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Alternatively, one could just use the wy — 0 limit of the Green's function for
the damped harmonic oscillator.

Either by using the expression of (a) or the ansatz z(t) = Acos(wt) +
Bsin(wt), one finds

a/w

=i [y sin(wt) — w cos(wt)] .

x(t)

(a)

The potential energy has its minimum at z = 0, and for || < a we have

1
V(z) = Vo% = §mw§x2,

so that w2 = 2V, /(ma?) and the period is T = 27 /wy = ma\/2m/Vj.



(b) All positive energies are permissible. We write £ = Vp[tan(x/a)]* and use
the hint to arrive at

om 7 dx cos(z/a)
= /= acos(xgy/a) _—
Vo _!0 [sm(:ﬁo/aﬂ — [sm(x/a)] J
B 2m :
a VT E

with cos(zg/a) = v/ Vo/(Vo + E) in the last step.

Except for an overall factor of —3, the main difference between
I = /(dr) p(r)(r*1—rr) and Q= /(dr) p(r)(3rr —121)

is that Q is traceless, whereas tr{l} = /(dr) p(r)2r? > 0. It follows that

Q=tr{l}1-3I.

(a) We have

1
L= %(9'32 +9°) = V(wy) and H=o—(p;+p,) +V(z,y)

with the potential energy

k 2

V(z,y) = 5( ($+a)2+y2—a>2+§<\/m—a>

2
—|—§<\/(x—a00500)2+(y—asinGO)Q —a) :

(b) Clearly, V(z,y) > 0 and V(x,y) = 0 only for (x,y) = (0,0). All springs
have their natural length when the point mass is at (z,y) = (0,0).



(c)

(d)

For |z| < a and |y| < a, we have
N ‘ 2
Vv, y) = §[£U +y° + (xcosby + ysinby) } )

The characteristic frequencies w; and wy are, therefore, such that the deter-
minant of the 2 x 2 matrix in

w? — w1 + (cosbp)?]  —wg sin By cos Oy Y _o
—wdsinfycosly  w? — w1 + (sin 6y)?] B

vanishes for w = w; and w = wy. This requires w? + w? = 3w? and Wiw3 =

2w;, so that wy = wy and wy = V/2wy. The respective mode amplitudes are
—sin 8, cos By
X1 = and X2 = . .
cos b, sin 6y

The slower normal mode “1" is an oscillation perpendicular to the line-of-
sight from (0,0) to (x3,y3) = (acosfy,asinfy), and the faster normal
mode "2" is an oscillation along the line-of-sight from (0,0) to (x3,ys).

(53, 42)
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