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Apsidal angle

Stability

Inverse Square Law Orbits

Gravitation

Lagrange's Equations
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Question 1 (7 marks)

A simple harmonic oscillator consists of a mass m attached to a massless
spring, stiffness k.

(a)

(b)

()

(d)

(e)

Using either Newton's laws or the Lagrangian (or otherwise),
determine the equation of motion for this system.

Solve the equation of motion for the simple (no damping) harmonic
oscillator.

Sketch x(t) for the simple harmonic oscillator (assuming initial
position x=0 with a velocity +v,). Mark all parameters on your graph
and relate them to the initial conditions plus k and m.

Sketch the velocity phase space portrait for this simple harmonic
oscillator system.

Determine the Lagrangian for this system.

A constant force, F, is applied to the mass (parallel to the direction of the
spring force).

)
(9)

How does this constant force affect the motion of the oscillator?

Determine the equation of motion for the oscillator in the presence
of the constant force.



Question 2 (8 marks)

A particle of mass m moves under the influence of a central force F(r).
Central forces are conservative and hence there exists a potential energy V(r)
that corresponds to the force F(r).

()

(b)

Write an expression for the kinetic energy of this particle in terms of
the cylindrical polar coordinates (r, 6).

Hence, write an expression for the total energy, E, of the system in
terms of r, 8 and their total time derivatives.

The total energy equation will contain terms in the total time derivative of 6.

(c)

(d)

Using the conservation of angular momentum (or otherwise),
eliminate the terms in the total time derivative of 8 from the energy

equation.

Using the conservation of energy (or otherwise), derive an
expression for the radial velocity, dr/dt, in terms of the total energy,
the potential energy, the mass, m, the angular momentum and the
variable, r.

The energy equation derived in part (c) contains only a single variable, r, and
its total time derivative. Thus it describes the motion of a one dimensional

system.

()

)
(9)

(h)

Show that this equation can be analysed in terms of a radia! kinetic
energy and an effective potential.

Explain the terms in the effective potential.

Sketch the effective potential (for a typical central force — you
choose!) as a function of radius.

Describe the possible motions of your system for different values of
the total energy of the system.



Question 3 (5 marks)

Two charged particles travel along parallel paths in opposite directions at the
same speed. Each particle has a positive charge +q. Ignore electrostatic
forces.

(a)  On adiagram, show the vectors representing the magnetic force
produced on each particle by the magnetic interaction with the other
particle. (Hint: use the Lorentz force:

F =g(E+vxB)
but assume that E=0).

(b)  Discuss your result in terms of Newton’s third law “for every action
there is an equal and opposite reaction”.

Part B

In a similar problem to Part A, two charges (each of charge +q) travel with the
same speed v on perpendicular paths. Again ignore electrostatic forces.

+q
|

(c)  Atthe point where the velocity of one charge is exactly pointing at
the other charge, sketch a diagram marking the force vectors on
each particle due to the magnetic interaction with the other particle.

(d)  Discuss your result in terms of Newton's third law of motion.



