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1. (16%) A uniform solid cylinder of mass 10 Kg and radius 0.1 m is pulled by a thin string (the mass of the string

is neglectable) under a constant force F of magnitude 15 N. The cylinder rolls smoothly without slip on the
orizontal surface. (a) What is the magnitude of the acceleration of the center of mass of the cylinder? (b) What is
e friction force acting on the cylinder (denote the magnitude and direction)? (The moment of inertia of the

iform cylinder about its center of mass is MRZ/Z)
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2. (12%) A small ball of mass M is attached to the end of a uniform rod of equal mass M and length L that is
fpivoted at the top. Determine the tensions in the rod (a) at the pivot and (b) at the point P when the system is
stationary. (¢) Calculate the period of oscillation for small displacements from equilibrium. (The moment of inertia
of the uniform rod about its center of mass is MR?/12)
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3. (16%) A gun can be viewed as a heat engine that does not operate in cycle but comes apart during its adiabatic
expansion. A gun consists of 2 kg silver (specific heat is 234 J/kg°C). It can fire a 2.0 g bullet at 300 m/s with
energy efficiency 1%. (a) Find the energy exhaust. (b) Assume the body of gun absorbs all the energy exhaust and
increase uniformly in temperature for a short time interval before it loses any energy by heat into environment.
iFind its temperature increase.
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4. (21%) Two circular coils of radius R, each with N turns, each with a steady current / in the same direction are

arranged as a set of Helmholtz coils. Coils are perpendicular to a common axis and the centers of coils are a distance|
R apart. (a) Find that the magnetic field on the axis at a distance x from the center of one coil. (b) Find dB/dx and
i B/dx? at the point midway between the coils. (¢) What can we conclude about the magnetic field in the region
[midway between the coils. ‘

5. (14%) Two coherent waves, coming from sources at different locations, move along the x axis. Their wave
functions are

E, = 840si [2nx1 1034m:+?1 E, = 840 *[znxz 1034ﬁt+11
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where E; and E, are in volts per meter, x; and x, are in nanometers, and 7 is in picoseconds. When the two waves are
superposed, determine the relationship between x; and x; that produces constructive interference.

6. (21%) In the circuit diagrammed in Figure, take £ =12.0 V and R = 10.0 Q. Assume the switch is open for z < 0
and is closed at # = 0. (a) Gives the equation of current as a function of time for £> 0. (b) When the switch is

closed, the current takes 3.00 ms to reach 98.0% of its final value. What is the inductance? (c) What is the value of
lthe final steady-state current? ( In0.02= —3.912, In098 = —0.02 )
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