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Nucleus Structure

The nucleus consists of protons and neutrons called nucleons, the 

sum of which is called the total number A. 

 The number of protons in the nucleus is the atomic number Z.

 The number of neutrons in the nucleus is N, where A=Z+N.

There are 92 elements in nature, starting with hydrogen (Z=1) to 

uranium (Z=92). 

Using nuclear accelerators, it was possible to produce artificial 

elements whose atomic number reached Z=118.
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Atoms with the same number of protons but different

numbers of neutrons are called isotopes.

They share almost the same chemical properties, but

differ in mass and therefore in physical properties.

There are stable isotopes, which do not emit radiation,

and there are unstable isotopes, which do emit

radiation.
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The size of the nucleus depends on the number

of nucleons (the sum of protons and neutrons).

 It was found that the radius of the nucleus is

proportional to the mass number as follows:
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Considering that the nucleus is a sphere, its volume is given by:
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Example: Calculate the volume of the carbon atom’s nucleus and 

its density, where A = 12
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 The mass of the nucleus is equal to the mass of the nucleons 

minus the mass of the electrons, meaning its mass is always less 

than the mass of the nucleons.

 For example, the mass of the carbon-12 nucleus can be 

calculated as follows:

  uuuCM 996706.11000549.061212

6 

umm np 095646.12008665.16007276.1666 

uuum 09894.0996706.11095646.12 



MeVuMeVuEmc 2.92/5.93109894.02 

 The equivalent energy of this difference in mass can 

be calculated according to Einstein as follows:

 The difference in mass Δm is equivalent to the energy used to

bind the nucleons together and is called binding energy.

The binding energy per nucleon in the carbon-12 nucleus is:
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 The binding energy of any nucleus can be written as follows:
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Example: Calculate the binding energy per nucleon of the nucleus 

of the iron isotope 56  Fe56

26   uFeM 934937.5556

26 
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Radioactivity
 In 1896, Becquerel accidentally discovered that uranyl

potassium sulfate crystals emit an invisible radiation that can

darken a photographic plate even though the plate is covered

to exclude light.

 This process of spontaneous emission of radiation by uranium

was soon to be called radioactivity.

 Additional experiments, including Rutherford’s famous work

on alpha-particle scattering, suggested that radioactivity is

the result of the decay, or disintegration, of unstable nuclei.



Natural radioactivity 

The radiation emitted by radioactive (or radioactive) materials,

according to their electrical charges and their ability to penetrate

the material, has been classified into three types:

1. Alpha particles (α): They are the nucleus of a helium atom,

their charge is positive and equal to +2e, and their range is

short in the air (3cm).

2. Gamma radiation (ϒ): These are electromagnetic radiations

that have no charge or mass, their wavelength is very short,

and their range in the air is very long.





Beta particles (β): They are charged particles that penetrate a 

long distance in the air (3 m). β particles are classified into two 

types: 

1. Positive beta particles (β+): They are positively charged

particles that are numerically equal to the charge of the electron

and whose mass is equal to the mass of the electron.

2.Negative beta particles (β-): They are negatively charged

particles that are numerically equal to the charge of the electron

and their mass is equal to the mass of the electron. However, their

source is the nucleus, while the electrons come from the orbitals

of atoms.





Alpha decay
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The energy released as a result of alpha decay is called 

decay energy and is usually symbolized by Q, meaning:

In order for the nucleus to emit alpha particles, it must be Q > 0



Example: Does polonium 210 emit alpha particles if it is known 

that:
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So polonium 210 can decay by emitting alpha particles

Solution: The decay equation is:
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β- decay

This transformation occurs when the ratio of neutrons to protons in the

nucleus is greater than its value in the stability region. In order for stability

to occur, the neutron turns into a proton and the negative beta particle is

released from the nucleus:

Beta- minus Decay
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We obtain the highest value for the decay energy of negative beta particles by taking the 

atomic masses instead of the nuclear ones



Beta- Plus Decay   
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In order for stability to occur, the proton turns into a neutron, and the positive 

beta particle (positron) is released from the nucleus:



  MeVmyMxMQ e 5.931])()([ 
We obtain the highest value for the decay energy of negative beta particles by 

taking the atomic masses instead of the nuclear ones
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There are two particles that accompany negative and positive beta decay: the

neutrino  and the antineutrino. They are without charge and without mass,

but their presence is necessary so that the energy, linear momentum, and

angle before and after the decay remain preserved according to the principle

of conservation of energy and momentum.





Example:

Calculate the disintegration energy Q for the beta decay 32P --> 32S + e- + ν.
Atomic masses: m(32P) = 31.97391 u, m(32S) = 31.97207 u

• Solution:
Q = mic

2 - mfc
2.

mi = mnuc(
32P) = m(32P) - 15*m(e-),

mf = mnuc(
32S) + m(e-) = m(32S) - 16*m(e-) + m(e-) = m(32S) - 15*m(e-)

The mass of the neutrino is negligibly small.
Q = mic

2 - mfc
2 = (m(32P) - m(32S))c2 = 1.71 MeV.

In β- decay subtracting the atomic masses automatically takes into account the mass 
of the emitted electron. This is not true for β+ decay.

Calculate the disintegration energy Q for the beta decay 64Cu --> 64Ni + e+ + ν.
Atomic masses: m(64Cu) = 63.929766 u, m(64Ni) = 63.927968 u

• Solution:
Q = mic

2 - mfc
2.

mi = mnuc(
64Cu) = m(64Cu) - 29*m(e-),

mf = mnuc(
64Ni) + m(e+) = m(64Ni) - 28*m(e-) + m(e+) = m(64Ni) - 27m(e-)

The mass of the neutrino is negligibly small and m(e+) = m(e-).
Q = mic

2 - mfc
2 = (m(64Cu) - m(64Ni))c2 - 2*m(e-)c2 = 1.6748 MeV - 2*0.511 MeV

= 0.653 MeV.
In β+ decay subtracting the atomic masses does not automatically take into account 
the mass of the emitted positron.
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Gamma radiation comes from an excited nucleus, while X-rays come from an 

excited atom.





Radioactive decay law

 The intensity of radiation emitted by a radioactive material does not depend

on temperature, pressure, or any external effect, but depends only on the

number of unstable nuclei in the sample (N).

 The number of nuclei likely to spontaneously decay per unit time, i.e. the 

decay rate (ΔN/Δt) increases with the increase in the number of unstable 

nuclei in the sample, according to the law.
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 Where λ is the decay constant and its value is positive.

The law of radioactive decay at any instant of time t can be written as follows

teNN  0



 Each radioactive isotope has its own λ and thus a specific half-life.

The half-lives of radioactive isotopes range from 10-20 sec to 1016 years.



The number of nuclei in the sample cannot be counted directly, but the decay

rate R (the number of decays per unit time), which is called the radioactive

intensity, can be measured:
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Ro is the sample decomposition rate at t=0, and R is the decomposition rate at time t.

Radiation intensity is measured in curies (Ci).

The curio is defined as the radiation intensity of a mass of one gram of 

radium 226, which is equal to: 1 Ci = 3.7x1010 decay/sec, but in SI 

System the unit is Bq        1 Bq= 1 decay/sec,

1 Ci= 3.7x1010 Bq 



Example: A sample of cobalt 60 (Co60), which has a half-life of 5.26

years, has 3x1016 radioactive nuclei. What is its radiation intensity in

curie units after 15.78 years?

No = 3 x 10 16 nucleus, T1/2= 5.26 years, t = 15.78 y

T1/2 = 5.26 x 3.16 x 10 7 sec/ y = 1.66216 x 108 sec

R = Ro e –t

R = No  e – t

T1/2 = 0.693/

 = 0.693/1.66216 x 108 = 4.17016 x 10-9 decay/ sec

Ro = No  = 3 x 1016 x 4.17 x 10-9 = 1.25 x 108 decay/sec

t = 15.78 y x 3.16 x 107 = 4.986 x 108

R = Ro e – t

R = 1.25 x 108 x e – (4.17x 10-9 x 4.98 x 108)

R = 1.562 x 107 decay/sec = 1.562 x 107 Bq .

1 Ci = 3.7 x 10 10 Bq and 1 Bq = 1/ 3.7 x 1010 Ci

R= 1.5625 x 107 x 1/ 3.7 x 10 10 =4.223 x 10-4 Ci = 422.3 μCi



Nuclear reactions 

Nuclear reactions are processes in which one or more nuclides are 

produced from a collision between two nuclei or one nucleus and a 

subatomic particle.

A nuclear reaction that occurs naturally is due to the interaction

between cosmic rays and matter. A nuclear reaction is that is

employed artificially is to obtain nuclear energy, at an adjustable

rate and on-demand. Thou the most notable nuclear reactions are

the nuclear chain reactions. It is in fissionable materials that

produce induced nuclear fission. The various nuclear fusion

reactions of light elements power the energy production of the Sun

and stars.





Nuclear reactions can be expressed by the following equation

x + X→Y + y

  joulecyMYMXMxMQ 2])()()()([ 

The energy released is equal to:

  MeVyMYMXMxMQ 5.931])()()()([ 

Since the calculated value of the released energy is negative, for the reaction to 

occur, there must be a C Alpha is kinetic energy converted into mass so that the 

left side is equal to or greater than the sum of the masses on side A To the right 

for the reaction to take place



Example: When electrons are showered on Uranium-235 at a slow speed,

the heavy nucleus of Uranium-235 splits into two nuclei barium-141 and

krypton-92 and three neutrons are emitted. A large amount of energy is

produced in this reaction.




