
PHY-601: Classical mechanics, UMass Amherst. HW #1: Newtonian mechanics

Romain Vasseur

Due: Wed Sept 21 (Late homework receives 50% credit.)

I. CAR CHASE

Consider four cars at the corners A1, A2, A3, A4 (ordered clockwise) of a square of initial diagonal 2a. The car Ai

is following the car Ai+1 with a constant velocity v. (with the convention A5 ≡ A1 so A4 has its velocity pointing
towards A1.) How long does it take for the cars to meet at the same point? What is the equation of the trajectory
of each car?

II. SLIDING OFF A DOME

A particle of mass m sits directly atop a frictionless ice dome of radius R. By very slightly displacing the particle,
the particle begins to slide down the dome. At which angle will the particle fall off the slide?

III. SLIDING PARTICLE WITH DRAG

A particle of mass m slides down an inclined plane under the influence of gravity. The particle is starting its motion
from rest, and is subject to a drag force that we will model as kv or kv2. Find the velocity v(t) and the time τ it
takes to the particle to move a distance d for both cases. (In the case where the drag force is kv, you can assume that
τ � m/k to find an explicit expression for τ .)

IV. ONE-DIMENSIONAL POTENTIAL

Consider a particle with mass m and energy E > 0 moving in a one-dimensional potential V (x) = A|x|n, with A,n
positive constants.

1. Sketch the potential for several different values of n. Find the turning points of the motion.

2. Find an explicit integral expression for the period of oscillation T as a function of A, n, m, and E. Check that
you recover the expected result for simple harmonic motion when n = 2.


