Homework Assignment #10 10.
[47] PROBLEM 4.53 Scattering from a hydrogen atom ...

(a) Classical model of a hydrogen atom
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(b) The scattering process
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(c) Conservation of energy
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[48] PROBLEM 5.25
"Frequency" for an underdamped oscillator...

Consider a damped oscillator with p < o, (underdamped)
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(b) Let 1,'=2X the time between zeros.

then o, = (coo2 - pH*% = o, V3 /2

(c) Suppose B = /2 ;
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[49] PROBLEM 5.30 An overdamped oscillator ... 10.;

(This problem involves some computer calculations.)
(@) x(1)=C, exp(p,t) +C,exp(p,t)  wherep,, =-pV(B*— o)
Solve for C, and C, from x(0) = x, and x'(0) = v,

Cl - (pz Xy * Vo) / (pz B pl) and Cz - (p1 Xy * Vo) / (pl B pz)

(b) Sketches of the graphs of x(t) for (i) v, = 0 and for (i) x, = 0:
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(for V, = 0) (fo X, = 0)

©) t t
Letp—0.Thenp, »p, —io,andp, - —io,.
Then X()=Clexp( io,t)+C2exp(—iwm,t)

which is an undamped oscillation.
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[SO0] PROBLEM 5.37 A driven underdamped oscillator ...

(This problem is a computer problem, based on Example 5.3.)
Consider a driven damped oscillator, with these parameter values

o =21 and ®, = /2
B=0.2aw, and f, =1000.
Note that B <w,, so thisis an underdamped oscillator.
Initial conditions: X,=0 and v, = 0.
Plot x(t)
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Compare with Example 5.3 and explain the similarities and difference:

/1/ Problem 5.37 has transient oscillations with a longer period; o, = n/2

compared to o, = 10 =.
/2/ Problem 5.37 has a longer decay time; p = 0.1 = compared to = 0.5 =.

/3/ Problem 5.37 and Example 5.3 have the same frequency of steady state

motion; o = 2z in both cases.




[51] PROBLEM 5.44 10.!
Another interpretation of the quality factor Q of a resonance ...
Consider a driven oscillator with o = o, . The steady state slution is
X,(t) = A cos (ot — ) where A=f /(2B wy)ands=n/2.

(A) The total energy is

E=%mXx"?+%kx*=%mA?e”sin* (ot —3) +2m o, A* cos* (ot — J)
=1» m o® A? (because o = o)

(B) The energy dissipated in one period is

AE =] F amping V 4T = Jo2e m.2p. v2dt = 2mp A% w? [ sin® (u) du] ©
=2nmp o A?

(C) Now calculate E/ AE . The resultis o / (4np) = Q / (2n).

Thus Q =2z E/AE.




[52] PROBLEM 5.52

Oscillator driven by rectangular pulses ...

(This problem is a computer problem, based on Example 5.5)
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[S0xx] PROBLEM 5.52

Oscillator driven by rectangular pulses ...

(This problem is a computer problem, based on Example 5.5)

Problem 5.52

nji52)- Remowve ["Global K *"]

In(173):= DO
ta[m =1.00000001+0.5% (j-1); omega =2%Pi/tau; beta=0.1;
a[0] =0.25/ tau;
Do[a[n] =2/(Pi *n) *Sin[Pi *n/4/tau], {01 10}];
Do[A[n] =a[n] / (2+Pi) /Sqrt[2*Pix (1-nA2/taur2)A2+0.04+nA2/tauA2],
{n. 0; 113]:
Do[delta[n] =ArcTan[(2 *beta *n*omega) / (4*Pif\2—nf\2 *omegahz)],
{n, 0, 11}];
x[t_] := Sum[A[n] * Cos [n*omega*t—delta[n]], {n, 0, 10}];
1bl = StringJoin["t = ", ToString[tau], " t"];
pl[j] = Plot[x[t], {t, 0, 7}, PlotRange » {{0, 7}, {-0.4, 0.4}},
PlotLabel - 1bl],

{3, 1, 4}]
w1175~ Show[GraphicsGrid|[{{pl[1], p1[2]}, {p1[3], p1[4]}}], Imagesize -> Large]
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