PHYSICS 222 WAVE MECHANICS AND MODERN PHYSICS
Problem Set 13
SPRING, 2017
J.J. Thomson, Rutherford, and Bohr: the Early Atomic Era

Problem 1
Using J.J. Thomson’s model for the hydrogen atom, the electron experiences simple harmonic motion
due to its electric attraction to a ball of ‘positive paste.’

(a) Compute the oscillation frequency, assuming a typical hydrogen atom radius of 0.53 A.

(b) Determine the wavelength of the electromagnetic radiation emitted by this accelerating charge
and compare it with the observed wavelength of the strongest emission/absorption line in hy-
drogen, 1.22 nm. Comment on your observations.

Problem 2
Work through the derivation of Thomson’s calculation for the scattering angle expected for a projectile
of mass m and charge ze, striking an atom of charge Ze.

(a) By calculating the off-axis impact (Apy), show that the scattering angle is given by

tanf ~ § = Lzl VvV R? — b2,
mu?

where K = kZe?/R? and k is Coulomb’s constant, 1/(4meo).
Assume an initial projectile speed of v, an impact parameter b, an atomic radius R, and that
the impact occurs during the interval of time that the projectile is travelling through the atom.

(b) Determine the maximum scattering angle for the Thomson atom, along with the impact param-
eter for which it occurs.

Problem 8
Tipler & Llewellyn: Modern Physics Chapter 4, problem 42.
NB: In contrast to the previous question, this problem has you applying Rutherford’s scattering formula.

Problem 4 (assigned)

Tipler & Llewellyn: Modern Physics Chapter 4, problem 10.

Compare your result with the actual energy of alpha particles used by Geiger and Marsden. Comment
on your comparison.

Problem 5 (assigned)

Tipler & Llewellyn: Modern Physics Chapter 4, problem 48.

This provides good practise using Rutherford’s theoretical results to make a prediction for a measure-
ment that can be tested experimentally.

Problem 6
Tipler & Llewellyn: Modern Physics Chapter 4, problem 24.

Problem 7
Tipler & Llewellyn: Modern Physics Chapter 4, problem 43.



Task 8 (assigned)

Read through Shamos’ chapter “The Hydrogen Atom” on the work on Niels Bohr in his book Great
Ezperiments in Physics. Paying particular attention to §1 of Bohr’s paper, write a paragraph com-
paring and contrasting his presentation of the ‘Bohr model’ to that presented in our textbook, Tipler
& Llewellyn.

Problem 9
The Correspondence Principle.

(a) State Bohr’s postulates and derive Bohr’s expression for the n** energy level of a hydrogen-like
atom having nuclear charge, +Ze.

(b) State the Correspondence Principle.

According to the correspondence principle, when energy levels are closely spaced, quantisation should
have little effect. Using Bohr’s theory of the atom, closely spaced energy levels occur when the quantum
number, n, is large.

We will investigate the correspondence principle in relation to the frequency of a photon of light emitted
by an atomic transition. Consider the photon emitted as a result of a transition of the electron from
the n; = n to the ny = n — 1 energy level.

(c) Using the results of Bohr’s theory for an atom of nuclear charge Ze, show that the frequency of
the emitted photon is given by
fou = Z’mk2e* 2n—1
T 4rpd n2(n—1)2

(d) Show that this reduces to
Z’mk?et
2rh3n3

fqu ~

for large n.

(e) Classically, electromagnetic theory predicts that an electron ‘orbiting’ the nucleus will emit
radiation at the same frequency as the frequency of motion of the moving charge, i.e. the

electron.
Show that the classical frequency of revolution of the electron in the E,, energy level is given by
= mk2Z2e*
4 onhnd

which is identical to the frequency using Bohr’s quantum approach.

Problem 10
Tipler & Llewellyn: Modern Physics Chapter 4, problem 45.

Problem 11

A hypothetical atom has only two excited states, at 4.0 and 7.0 eV, and has a ground state ionisation
energy of 9.0 eV. If we used a vapour of such atoms for the Franck-Hertz experiment, determine the
voltages at which we would expect to see decreases in the current. List all voltages up to 20 V, and
make a sketch of the current as a function of voltage.
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