Phvs601/¥08/Midterm — in class

50 min, 2 pages of notes

Useful formulae:

cos2t = 2¢os’t — 1
2 sint cost = st 2t
sint=t—t3/6 + ...
cost=1-1/2+ ...

Hoop

{4 points per part except 6 for #7)

A point mass m is constrained to move on a massless hoop of radius a fixed in a vertical
plane that rotates about its vertical symmetry axis with constant angular speed £2. The
only external force is gravity, g.

1.

2.

Tind the I,agraligién and obtain the Euler-Lagrange equation of motion.

[dentify the effective potential V.

Show that 0 = 0 is an equilibrium (ie for d6/dt=0 and d*0/dt*=0). Under what
conditions on {g, m, a, €2} is this a stable equilibrium. Demonstrate this from V.

Find the frequency of small oscillations about this equilibrium assuming stability.
Show that there is another 0 < 0 < n which could also be an equilibrium. Under
what conditions on /g, m, &, £} is such an equilibrium possible? Under what

conditions is this equilibrium stable? Demonstrate all this from Vg

Find the frequency of small oscillations about the equilibrium in 5. assuming
stability.

Suppose 27 = g/a; Check that 6 = 0 is the only_equilibrium. By assuming that 6
. << 1, ie, we are only interested in small oscillations, expand the E-L equation

about 6 = 0 and find the ODE for 0(t) for small oscillations in this case (keep
small terms only up to lowest non-vanishing order). Suppose (d0/dt)(0) = 0 and
B(0) =« <<1. Find the period of oscillation. You may leave your answer in
terms of a definite integral but, by making the integral dimensionless, make sure
you obtain a dimensional scaling for the period.




Ca

oy

' : 2
oz { 2 ..
T = im Jizé - E:_ w A S’:W‘i@ .)(2.
V= - mga trs G
—_ »
6) L = /"’\/ oA ﬁ/
G =
g Loswe Sl + <o 5’
:2“ 4

v
. K 2
= & 3 @L/QQ: —SinG -iﬂ Siné ol

= v S6 —_f1 ‘cesZ6

! — j < )

Vet /@:5} = - > %
& [{:"l“’c’ i 4/7 < 9y,







éj — _inl (/ow@)
=0 §£n eyw‘/j/m%m

andll- <) e 603 )(¢7)
/”_e-:: -—@A_]

° jﬁ(’"‘ B /64()

g

2
6,2: Mﬁt’z +€d’£




