PHY 401 Fall 2004. Solutions to HW3.

2-52.
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When F = 0, there is equilibrium; further when U has a local minimum (i.e. dFfdx <0)itis

stable, and when U has a local maximum (i.e. dF{dx >0) it is unstable.

So one can see that in this problem x = 2 and x = -1 are unstable equilibrium positions, and x =0
is a stable equilibrium position.
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d) To escape to infinity from x = 0, the particle needs to get at least to the peak of the potential,
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e) From energy conservation, we have
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We note that, in the ideal case, because the initial velocity is the escape velocity found in d),
ideally x is always smaller or equal to a, then from the above expression,
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E=45x10" erg

¢) The maximum velocity is attained when the total energy of the oscillator is equal to the
kinetic energy. Therefore,
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3-10. The amplitude of a damped oscillator is expressed by
x(t)=Ae™ cos(a,t+ 5) 1)

Since the amplitude decreases to 1/e after n periods, we have

,8111"=,8rr2—ﬁ=1 (2)
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Substituting this relation into the equation connecting @, and @, (the frequency of undamped
oscillations), o! = @} — #*, we have
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3-12.

mgsin g
Y mg
The equation of motion is
—m{é=mg sin & (1)
b= —% sin 6 @

If 6 is sufficiently small, we can approximate sin 8= 8, and (2) becomes

6=-29 (3)
£
which has the oscillatory solution
8(t) = 6, cos myt 4)

where o, =,/g/{ and where 8, is the amplitude. If there is the retarding force 2m ,/g¢ 6, the
equation of motion becomes

—m{&=mgsin 8+ 2m,[gl & (5)
or setting sin 6= 8 and rewriting, we have
8+ 20,0+ ol8=0 (6)
Comparing this equation with the standard equation for damped motion [Eq. (3.35)],
¥+2px+apx=0 (7)

we identify @, = #. This is just the case of critical damping, so the solution for 8(1) is [see
Eq. (3.43)]

6(t)=(A+Bt)e™ ®)

For the initial conditions 8(0) =g, and &0) = 0, we find

16(t)= 6, (1+ wgt)e™™

3-22. For overdamped motion, the position is given by Equation (3.44)

x(t) =A™ + A (1)



The time derivative of the above equation is, of course, the velocity:

o(t)=-ABe ™™ - A Be™ (2)

a) Att=0
A A, ®
v, =—A, B, — A8, (4)

The initial conditions x, and v, can now be used to solve for the integration constants A, and
A,
b) When A =0, we have v, =—8,x, and v(t)=—p,x(t) quite easily. For A, #0, however, we

have v(t)—» - Ae™™ =—gx ast — = since g, <f,.



