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1. (a) Write the generalized form of Gaussian Wave Packet (GWP) for 1-d dynamical process

and define its parameters; (b) Find its normalization in terms of width parameter; (c) Derive

the "Classical" equation of motion for the parameters of GWP to obtain its' time dependence.

1+2+4

2. Derive the algorithms fur (a) Fourier transformation tu evaluate kinetic energy operator; (b)

The Lanczos iteration technique for time propaga.tion uf Schrodinger Equation;

3. Write down the assumptions of RRK theory. Derive the expression of composite rate constant

(k1) a.nd predict the form of k1 at high pressure limit.

2+4+1

4. F + p-H2(v = O,j = 0)--* FI-I(vf, ]J) + H reaction was studied by crossed molecular beam

experimental studies. Figure 1 depicts the lab angular distribution of various FH vibrational

products, whereas Figure 2 shows the time-of-flight mass spectra a.t various lab angles (8).

(a) Expain and assign the forward/backward pea.ks at 8 = 8°, 24° and 45° from the Newton

circle of Figure 1.

(b) Expain the forward/backward peaks at 8 = 8° and 18° from Figure 2 in terms of conser­

vartion of energy.

(c) Could you expain the gradual increase in the number of the peaks in Figure 2?



(d) Approxinrately around wtrich O do you expect to appear u j : Iproclucts?
(e) What would you expect at O below go and why ?

(f) compare the size of the Newtott circle corrseporrding to i -1 r.otational state of H2 witrrrespect to that of i :0 .state.

2+2+2+7+2+2

Figure 1: Laboratory angular distribution lbr F+p_H2 reaction.
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Figure 2: Tirne-of-fliglrt nra'ss spectra for F+p-H2 reactiou'

(a) A Lcnnard-Joncs potculial is givcu by

rr(r):..f (T)" - (?)'l
L\ ?'/ \'/ .r

is ofbcn uscd to dcscribc an inbcnnolccular intcraciion bhab docs nob ittvolvc thc fonnation of

a covalent bond (ibr exa.mple, between noble gas atoms)'

(a) Determine the intelnuclear distance at the potential energy minimttm'

(b) using this value, clerive a,n expression for the (quadratic) force constant'

2+3

(a) For a rcactign iviLhout an cnergy bhrcsholcl, it was found thab bhc botal rcaction cross-

section could be represented as on(Eu'): AIJE' where '4 is a constant' calculate the

therrnal t'ate cortsarrt k(") for tlre t'eactiott'

(b) F'r a r.eac:tio1 u,it,h r-urr erlelgy tirreshold, it rvzr,s found that the total leact'iott cross-section
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could be represente6l 
;^*

on(Et,,): [o for Er.<Eo-'f 
rra, - E,r) ror EL, ) Eoshow trrat the thermar rate consta nt k(T) fbr the reactio' ca' be written in

A(T)e-eo/*a?' and spccify thc connection bctwce n A(T)and /(d,. _ E0) 
I the fbrrn k(T) =

2+g7' A simpre cxpression fbr rate constanr js givcn bv k(T) : nd.2/tui\ 
,,, 

^_ois the threshord energy vaiue fr.rr reactic.rn t<.r'ccur, 
"*,,,:;-\: / 

e,_-E"/kpr' whcr. -Ex

z = i0004-.ts00K,2000K 
for a sysrern where u: ,onn),ltt"o"J,, , 

"lrrr. 

,rr:?r:::r*,,f"r,,r_

8' Fo. the case 
'f classical scattering <-rf two particles with a repulsive c)our'nrbbv U(r) : *Bf ,r, the deflection angle is giveu by

x@, b) : 2cosec-l\r, * ( ?u\ ''l 
t"

L''\B/l
Show that the differential cross section is giverr by

/do\, r\ /B\' ".
\mi lx' t;) : \*/ crtscc" (u f2)

d,cosec-1lz{x))ld,r is siven by -(lzlfiz - 1)-,#
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