8.03 Lecture 6

Examples of compuled oscillationrs:

Arbitrary Excitation Normal Mode Excitation

Motion Not Harmonic Harmonic
Amplitude Ration Varies Constant
Energy Migrates stays

Next we will look at driven coupled oscillators.
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we would like to add a driving force on left mass.

F; = Fycos (wqt) 2
M 13
X | X

Equations of motion:

mi, = — <k + nf) x1 + kxo + Fo cos(wqt)

mfig = ]{71‘1 - (ki—F Wng> i)

Putting the equation of motion into matrix from we have:

MX = —~KX + F cos(wgt)

_(m 0 _ k—i—% —k R
M_<0 m) K_< —k “"?g) X_<f€2>

=X =-M"1KX + M 'Fcos(wgt)

where



B Eqg  _k » Py

Last time we solved the homogeneous equation:
det(M™'K —w?I) =0

Recall the solutions:

2_ 9 1 _ (1 o9 2k L,o_ (1
wl—l A —<1> and w2—l—|—m A% = 1

det(MflK — wQI) = (w2 — w%)(w2 — w%) =0

Homogeneous solution:

=« G) cos(wit+ 1)+ (_11> cos(wat + ¢2)

Now we have an additional driving force:
X+ M KX = M~F cos(wgt)

Similar to driven oscillator problem, we want to eliminate the cos(wqt) term...
Co to complex notation: X =Re[Z] Z+4+ M 'KZ = M~ Fe™d

By

By

Plug our guess for Z into the equation:

Guess: Z = Be@dt where B =

=(M 'K — Wil)Be™d = M~ Feivat
=M 'K -wi)B=M"'F

These are just two simultaneous equations:

We can go ahead and solve it directly to get By and By or we can use “Cramer’s Rule” which is a
useful rule when solving a large number of coupled oscillators.
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To use Cramer’s rule, use one column from ? and D

0(D)
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(1) w2=w} =9 = %:1
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(2) wﬁzw% Z%—F% = p=-1

Full solution:

x1 = acos(wit + ¢1) + B cos(wat + ¢2) + B1 cos(wgt)
x9 = avcos(wit + ¢1) — [ cos(wat + ¢2) + Bo cos(wgt)

Where the term with B amplitude is the particular solution and the terms with « and § amplitude
are the homogeneous solution.



Exete Modn 1. Excite Mode 2.
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