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Chemistry 21c (AY 2007-08)                  TA: Kurt Mou 
Midterm Examination- Closed Book Section          Office: 130 Broad 
Distributed: May 02, 2008      mouung@caltech.edu 
Due: May 08, 2008, 12:00 pm (at noon)    

 
PART 2 - OPEN BOOK - 75 POINTS 

Directions:  
Do not begin this section until after you have completed the closed book 
section. This section of the examination must be taken in a continuous time 
period of 2!  hours. Do not open this section of the exam until you are ready to 
take it. Once you open the exam, the clock starts. After 2!  hours, stop working 
and do not return to the exam. You will not be given points for Òover-timeÓ work. 
Do not discuss the exam with classmates until after the submission time. 
 
Exams should be placed in the Noyes Ch21c mailbox (first floor of Noyes) no 
later than Thursday, May 8 at 12:00pm. Late examinations will not be accepted 
without a DeanÕs excuse. 
 
There are 4 problems on this section of the examination. You must answer all 
four problems in order to receive full credit. 

 
Allowed Materials:  

• Your class notes from Ch 21c from AY 2007-2008. Your notes means 
written in your own hand, and official class notes. Do NOT use a 
classmateÕs class notes, or notes from another year. 

• Your completed problem sets from Ch 21c as well as the official solution 
keys, from AY 2007-08. Do not use any other yearÕs problem sets, 
solutions, or another studentÕs problem sets. 

• You may use the SAB textbook for this course, as well as a table of 
integrals and constants. You may use the inside covers of a non-required 
textbook (for example, if you have a Math Methods book with a useful 
table of integrals, you may use it). Do not use any other textbooks. 

• A calculator (four function or scientific). If you choose to use a more 
advanced calculator, you may only use functions found on a typical 
scientific calculator (logs, trig, etc.). Do NOT perform symbolic 
manipulation. Do not store text or programs on your calculator. 

Do not open this section of the examination until you are ready 
to begin working. You will have 2! hours from when you open 
this section to finish working on it. 

1 2 3 4 TOTAL 
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GOOD LUCK!!!  
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1 - Dark Nebulae and the Interstellar Medium - 20 points 
(Source: Young and Freedman, Problem 16.75) 
 

A dark nebula is a cold gas cloud in interstellar space that contains enough 
material to block out light from the stars behind it. A typical dark nebula is about 
20. light years in diameter, and contains about 50. hydrogen atoms per cubic 
centimeter (monatomic hydrogen, NOT H2) at a temperature of about 20. K. (A 
light year is the distance light travels in vacuum in one year, and is equal to 
9.46×1015 m.) You may assume that this hydrogen gas is ideal. 
 
a) Estimate the mean free path for a hydrogen atom in a dark nebula. The radius 
of a hydrogen atom is 5.0×10−11 m. 
 
b) Estimate the rms speed of a hydrogen atom, and the mean free time (the 
average time between collisions for a given atom). Based on this result, do you 
think that atomic collisions, such as those leading to H2 molecule formation, are 
very important in determining the composition of the nebula? 
 
c) Estimate the pressure inside a dark nebula. 
 
d) Compare the rms speed of hydrogen to the escape speed at the surface of the 
nebula. Assume that the nebula is spherical. If the space around the nebula were a 
vacuum, would such a cloud be stable, or would it tend to evaporate? 
Hint: The escape speed can be expressed as 
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e) Cosmic rays ionize neutral species, and ion-neutral collisions are 
important.  The cross section for the collision of a charged species with a neutral 
molecule or atom varies inversely with velocity.  Estimate the collision frequency 
and collision rate for an H+ ion colliding with an H atom, if the cross section is  
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2 - Heat capacity and inversion temperature - 20 points 
 
Given the equation: 
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To what expression can this equation be reduced at the inversion temperature? 
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3 - Thermodynamic Cycles - 20 points 
 
 a) The Joule Cycle is illustrated below 

 
The individual steps are adiabatic compression (1-2), isobaric expansion (2-3), 
adiabatic expansion (3-4), and isobaric compression (4-1). All steps are 
reversible. Assume that the gas is ideal. Determine the efficiency of the engine as 
a function of the pressure ratio (p2/p1) and γ. 
 
b) Consider a cycle consisting of reversible adiabatic expansion, reversible 
isobaric compression back to the initial volume, and reversible isochoric heating 
to the initial pressure. Draw the pV diagram for this process, and calculate ΔS of 
each step. Show explicitly that ΔS of the cycle is 0. 
 
c) Without performing any calculations, explain how your derivation and answers 
from part b would differ if we used a van der Waals gas. 
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4 - Thermodynamics of a Spring - 15 points 
 
A spring is placed in a large thermostat at 27°C and stretched isothermally and 
reversibly from its equilibrium length L0 to a length L. During this reversible 
stretching, 1.00 J of heat is absorbed by the spring. The stretched spring, still in the 
constant-temperature thermostat, is then released without any restraining back-tension 
and allowed to jump back to its initial length L0. During this spontaneous process the 
spring evolves 2.50 J of heat.  
 
a) What is the entropy change for the stretching of the spring? 
 
b) What is the entropy change for the spring after it has collapsed? 
 
c) What is the entropy change for the universe (spring plus surrounding thermostat) 
for the total process, stretching plus return collapse to initial L0? 
 
d) How much work was done on the spring in the stretching process? 

 
 
This is the end of the examination. After 2!  hours have passed for this 
section, please arrange your papers by problem number, staple, and 
submit the exam to Ch21c mailbox on the first floor of Noyes. The exam 
is due on Thursday May 8, at 12:00 pm. 
 


