1) Position Matrix Elements of the Har monic Oscillator
Focusfirston | ,i.e.:
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[Note: to go from 2™ to 3“ lines, use the given Gaussian integral identity with o = ZL ]
maw

For |, the polynomial factor X in integral above (for l,) isreplaced by X (to within an overall scale
factor). Hencetheintegrand isodd and 1, =0. Similarly, in |, thereisapolynomial factor of the form

Ax® + Bx, where A, B are constants. Hencetheintegrandisodd and |, = 0.
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P7-Z pihM) By suvstituting in the Schrodin

p 71 ) 4MB) The force constant for a H'F molecule is 966 N m™"

a) Calculate the zero point vibrational energy for this molecule for a harmonic potential,

b) Calculate the light frequency needed to excite this molecule from the ground state to
the first excited state.

a)

k(. 1) 3 ) 966 N m™'
E=h|—|1+= | =Zx1.0 #]
1 \E[l 2) I YT T T

x1.66 x10 kg amu™
1.0078+18.9984

E, =1.23x10™J

E,=h if—(lJ=lEl =4.10x107°J
A2} 3

by v =Bz fy _ 1.23x107° — 4.10x107)
h 6.626X107J s

=1.24x10"g™

ger equation for the harmonic oscillator, show
that the ground-state vibrational wave function is an eigenfunction of the total energy
operator. Determine the energy eigenvalue.
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<Ek:nen'c> and (Epamm;> , for

'ﬁlﬂ m Evaéate the average kinetic and potential energies,
ut the appropriate

the ground state (n = 0) of the harmomc oscillator by carrying o

integrations.
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