
Typical oral exam questions for FYTN09: Classical

mechanics

Updated: June 9, 2011
I also included information about which sections are less important. The questions are

intended to test understanding, so you should know the principles behind the proofs, such
that you could —if you had a lot more time— rederive the proofs.

Chapter 1

• What is a virtual displacement and why is it useful?

• Explain D’Alembert’s principle.

• Is the Lagrangian unique, if not give some examples of non-uniqueness.

• What is a generalized or velocity-dependent potential.

• Friction: Rayleigh’s dissipation function and the related parts, you should only know
that friction can be included in the Lagrangian formalism in certain cases.

Chapter 2

• What is Hamilton’s principle?

• Explain the method of Lagrange multipliers.

• What are cyclic coordinates and how do they lead to conserved quantities?

• Under which circumstances is h =
∑

j q̇j
∂L
∂q̇j

− L the total energy?

• Under which circumstances is h a conserved quantity?

• What is the Jacobi integral?

• In Section 2.2, variational principle but you do not need to know the specific examples.

• Section 2.5, only cursory
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Chapter 3

• What is the constant areal velocity law and when does it hold ?

• Derive the equivalent one dimensional problem.

• Describe/derive the possible types of orbits.

• Explain the virial theorem

• Cursory only: Bernard’s theorem and why it leads to the conclusion that the gravi-
tational force law is an inverse square law.

• How do you get the orbits and the time dependence for the inverse square law?

• Not needed: the Laplace-Runge-Lenz vector, but shows that more conserved quanti-
ties than naively expected might exist.

• Define the scattering (differential) cross-section.

• Sketch the derivation of the Rutherford cross-section.

• What are Lagrange points in the three body problem? (principle only, but remember
that the Coriolis and centrifugal force do play a role)

Chapter 4

• What are orthogonal transformations? I assume you have had some experience with
matrices from linear algebra, this is a lot easier if you go over eigenvalues and eigen-
vectors and diagonalization of matrices.

• What are Euler angles, why are they useful?

• Section 4.5: you only need to know that alternative formulations exist.

• Describe Euler’s theorem, can you prove it?

• What is a rotation vector and its relation with infinitesimal rotations?

• Compare the rate of change of a vector in the body-coordinates and in the space-
coordinates.

• Explain the Coriolis effect, can you derive it?
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Chapter 5

• Define the moment of inertia of a rigid body, why is it a useful quantity? Can you
put them together in a tensor quantity?

• What is the moment of inertia around a rotation axis?

• How does the inertia tensor I change under a change of origin?

• What is a principal axis and what are principal moments of inertia?

• What are Euler’s equations? Can you derive them?

• Describe Poinsot’s construction and its derivation from Euler’s equations (useful but
only cursory knowledge needed)

• What is precession?

• Describe the possible motions of symmetric top with a fixed point, i.e. understand
the principles but you will not be asked to rederive it.

• What does that have to do with the precession of the equinoxes?

• Section 5.9: read, but nothing more

Chapter 6

• Explain the principles behind small oscillations.

• What are principal axes?

• What are normal coordinates?

• Not Sections 5 and 6.

Chapter 7

• What is the relativistic Lagrangian for a point particle?

• Do you know also a covariant form (or several)?

• You do not have to know all the details about covariant formulations, but knowing
why they are so nonunique (extra coordinate) is useful.

• Only Sections 9 and 10.
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Chapter 8

• Explain the route from the Lagrangian to the Hamiltonian formalism.

• Explain the connection between cyclic coordinates and conserved quantities.

• Give the relativistic form of the free particle Hamiltonian. (Note similar difficulties
with uniqueness as for Lagrangians)

• Explain the principle of least action.

• Section 8.3, basically just remember that halfway procedures between Lagrangian
and Hamiltonian might be useful.

• Section 8.5 and 8.6, know that there is a modified Hamilton principle (with something
that looks like double the number of coordinates) and what the principle of least
action is precisely.

Chapter 9

• What is a canonical transformation?

• Explain the relation between the old and the new Hamiltonian.

• Which four types of transformation are in use? (no need to remember the numbering,
just which types might be useful)

• When is a transformation a canonical transformation?

• Define the Poisson bracket, what are its properties?

• What is the relation between time dependence and Poisson brackets?

• Explain Liouville’s theorem.

• Sections 9.7 and 9.8 not needed.

Chapter 10

• What is the Hamilton-Jacobi equation and why is it useful?

• Why do we want to do things this way?

• What about W and the special case ∂H
∂t

= 0? How do things depend on time in this
special case?

• Explain action angle variables. When are they useful?

• Section 10.7 and 10.8 only cursory (needed for Ch. 12)
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Chapter 12

• Explain time dependent perturbation theory.

• Explain time independent perturbation theory. When is this useful?

• What is an adiabatic invariant and when is it useful?

• Section 12.3, only cursory

• The main purpose is to understand the principles behind perturbation theory which
is often used in many practical applications of classical mechanics.

Chapter 13

• What is the energy momentum tensor?

• Explain the concept of a field.

• What is Noether’s theorem?

• Not Sections 13.4, 13.5 and 13.6 and from 13.7 only understand the principle behind
Noether’s theorem.
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