the
same mass as the proton are responsible. In this case
only an energy of 5.6 MeV is required.
The chargeless particle having mass nearly equal to
proton was called as neutron.
He received the Noble Prize in Physics for the
Year 1935 in recognition for

The discovery of the neutron.
Figure 16: James Chadwick
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Structure of Atom

With the discovery of electron, proton and neutron, the basic structure of the atom is complete.
Atoms have protons and neutrons in the center, making the nucleus positively charged, while the
negatively charged electrons orbit the nucleus in an electron cloud.

Figure 17: Structure of Atom

We know that the atoms of one element are the same, while atoms of different elements are
different. The fundamental characteristic that all atoms of the same element share is the number
of protons. All atoms of hydrogen have one and only one proton in the nucleus while all atoms
of iron have 26 protons in the nucleus. The number of protons is so important to the identity of
an atom that it is called the atomic number of the element. In a neutral atom, the number of
electrons equals the number of protons, so the overall charge of an atom is zero.

The constituents of the nucleus i.e. proton and neutron are not indivisible. They
are made of other constituent particles which are even more fascinating in their
properties. Reading advanced nuclear and particle physics will lead you there.
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