
PHYS2330 Intermediate Mechanics Fall 2010

Final Exam Information (December 8, 2010)

The final will have 20 multiple choice questions worth two points each, and six short problems
worth ten points each. Most of the multiple choice questions will come from the quizzes, but none
will be identical to the quiz questions. As with the mid term exams, you are welcome to use books,
notes, and your computer, but you may not have contact with anyone other than the instructor or
TA during the exam. A calculator (or computer) will not be necessary, but bring them if you like.

Following is a brief course summary, from which I will make up the exam questions.

• Introductory material

– Newton’s laws: Particle motion. Constant acceleration, motion in two and three dimen-
sions, solutions for time- and position-dependent forces.

– Systems of particles: Momentum of a particle and collections of particles. Center of
momentum (mass) of discrete and continuous systems. Motion of “rockets.” Angular
momentum of a particle of system of particles.

– Energy: Potential energy and “conservative” forces. Path-independence of work. Central
forces and simultaneous conservation of energy and angular momentum.

– Simple oscillations: Solutions as x(t) = Aeiωt. Driven oscillations and resonance.

• Lagrange’s Equations

– Action along a “path” and Hamilton’s principle. Constructing the Lagrangian.

– Generalized coordinates. Lagrange’s equations with and without constraints

– Ignorable coordinates and constants of the motion. The Hamiltonian.

• Theory of oscillations

– Driven oscillations with arbitrary period forces. Fourier series.

– Two coupled oscillators, solved with Newton’s laws. Normal modes.

– Small oscillation formalism in one or more dimensions. Normal mode frequencies and
motion as an eigenvalue problem. Normal coordinates.

• The two-body problem

– Translation symmetry and the equivalent one-body problem. Angular momentum con-
servation and the effective potential. The orbit equation.

– Orbital motion in 1/r potentials. Kepler’s laws and the motion of celestial objects.

• Noninertial reference frames, especially rotating reference frames

– Inertial and non-intertial observers. Fictitious forces.

– Time derivatives in rotating reference frames. Centrifugal and coriolis forces. Motion
near the Earth’s surface. The Foucault pendulum.



• Rigid body rotation.

– Angular velocity, angular momentum, an the inertia tensor. Calculating the inertia
tensor (and mass and center-of-mass) for solid objects.

– Principle axes as an eigenvalue problem. Kinetic energy.

– Rotational dynamics through Euler’s equations. Simple solutions and approximations.

– Euler angles. Complete solution of the symmetric top.

• Hamilton’s formulation of mechanics

– The Hamiltonian as a function. Hamilton’s equations of motion. Ignorable coordinates.

– Phase space and phase space orbits. Liouville’s theorem.

• Mechanics of continuous media

– The Lagrangian density. Small transverse displacements of a taut string. The wave
equation and its solutions. Superposition. Standing waves and Fourier series.

– Forces in deformable media. The stress tensor. The strain tensor for a fluid. General
decomposition of the strain tensor and its form for a solid. Elastic moduli.

– Fluid dynamics. Covariant derivatives. The continuity equation and the equation of
motion. Bernoulli’s theorem. Sound waves in inviscid fluids.

– Equation of motion for elastic solids. Longitudinal and transverse wave solutions.

• Nonlinear dynamics and chaos

– The damped driven pendulum. Equation of motion with scaling parameters. General
features of nonlinear equations of motion.

– Period doubling cascades. Universal behavior and the Feigenbaum number. Chaos as
an infinite period. Bifurcation diagrams.

– Initial conditions and time development. Chaos as a positive Liapunov exponent. Poincare
sections and fractal behavior.

– The Lorenz equations and the strange attractor. Chaotic behavior as sensitivity to initial
conditions. Predicting the weather.

• Other topics

– Mathematics: Taylor expansions. Divergence, curl, and theorems of Gauss and Stokes;
Calculus of variations; coordinate rotation and the definition of vectors and tensors.
Linearization of differential equations. Eigenvalues and diagonalization.

– Coordinate systems: Cartesian coordinates. Polar coordinates in two dimensions. Spher-
ical and cylindrical coordinates in three dimensions. Unit vectors.

– Special relativity: Principle of relativity. Lorentz transformation. Vectors, covectors,
and tensors in spacetime.

– Scattering: Cross section. Solid angle and differential cross section. Trajectories.


