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15%(1): In Fig.1, a solid uniform sphere of mass m, radius R is moving down on a wedge of mass
M, Suppose the motion of the sphere is rolls without slipping, and there is no friction
between the wedge and the floor, therefore the wedge will also moves while the sphere
moving down. Find the accelerations of the center of the sphere and the wedge.

MR 0301 WK : 9

15%(2): Consider a rectangular plate of mass M , and sides a and b, choose the two sides as the z
and y axis(see Fig.2).

(a) Find the inertia tensor of the plate about the chosen coordinate.(3%)

(b) Find the principal moments of inertia and the directions of the principal axes for
the plate.(4%)

(c) If the plate rotate about a diagonal OA with a constant angular velocity w, what is
the kinetic energy of the plate.(4%)

(d) In part (C), find the torque need to rotate the plate (4%)

20%(3): In Fig.3, AB is a straight frictionless wire fixed at point A on a vertical axis E such
that AB rotates about AO with constant angular velocity w, and @ be the angle between

AB and AO, which is a constant. A bead of mass m is constrained to move on the wire,
let r be the distance of the bead to point A, and choose 7 85 the generalized coordinate.

(a) erte down the transformation between the generalized coordma.te and the rectan-
gular coordinate. (2%) _

(-b) Write down the kinetic energy and the potential energy in terms of generalized
coordinate r and generalized velocity #, and then find the Lagrangla.n of the bead,

what is the generalized momentum F, (4%)

(¢) Write down the Hamiltonian of the bead, is the Hamiltonian equal to the total energy
~ of the bead? If not, why? and what are the canonical equations of motion?(5%)

(d) By using of Lagrange’s equations of motion, fmd the equa,tlon of motion of 7. (5%)
(e) Solve the equations in part (d), show that '

gcosf

$) = Aeweindt | po—(wsnd)t _
r(t) e + Be P Y

where A,.B are constants determined by initial conditions.(4%)

Fig-]  Fgl - Fig-3
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15%(4): A particle of mass m when at infinity has kinetic energy 1,, and is incident into a ng1d
' frictionless sphere of radius a with impact parameter b(see Fig.4), the mass of the sphere
is also m, and initially at rest. The potential energy may be expressed as:

~J oo for r<a
U(r)-{ 0 for r>a

(a) Show that in the center of mass system, the scattering angle of the particle is

§ = 2cos™! E, and what is the scattering angle in the laboratory system?(7%)

a
(b) Calculate the differential cross section o and the total cross section o; in both cénter

of mass system and laboratory system.(8%)

20%(5): Consider a linear triatomic molecules CO, as shown in Fig.5, m and M are the mass of
- carbon atom and oxygen atom respectively, and k is the force costant between two atoms,
if the motion of the molecule is constrained in z direction, find the normal frequencies of
the motion, and what are the corresponding normal modes? Can you explain the normal

modes by using of conservation of linear momentum?
115%(6): (a) Show the wave equation for the small transverse vibration of a string along z axis -

is: yy 32y

or2 "ot
where y is the dmturba.nce of the string at z, and T is the tenmon of the stnng,
which suppose to be a constant, and p is the mass density of the string.(5%)

(b) A sinusoidal wave y = Acos(wt — kz) propagate in & uniform string, show that

—wl
-

Is the medium dispersive? why?(5%)

(c) An incident wave traveling along +z direction on & string with mass density pi,
represented by y = Acos(wt — kiz). At z = 0, the wave transmitted into another

string with different mass density ps, part of wa.ve reflected and the part of the wave
transmitted, the amplitude of reflected wave and transmitted wave are B and C

respectively. By using the boundary conditions at z = 0, show that

.E_\/ﬁ_ 5 | | C 2:P1 ,
A~ Jmrym o A - BR)




