“hemistry 332 Problem Set #1 (due Thursday 18 January, in class)

1. High-resolution electronic spectroscopy gives the following frequencies for atomic hydrogen:
15,233.00 cm™  20,564.55cm™'  23,032.29 cm™!  24,372.80 cm™ (Balmer series)

[4]  Assign initial and final values of quantum number » for each frequency.

2 For each of the frequencies measured for atomic hydrogen in Question 1, a very weak nearby transition is
observed at the respective frequencies:

15237.14cm™  20,570.14 cm™  23,038.56 cm™'  24,379.43 cm™

[2] Explain the origin of these slightly-shifted transitions. The scientist who first did this won a Nobel Prize!

3. - Chemistry students are told atoms and ions get smaller if the nuclear charge is increased because the
stronger electrical forces pull the electrons closer to the nucleu. To give a quantitative description of this

effect, use the wave function for a ground state hydrogen-like atom
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- [4] to derive an expression for the average value of r in terms of the Bohr radius ao and the atomic number Z.
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How does < r > depend on Z?

n+l

Useful definite integral: I y'e®dy = nl/a
0

4. The ground-state energy of the hydrogen atom is
4
L= - F = _13598eV = -2.1786x107%J
8e,h

a) Use the virial theorem to calculate the average electric potential energy < ¥ > and the average kinetic
energy < T > of a ground-state hydrogen atom.

[4]

b) How fast is the electrons moving? Calculate the root-mean-square speed +<v’?> of an electron in a
ground-state hydrogen atom. You should find v/< v? > /¢ ~ 1/137, the “famous” fine structure constant.

To simplify the calculations, assume the reduced mass (u ) equals the electron mass.
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[4]

(4]

A positron (anti-electron) has the same mass as an electron, but opposite charge: e = +1.602 x107" C.
Positronium is an “exotic atom” consisting of a positron and an electron.

a) Show that the energy levels of positronium, to a good

approximation, are one-half as large as the energy levels _ )

of the hydrogen atom: e e+
Ex(positronium) = E,(hydrogen atom)/2

b) Is a positronium “atom” larger than a hydrogen atom with the
same quantum numbers n, / and m? Or smaller? Justify your answer.

A random number generator provides random numbers £ between 0 and 1. In this range, any value of ¢ is
equally likely, so the probability distribution of the random numbers is

P(s<0)=0 PO<s<l)=1 " P(e >1)=0

Prove the following:

a) P(¢) is normalized.

b) The average value of ¢ is <&>=1/2
¢) The average value of & is <& >=1/3

d) The variance of £ is o = 1/12.

As a result, &andom defined by .., = V12(6—1/2)c  has average value 0 and variance o’. Random
number generators can therefore be used to simulate statistical errors of a specified standard deviation in the

design of scientific experiments and in error analysis.
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