Problem Set 1: Classical Mechanics 1 (Aug 2026)

1.10 = A particle moves in a circle (center O and radius R) with constant angular velocity @ counter-
clockwise. The circle lies in the xy plane and the particle is on the x axis at time ¢ = 0. Show that the
particle’s position is given by

r(z) = XR cos(wt) + YR sin(wt).

Find the particle’s velocity and acceleration. What are the magnitude and direction of the acceleration?
Relate your results to well-known properties of uniform circular motion.

1.19 = If r, v, a denote the position, velocity, and acceleration of a particle, prove that

i[a-(vxr)]:é-(vxr).
dt

1.26 »x The hallmark of an inertial reference frame is that any object which is subject to zero net force
will travel in a straight line at constant speed. To illustrate this, consider the following: I am standing
on a level floor at the origin of an inertial frame 8§ and kick a frictionless puck due north across the
floor. (a) Write down the x and y coordinates of the puck as functions of time as scen from my inertial
frame. (Use x and y axes pointing east and north respectively.) Now consider two more observers, the
first at rest in a frame 8’ that travels with constant velocity v due east relative to 8, the second at rest
in a frame 8” that travels with constant acceleration due east relative to S. (All three frames coincide
at the moment when I kick the puck, and 8” is at rest relative to S at that same moment.) (b) Find the
coordinates x’, y’ of the puck and describe the puck’s path as seen from §8'. (¢) Do the same for 8.
Which of the frames is inertial?

1.32»* If you have some experience in electromagnetism, you could do the following problem
concerning the curious situation illustrated in Figure 1.8. The electric and magnetic fields at a point
due to a charge g, at r, moving with constant velocity v, (with v, < c) are!
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where s = r; — r, is the vector pointing from r, to ry. (The first of these you should recognize as
Coulomb’s law.) If F‘I‘lz and Frlnzag denote the electric and magnetic forces on a charge g, at r with velocity
vy, show that F lnzmg < (vv/?)F S This shows that in the non-relativistic domain it is legitimate to
ignore the magnetic force between two moving charges.



1.39 *x A ball is thrown with initial speed v, up an inclined plane. The plane is inclined at an angle
¢ above the horizontal, and the ball’s initial velocity is at an angle 6 above the plane. Choose axes
with x measured up the slope, y normal to the slope, and z across it. Write down Newton’s second law
using these axes and find the ball’s position as a function of time. Show that the ball lands a distance
R=2 02 sin @ cos(8 + @)/ (g cos? ¢) from its launch point. Show that for given v, and ¢, the maximum
possible range up the inclined plane is R, = v02 /lg(1 + sing)]l.

1.47 »* Let the position of a point P in three dimensions be given by the vector r = (x, y, z) in
rectangular (or Cartesian) coordinates. The same position can be specified by cylindrical polar
coordinates, 0, ¢, z, which are defined as follows: Let P’ denote the projection of P onto the xy
plane; that is, P’ has Cartesian coordinates (x, y, 0). Then p and ¢ are defined as the two-dimensional
polar coordinates of P’ in the xy plane, while z is the third Cartesian coordinate, unchanged. (a) Make
a sketch to illustrate the three cylindrical coordinates. Give expressions for p, ¢, z in terms of the
Cartesian coordinates x, y, z. Explain in words what p is (“p is the distance of P from ). There
are many variants in notation. For instance, some people use r instead of p. Explain why this use of r is
unfortunate. (b) Describe the three unit vectors g, (}b, 7 and write the expansion of the position vector r
in terms of these unit vectors. (c¢) Differentiate your last answer twice to find the cylindrical components
of the acceleration a = ¥ of the particle. To do this, you will need to know the time derivatives of p
and & You could get these from the corresponding two-dimensional results (1.42) and (1.46), or you
could derive them directly as in Problem 1.48.

1.48 %+ Find expressions for the unit vectors p, f}’ and Z of cylindrical polar coordinates (Problem
1.47) in terms of the Cattesian X, §, Z. Differentiate these expressions with respect to time to find
dp/dt,de¢/dt, and dz/dt.
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