Thornton & Marion 5% Edition Problem 3 - 11

Reproduce Figure 3-8 in the text for the energy and rate of energy loss of the
lightly damped harmonic oscillator.

The position and velocity of the oscillator are given by

1= X[t_]= AxExp[-B+*t] Cos[ws*t - 8]

outf= A e "B Cos[6 -t ws]

2= s =X[t]

outz= A e tP Cos[S6 -t ws]

To simplify, assume that x(t =0) =A, so that 6 = 0. Thus

3= v=x"[1]

oufs}= ~Ae tP BCos[S-tws] +Ae P Sin[6-t ws] ws

To simplify, assume that x(¢ =0) =A, so that 6 = 0. Then the Energy is the sum of

6=0
k
U=(—)s2
2
m
'|'=(—)V2
2

1
outf5]= 5 A% e?tBkcos[twg]?

Inf4]:=

1
Out[6]= Em <—Ae’t/3/3Cos[t ws] —Ae " P Sin[t ws] ws)2

m= Etot=U+T

1 1
out[7}= EAZ e? P rcos[tws]?+ Em <7Ae’tBBCos[t ws] —Ae P sin(t wg) ws)2

ing)= Expand[Etot]

1 1
out[9)= EAZ e'ztBkCos[tws]2+EA2 e?*Pmp?cos[tws]?+
1 2
A2 e?*PmpBCos[tws] Sin[tws] ws+ — A% e *PmsSin[tws]? ws
2

mf10= Simplify[Etot]

1
Out[10]= EAZ e 2tk (<k+m/32> Cos|[t a)g]2+mB Sin[2 t ws] ws+mSin[th]2w§>

To plot this, set the constants for the case of light damping, w? > 32
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1= wn=1;

ou17)= € %2t Cos[0.994987 t]2 +
(-0.1e%'%Cos[0.994987 t] -0.994987 e *'*Sin[0.994987 t] )2

nf18= Plot[Etot, {t, O, 20},
AxesLabel - {t, Energy},
BaseStyle - {FontFamily -» Arial, 10, FontColor -» RGBColor[0, 0.5, 0]},
Ticks - None,

PlotLabel » "TM5 Figure3-8a"]

TM5 Figure3-8a
Energy

Out[18]=

Take the derivative to find the rate of energy loss and plot it.

inf197= rate = D[Etot, 1]

ou19)= —-0.2 e % 2% Cos[0.994987 £]%-1.98997 ¢ 2% Cos[0.994987 t] Sin[0.994987 t] +
2 (—0.1 e %1t Cos[0.994987t] -0.994987 e %1t 35in[0.994987 t])
(—0.98 €% Cos[0.994987 ] +0.198997 e ®'*Sin[0.994987 t])

Assume the same values of the constants to plot it
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nf20p= wn=1;
B=0.1;

2 _n2,
W=, wy-B°

m=2;
k=2;
A=1;
rate

outpsl= —-0.2 e 2% Cos[0.994987 t]12-1.98997 e %2* Cos[0.994987 t] Sin[0.994987 t] +
2 (-0.1e%"'*Cos[0.994987 ] -0.994987 e *1*5in[0.994987 t])
(-0.98 e 1% C0s[0.994987 t] +0.198997 e ' ©Sin[0.994987 t])

ini271:= Plot[rate, {t, O, 20},
PlotRange - All,
BaseStyle - {FontFamily -» Arial, FontSize -» 10, FontColor -» RGBColor[0, 0.5, O]},
AxesLabel - {t, "dE/dt"},
Ticks - None,
PlotLabel » "TM5 Figure3-8b"]

TM5 Figure3-8b
dE/dt

outf27)=

Inf28]:= Export["TM5Pr03_1llMathematica.pdf", SelectedNotebook|[]]



