MAU23041: Advanced Classical Mechanics [
Homework 7 due 27/11/2020

Ruaidhri Campion
19333850
SF Theoretical Physics

I have read and I understand the plagiarism provisions in the General Regulations of the University
Calendar for the current year, found at

http://www.tcd.ie/calendar.

I have completed the Online Tutorial in avoiding plagiarism ‘Ready, Steady, Write’, located at http://tcd-
ie.libguides.com/plagiarism /ready-steady-write.

Problem 1

1.
a=1;
Plot[-a x*+2ax -a, {x, -1, 3}, PlotStyle -» {Thick, Red} ]
Plot[a x!-2ax +a, {x, -1, 3}, PlotStyle » {Thick, Yellow} ]
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Equilibrium is stable if % =0 and ‘fiz[{ > 0. Thus the stable equilibrium positions are ¢ = 0 if a > —%

andq:j:%\/# ifa<f%.
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Problem 2
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EquationOfMotion = X"’ [t] + w? x[t] - fe’®

etV Frw?x[t] + X7 [t]

x[t ] =te"";
Solve[EquationOfMotion == @, £] // FullSimplify

{{e> )]

F
p /ofos— /. y¥y>a+1if
Y+ w mp

X1[t] = x[t] /. &=

<Et (a+1 ) E

mp ((a+1ip)%+w?)

X1[t] =Assuming[{a>0&&1m[a] ==08&& B3>0 IM[B] == OLR&F > 08 IM[F] == 0&& m >0 && Im[m] == 0},
XL[t] - (X1[t] /. {& - -1})
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// ExpToTrig // Fullsimplify // Factor // Fullsimpli-Fy]
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Xao = xa[o]
vae =D[xa[t], t] /. t-©
F
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Assuming[{a > ©&& Im[a] ==08&& B >08&& Im[B] ==0O8&E&F >R&X IM[F] =-0& m>0&& Im[m] = @},
Solve[ {x10 == xa@, v10 == va@}, {Aa, Ab}]] // FullSimplify
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-4FapCos[tw] +e"“F (2aBCos[tB] + (a® - B? + w?) Sin[tB])
Xa[t_] H
mB (o + (B-w)?) (a®+ (B+w)?)

e “F (-2apBCos[tp] + (o - B? + w?) Sin[t B])

] mB (o&®+ (B-w)?) (a?+ (B+w)?) ’

X[t_] = Piecewise[ {{X1[t], t <@}, {Xa[t], t>0}}];

Plot[X[t] /. {a»©.@1, F>2, B>3, w->5,m>» 7}, {t, -20, 20}, PlotRange » All, PlotStyle - Thick,
ColorFunction -» "Rainbow™]

Plot[X[t] /. {@ »©.1,F>2, 853, w~>5,m> 7}, {t, -20, 20}, PlotRange » All, PlotStyle -» Thick,
ColorFunction -» "NeonColors”]

Plot[X[t] /. {¢ > ©.25, F> 2, B>3, w->5,m>7}, {t, -20, 20}, PlotRange -» All, PlotStyle - Thick,
ColorFunction - "CandyColors"]

Plot[X[t] /. {a > 8.5, F»2, 8>3, w->5,m> 7}, {t, -20, 20}, PlotRange » All, PlotStyle -+ Thick,
ColorFunction - "FruitPunchColors"]

Plot[X[t] /. {a>»1,F=2, 33, w-»5,m=>7}, {t, -20, 20}, PlotRange -» All, PlotStyle -» Thick,
ColorFunction -» "CMYKColors"]

Plot[X[t] /. {a > 10, F» 2, 3>3, w>5,m~> 7}, {t, -20, 20}, PlotRange » All, PlotStyle -+ Thick,
ColorFunction - "SandyTerrain"]
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Energy acquired by oscillator = Energy at infinity
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Limit [X1[t], a » @] // FullSimplify

Limit[Xa[t], o - @] // FullSimplify

Limit [einfinity, o - @] // FullSimplify
FSin[t 3]

m ,83 -mp3 w?

FSin[t 3]

m ,83 -mj3 w?

Clear[a, B, einfinity]

8 F2 a? w? )
m(a2+(3-w}ﬂ2(a2+(3+w)ﬂz’
Limit[X1[t], 8 - @] // FullSimplify
Limit[Xa[t], 2 » @] // FullSimplify
Limit [einfinity, B8 -» @] // FullSimplify

einfinity =

c'“F {o: (-2 +ta) +tw2;1

m (o ?)?

¢t (o (21 to) + £47 4% acos (o))

m (o2 + ?)?

11



