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4.

- Afr, v, and a denote respectlively the position, velocity, and acceleration of a particle,

prove that

&‘it,[a. (vxu)=a (vxr). (10%)

. Find expressions for the unit vectors £, 8, and ¢ of spherical polar coordinates in terms

of the Cartesian %, ¥, and 2. Differentiate these expressions with respect to tine Lo
find dt/dt, d0/dt, and dep/dt. (The components can be expressed as functions of r, 0,
¢, 7, 0, and ¢.) (18%)

. Consider a particle of mass m conducting a one-dimensional motion. The speed of

the particle varies with the distance z as v (z) = Az™?. Assume « (t=0) 0.

(a) Find the force F'(z) vesponsible for this motion. (10%)
(b) Determine z (¢). (10%)
(c) Derive F (t). (4%)

A mass tn = 1 kg is tied to one end of a spring with force constant | N/m and with
the other end held fixed. The initial displacement (with respect to Lhe pla¢e where no
force is exerted on the mass by the spring) and velocity for the mass are (t=0)=0
and v (t = 0) =1 m/s.

(a) What are the angular frequency w, the frequency f, and the period 7 of its
oscillations? (6%)
(b) The general solution of this one-dimensional simple harmonic motion can be rep-
resented as

() = A4 Age ™

B, coswt + By sinwt
C cos (wt — 6)

= ReDe™t.
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Determine the values of Ay, Az, By, By, C, D, and §. (14%)

(¢) Derive the total energy of this system and the maximun displacement of the mass.
(4%-1-2%)

Two particles of equal mass, m; = mg = m, are confined to the x axis and connected
by a spring with potential energy U = %zz (Here x is the extension of|the spring,
x = xy -z — |, where [ is the spring’s unstrechied length and particle 1 is jassumed to
always remain Lo the left of particle 2.)

(a) Write down the Lagrangian £ (z), 29,4, 42) and the corresponding| Lagrange’s
equations of motion. (4%-+3%+3%)

(b) Rewrite £ in terms of the new variables & (the extension of the spring) and
X = 3 (z+ ) (the position of the center of mass of these two paiticles), and
write down the corresponding Lagrange’s equations of motion. (6%-+3%-13%)




