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The l-igures in the riglit-hand rnargin indicate lull nrarks.

Candiclates are required to eive their ans\\-ers in their orvn u.rlrds as iar as practicallle

Gl{olTl'-A

l. Ansrver any FOIllt of thc lirllorving qucstions: 2x'l:8

a) State Pauli's antisl mntetry princinle itr a s"rstem ol'icientical particles'

b) State the Hellmann-Fe1'nntan thcorenl.

c) State Koopmans" thcorent.

d) What is nreant b1- an A-X spin slsiern in NN'IR spectroscop-v?

e ) \lhat is a split-ralence basis set'.)

il i\rhat is local densrtl apploximatitrn iI-,DA) in LIF'l-'l

GI{()I'I'.B

2..\nsrvcran3 FOlfllof thcfrrllouingqucstirtns: 'lx'l=16

a) Derive the esscntial propcrties ol'a Slatcr rletelnriniint lirr nrull.i-electlon svstcill and

show horv it satisfics antislltlttletn'nature ol'1he rvavc lunction.

bi Distinguish betu,ccn LS coupling ancl .j-.i coupiing schettrc. I)cduce the te rnrs ibr p2

conliguration using LS coupling schetne.

c) \\rrite clo1,n the ntagnetic intcraction Ilamiltonian and the rr-avc lunction l'ilr A2 spin

s1,stcnt. Mcrtrion the sl,nrntetric ,/antisr mnretric natttre of each spin lirnction.

d) Discuss the basic idczrs o1'llxtendcd Iliickcl theor-v and its linritations.

e) What are polarization and dil-lirse lunctiorrs irt Gaussian basis scts'J Whl ale thcv

nce,:led?

f) How many,- hasis lunctions and prinritivc Gaussian lunction u'ill be uscd il IIlO

moleculc is treatcd rvith 6-3 I lG(d.p)'l

GItOlrl'-c

3..\nsucr anr''l'\\ro of thc lirllo*ing r;uestions: 2x8:16

a) Describe the Ilartrec-Fock tlteor-v lor rranl'-electrotl atonrs and delive the Rerothaarl

cquations l-or closcd-shell s\stenls. (8)
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b) write dorvn the nragnctic interaction ljanriltonian anci sprn u.ave tilnction fbr A-X
svstenl' Deduce the zero orcler and l't ordcr colrection ofenergl i-or each state- State

c) the sclection rules lbr NMtr{ transitions and sho\\,the possihle transitions ancl shorv the
schcrratic trirnsitions ofthe lbove transitions. (2+4+2)

tl) Cive a detailed account o1' senrienrpirrcal molecular orbital nrcth6ds: fNDO. anri
NDDO-based methocls such as MNDO" AMl. and l,Mj. (l+4)

el Erplain the fbundations of Densitl Functional rhcorv. includrng the Hohenberg-
Kohn theolerns and Kohn-Sharr lbrnralisnr. (1+1.)
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