
Physics with Synno – Matter – Lesson 4 
 

M.4   Structure of the Atom 
 

Before we can discuss the processes involved in radioactivity we  must look briefly at the 

structure of the atom and how it is involved radiation. 

 

M.4.1   Models of the atom 
 

As we know all things are made up of "particles" and the smallest of these "particles" are 

called Atoms. 

 

In around 1897 it was discovered by J. J. Thomson (Nobel 1906, Knighted 1908) that 

electrons were a part of the atom.  Thompson suggested that positive and negative charges in 

the atom were mixed together as in a ' plum pudding', the pudding having the same volume as 

the atom. 

 

Between 1909 and 1911 Sir Ernest Rutherford (Nobel 1908, Knighted 1914) together with his 

assistants Hans Geiger (of Geiger Counter fame) and Ernest Marsden, performed a series of 

experiments that cast doubts on the Thompson' plum pudding' model.  They performed an 

experiment in which they bombarded a thin gold foil with -particles.  To their surprise most 

of the -particles passed straight through , but some were deflected through large angles.  

This could not be explained by the Thompson model.  They performed many more 

experiments and from their observations Rutherford concluded: 

 

 most of the atoms mass is concentrated at the positively charged nucleus. 

 surrounding the nucleus are a number of electrons. 

 most of the atom is empty space. 

 the total negative charge of the electrons balances the positive charge of the nucleus, thus 

the atom remains neutral. 

 

The deflections observed by Geiger and Marsden can easily be explained as follows: 

 
1. Direct hit bounces back 

2. Near direct hit, greatly deflected 

3. Miss, slight or no deflection.  Since most of the atom is empty space, most of the -

particles behave like this. 

 

Video:  Rutherford's Alpha Scattering Experiment2 

 

 

 



This is the model that is accepted today, it has a nucleus which consists of particles which are 

of two kinds: Protons which have a positive charge and  neutrons which have no charge.  

Orbiting this nucleus there are other particles called electrons which have negative charge.  A 

neutral atom has the same number of electrons as it does protons. 

 

Improvements on the model for the atom were made by each of these scientists and 

experiments to improve the model of the atom are still  being made today, but the basic 

structure has remained unchanged.  It looks like the following: 

 
 
 

M.4.2   Isotopes 
 

Chemical changes involve electrons either being shared between atoms or transferring 

between atoms.  Nuclear reactions/changes involve changes in the nucleus.  So isotopes are 

important when we are looking at nuclear reactions and changes, but what are isotopes? 

It is known that atoms of the same element can have differing masses.  This can happen if 

there is a differing number of neutrons in the nucleus of the atom. 

Thus isotopes of an element are defined as having the same numbers of protons and electrons 

but differing numbers of neutrons. 

 

Eg.  Hydrogen can have 3 different isotopes. 

 



It is this variation in neutrons that gives radioactive substances their properties. 

Isotopes are also known as nuclides.  

 

Video:   Rare Isotope Rap 

 

M.4.3   The Neutron 
 

In 1920 Rutherford suggested that in a nucleus a proton and an electron may join to form 

another particle called a neutron. 

In 1932 James Chadwick (Nobel 1935, Knighted 1945) suggested that penetrating radiation 

consisted of neutral particles of the same mass as a proton.  He proposed these particles to be 

an electron and a proton in some combination. 

The neutron is now considered a fundamental particle of the atom. Its charge is neutral and 

mass is that of a proton (close).  A neutron by itself is unstable and will decay. 

 

 

 

 Atomic and Mass Numbers 
  

Atoms are often symbolised as follows:- 

 

                                   Mass Number (A)  

                                                              X  (Symbol) 

                Atomic or Proton Number (z) 

 

 So the two Examples in section M.4.2 would be written as He4

2  and H2

1  respectively. 

 

The protons and neutrons are known as nucleons.  The number of neutrons in the nucleus of 

an atom is the difference between the mass and atomic numbers. 

 

Example 

 

Use the periodic table to determine: 

a) the name of element X92

45
 

 

 Ruthenium 

 

b) the number of protons, neutrons and nucleons in this isotope. 

 

45 Protons, 47 Neutrons, 92 Nucleons 

 

 

 

 

 

 

 

 

 



M.4.5    Naturally Occurring Radioactivity 
 

Atoms were once thought of as stable and 

unchangeable. But experiments performed by 

scientists such as Henri Becquerel, Rutherford, Marie 

and Pierre Curie (Both Nobel 1903, Marie Nobel 

1911) showed that changes in radioactive decay are 

different to chemical changes. 

 

Radioactivity can be defined as the spontaneous and 

uncontrollable decay of an atomic nucleus resulting in 

the emission of particles and rays.  Some elements 

may have isotopes that are stable and others that are radioactive. 

 

 

For example Carbon-14 and Carbon-12  

 

Carbon-12 has 6 protons and 6 neutrons it is also very stable.                        

Carbon-14 has 6 protons and 8 neutrons it is unstable and decays radioactively. 

An isotope such as carbon-14 is called a radioisotope since it decays radioactively. 

 
 

 
 
 
 
 



M.4.5   Artificial Transmutation 
 

Originally naturally occurring radioisotopes were used for research.  Today most 

radioisotopes are artificially produced by a process called transmutation.  This allows 

scientists and doctors access to many more radioisotopes, from which they can choose the 

one with the best characteristics to do the job. 

One of the ways that artificial radioisotopes can be produced is through neutron absorption.  

In this method a stable sample of an element is bombarded with neutrons, a neutron can be 

captured by a nucleus, thus creating a radioactive substance.  Cobalt-60 (used in cancer 

treatment) is produced in this way.  Cobalt-59 is bombarded with neutrons.   

The equation for this process is:  𝑛0
1 +  𝐶𝑜27

59  →  𝐶𝑜27
60  
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