
Problem: chapter 2-3 
As stated in the book [1] oscillator strength or decay rates for real atomic transitions in real 

environments are very complex and hard to evaluate. In practice, these rates are measured or simply 

estimated. Unfortunately numbers given in literature are not in agreement.  

Using fluorescence spectra Pokhrel et al. estimated radiative decay times for different transitions [2]. 

Their results are provided in the Appendix. Compare their results to Singh et al. [3] results provided in 

the book. We will refer to their results as “laser crystal”. 

1. Experimentally Pokhrel et al. [2] obtained fluorescence decay time to be 70 μs for nanocrystals 

for  transmission. Calculate internal quantum efficiency (experimental decay time 

is the sum of radiative and non-radiative processes). Compare quantum efficiencies between 

nano-crystal and laser crystal (page 124). 

2. Which transition X from fig. 1 corresponds to emission around 1064 nm? Write answer as Rx -> 

Yx. 

3. Let’s assume, that nano-crystals have same branching ratio for X transition as for laser crystal 

measured by Singth [3], which is 0.135. Calculate purely radiative decay rate and lifetime for 

nano-crystal’s X transition. (Use correct Boltzman population ratio for nano crystal!). 

4. Calculate upward and downward oscillator strengths for nano-crystal and laser crystal using 

purely radiative decay rates or lifetimes. 

 

Bonus- check whatever your X transition is the same as in the book. 

All required equations can be found in the book [1] in 84 and 123-124 pages. 
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Appendix: 

 

Fig. 1 Energy level diagrams of Nd3+: YAG,  transition highlighted in red. 

 

Table 1 Radiative properties of  

 


