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PH 314  Final Exam Laundry List





May 20, 2005

Be able to write down the lagrangian function for a given system and to obtain lagrange's equations of motion for that system.

Given force as a function of velocity, or time or x, figure out x and v from initial conditions, e. g.,


f = km g(t)


f = -kmx


f = -kmv2
Given x, y, z force components, determine if the force is conservative or  not.  Be able to state the relation between a conservative force and the potential U from which this force may be derived.

Be able to carry out both binomial series expansions and Taylor series expansions as needed.

Given a potential energy  U(r)  = -km/rn which is only a function of r, so the force always points toward a given force center (a 'central' force) and a point mass M in the field of this force, 


write the Lagrangian for this system (in plane polar coordinates, r, theta )


determine the two constants of the motion


calculate the accelerations rddot and thetaddot, given values of r, theta, rdot and thetadot

With a mass moving in 1-D subject to a given force, be able to make necessary approximations and do the analysis to determine the frequency of 'small' oscillations. This also applies to small oscillations in a central force which is not pure 1/r2, but contains some other r dependence.  (This is a 2-D problem but it reduced to a 1-D problem.)

When a particle is oscillating in a potential U(x), be able to identify the 'turning points'. If given initial conditions, be able to determine the particle velocity at any point in the motion. This includes finding the maximum speed at any point in the motion.

For 1-D motion of a particle of mass m in a given potential U(x), be able to determine the frequency of small oscillations near the minimum in U(x).

Central force motion:

Be able to show that dA/dt = angular momentum/(2().

Some formulas for elliptical motion. 

(/r = 1 + ( cos (

l = (r2 ((
( = l2/((k)
a = (/(1-(2)
b = (/((1-(2)

E = -k/(2a)
Be able to show rmax = (/(1-()  rmin = (/(1+() .  

Given the apogee velocity and distance from the Earth, find the perigee distance and speed at perigee.

Be able to work out Kepler's law about the period and semi-major axis.

For a system of masses and springs, be able to work out the frequencies of the two 'normal modes' of oscillation. For each frequency, find amplitude ratio.

For a vector V, know that its time derivatives in  fixed (inertial) system and in a coordinate system which rotates with angular velocity ( are given by



dV/dt|fixed  = dV/dt|rotating + ( x V


(Eq. 10.12)

Be able to use this relation to derive Eq. 10.17 in the text. This is based on Fig. 10-1 where r' = r + R. 

Know that the 'coriolis acceleration' ( a fictitious acceleration in a rotating coordinate system ) is given by -2 ( x v .Be able to use the coriolis acceleration to find the deflection (to first order in ( of an object


dropped from a height ( example in the text)


fired straight up in the air and falls back to Earth


fired at an angle to the horizontal in a specified direction, at a specified initial velocity

Be able to show, starting from  l = r x p, that for a rigid rotating body


Lx = (i mi { (yi2 + zi2) (x + (y (-xiyi)  + (z (-xizi) }


and therefore be able to write out expressions for Ixx, Ixy and Ixz in the inertia tensor. 

Be able to write down all three Euler's equations for rigid body motion. The first of these is:


(x = dLx/dt|rotating + ( ( x L )x =  Ix d(x/dt|rotating + (y (z (Iz - Iy),


where Ix = Ixx. etc. are the 'principal' moments of inertia of the body.

From the Euler equations of torque-free motion, be able to show if a rigid body is launched with a large (x, and small (y and (z, that the motion about this axis will be stable if Ix is either the largest or the smallest of three distinct principal moments of the body.

Be able to calculate the principal moments of an ellipsoid of mass M and  x2/a2 + y2/b2 + z2/c2 = 1. (Not just write down the answers.)

Be able to work out the expression for the torque magnitude on a flat body forced to rotate at angular velocity ( in a direction not coinciding with one of its principal axes. See example 11.10 p. 447

For a wobbly forward pass, given either phidot or psidot and moments ratio and theta, find the other angular velocity in torque-free motion.  (Like hw on set 8).

Work out the largest two terms in the PE of a mass m at a large distance R from an ellipsoid of semi-major axes, a, a, and b<a.  (R is much, much greater than a or b.) The mass m is at an angle theta to the equatorial plane of the ellipsoid. Show the leading term is -GMm/R and then find the next term in the expansion of the PE. This term should be proportional to 1/R3 and should depend on the angle theta. This extends the ellipsoid handout calculation to include angle theta. You must also obtain the correct answer in the limit b->a.)

