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1. (10 points)

A helium-filled balloon is attached by a string of negligible mass to a small 0.015 kg object that is just heavy
enough to keep the balloon from rising. The total mass of the balloon, including the helium, is 0.0050 kg. The

density of air is Py = 1.29 kg/m3 , and the density of helium is Py.= 0.179 kgfmz’ . The buoyant force on the
0.015 kg object is small enough to be negligible.

(a) On the dot below that represents the balloon, draw and label the forces (not components) that act on the
balloon. F
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(b) Calculate the buoyant force on the balloon. If you need to draw anything other than what you have shown in
part (a) to assist in your solution, use the space below. Do NOT add anything to the figure in part (a).
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(c) Calculate the volume of the balloon. b
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(d) A child holds the string midway between the balloon and the 0.015 kg object. The child gets into a car,
brings the balloon and the 0.015 kg object into the car, and holds the string so that neither the balloon nor the
0.015 kg object touches any surface. The car then begins to move forward, accelerating in a straight line.
What behavior does the 0.015 kg object exhibit when the car accelerates?

It swings toward the front of the car.
\/__It swings toward the back of the car.

It swings toward the right side of the car.

It swings toward the left side of the car.

It remains vertical below the child’s hand.

Explain your reasoning. J. L 5 fﬁt S
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2. (10 points)

An object is suspended from a spring scale first in air, then in water, as shown in the figure above. The spring
scale reading in air is 17.8 N, and the spring scale reading when the object is completely submerged in water

is 16.2 N. The density of water is 1000 kg/m3 .

(a) Calculate the buoyant force on the object when it is in the water.
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(b) Calculate the volume of the object.
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(c) Calculate the density of the object.
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(d) How would the absolute pressure at the bottom of the water change if the object was removed?
B increase \/ decrease remain the same

Justify your answer
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3. (10 points) e =,/ 2L

A locomotive runs on a steam engine with a power output of 4.5x10° W and an efficiency of 12 percent.
(a) Calculate the rate at which heat is being delivered to the steam engine. P
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Suppose the gas in another heat engine follows the simplified path ABCDA in the PV diagram below at a rate of
4 cycles per second.
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i. What does the area bounded by path ABCDA represent?
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ii. Calculate the power output of the engine.
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(d) Indicate below all of the processes during which heat is added to the gas in the heat engine.
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4. (15 points)
An underground pipe carries water of density 1000 kg/m’ to a fountain at ground levcl as shown above.
At point 4, 0.50 m below ground level, the pipe has 2 cross sectional area of 1.0x10™* m? . At ground
level, the pipe has a cross-sectional area of 0.50x10™* m? . The water leaves the pipe at point B at a speed
of 8.2 m/s. Al
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(a) Calculate the speed of the water in the pipe at point 4.

(b) Calculate the absolute water pressure in the pipe at point 4. j _ a - 0. S "M
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(c) Calculate the maximum height above the ground that the water reaches upon Ie€aving the pipe
vertically at ground level, assuming air resistance is neghglble
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(d) Calculate the horzzontal distance from the pipe that is reached by water exiting the pipe at 60° from
the level ground, assummg air resistance is negligible.
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