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Solution: a. For each mass we have,

mẍn = −k(xn − xn−1)− k(xn − xn+1) .

Making the ansatz xn = Ane
iωt we get the characteristic equation,

−ω2An = −ω2
0(An −An−1)− ω2

0(An −An+1) .

In matrix notation, 
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b. For a chain of three masses we have, ω2
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To find the eigenvalues, we solve,

0 = det[M̂ − λ1]] = −3ω4
0λ+ 4ω2

0λ
2 − λ3 = −λ(λ− ω0)(λ− 3ω2

0) ,

giving the eigenvalues, λ = 0, λ = ω2
0, and λ = 3ω2

0. To find the eigenvectors, we do
M̂~a = 0~a with ~a ≡ (a1, a2, a3), yielding,

a1 = a2 = a3 ,

and therefore the eigenvector,
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For the second eigenvector, we do M̂~a = ω2
0~a yielding,

a2 = 0 , a3 = −a1 ,

and therefore the eigenvector,

~a =
1√
3
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0
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 .

For the third eigenvector, we do M̂~a = 3ω2
0~a yielding,

a1 − a2 = 3a1 , a1 − a2 = 3a1 , − a2 + a3 = 3a3 ,



or
a1 = a3 = − 1

2a2 , a2 = a2 ,

and therefore the eigenvector,
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