
The intemal is the same as the first one taken from the tables, with a = 2. So
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Thus, the root-mean-square speed is

Questions and Example Problems from Chapter 19

Question I

1a; Rank ttre four paths in the figure below according to the work done by the gas, greatest first.

(b) Rank paths 1,2, and 3 according to the change in the intemal energy of the gas, most positive

first and most negative last.
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Question 2
An ideal diatomic gas, with molecular rotation but not oscillation, loses energy as heat Q. Is the

resulting decrease in the internal energy ofthe gas greater if the loss occurs in a constant-volume
process or in a constant-ptessure process?
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Question 3
A certain amorurt of energy is to be transferred as hedt to 1 mol of a monatomic gas (a) at

constant pressure and (b) at constant volume, and to 1 mol ofa diatomic gas (c) at constant
pressure and (d) at constant volume. The figure below shows four paths from an initial point to
iour final points on a p-v diagram. which path goes with which process? (e) Are the molecules
ofthe diatomic gas rotating?
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Problem I
A q'antity of ideal gas at 10.0"c-and 100 kpa occupies a volume of 2.50 m3. (a; How many
moles of the gas are present? (b) If the pressure is now raised to 300 kpa and thi t"-p*.t*. i,
raised to 30.0oC, how much volume does the gas occupy? Assume no jeaks.
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Problem 2
The best.laboratory vacuum has a pressure of about 1.00 x 10-18 atm, or 1.01 x 10-13 pa. How
many gas molecules me there per cubic centimeter in such a vacuum at293 K?
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Problem 3
Air that initially occupies 0.140 m3 at a gauge pressure of 103.0 kPa is expanded isothermally to
a pressrue of 101.3 kPa and then cooied at constant pressure until it reaches its initial volume.
Compute the work done by the air. (Gauge pressure is the difference between the actual pressure
and atmospheric pressure.)
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At what temperatue do atoms of helium gas have the same rms speed as molecules of hydrogen
gas at 20-0 oC? (The molar masses are given in Table 19-1).
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Problem 5
At 20"C and 750 torr pressure, the mean free paths for argon gas (fu) and nitrogen gas (N2) are
^  ^  ^  . - ^ - 6  - ^ - A
)'x=9.9 x 

'l 
0-" cm and l"uz : 27.5 x l0-" cm. (a) Find the ratio of the effective diameter of argon

to that ofnitrogen. What is the mean free path ofargon at (b) 20"C and 150 torr, and (c) -40"C
and750 ton?
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Problem 6
Twentytwo particles have speeds as follows (ly'; represents the number ofparticles that have
speed v):

/v ,24682
v; (cm/s) 1.0 2.0 3.0 4.0 5.0

(a) Compute their average speed vuur. (b) Compute their root-mean-square speed v*,r. (c) Of the
five speeds showq which is the most probable speed vp?
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Problem 7
One mole of an ideal gas undergoes an isothermal expansion. Find the energy added to the gas as
heat in terms of the initial and final volumes and the temperature. (Hint: Use the fust law of
thermodvnamics.)

) +^ t*t .u-affip^t-r l J4+^t rr**", AT= O -,:e, A E;a - n Cu aT = O

-&^--, l&)u,u ---- AF= Q -W * Q =. a 5rW - \^/
-v+ Vc

\"/=( pJV p_- Lry ___) W.(-1l!l;;v)  '  l  v  vv  
, l  \  - v

vi vr-

V = n BT ( jY = n /qTA 1# ) &^* ^,'nb n--1
)  

- ' , t  -  
\v i /

v;
lO=\^/= AT& ( /v;) {Problem I I -'

One mole of an ideal diatomic gas goes from a to c along the diagonal path in the figure below.
During the transition, (a) what is the change in internal energy ofthe gas, and (b) how much
energy is added to the gas as heat? (c) How much heat is required ifthe gas goes from a to c
along the indirect path abc?
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Problem 9
Suppose 12.0 g of oxygen (O2) is heated at constant atmospheric pressure from 25.0oC to 125"C.
(a) How many moles of oxygen are present? (See Table 19-1 for the molar mass.) (b) How much

'- ,,/ energy is tansferred to the oxygen as heat? (The molecules rotate but do not osciilate.) (c) What
fraction ofthe heat is used to raise the intemal energy ofthe oxygen?
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Problem l0
When i.0 mol of oxygen (Oz) gas is heated at constant presswe starting at 0"C, how much
energSr must be added to the gas as heat to double its volume? (The molecules rotate but do not
oscillate.) 
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Problem ll
The volume of an ideal gas is adiabatically reduced from 200 L to 74.3 L. The initial pressure
and tanperature me 1.00 atrn aad 300 K. The final pressure is 4.00 atrn. (a) Is the gas
monatomic, diatomic, or polyatomic? (b) What is the ftnal temperature? (c) How rnany moles are
in the gas?
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Problem 12
The figure below shows two paths that may be taken by a gas from an initial point i to a final
pointl Path 1 consists of an isothermal expansion (work is 50 J in magnitude), an adiabatic
expansion (work is 40 J in'magnitude), an isothermal compression (work is 30 J in magnitude),
and then an adiabatic compression (work is 25 J in magrritude). Wlat is the change in the intemal
energy of the gas if the gas.goes from point i to point/along path 2?
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