
Chapter 42

Nuclear Physics



42.3: Radioactive Decay:

If a sample contains N radioactive nuclei, then the rate 

(=dN/dt) at which nuclei will decay is proportional to N:

Here l is the disintegration or decay constant.

Therefore, 

Here, No is the number of radioactive nuclei at time t = 0. 



The decay rate: 

Therefore,

The half life-time (T1/2) is the 

time at which both N and R 
have been reduced to one-

half their initial values

Therefore, 

And, 

Here t is the mean life time, which is the time at which both N and R have been 

reduced to e-1 of their initial values.



Example, Finding the disintegration constant and the half life-time:



Example, Finding the half life from the activity and the mass:



When a nucleus undergoes alpha decay, it transforms to a different nuclide by emitting an alpha particle (a 

helium nucleus, 4He). For example, when uranium 238U undergoes alpha decay, it transforms to thorium 
234Th: The disintegration energy, Q, for the decay above is 4.25.

The potential energy shown in the figure below is a combination of the potential energy associated with the 

(attractive) strong nuclear force that acts in the nuclear interior and a Coulomb potential associated with the 

(repulsive) electric force that acts between the two particles (234Th and 4He) before and after the decay has 

occurred.

42.4: Alpha Decay:

Fig. 42-10 A potential energy function for 

the emission of an alpha particle by 238U.

The horizontal black line marked Q =4.25 

MeV shows the disintegration energy for the

process. The thick gray portion of this line 

represents separations r that are classically 

forbidden to the alpha particle. The alpha 

particle is represented by a dot, both inside 

this potential energy barrier (at the left) and 

outside it (at the right), after the particle has

tunneled through. The horizontal black line 

marked Q =6.81 MeV shows the 

disintegration energy for the alpha decay of 
228U. (Both isotopes have the same potential 

energy function because they have the same 

nuclear charge.)



Example, Q value of an alpha decay using masses:



42.5: Beta Decay:

A nucleus that decays spontaneously by emitting an electron or a positron (a positively charged particle with 

the mass of an electron) is said to undergo beta decay. Like alpha decay, this is a spontaneous process, with a 

definite disintegration energy and half-life.

Examples: (b- decay)

(b+ decay)

Here, n is a neutrino, a neutral particle which has a very small mass, that is emitted from the nucleus along 

with the electron or positron during the decay process.

In a beta decay the energy of the emitted electrons or positrons may range from zero up to a certain 

maximum Kmax, since, unlike the alpha decay, the Q energy is shared by two components. 



42.5: Beta Decay: The Neutrino

Wolfgang Pauli first suggested the existence of 

neutrinos in 1930.

Billions of them pass through our bodies every 

second, leaving no trace.

In spite of their elusive character, neutrinos 

have been detected in the laboratory. In spite 

of their elusive character, neutrinos have been 

detected in the laboratory.



Beta Decay: Radioactivity and the Nuclidic Chart



Example, Q value of a beta decay using masses:


