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Ordinary Differential Equation

System of ODE

Matrix and Linear Algebra

Eigenvalue problem of Matrix

Partial Differential Equation
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All terms are linear in x’s. Systems of 2™ order linear ODE.
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Now taking the real part would give us the solution.

X, = x; = Re 4;e/@ot%91) = A cos(wyt + ;) .\Q_QQ.Q/‘O‘\M/‘O‘\QXD/‘
—- —
The two move together!
X1 = Xy = —woAq sin(wyt + ¢1) " o
Symmetrical mode
(In phase)

PlIaIFEIa R Fx1 (0) = x2(0) = am, x1(0) = x3(0) = 0 - [LEREEH A e T



M x,=-0.48
L]

m x,=-0.50
[]v,=0.13

[ ] Show all t




(1)2 — \/§w0

Qwé — 3w3)a; — wia, =0 - —wéa; — wéa, =0
—wia; + Qwi — 3wd)a, =0 —wia; — wia, =0
a, = —a, = Cz = Azel('bz

The solution is:

Now taking the real part would give us the solution.

x1 = Re Azei(\/gwot-l_d)z) — AZ COS(\/§(I)0t + ¢2)

lig = et = Ay (Bl i) \_ng/o\mo\gw
Xy = —X3 = \/§woA2 sin(\/§w0t + qbl) ~
The two move opposite! | —

Antisymmetrical mode
(out of phase)

RELEIRIT R0 (0) = —x2(0) = am, x1(0) = x2(0) = 0 > PR ESEFEENBAURL Er e T



Mathlet Description Activity Theory Comments

COUPLED OSCILLATORS mode + help

§

M x4=0.48
L]

(] X3 =-0.48
(1 vy=-0.17

[ ] Show all t




fEE W (EfR A2 o e H (E REE ) -

Antisymmetrical mode Symmetrical mode
(out of phase) (In phase)




J?EUJ:%%@W**%/ﬁﬁﬁﬂﬁ&'y{l HIEA &=
Howtodoa t—{lﬁﬁ ii[ll_,lﬁ;%% ﬁJJ %ﬂ“ {EIIERVRT E I HRENSHZR |

onc—handcd I’O”.

AEIFEFERRARE - —HoRER > SRR EAVIE > BEERES -

VIasHIRT A S st LU R A B E MR B IR AT |
— BV A IR EIE A Norm DU S EHAESR » BE % VIRe i — (R -



A general solution is a sum of the two modes.

— AR R RLE AR H B |

There are four undetermined constants A, 5, ¢4 5.

x; = Aq cos(wot + ¢1) + A, Cos(\/§a)0t + ¢2)

Xy = A cos(wot + 1) — Ay cos(\/§w0t + cl)z)

There are also four initial conditions x4 ,(0), x1 ,(0).

It would be the one unique solution.
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Method I

e = e xz(il)zaei“)t a (Z;)
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This formalism could be easily extended to more than two masses.

The equations of motion for this system will be of the form
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There 1s another way to look at this solution. Method 2

x, = Ay cos(wot + @) + A, cos(V3wet + ¢5)

Xy = Aq cos(wot + 1) — A, cos(\/§w0t + ¢,)

Xy = X1 + x5 = 241 cos(wpt + ¢1) Generalized Coordinates [i& 5 FE
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X4, X_ are pure simple harmonic oscillators with respective angular frequencies.
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For normal coordinates, A 1s now diagonal. Off-diagonal elements means coupling.

X4, X_ are uncoupled, independent SHM.
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FIGURE 12-9 A schematic of the loaded string. In equilibrium, identical masses are
spaced equidistantly. The ends of the string are fixed.
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Consider the ends fixed, called boundary condition. xy = x,,4.1 =0
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Continuum limit

dzxj
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FIGURE 129 A schematic of the loaded string. In equilibrium, identical masses are
spaced equidistantly. The ends of the string are fixed.
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System of 2nd order Linear ODE with constant coefficients
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System of 1st order Linear ODE with constant coefficients
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