
PHYS 7221 Homework #6 Due: 11 October 2022

Problem 1. [20 pts] Escaping particles constituents

A particle with internal energy Eint is traveling with velocity V perpendicular to a screen.
At a time before it hits the screen, the particle disintegrates losing energy ϵ into kinetic
energy, the two components m1 and m2 are released isotropically in the center of mass frame
(while maintaining momentum conservation). What is the fraction of experimental runs in
which particles m1 hits the screen as a function of |V|? What is the fraction of experimental
runs in which they both hit the screen as a function of |V|?

Problem 2. [20 pts] Linear Triatomic molecule

In class we discussed the triatomic molecule. Starting with that solution consider the fol-
lowing

(a) Find the solution yi(t) for i = 1, 2, 3 with initial data y1(0) = −A, y2(0) = Am/M ,
y3(0) = 0, and ẏ1 = ẏ2 = ẏ3 = 0.

(b) Describe the dynamics of the center of mass of the system for this solution.

(c) Define ω ≡ ω1+ω2

2
and ∆ω = ω1−ω2

2
where ω1 =

√
k/m and ω2 =

√
k(2M +m)/(mM) .

Describe the dynamics of each particle for the solution obtained above in the limit
ω1 ≈ ω2, i.e., ω ≫ ∆ω (the phenomenon of “beats” appears).

Hint: Use cos(ω1t)± cos(ω2t) = (1± 1) cos(ωt)cos(∆ωt)− (1∓ 1) sin(ωt) sin(∆ωt).

Problem 3. [20 pts] Two masses attached to walls

Two identical bodies of mass m are attached by identical springs of spring constant k as
shown in the figure.

(a) Find the frequencies of small oscillation of this system (normal frequencies).

(b) The first mass (reading left-to-right) is displaced from its position by a small distance
a1 to the right while the second mass is not moved from its position. If the two masses
are released with zero velocity, what is the subsequent motion of the second mass?
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1. A particle is dropped into a hole drilled straight through the center of the 
earth.  Neglecting rotational effects, show that the particle's motion is 
simple harmonic.  Compute the period and give an estimate in minutes.  
Compare your result with the period of a satellite orbiting near the surface 
of the earth. 

 
2. Two identical bodies of mass m are attached by identical springs of spring 

constant  k  as shown in the figure. 
 

 

 
 (a) Find the frequencies of free oscillation of this system.  
 
 (b) Mass number 1 is displaced from its position by a small distance  a1  

to the right while the mass number 2 is not moved from its position.  
If the two masses are released with zero velocity, what is the 
subsequent motion of mass number 2. 

 
3. A planet is in circular motion about a much more massive star.  The star 

under goes an explosion where three percent of its mass is ejected far 
away, equally in all directions.  Find the eccentricity of the new orbit for 
the planet. 

 
4. A homogeneous cube each edge of which has a length l , is initially in a 

position of unstable equilibrium with one edge in contact with a 
horizontal plane.  The cube is then given a small displacement and 
allowed to fall.  Find the angular velocity of the cube when one face 
strikes the plane if: 

 
a) the edge cannot slip on the plane. 
 
b)  sliding can occur without friction. 
 

5. A chain of linear density µ (g/cm) is hanging vertically above a table.  Its 
lowest point is at a height h above the table.  The chain is released and 
allowed to fall.  Calculate the force exerted on the table by the chain when 
a length x of chain has fallen onto the surface of the table. 

 

m m

k k k

Monday, May 4, 15

1



PHYS 7221 Homework #6 Due: 11 October 2022

Problem 4. [20 pts] Three masses on a circle

Three equal mass particles have a stationary position at the vertices of an equilateral triangle
on a circle of radius R. They are connected by springs with spring constants k that lie along
the arcs of the circumference of the circle. The particles and the springs are constrained to
only lie on the circle so that the potential energy of the spring is determined solely by the
arc length it covers.

(a) Determine the normal frequencies and normal modes in the plane. Describe the phys-
ical effects of any zero frequency mode.

(b) Suppose we change one spring constant by δk while we keep the other two unchanged.
Compute the change in the normal frequencies and normal modes at first order in δk.

(c) Suppose we now change the mass of one particle by an amount δm. What is the change
in the normal frequencies and modes?
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