
 

 

Problem  1
 
Left Pendulum: 
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Right Pendulum: 
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equations (a) and (b) become 
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Now divide both equations by ml2 and these become 
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Finding the roots of (g) produces 
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From equation (e) 
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Now we write for the general case, 
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Apply the initial velocity conditions, ( ) ( )0 0 0θ θ= =! !  to (k) and (l) 
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which means that equations (i) and (j) become 
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Now apply the initial displacement conditions, t = 0, θ1 = 0, θ2 = θ0, so that 
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Equations (o) and (p) are of the same form as the Example 5.2.2 for which 

the beat period was given as 
1 1
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Problem   2 
 
To find the location of the 
center of mass (cm)along 
the massless rod, let q be 
the distance of cm from 
mass m.  Then L-q will be 
the distance from cm to 
mass 2.  If we take 
moments (static) about cm, 
then 

-m*q + 2m(L-q) = 0 
3*m*q = 2*m*L 
q = 2L/3 

The cm is thus located 2L/3 from mass m. 
 
The angle θ is used for calculational purposes and is defined (for 
small θ by 1 2x x

L
θ −=  .  The displacement of the left end of the rod 

is thus given by 1 2
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, so the force of the left 

spring is ( )1 22LF k x x= − .  Similarly, the displacement of the right 

end of the rod is 1 2
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L
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, so the force of the 

spring on the right  end is ( )2 12RF k x x= − . 
 
Now that all the forces are defined take the sum of forces and 
sum of moments to produce the equations of motion. 
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The inertia of the masses about cm is given by 
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, so 
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Equations (a) and (b) can be put into matrix form as 
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From the first motion equation contained in (d) 
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Problem   3 
 
The free body diagrams for the two masses 
are shown at right.  For mass 1 
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while for mass 2 
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Let 2sin ; sini i i ix X t x X tω ω ω= = −!! .  Then 
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Now substitute m2 = 2m1, k2 = 2k1, and 
2

1

1

m
k
ωλ =  into eqns (c) and (d) and 

put in matrix form 
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from which we get the characteristic equation 
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from which we get the eigenvalues 
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From the second equation of motion we get 
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Problem    5
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If we select k2 so that ω22 = ω, then X1 = 0 and the primary mass 
has no oscillation.  Thus, 
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