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1(a) Ans: 

 
 

1(b) Ans:  

Metastable states: It is excited state of an atom, nucleus, or other system that 

has a longer lifetime than the ordinary excited states and that generally has a 

shorter lifetime than the lowest, often stable, energy state, called the ground 

state. A metastable state may thus be considered a kind of temporary energy trap 

or a somewhat stable intermediate stage of a system the energy of which may be 

lost in discrete amounts. In quantum mechanical terms, transitions from 

ŵetastaďle states are ͞forďiddeŶ͟ aŶd are ŵuĐh less proďaďle thaŶ the ͞alloǁed͟ 
transitions from other excited states.  

 

Optical pumping: It is a process in which light is used to raise (or "pump") 

electrons from a lower energy level in an atom or molecule to a higher one. It is 

commonly used in laser construction, to pump the active laser medium so as to 

achieve population inversion. 

 



Population inversion:  A population inversion occurs while a system exists in a 

state in which more members of the system are in higher, excited states than in 

lower, unexcited energy states. The concept is of fundamental importance in laser 

science because the production of a population inversion is a necessary step in 

the workings of a standard laser. 

 

1(c)Ans: 

 

 
1(d)Ans: 



 
1(e)Ans: Refer your textbook 

1(f)Ans:  

 
1(g)Ans: 



 

 
 

2(a) Ans 

 



 

 

 

 

 



 

 

 
2(b) Ans 

 



 

 
2(c) Ans: 



 
Failure of classical physics: 

 

 

 
 

3(a) Ans: refer your textbook 

3(b) Ans: AĐĐordiŶg to the HeiseŶďerg’s uncertainty principle, 

 
Where m is the mass of electron, 

Substituting, p=mv, we get, 



 
Now, if we consider the radius of the atomic nucleus to be 10−15m and mass of 

eleĐtroŶ, ′ŵ′ to ďe 9.1∗10−31 kg, we get 

 
CalulatiŶg Δǀ, ǁe get a ǀalue of 
5.79∗1010 m/s  which contradicts the theory of relativity. What this means is that 

if an electron exists in the nucleus, it has to travel with a speed of 5.79∗1010 m/s. 

An object can only travel faster than light if it has no mass but electrons do have 

mass, hence they can’t travel faster than the speed of light which is precisely 

299,792,458 m/s. 

HeŶĐe, aŶ eleĐtroŶ ĐaŶ’t exist iŶ the ŶuĐleus. 
 

3(c) Ans: The energy of the quantum harmonic oscillator must be at least 

 
Taking the lower limit from the uncertainty principle 

 
Then the energy expressed in terms of the position uncertainty can be written 

 
Minimizing this energy by taking the derivative with respect to the position 

uncertainty and setting it equal to zero gives 

 



Solving for the position uncertainty gives 

 
Substituting gives the minimum value of energy allowed. 

 
 

4(a) Ans: 

 

 
 
Condiitions required for the acceptability of a wave function are as follows: 



 
  



 
 

Ans 4b: refer Ans 4a 

 

Ans 5a   

 



 

 

 

 

 



 

 

 

 

 



 

 
Ans 5b 

 

 

 

 



 

 

 

 

 
Ans 6a:Refer your book 

Ans 6b: use the formula: 

 
Binding energy per nucleon= BE/A 

Ans 6c: Do it yourself 



 

Ans 7a: 

 

 



 

 



 

 
 

Ans 7b: 

 



 

 
 

Ans 7c: Beta particles (not a ray) can be ejected from a nucleus because they are 

from the decay of a neutron into a proton. The beta particle itself is not an 

electron but a positron, in other words an antimatter electron. 

 

 

 

 

 

check full explanation in the study material


