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Examination 4 Spring 2008 Physics 211 Professor  Philip L. Cole
Date April 25, 2008

Test Time: 50 minutes

Write your name on each page. Do the easier problems first. If a problem seems too difficult, skip it, and
return to it once you have completed all of the other problems first. There are five pages to this test. An extra
sheet is provided for scratch.

You must show all work. No credit will be assigned for answers without the appropriate work.
Be very careful with significant figures.

Problem 1 (30 pts)
Problem 2 (25 pts)
Problem 3 (20 pts)
Problem 4 (35 pts)

Maximum (100 pts)
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Problem 1 SHM: back and forth, back and forth, and back again.

Imagine we have a pendulum formed of a heavy plumb bob of mass m at the end of a thin, very light rigid rod of
length /, which is executing simple harmonic motion.
d*e

From the equation we derived in class (—
]

+ %9 = 0 ), determine the following:

Find the angular frequency ® in terms of g and /.

What is the period? Would the period increase or decrease if the string length were doubled?

What is the condition on the maximum 6, (i.e. amplitude) so that simple harmonic motion ensues?
What the solution to # = 6(1) in the equation above?

Plot @ as a function of time over one period. At time /= 0, the pendulum is released from rest at an
angle 0, with respect to the vertical (i.e. 8(t=0) = 8pand dé(1=0)/dr =0).
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Problem 2. Water, Water, Everywhere

=

tatm |

Pressure

0,006 atm

0.01°C 100°C  374°C

Drawing is rot to scale

1. On the above Phase Diagram show (have the arrow pointing in the correct direction):

a. Sublimation under constant pressure as a function of temperature.
b. Melting under constant temperature as a function of pressure.
c. Melting under constant pressure as a function of temperature.
d. Boiling under constant temperature as a function of pressure.
e. Boiling under constant pressure as a function of temperature.
2. Temperature matters.
a. At what temperature does water boil in New York City?
b. Would you expect water to boil at a higher or lower temperature in Pocatello, Idaho?
& At what temperature does water freeze in New York City?
d. Would you expect water to freeze at a higher or lower temperature in Pocatello, Idaho?

3. Based on the physical significance of the negative slope for the liquid-solid phase for water as well
as from your experience and readings:

a. Does ice float? Why? And why would you think this is bizarre behavior for a solid?
b. Why do freshwater lakes not freeze from the bottom up?
G Conjecture on why skate blades are narrow instead of wide.

4. Can you liquefy steam if it is above 380°C? Why or why not?
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Problem 3  Ideally speaking....
For an ideal gas of n moles.

1. Plot the relationship of pressure vs. volume for a fixed amount of gas held at a constant temperature.
2. If you were to double the temperature while holding the volume and the amount of gas fixed,
by how much would you increase the pressure?
3. Determine the volume in liters of 1.00 mol of any gas at STP (273 K and 1.013 x 10° Pa). Note that
one liter is equal to 1000 cubic centimeters.
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Problem 4 Many moving molecules making Mr. Maxwell mighty merry.

A gas containing 15,000 molecules, each of mass 2.00 x 107 kg, has the following distribution of speeds, which

crudely follows the Maxwell distribution.  Hint: v = 1/ ;r—z nyv}

Number of J Speed ol | v ni v’
Molecules ] (m/s) : (m/s) : (m/s) (m/s)’
© 100 [ 2000 | 300000 | 40000 6.000 x 107
4000 | 5000 | 2000000 | 250000 | 1.000x10°

| 5000 T 8000 4000000 | 640,000 3200 x10°
| 2750 | 12000 | 3300000 | 1440000 | 3960 x10°
| 1250 | 1000 | 1750000 [ 1960000 | . 2450x10°
[ 500 | 16000 | 800000 | 2560000 |  1280x10°
et | | " T o
: : = SE L S S
| N=15000 ] Emv=1215x10 | Tavd=1.195x10"° |

1. Determine the v, characterizing this distribution of speeds from the tabulated values above.

2. Calculate the effective temperature of this gas.

3. Plot this information as a function of speed versus the relative number of molecules.

4. Sketch a rough curve through these data points.

5. On this plot indicate, Vims, Vave, and v, where v, is the most probable speed.

6. If instead, the mass of the molecules were increased by a factor of two, by how much then would the

corresponding kinetic energy increase if the temperature stayed the same?
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