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QUESTION ONE (COMPULSARY) (30 MARKS)
a) Light or radiation is said to have wave particulate duality. Explain this phenomenon. (4marks)
b) Define the following terms as used in quantum chemistry.
i) Mathematical operator.								         (1mark)
ii)  Eigen value.									         (1mark)
iii) Eigen function.								        (1mark)
iv) A potential well									        (1mark)
c) If the operator Â =, find the Eigen function and the Eigen value (r) for the Eigen value equation.
Â Ø (x) = r Ø (x), where Ø(x)=.				  	                   (6marks) 
d) State five properties of Hermitian operators.		 	  	                   (5marks)
e) Using de-Broglie equation and the Einstein’s, derive the equation where λ=; given that 
h= planks constant, λ= wavelength, m= mass of particle and v= velocity of the moving particle.                                             			         										     (3marks) 
f) Calculate the 
i) frequency and the 									     (2marks)
wave length of the photon emitted if an electron in one dimensional box of length 4nm makes a transition from n =2 to n=1 and the energy difference is entirely converted in to energy of the photon. (Mass of the electron = 9.10091  10-28g; h =6.610-34 kgm2 sec-1)                 (3marks)
  ii)  Given the wavelength of a particle having the mass   of 6.6 10-27kg moving with a speed of y msec-1 is 600 nm. Calculate the speed of the particle.  				      (3marks)

QUESTION TWO (OPTIONAL) (20 MARKS)
a) State the names associated with the following mathematical terms 
E= mc2……………………………………………………… I		 	        (1mark)
E=  ……………………………………………………….II      			       (1 mark) 
b) Show that  =  and by defining all terms     					       (3marks)          
c) The standing wave equation in a stretched string is given by Ψ=A sin 2π. Show that the Schrodinger time independent wave equation in three-fold dimensional box is given by; 2. 							      (6marks) 
d) State the significance of  Ψ2., where  Ψ is the wave function 			          (2marks)
e) Probability of finding an electron in any volume or space is purely a function of radius(r) from the nucleus of an atom.  What is the implication as far as the following facts are concerned?  
i) When the radius is equal to zero (0)						     (1mark)
ii) When the radius is equal to infinity ()					 	       (1mark)
f) Write down two factors of commutation in relation to operators.		(2marks)
g) Find the operator = ( +)2 if  and are two operators that commute.         (3marks)


QUESTION THREE (OPTIONAL) (20 MARKS)
a)  Considering a particle confined in a one-dimensional box. Comment on the potential energy of a particle;
i)  Inside   the box and 							                    (2marks)
ii) Outside the box. 									       (2marks)
b) Considering the solution of time independent Schrodinger equation for the particle in   one dimensional box, with constant potential V= 0 in the box and that
 Ψ. Where (a) is the length of the box and, show that the Eigen energy value is   En =  								        (8marks) 
c) Calculate the wavelength of   a - particle having a mass of 6.6  10-27 kg   moving with a speed of 210 cm/sec (h= 6.6  10-34 kg m2 sec-1).	 				       (4marks)  
d) Prove that for any moving object, a particle with bigger mass say200 grams and velosity300 cm/s has negligible wavelength while a smaller particle having a smaller mass say 9.1110-28 grams and velosity3.125 10-10cm/s has detectable larger wavelength.	           	       (4marks)
QUESTION FOUR (OPTIONAL) (20 MARKS)
a) Set up the Huckel determinant   and obtain the energy eigen values for the following system.       													        (8marks) 

                                            					
b) State the assumptions made by Erich Huckel in his approximation.		        (3marks)
c) Write the following terms in full as used in quantum chemistry.
i) HOMO.										        (1mark)
ii) LUMO.										        (1mark)
d) State five postulates of quantum mechanics.				 	        (5marks)
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