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1. Astoneis thrown to the sky from the origin (so that r (¢ = 0) = 0) with the initial velocity
vg=ivg cos 0+kug siAn OL\lee1~ef 0 <0 < 7/2is the elevation angle. The gravational acceleration
is given by g = —gk. (i and k are the unit vectors along the z- and z-directions, respectively.)
(a) Derive the position vector r (t) for the stone in terms of vy and g? [4%)]
(b) To ensure that the stone is always moving
¢ < ¢y. Tind the value of sin ¢,. (18%)]
2. A simple harmonic oscillator consists of
1 nt/em. The mass is displaced 10 cm

away from the thrower, there must be 0<

x denotes the displacement with respect to the equilibrium place for t
(a) The general solution of this one-
as

a 1-kg mass attached to a spring with force constant
and released from rest (i.e. z (¢t = 0)

z (1)

= 0.1 m where
he spring).
dimensional simple harmonic motion can be represented

/lleiwt+Aze-iut

By coswt + By sinwf

C cos (wt — §)
Determine the values of A;, A,
(2% %x6+3%x2]

Re Dett.

By, By, C, D, w, and §. (Don’t forget the units.)
(b) Derive the total energy of this system and the maximum speed of the mass. (10%)
‘The Lagrangian for a single particle in two dimensions is given by

where U is the potential energy.

L==m (:L'2 + 3]2) ~Ulx,y),

(a) Write down the two Lagrange’s equations for the coordinates z and y, respectively. [6%)]
(b) Express the Lagrangian in polar coordinates (p,¢). [6%)

velocity V relative to the ground and a rot
with respect to the center of mass.

(c) Write down the two Lagrange’s equations for the coordinates p and ¢, respectively. [10%]
Consider a rigid body composed of n particles of masses m, (v =1,2, ..
decomposed into two parts: a translation (of the center of mass) with the instant

‘ .,1 ), positioned at
r, with respect to the center of mass of this rigid body. The motion

of this body can be
ation with the instantaneous angular velocity w
(a) What is the velocity v, of the particle « relative to the center of mass (expressed in
terms of rq, w, and V). [6%)]
(b) Express the body’s angular momentum I,
V). [4%)

aneous linear

(%as Yas 2a) Of rq. (18%]

2o Mala X Vg in terms of my, Iy, w, and
(c) Express the Cartesian components of the angular momentum as L; = 2T

Wy, where
the subscripts 4 and j designating the components in the Cartesian coordinates. Write

down the 9 elements I;; of the inertia tensor {I} in terms of rn, and the components






