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Z7.ORGANIZE AND PLAN  Helium is a monatomic gas so the internal energy
difference when warmed is AU =3Nk,AT. The number of atoms in 1.25 L is
given by the ideal gas law.

Known: v =125L; AT =100°C.
SoLVE From the ideal gas law pv-n,r we find that mternal energy

CHICTCASES uy \-> \&\K’_\% = v\f

T

. AT
AU =ENk AT =3Py Es
20

B
A {2 Q7w .
{1o0-Cy J_ qurf \ mem % \ w@\%h}\() P@\

2(101 kPa){1.25 %107 nr*) =648] !
e @) x 0\ ke |

REFLECT We will assume room temperature and atmospheric pressure
unless stated otherwise (or unless such an. assumptlon appears obvzousiy

CITONCOUS, J. Notc that it's iﬁ;y\u tant to-convert the room iCitipCrature to

Kelvin because it’s not a temperature difference.

Insert known values:

AU=3(1 atm})(1.251)




. a W=7 ot ) SRR
/ . QGVLM\Q, Qe AVAV ST A | 7 i . :
NN ~= ofc
N AU ‘
53.0RGANIZE AND PLAN  The heat lost is the heat of vaporization of 120 g of perspiration,
which we can approximate with 120 g of water. The heat of vaporization of water is
fisted in Table 13.3. The work done 1s the internal energy change minus the heat lost.

Known: AU=80keal; m=120g, L, =226x10° J/kg.
SOLVE (a) The heat lost is given by Equation 13.6:

Q=mlL,=(120 g){2.26 x10° kg) =271 kJ _‘\/(;H
~ e , W= @
{b) The work done by the runner is: / AN

W =AU -0 =(80 keal)— (271 k) =64 kJ \ C(}‘\-ﬁf L’\ w\g S
33T
REFLECT The heat of vaporization for water has a slight dependency on temperature.
The value in Table 13.3 is the heat of vaporization at the boiling point. At body
temperature, the heat of vaporization of water is slightly larger, 2.4x10° J/kg, but the value
used above is an acceptable approximation.

A 2 W\
(”/

'\\kxw
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42.0RGANIZE AND PLAN  The work done on an expanding gas 1s negative. The sum of the work
done to and the heat added to an isothermal system is zero. To calculate a precise value
we use the formula for work done on an 1sothermal system.
Known: n=010mol, T =30K; V, =37,
SOLVE (a) When the gas is expanding the work done on the gas is negative, so the heat
added is positive, i.e., heat flows into the gas.

(b) The work done on an isothermal system is: @ = &(\/\rv E . Q\ - \7)\ + \}\j(
. _ - 1) ~ @
W:nRTin{f;J WAL -w) W i( .
Xar \= 0wy
\ 7 . e )‘\"H“
and w+Q=0, so the required heat 1s: ¥ %% )(\’& %g\ X _

[Qz AN
ﬂ

= = -pRTIn
¢ ["}

7

J = ~(0.10 mol){8.31/(mol -K ) (300 K)in[%} =027

REFLECT [t is straightforward to see that the answer is reasonable, because In(3)~1.




0. 2wl WL C\? \))T""’ g\f/;, o Lo V. ‘\W%M;7

38. ORGANIZE AND PLAN We will use the formula for work done %the gas in an
isothermal process. S
Known: n=030mol; T =300K; V, =5F,
SoLve The work done on the gas is:

w :nﬂrm(ﬁ_
V.

J ={0.30 mot )(8.31 J/(mol - K ) }(300 K)ln@] =-12kJ

The work done by the gas is positive 1.2 kJ.

REFLECT It does not matter in an isothermal process whether the gas is monatomic or
diatomic.
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46. ORGANIZE AND PLAN The work done on the gas in an adiabatic process is
proportional to the diffcrence between two products: the final pressure times
volume minns the initial pressure times volume. From the ideal gas {aw thig
means that the work done on the gas is proportional to the difference
between final and initial temperature.

Known: n=20mol, w=-7507.

SOLVE (a) The gas does positive work, This means the work done on the
gas is negative, and from our argument above that means the final
temperature is less than the initial femperature, so the gas temperature
decreases.

The reason for this is that to do work the gas must expend its internal
energy, which is proportional to temperature for a diatomic gas.

(b) The work done in an adiabatic process is:

i éﬂ‘f— :% %@f‘ @{M&@M (. 5

y-1
. . . . - . J e
Rewrite this expression using the ideal gas law: P"\él AL L\
§ -
PV.~B¥, nR nRAT
r o F ity .
i e

Solve for the temperature difference and insert

7 3
ar =07 %\E"EJ{J‘SGJ} =-18K
AR (20mol)(8.315/(mol -K})

REFLECT The expression we derived here between the work done and the
temperature difference holds true for all adiabatic processes if the gas is an
ideal gas.



First law accounting, with
Process ' Work W AM=0+ W

Constant pressure W - PAV AL/ = @ PAY

. “
B %

Constant temperature W= nRT In { gﬂi} Al =0
(isothermals S SV
O = W e ~nRTn {;;

Constamt volume W 3 AlF = O

- ,,&g.l o %%

v o N

#

Adinbatic (g = 1} W
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29.0RGANIZE AND PLAN ﬂeat mternzu energy, and work are related through the
first law of thermodynamws We will divide the quantities in this law by
time to get powers and heat flow rates.
Known: AU/IA=45W,P=~165W.
SoLvE The first law of thermodyﬂanncs divided by time 1s:

%:%w Y — A,\/\ Qrg‘{’\'\f ’\_)(7

which we can rewrite to get an expression for the heat flow into the system: D\\«Q\

AQ AU . o i o1 : W @

i = =k B={45 W (1B W) = ZUOW

== = = {4; } § g;w}; pALy) =
REFLECT The power is negative because tic system is doing WOrK.



