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connection with the inverse of a summation probability per unit time of making an 
induced transition with emission of radiation, as we will see in what follows. The concept 
of t (mean lifetime of an excited state) we are working with in this paper is,  as Condon(2) 
or L. de la Peña(3) mention in their respective books, related to the inverse of the 
probability of occurrence of a transition, so 
 
                                               1−= nmnm Aτ  
 
The plan of this paper is as follows: in section 2 we will present an outline of Einstein’s 
radiation theory. In section 3 we will derive explicitly a relationship between the mean 
lifetime t and the summation of the probabilities per unit time of induced emission from 
level n to level m, being level n greater than level m. And finally, in section 4 we do 
present some conclusions. 
 
 
2. Outline of Einstein’s radiation theory. 
 
Let us consider a set of atoms which for simplicity, do only have two levels n and m, in 
which  the energies are such that 
                                               mn EE f                   (1) 
On the other hand, we will make use of the following notation: 
   
 mnmn

A BP → : Absorption transition probability per unit time from level m to level n  
 
 nmnmS AP → : Spontaneous emission transition probability per unit time from level n to 
level m 
 
 nmnmI BP → : Induced emission transition probability per unit time from level n to level m  
 
 When the number of atoms in level n is Nn, we obtain, due to the process of 
spontaneous emission, the following first order differential equation  
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where mean lifetime t is defined by  

                                            ∑=
m

nmS
n

Pτ
1                       (3)        

and summation has been taken over all states of lower energy (m). 
 
The wave number s can defined through Bohr’s rule  
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hc

EE mn −=σ                   (4) 

According to Einstein, the field produces transitions from m to n by absorption at the rate 
 
                                          )(σρP mn

A
mN        

           
where σσρ d)(  is the spectral energy in unit volume in the wave number range ds at s. 
The radiation induces also emission processes from n to m at the rate given by 
 
                                          )(σρP nmEnN         
 
In order to reach equilibrium, the rate of absorption from m to n, must be equal to the 
rate of induced emission from n to m plus the rate of spontaneous emission from n to m 
 

                  PNPNP nmSnnmInmn
A

mN += )()( σρσρ   (5) 
 
If the atomic system is in equilibrium at temperature T, the population of states n and m 
is given by Maxwell distribution according to which  
 
                                     )/exp( kTECN nn −=                        (6.1) 
 
                                     )/exp( kTECN mm −=                        (6.2) 
 
where C is a constant. Now let us suppose that r increases monotonically as T 
increases. If we take the limit 
 

                                      1)exp(lim =
−

−
∞→ kT

EE mn

T
                    (7)   

 
one obtains, 
 

                                        PP nmImn
A =                             (8) 

 
taking this into account one gets 
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Let us remember now Wien’s law, which establishes that the spectral density of an 
equilibrium radiation field interacting with matter is given by 
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                                     )/(),( 3 TfT ωωωρ =          (10) 
 
 comparing (9) and (10) one has 

                                               3λω=
P
P

I

S                               (11)         

and  
                                              ωh=− mn EE                           (12) 
 
where l and Ñ are coefficients to be determined. Equation (12) is a derived expression 
from Einstein’s radiation theory, not just an hypothesis as in Bohr’s atomic theory.  
 
Combining (9), (10) and (11) one obtains the following expression for the spectral 
density 

                                  
1)exp()(

3

−
=

kT
ω
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         (13) 

 

                      or         
1)/exp(

8)(
2

−
=

kThc
hc

σ
πσσσρ            (14)       

 
from which one gets the following relationship between spontaneous emission transition 
probability and induced emission transition probability. This is a well-known result of 
radiation theory, and the mathematical details for obtaining it can be consulted, step by 
step in reference 3.            

               nmInmS PhcP σπ8=          (14) 
 
This a very important result, which shows that a quantum mechanical  system reacting 
to the presence of an external electromagnetic field, decays without the external 
intervention of emitting energy till it reaches  its ground state. 
 
 
3.  Radiation theory and thermoluminescence phenomena. 
 
In thermally stimulated luminescence phenomena one can observe emission radiation 
processes, whose behavior can be related with Einstein’s radiation theory above 
discussed. Combining equation (2) and (14) one readily obtains 
 

                    ∑−=
m

nnmI
n NPhc

dt
dN )(8 3σπ                (15) 

where Nn ,is no more the number atoms in level n, as in Einstein’s theory, but the 
concentration of electrons in level n. 
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Making and analogy with Randall-Wilkins theory for first order kinetics, one can explicitly 
show that the disappearing rate of the concentration of electrons in level n is directly 
proportional to what Randall and Wilkins called a “probability per unit time”; which in the 
case of having many m levels, is equal to a summation of the spontaneous transition 
probabilities over all lower m levels to level n. This, thanks to equality (14) between 
probability transitions is also directly related to a summation of the induced transition 
probabilities over all lower m levels to level n. 
 

            ∑−=−−=−=
m

nmSnnn
n PNkTEsNpN

dt
dN )/exp(  (16)     

 
In the case, in which  there is only one level m, one has no necessity of considering a 
summation over all m states in equation (16), so that, we would have 

nmInmS PhcPp 38 σπ== .       In the general case, where we do have many m 
levels one explicitly has a relationship between transition probabilities and the mean 
timelife t. 
                               

)/exp(81 3 kTEshcp
m

nm
m

InmS PP −==== ∑ ∑σπ
τ  (17)  

                                                                                                   
           
 where s is the “attempt-to-escape frequency”, which is given by the following formula 
 

                               )/exp( kSs ∆= νκ                    (18) 
 
n is the number of times per second that an electron interacts with the lattice , k is a 
transition probability  and DS is the change in entropy associated with the transition 
considered. 

       )/exp()/exp(81 3 kTEkShcp
m

nm
m

InmS PP −∆==== ∑ ∑ νκσπ
τ  

 
let us note that k, is simply a transition probability, and p is a probability per unit time. 
 
 
4. Conclusions 
 
We have reconsidered in this paper a correspondence between the Randall-Wilkins 
model for first order kinetics and the original Einstein’s radiation theory, even when this 
not new “stuff”; it is important to mention that this correspondence or analogy can be 
found out implicitly in the formulation of TL from first principles. However, we do consider 
that a deep understanding of TL phenomena to the light of radiation theory has not been 
yet attained. We would like to emphasize the fact, that the inverse of the timelife t , can 
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be directly connected with the summation of transition probabilities, which again, is also 
a well known result of quantum electrodynamics; however, in TL literature, there have 
been few attempts to understand higher order kinetics TL processes  focusing on this 
relationship between timelife t and transition probabilities. On the other hand, the 
Randall-Wilkins model and its generalizations, have always been considered as part of 
the definition of probability a Boltzmannian statistics. We do believe that it is worth to 
continue this work in the future in the direction of including in new models of TL, Fermi-
Dirac statistics (4), for we are mainly dealing with electrons.  
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