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PROBLEM 1 — 20 points

A wooden cube measuring 20.0 cm on each side floats in water with
80.0% of its volume submerged. Suspended by a string below the
wooden cube is ametal cube. The metal cube measures 10.0 cm on each

side and has a specific gravity of 5.00. é

[2 points] (&) Which cube has alarger buoyant force acting on it?

[ ] thewooden cube [ ] the metal cube [ ] neither, they’re equal

[8 points] (b) Taking the density of water to be 1000 kg/m?, what is the density of the
wooden cube?

[4 points] (¢) What is the tension in the string between the cubes? Assume the string itself
has negligible mass and volume.

[6 points] (d) The pair of blocksis now placed in adifferent liquid. In this new liquid the
buoyant force acting on the wooden cube is exactly the same as the buoyant force acting
on the metal cube. What is the density of this new liquid?



PROBLEM 2 —10 points

A syringe containing liquid with a density p sits on a horizontal surface. Initially the
pressure throughout the syringe is 1 atmosphere, so no liquid squirts out. The cross-
sectional area of the needleis a, while the cross-sectional area of the syringeisA. The
acceleration due to gravity isg.

[8 points] (a) With the syringe held at rest aforce F is then applied to the plunger as
shown above. In terms of the variables stated in the problem (p, a, 4, g, and/or F), what is
the speed v of the liquid emerging from the needle?

[2 points] (b) If the syringe is held vertically instead, with the needle up, and the same
force is applied to the plunger, would the speed of the liquid emerging from the needle be
larger than, smaller than, or the same as the speed when the syringe is horizontal ?

[ ] the speedislarger when the syringeis vertical

[ ] the speed is smaller when the syringeis vertical

[ ] the speed isthe same



PROBLEM 3 - 12 points

A rod with alength of 80 cm and amass of 6.0 kg is attached to awall by means of a
hinge at the left end. The rod’ s mass is uniformly distributed along its length. A string
will hold the rod in a horizontal position; the string can be tied to one of three points,
lettered A-C, spaced at 20 cm intervals aong the rod, starting with point A whichis 20
cm from the left end of the rod. The other end of the string can be tied to one of three
hooks, numbered 1-3, in the ceiling 30 cm above the rod. Hook 1 is directly above point
A, hook 2 isdirectly above B, etc. Use g = 10 m/s™.

A string is attached from point A to hook 3. Remember that point B is 40 cm from the
hinge.

[6 points] (&) What isthe
tension in the string?

30 cm

hinge

[3 points] (b) What is the horizontal component of the hinge force? (Clearly state whether
thisis directed left or right.)

[3 points] (c) What is the vertical component of the hinge force? (Clearly state whether
thisis directed up or down.)



PROBLEM 4 — 25 points

A bowling ball of massM and radius R = 20.0 cm is rel eased

with an initial translational velocity of v, = 14.0 m/sand an Vo
initial angular velocity of m, = 0. The ball isauniform solid

sphere with moment of inertial = (2/5)MR?

The coefficient of kinetic friction between the ball and the surfaceis u = 0.200. The
force of kinetic friction causes alinear acceleration, as well as atorque that causes the
ball to spin.

The ball slides along the horizontal surface for some time, and then rolls without slipping
at constant velocity after that. Use g = 10 m/s.

[4 points] (a) Draw the free-body diagram of the ball showing all the forces acting on it
whileit isdiding.

[4 points] (b) What is the acceleration a of the ball whileit isdliding?

[4 points] (c) What is the angular acceleration o of the ball whileit isdliding?



[6 points] (d) How far doesthe ball travel whileit is dliding?

[2 points] (€) What is the constant speed of the ball when it rolls without slipping?

[5 points] (f) When the ball isrolling without slipping at constant velocity, which way is
the force of friction acting on the ball, and what kind of frictionisit?

[ ] aforce of kinetic friction acts to the | eft

[ ] aforce of kinetic friction acts to the right

[ ] aforce of static friction acts to the | eft

[ ] aforce of static friction acts to the right

[ ] none of the above, thereis no force of friction acting

Briefly justify your answer:
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