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Nuclear Stability

• The binding energy of a nucleus

against dissociation into any other

possible combination of nucleons.

Example nuclei R and S.

• Proton (or neutron) separation

energy:

• The energy required to remove

one proton (or neutron) from a

nuclide.

• All stable and unstable nuclei that

are sufficiently long-lived to be
observed.
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Nuclear Stability
• Radioactivity is the decay of unstable

nuclides by the emission of particles

and electromagnetic radiation.

• Figure (right) is a Segrè chart showing

N versus Z for stable nuclides. Notice

that as A increases, the stable

nuclides leave the N = Z line and

prefer more neutrons that protons.

This is probably due to the increasing

influence of repulsion among the

protons.

• There are no stable nuclides with A =

5 or 8. The nuclide decays

immediately into two He nuclei.

• The highest A is 209. There are so-

called islands of stability above this.
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Nuclear Stability 

• The line representing the stable nuclides is the line of stability.

• It appears that for A ≤ 40, nature prefers the number of protons

and neutrons in the nucleus to be about the same Z ≈ N.

However, for A ≥ 40, there is a decided preference for N > Z

because the nuclear force is independent of whether the particles

are nn, np, or pp.

• As the number of protons increases, the Coulomb force between

all the protons becomes stronger until it eventually affects the

binding significantly.
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Nuclear Stability 

◼ Most stable nuclides have both even Z and even N (even-even 

nuclides), e.g. He4

2

Only four stable nuclides have odd Z and odd N (odd-odd nuclides).  
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Radioactive Decay 

• In the stability diagram above a particular value number of

there are no nuclei.

• This limit is approximately Z=85 and N= 125. Above which

there is no stable nuclei which is clear from the figure.

• This suggest that the heavy nuclei above to the mentioned

values of Z and N is not stable.

• This can be be understood with help of SEMF based on BE.

• B = 𝑎𝑣A −𝑎𝑠(𝐴
2/3) - 𝑎𝑐

𝑍(𝑍−1)

𝐴1/3
- 𝑎𝑎

(𝐴−2𝑍)2

𝐴
± 𝛿



23-10-2020 Side 7

Madan Mohan Malaviya Univ. of Technology, Gorakhpur

𝛂- Decay 
• Emission of particle from the nucleus means on part of it is

very small and other is very large.

• The Smaller part may be 𝛂- particle, 𝛃- particle or 𝛄-particles.

• If splitting is in comparable size then we will call it as fission.

• Emission of 𝛂- particles is the most dominant.

• The nucleus 4He has a binding energy of 28.3 MeV.

• If two protons and two neutrons in a nucleus are bound by

less than 28.3 MeV, then the emission of an alpha particle

(alpha decay) is possible.
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𝛂- Decay 

• 𝑧
𝐴𝑋 = 𝑧−2

𝐴−4𝑋 + 2
4𝐻𝑒 +Q ( Energy)  where Q is positive

• Q = [M( 𝑧
𝐴𝑋) −𝑀( 𝑧−2

𝐴−4𝑋 ) – M(2
4𝐻𝑒) ]𝑐2

• Q = [BE( 𝑧−2
𝐴−4𝑋 ) +BE(2

4𝐻𝑒) − BE( 𝑧
𝐴𝑋) ]

• Binding Energy of Helium is fixed and very high it can not 

be estimated by SEMF.

• Now Using SEMF we can find the values of Q for different 

combinations 

• From the beata- stability mass parabola 

• Z = 
𝐴/2

1+0.0078𝐴2/3
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𝛂- Decay 

• If we calculate the value of Q for different combinations

of A and Z then it is observed that after 145 or 150, Q >

0 and below these values Q < 0.

• But from N-Z diagram it is clear that the nuclei having

their values more than 150-225 are also stable.
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Energy of the 𝛂- particles 

• After the disintegration the of parent nuclei we get

• Parent Nuclei = Daughter Nuclei + Alfa Particle + Q

• Actually, Q is distributed among the 𝑁𝑑 and 𝑁𝛂

• The linear momentum of the particles will be conserved.

• Both the fragments will have the momentum equal and

opposite, thus

• 𝑝𝑑 =𝑝𝛂 = p Now the kinetic energy can be given as

•
𝑝𝑑
2

2𝑚𝑑
+

𝑝𝛂
2

2𝑚𝛂
= Q
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Energy of the 𝛂- particles 

•
𝑝2

2
( 
𝑚𝛂+𝑚𝑑

𝑚𝛂𝑚𝑑
) = Q  ; or                 

𝑝2

2
= Q

𝑚𝛂𝑚𝑑

𝑚𝛂+𝑚𝑑

• To estimate the energy of alfa particle let  A=200 

• Now 𝑲𝛂 = Q(1-
1

50
) = 98%

𝑲𝛂 =
𝑝2

2𝑚𝛂
= Q

𝑚d
𝑚𝛂+𝑚d

= 
𝑸(𝑨−𝟒)

𝑨
= Q( 1-

𝟒

𝑨
) 

𝑲𝒅 =
𝑝2

2𝑚𝒅
= Q

𝑚𝛂
𝑚𝛂+𝑚d

= 
𝑸(𝟒)

𝑨
=  

𝟒𝑸

𝑨
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Alpha Decay

◼ From the conservation of energy and conservation of linear

momentum, determine a unique energy for the alpha particle.
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Radioactive Decay

• An empirical law that is fulfilled only statistically

• Marie Curie and her husband Pierre discovered polonium and radium in 

1898.

• The simplest decay form is that of a gamma ray, which represents the nucleus 

changing from an excited state to lower energy state.

• Other modes of decay include emission of α particles, β (– and +) particles, 

protons, neutrons, and fission.

• The decays per unit time (activity).

where dN / dt is negative because total number N decreases with time.
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Radioactive Decay
◼ If N(t) is the number of radioactive nuclei in a sample at time t,

and λ (decay constant) is the probability per unit time that any

given nucleus will decay:

----- radioactive decay law
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Radioactive Decay

The activity R is also

where R0 is the initial activity at t = 0.

half-life t1/2 or the “mean lifetime” τ are defined on basis of 

decay constant.
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Radioactive Decay

The time it takes to arrive at No/e 

The mean lifetime is
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The Activity of Carbon 

The number of radioactive nuclei as a function of time
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r

Note that the total number of nucleons does not change

αdecay


