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Summary of the Atom and the Nucleus 
 

1-Over View 
a-Target Population 
The students of third class in the environmental and pollution department 

in Basrah technical college in radiation pollution subject. 

 

b-Rationale 
The information about nucleus and atom  structures are very important to 

study and understanding the radiation pollution 

 

c-Central Ideas 
1-the atomic number 

2-the mass number 

3-nucleus binding energy 

4-size and mass of nucleus 

 

d-Objectives 
After going through this unit, you will be able to 

1-describe the structure of the atom 

2- describe the structure of the nucleus 

3- calculate the binding energy per nucleon based on semi-empirical mass 

formula 

4-calculat the size and mass of nucleus 
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2-Pre-Test 

3-Unit Presentation 

Summary of the Atom and the Nucleus 

 
1-1: The Nucleus 
*Atoms consist of a nucleus and an electron shell. 

*A nucleus consists of nucleons: protons and neutrons. As the 

mass of a nucleon is about 2000 times the mass of an electron 

the nucleus carries practically all the mass of an atom. 

*A nucleon consists of 3 quarks . 

*1 fm (femtometer, Fermi) = 10-15 m 

is the typical length scale of nuclear physics 

*1 MeV (Mega-electron volt) =1.602 10-13 J is the typical 

energy scale of nuclear physics 
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1-2: Nuclides 

 
*A nuclides is a specific combination of a number of protons 

and neutrons. 

* N

A

Z X  is the complete symbol for a nuclide, but the information 

is redundant and   XA
   is sufficient. 

*X is the chemical symbol of the element 

*Z is the atomic number, giving the number of protons in the 

nucleus (and electrons in the shell) 

*N is the number of neutrons 

*A = Z + N is the mass number 

Nuclides with the same atomic number Z are called isotopes, 

same A isobars, same N isotones . 
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1-3: The Atomic Mass Unit  
 

*The mass reference is not the proton or the hydrogen atom, 

but the isotope 12C . Carbon and it’s many compounds are 

always present in a spectrometer and are well suited for a 

mass calibration. 

*An atomic mass unit (amu) is therefore defined as 1/12 of the 

mass of the 12C nuclide: 

 

 
 

 

*For comparison, the proton mass is 938.272 MeV/c2 
_ 

 

 

 

 

1-4: The Size and the Mass of the Nucleus: 
 

The radii of most nuclei is given by the equation: 

 

R = R0 A
1/3 

 

R: radius of the nucleus, A: mass number, R0= 1.2x10-15m 

 

The mass of a nucleus is given by: 

 

m = A u 
 

u = 1.66…x10-27 kg  
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1-5: The Nucleus Binding Energy  
*The binding energy B of a nucleus is the difference in mass 

energy between a nucleus    N

A

Z X     and it’s constituent Z 

protons and N neutrons: 

  
where 

)( Xm A
 is the atomic mass of  XA

  . The binding energy is 

determined from atomic masses, since they can be measured 

much more precisely than nuclear masses. 

*Grouping the Z proton and electron masses into Z neutral 

hydrogen atoms, we can re-write this as: 

 

 
 

*With the masses generally given in atomic mass units, it is 

convenient to include the conversion factor in c, thus 

c2= 931.481 MeV/u. 
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2-Pre-Test 

3-Unit Presentation 
 

 

2-1: Nuclear Stability 

The nuclei of many atoms are stable. In general, it is these atoms 

that constitute ordinary matter. In stable nuclei of lighter atoms, the 

number of neutrons is about equal to the number of protons. A high level 

of symmetry exists in the placement of protons and neutrons into nuclear 

energy levels similar to the electron shells constituting the extra nuclear 

structure of the atom. The assignment of nucleons to energy levels in the 

nucleus is referred to as the “shell model” of the nucleus. For heavier 

stable atoms, the number of neutrons increases faster than the number of 

protons, suggesting that the higher energy levels are spaced more closely 

for neutrons than for protons. The number of neutrons (i.e., the neutron 

number) in nuclei of stable atoms is plotted in Figure (2-1) as a function 

of the number of protons (i.e., the atomic number). Above Z = 83, no 

stable forms of the elements exist, and the plot depicts the neutron/proton 

(N/Z) ratio for the least unstable forms of the elements (i.e., isotopes that 

exist for relatively long periods before changing). 

Nuclei that have an imbalance in the N/Z ratio are positioned away 

from the stability curve depicted in Figure(2-1). These unstable nuclei 

tend to undergo changes within the nucleus to achieve more stable 

configurations of neutrons and protons. The changes are accompanied by 

the emission of particles and electromagnetic radiation (photons) from the 

nucleus, together with the release of substantial amounts of energy related 

to an increase in binding energy of the nucleons in their final nuclear 
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configuration. These changes are referred to as radioactive decay of the 

nucleus, and the process is described as radioactivity. If the number of 

protons is different between the initial and final nuclear configurations, Z 

is changed and the nucleus is transmuted from one elemental form to 

another. The various processes of radioactive decay are summarized in 

Table (2-1). 

 

 

 

 

FIGURE( 2-1): Number of neutrons (N) in stable (or least unstable) nuclei as a 

function of the number of protons (atomic number Z). 
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2-2: Radioactive Decay 

Radioactivity can be described mathematically without reference to 

the specific mode of decay of a sample of radioactive atoms. The rate of 

decay (the number of atoms decaying per unit time) is directly 

proportional to the number of radioactive atoms  N present in the sample: 

 

NtN  /        ……………………… (2-1) 

 

where tN  /  is the rate of decay. The constant λ is the decay constant 

of the particular species of atoms in the sample, and the negative sign 

reveals that the number of radioactive atoms in the sample is diminishing 

as the sample decays. The decay constant can be expressed as 

NtN /)/(   revealing that it represents the fractional rate of decay of 

the atoms. The value of  λ  is characteristic of the type of atoms in the 

sample and changes from one nuclide to the next. Units of λ are (time)−1. 

Larger values of λ characterize more unstable nuclides that decay more 

rapidly. 

The rate of decay of a sample of atoms is termed the activity A of the 

sample (i.e., tNA  / ). A rate of decay of 1 atom per second is 

termed an activity of 1 becquerel (Bq). That is, 

 

1Bq = 1 disintegration per second (dps) 
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TABLE(2-1): Radioactive Decay Processes 

 

 

A common unit of activity is the megabecquerel (MBq), where  

1 MBq = 106 dps. 

An earlier unit of activity, the curie (Ci) is defined as 

1Ci = 3.7 × 1010 dps 

Multiples of the curie are the picocurie (10−12 Ci), nanocurie (10−9 Ci), 

microcurie (10−6 Ci), millicurie (10−3 Ci), kilocurie (103 Ci), and 

megacurie (106 Ci). The becquerel and the curie are related by 1 Bq = 1 

dps = 2.7 × 10−11 Ci. The activity of a radioactive sample per unit mass 

(e.g., MBq/mg) is known as the specific activity of the sample. 

 

Example (2-1) 

A :  has a decay constant of 0.131 y−1. Find the activity in MBq of 

a sample containing 1015 atoms. 

A = λN =   

= 4.2 × 106 atoms/s = 4.2 × 106 Bq 


