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IQS Physics S1 Test

Physics Questions (5 pts. apiece) Answer in complete, well-written sentences ONLY WITHIN
the spaces provided.

1. Consider an ideal gas. If the collisions of the particles with the wall perpendicular to the
x direction are elastic, show the average  force on that wall for each collision is Fx =
2mvx/tx where m is the mass of each particle and tx  the mean interval between
collisions with the wall. Start from Newton's Second Law. Clearly show all steps.   

2. Consider the result below for a measurement of the kinetic, potential, and total energy of a
falling ball. Does the mechanical energy appear to be conserved within experimental
uncertainties? How would you quantitatively estimate the value of the experimental
uncertainty? Once you establish the method apply it to your data. The average value of the
total energy in the figure is 0.63 ± 0.05 J.

3. Suppose the mass of object 1 in the figure is much less that that of object 2 and that object
1 is pushing object 2 that has a dead motor so that both objects move in the same direction
at speed v (m1 << m2 and v1=v2). What are the relative magnitudes of the forces between
object 1 and object 2? Why?

4. Concrete has a higher specific heat than soil. Use this fact to partially explain why cities
have a higher night-time temperature than the surrounding countryside. 
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Problems  (4).  Clearly show all reasoning for full credit.  Show all work on the page below each
problem.

1. 7 pts. The stratosphere of Venus has a temperature of  Ts=190 K.  The lapse rate in the Venutian
atmosphere is lV=-9.0 K/km. The measured surface temperature of Venus is Tsurf=730 K. What is the
altitude of the Venutian tropopause? 

See next page.
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2. 8 pts. A bullet of mass m1=0.01 kg is fired horizontally into a wooden block of mass
m2=0.4 kg initially at rest on a horizontal surface and becomes embedded in it. The
coefficient of friction between block and surface is  =0.60. The combined system
slides a distance  x=4.0m before stopping. With what speed did the bullet strike the
block?

See next page.
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3. 10 pts. A room with a volume V0=90 m3  is filled with an ideal gas (air) at a temperature 
T0=285 K and pressure P0=105 N/m2. For now treat the air as if it is monatomic. The air 
in the room is heated to a new temperature with the pressure remaining at P0 since the 
room is not airtight.

What is the initial internal energy of the air in the room?

What is the change in the internal energy of the air in the room? Does this result make
sense? Explain. Notice the room is not airtight so air can move freely in and out of it. 
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