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Physica 110MA: Midterm Exam #2

Two masses are configured as shown on the diagram below, Mass o moves [Fictionlessly along a
stationary wedge of opening angle a; it s connected 1o a point at the base of the wedge by o spring
of spring constant K. From the mass mep hangs s messless rigied rod of kength £ a1 the battom of
which is the mass ma. The unstretched length of the spring 1= a, so the potential energy of the
spring i apring -%Hl:a-- —a)®.

(a) Choose as generalized coordinates the distance « from the base of the wedge to the mass my
(fe s the length of the spring) and the angle & the rod makes with respect to the vertical, Find
the Lagrangian Lir,#, &, i, 1.

[1& Points]

{b) Write down the equations of motion.
[15 Points]

{c) Write down all conserved quantities,
[10 Points]

{d) Linearize the equations of motion. That is, assume the deviations & = v — v, and 86 = #—
are amall and drop all terms in the eguations of motion which are higher order than CWdr, 5807,
Mote: While the equilibrinm angle &, = 0, the equilibrinm length of the spring is not w. To fnd
Lhe equilibrium length of the apring, set the forees 1o zero,

[13 Points]

(o) Write down an algebraic equation F{w) = 0 which determines the two normal frequencies of
oscillation. Hint: vour equation should be quadratic in the quantity w®.

[10 Points]

£ |

The functional

o Iy
Flarlx)] j::.".r. expli) (%) by

i5 Lo be extremized, subjeet to the constrain

! dp*
dr | — .
foe ()

and the boundary conditions g(0) = o and (1) = b Write down all eguations which must be
selves], [Bub don™ try fo solve them!)
[43 Points]
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