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¥4+ wix= 0} x(t) = A cos{wyt — a}}

¥+ wiy=20 () = Bcos(wyt — B)
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FIGURE 3-2 Two-dimensional harmonic oscillation motion for various phase angles
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x(t) = A cos(w,t — ur)}
y(t) = B cos(w,t — B)
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x(1) = A sin{wyt — 8)

x(t) = Awy cos(wyt — 8)
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miX + bx + kx =0
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¥+ 2B8x+ wix=0
wyg = VEk/m

x(t) = e P[A exp(VB? — wit) + Ayexp(— VB2 — wii)]
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x(t) = e P A exp(VB? — wit) + Ayexp(—VBE — wii)]

w§ > B* 472 underdamping
wj = B* UAAZ 2] critical damping
wi < B? W 4] overdamping

amping, f* < w ! N\B=0 b0
Critical damping, % = @ ~a 7
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ﬂ /’:h \ x(t) = e'ﬁr[ﬁje““l‘ + Age"""l’]
\.:J x(1m)
= Ae P cos(ant — 8)




o Quit[];

(1= B =8.1; w=1;
X0 =1; vB=0; tf = 50;
Eq[t 1 :=x""[t]+Bx"[t] +w2x[t]5
sol = NDSolve[{Eq[t] == @, x[@] == x@, x"'[@] ==v@}, x, {t, @, tf}];
ParametricPlot [Evaluate [{x[t], x"[t]} /. sol], {t, @, tf}, PlotRange » {{-x0@, x0}, {-x0, x0}}]
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Underdamping, 5° < @ 5

Critical damping, % =

Overdamping, 8% > @
x(t) = (A + Bf)e B
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initial values
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i=—(frog)e

k=—(f-wq)x x(t) = e PIA e¥ + Age™¥)




Quit[];

Infil= B =23 w=1;
x0=1; v0 = 9@; tf = 50}
Eq[t ] :=x""[t] +Bx"[t] +m2x[t]3
sol = NDSolve[{Eq[t] == @, x[@] == x@, x"[@] ==v@}, x, {t, @, tFf}]1;
ParametricPlot[Evaluate[{x[t], x'[t]} /. sol], {t, @, tf}, PlotRange = {{-x0@, x0}, {-x0, x0}}]
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mX + bx + kx = F, cos wt
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x%,(t) = D cos(wt — &) A5y Sk

A
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Mechanical Electrical

i

x Displacement q Charge
x Velocity g=1 Current
m Mass L Inductance
b Damping resistance R Resistance
1/k  Mechanical compliance C Capacitance
F Amplitude of impressed force £ Amplitude of impressed emf
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In[1]:=

Quit([];

= nonlinear forced motion =
B=0.1;w=1; tf=100; x0 =1; v0 = 98; rd = 0.1; tstep = tf / jmax; jmax = 1080; kmax = 100;
Eq[ft ] t=x""[t] +Bx'[t] +m25in[x[t]] -8.75Cos[t];

For[k = @, k < kmax,
xini[k] = x@ + r@ RandomReal[]; vini[k] = v@ + r® RandomReal[];
sol[k] = NDSolve[{Eq[t] == @, x[@] == xini[k], x"[©] == vini[k]}, x, {t, @, tf}];
k++;

|H

For[j =@, j < jmax,

array[j] = {};
For[k =@, k < kmax,

array[j] = Join[array[j], {{Evaluate[x[] tstep] /. sol[k]] [11, Evaluate[x' [j tstep] /. sel[k]]1[1T}}1;
k++;

|H
J++s

15
plot[j ] := ListPlot[array[j], PlotRange = {{-10x9, 10x0}, {-10x0, 10 x0} }, AspectRatic -+ 1];
ListAnimate[Table[plot[j], {J, @, jmax - 1}], AnimationRate = 2]

frames = Table[plot[j], {Jj, @, jmax-1}];

Export["myAnimation2.gif", frames]
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