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1b) Wavelengths can be determined uith accuracies of one part in 104 What is the uncenainry in

the position of 1A x ;ffi;;;; ;;;s wauelength is simulhneouslv measured?

(c) What is Zeeman eflect? Describe the experimental arrangement for studying tnt 
'ilT::

effect'

(d) (i) Establish the relationlL''L") = ihL' '

(ii) Prove that the operat; p' is hermitlan (symtols have their usual meaning)' 3+2=5

3. Answer any rwo ofthe following questions: 
l0x2=20

(a) Write down the time-independent Schrtidinger equation for the motion of the electron in

hydrogen atom' assuming that the proton is at rest'

cr,"n,v2=i *?'*).7** # (s"t iJ *z;',a";a

Separate the Schddinger equation into one radial and two angular pans l+(3+3+3)=10

(b) (i) Consider a particle of mass n and energy' E ( 7s moving in a one-dimensional

square-well potential of width L and depth yo given by

V(x) =Voot*<-"-

= vo at x > L; 

"';^ns what are the boundary

Write down the Scbijdinger equadons lor-three reprrons"f,rrJi 
ioiuiion' in tt'tt'

ll"ir,i""ti r*p*ing uoun'dary conditions fin9 the 
w:r]-r

regions [values of """tul'Jilpt;n!'init't-iol'tiont 
need not be evaluated ]

rii) rhe sround srare and rhe n,.:, '-:u:9-,I:''-::l'.1'"}.j,}:: iitl['$l#"r-,::t^t':';
respecdvelv' 

^the '"I.::L,til',l-,,'" ;;iilil;#oz' ptouuuititv or being round-in the

orobability o[ being louno ln 
tnr 3' u.uls-.:::-^;;;-",^; 

and what is the average energy

"ir^i._.iilo ,,ut.. int ut is the warle funcrion of the ntoln &ou w 
'l 'lu' '" i)*i*i,*iz*2,=lo

of the atom?

(c) (i) Write do\\n the Schrddinger equation o[aone dimen::::' n*"*t oscillator' What is

the energy of tt'ls oscittitor *tren it is in the eigenstate associated uith the quanlum

number n? Whut uur'"i 
"tuv- 

' t'u*: What is the zero-point energy (Es) of the

oscillator? 
ci[ator is

(ii) The lowest-energy eigenfunction of the linear harmomc os'

vo(x1 = (Z'I)1/a exPl(-nmvlh)x7l

where n is the mass and v is the classical frequency of the oscillator'

Show that the expectation value of the potential energv (V) of the """t1t:liil'tT::l;
state is given bY (V'l -- Eol2'

= o at -L;< x <L;
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(d) (i) Using vector atom model determine the possible terms coresponding to the principal
quantum numbern=3and compute the angle between /and 3 vectors for the term

'Dr/r.

(ii) Consider 2 electrons: 11 =3, s1 =!;tz=I, sr=! Find the "I values assuming "/- "/coupling. (3+3)+4=10

Useful Data :

h= 6626 x 10-34 Joule-Sec
m" -- 9.708 x 1.0-31 Kg

e = 1602 x 10-1e Coulomb


