
Interlude: General Coupled Oscillations and matlab

The general oscillation problem for n degrees of freedom takes the form

Mẍ = !Kx

where M and K are n " n square matrices and x is a n-dimensional column matrix. We
solve the problem using x # exp(i!t) in which case

!2Mx = Kx

We refer to this as an “eigenvalue problem”, although the typical mathematical version of
this situation takes the form Av = "v for square matrix A, column matrix v, and eigenvalue
". Computer programs generally refer to this way of expressing the problem. Clearly, we
can express our problem this way by writing

(M!1K)x = !2x

and !2 is the eigenvalue. (This is problematic if M is singular, but in the classic mass and
spring problem, M is diagonal with all positive values on the diagonal. I don’t know what
the physics would say about this in the general case, but it is worth looking in to.)

We can illustrate this with the two-mass three-spring problem for equal masses and identical
springs. (Section 11.2) In this case

M = m

!
1 0
0 1

"
$ mM̃ and K = k

!
2 !1
!1 2

"
$ kK̃ (99)

Symbolic manipulation programs like maple and mathematica can solve this problem
with the symbols intact, but matlab is a numerical program. In order to use matlab we
need to scale the problem, and that is naturally done with !2

0 $ k/m, in which case

Ax = "x where A $ (M̃!1K̃) and " =
!2

!2
0

(100)

Executing the matlab commands

M=[1 0; 0 1];
K=[2 -1;-1 2];
A=M^(-1)*K;
[v,d]=eig(A)

returns the eigenvalues 1 and 3 (which we know to be correct) in the diagonal matrix d, and
the matrix with columns equal to the (normalized) correct eigenvectors in the matrix v.
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