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INDIAN INSTITUTR OF TECHNOLOGY KHARAGPUR 
1 

Department of Physics and Meteorology 
Mid-Spring Semester Examination 2013 

Date of Examination: 19 February, 2013 AN; Time: Two Hours 
Full Marks: 30; No. of StUdents: 61 
Subject No.: PH52002; Subject Name: ATOMIC AND MOLECULAR PHYSICS 
2nd Yr. M.Sc.(2 Yr.) I 4th Yr. M.Sc.(5 Yr.) 

Instruction: Attempt all FIVE questions 

,. 

1. (a) For a N- electron atom, considering central field approximation, write down the expression for 
effective potential energy of an electron as a function of distance, r, from the nucleus. Obtain ,the 
expressions for potential acting on the electron at r ~ 0 and r ~ oo. 

(b) Obtain the Hamiltonian of the N - electron atom in the absence of external fields as a sum of 
perturbed and unperturbed parts, and explain why perturbation part can be neglected. Describe 
briefly how the corresponding Schrodinger equation for the spatial part of the N -electron central 
field wave function can be solved. 
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2. (a) What are the various series present in the emission spectra of an alkali atom? How does one 
represent these series using 'terms'? 

(b) The principal and sharp series for the sodium atom converge to continua at 41,450 and 24,477 cm-1 

respectively. Calculate the ionization potential ofNa. 

3. (a) In the case of an atom with 2 optically active electrons, show that the electrons act as if they move 
under the influence of a force whose sign depends on the relative orientation of their spins. 

(b) Considering that an atom obeys LS coupling, will the state with the lowest energy haves~ !'and,}' 
values to be a maximum or minimum? Briefly explain. 

(c) For a configuration with 2 optically active electrons of quantum numbers 11 = 2, !2 = 3, find the 
possible values of s ~ I' and,}~ Also, show the splitting of energy levels diagrammatically and name 
the levels using spectroscopic notations. 
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4. (a) In the case of anomalous Zeeman effect, obtain the expression for the splitting energy using vector 
atom model diagrams. For transitions b~tween two singlet states in an atom (placed in a weak 
external magnetic field), how many components would you expect in the spectrum? , 

(b) Find the minimum magnetic field required for noimal Zeeman effect to be observed in a spectral 
line of 400 nm wavelength when a spectrometer whose resolution is 0.001 nm is used. 
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5. (a) Briefly explain the principle involved in the measurem~nts of spin-spin relaxation times anq spin
lattice relaxation times for nuclei using a N.M.R. spec!rorrieter. · -. , ., 

(b) Cl35 has a'n'bclear spirt of 3/2. Calcu(~tethe energy of tl)e.nuclear spin' statesjn a mf!gne!ic fi~ld of . 
. 2T. . . .: , . .. • ··. . . . 

(gC/=0.5472; h = 6.626 X 10-34 Js; mp = i.6? X 10-27 Kg;,e = L602 X "'Ioc19
, C) 
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