Chem 332 Assignment #2 (due Monday, February 1%, in class)

Q1.

(4]

Q2.

[4]

Qs.

(1]

Q4.

(2]

a) A free electron in a 0.15 Tesla magnetic field drops from higher to lower magnetic
potential energy and emits a photon. Calculate the wavelength of the photon.

b) In what region of electromagnetic spectrum (radio, microwave, infrared, visible,
ultraviolet) is the emitted photon?

¢) Give a definition of the SI unit the Tesla.
d) Who is the Tesla unit named after? (10 points deducted if you mention Elon Musk.)

Hints: The magnetic potential energy of a free electron in a magnetic field of strength B is
Vmagnctic = msgeﬁ()B

ms is the electron spin magnetic quantum number (£ %%), ge = 2.0023 is the anomalous

spin factor (from the Dirac equation), and s is the Bohr magneton (9.274 x 10724 J T ™),

a) Give a brief (< 50 words) description of electron spin resonance (ESR) spectroscopy.

b) Why is ESR spectroscopy especially useful for studies of free radicals?

¢) ESR spectroscopy is also called electron paramagnetic resonance (EPR)
spectroscopy. Why? (Explain the meaning of “paramagnetic”.)

d) ESR spectroscopy is analogous to NMR spectroscopy. Explain briefly.

Approximate numerical methods, such as perturbation and variational calculations, are
essential for studies of quantum chemistry. Why?

To illustrate perturbation (successive-approximation) calculations, suppose you need
to solve the equation x> = 10 for x (the square root of 10) wijthout using a calculator.

Start with the initial “zero-order” approximation xo = 3, which gives xo*> = 9, a close exact
solution to the equation to be solved. Use Ax; for the correction to xo and multiply out:

(x0 + Ax1)? = x0% + 2x0Ax1 + (Ax1)? =10

Omitting the second-order term (Ax1)? (the second-order product of two hopefully small
first-order corrections, and therefore even smaller) gives

x0% + 2x0Ax1 = 10

a) Use this equation to calculate the first-order perturbation correction Ax; and the
first-order approximation xo + Ax; for the square root of 10.

b) Repeat (“iterate”) the calculation in a using the first-order approximation xo + Ax1 to
calculate a more accurate approximation for the square root of 10.
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Q5. We used perturbation theory to calculate the magnetic potential energy of a hydrogen
[1]  atom in a magnetic field, without realizing it! Give H” and AE" for this system.

Q6. A particle of mass m is trapped in a one-dimensional box extending from x =0 to x = L.
The potential energy inside the box is zero: V(x) =0 O<x<Ll)

Solving the Schrodinger equation HO9(x) = E®%(x) for this system gives the
[2]  exact wave function y© and the exact energy E*:

w©(x) = 2/ Lsin(zx/L) E©® = p*/8mL’

Suppose the system is perturbed by providing the potential energy V(x) = b (a constant) to
the left-side of the box. Calculate the first-order perturbation AE® to the energy.

nod

Hints: HO - _ S——
: 87°m dx

and HY=b (for 0 <x < L/2)

Q7. This question refers to a particle of mass m in a box extending from x = 0 to x = L with
zero potential energy inside the box. To illustrate variational calculations, we’ll use

Px)=Cx(L—x)
as a trial (“guessed”) wave function describing the particle. (C is a constant.)
a) Show the trial wave function obeys the required bounda}y conditions:
®©) =0 pL) =0
[6] [o* Fpax

b) Derive an expression for the variational energy j e
P e

of the partiéle.

¢) Show the variational energy calculated in part b obeys the variational theorem
. Evariational = FEactual

Hint: the actual ground-state energy of the particle (see Question 6) is h?/8mL2.

d) Evaluate the variational constant C in terms of L.
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