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Small-amplitude vibrations of a diatomic molecule canshadied using as a
model of the true molecular vibrational potential theme harmonic oscillator
potential:
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where k; is the force constant. For a typical diatomic molecthe force con-
stant is roughlyk, =10 (J/n?). The mass is 9.5%,.

(a) Using the above values, calculate the value of the-gemnt vibrational
energy of a diatomic molecule @v)

(b) Calculate the energy spacing é¥) between the ground vibrational state
and the first excited vibrational state of the molecule

(©) Suppose the molecule undergoes a transition from tsteefucited vibra-
tional state to the ground state, emitting a photdherprocess. Calculate
the energy, frequency, and the wavelength of the ehpteton. In what
range of the electromagnetic spectrum is this photordfdun

The potential energy of an electron in a hydrogen atomlKS units) is

e2

V(r)=- ,
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where € is the electron charge amdis the distance of the electron from the pro-
ton. The hydrogen atom is, of course, a three-dimerisgyséem, and is the
radial coordinate of a spherical coordinate systeth wie origin at the proton.
However, we can model this system by a simple, contisuome-dimensional po-
tential energy whose TISE we can solve. For this mepwe can assume that
the potential energy term in the 1D TISE is of therfor
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The bound state energies of an electron in this paterdgn be determined using
the method of power series that was explained on theg@gaof a simple har-
monic oscillator (SHO). Let's find the solution step-bsps

(@)

(b)

(€)

(d)

(e)

(f)

Simplify the TISE for the total energlf by changing the variable of dif-
ferentiation fromx to one that is dimensionless. Define this new vagiabl
¢ In terms of the constant:
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which represents the Bohr radius of the hydrogema Introduce a di-
mensionless energy parametedefined by:
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and the dimensionless length variagle

_2x
ga,
The equation that you have obtained can not be dratedy solved by, for

example, inserting into a power series expansigau need to calculate
the asymptotic limit, i.e. the solutiog(§) for & — oo.
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Once you have calculated the asymptotic solug¢d) , express the wave-
function as Q(&) = Ag(§)f (&), and find the differential equation for

f(€).

Solve the differential equation fof ({) using a power series expansion,
ie.

f(©=3ct

in which one must seat, =0 (Why?). Derive a recurrence relation for the
coefficientsc; in this series.

Give an argument to show that the infinite seras ff({) must be trun-
cated at some finite order, and show that dointgeads to the restriction
that e must equal a positive integer number.

From the results from parg)( obtain an expression for the allowed bound
state energies of this model hydrogen atom. Lqokhe equation for the
bound-state energies of an actual, three-dimenslyydrogen atom and
compare your result to this answer. Is the regult obtained accurately



describing the energies of this system? Can you thirdngfimportant
physical effects that have been totally ignored in trosleif?

(9) Using the recurrence relation of pad),(write down the un-normalized
spatial functions for the first three bound stateshsf model potential en-
ergy. Plot these functions and discuss their behavior

Using the definition for the momentum probability amplitutansform the TISE
for the simple harmonic oscillator (SHO) into momentspace. Now solve this
equation forg, (k) for the SHO.

Remark: The SHO is one of the few systems for which tr@m@antum-space
TISE is easily solved.



