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AU is path independent; Q and 7 depend on the path.
AU =U,-U,
This can be calculated for any path from a to b, in particular for path ach:
AU, =0y ~Woep =85.0J-60.0 J=25.0 J.
Now apply AU =Q—W to path adb; AU =25.0J for this path also.
W,ap =+13.0J (positive since AV > 0)
AU, =00ty ~Woap 50 Qugp =AU,y + W, =250 J+13.0 T =+38.0 J.
(b) Apply AU =Q—-W to path ba: AU,_,, =0y, —Ws,
Wy, ==39.0 ] (negative since AV <0)
AU, =U,-U,=—(U,-U,)=-AU,_,, =-25.07
Then O, =AU,_,,+W,, =-25.0J-39.0J =-64.0 J.
(O, <0 the system liberates heat.)
©U,=0, U,=12.0]J
AU, =U,-U,=+425.01, so U, =+25.0 J.
process a —d
AU, sa=0ua W
AU, =U,;-U,=+12.0]
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W, =+13.01 and W, =W, +W,. But the work W for the process d — b is zero since AV =0 for

that process. Therefore W,, =W, =+13.0J.
Then Q,;, =AU, _,;+W,; =+12.0 J+13.0 ] =+25.0 J (positive implies heat absorbed).

process d — b

AU =Oap =Wap

W, =0, as already noted.

AU,;,, =U,-U;=250J-12.0T=+13.0J.

Then O, =AU,_,, +W,, =+13.0 ] (positive; heat absorbed).

EVALUATE: The signs of our calculated Q,; and O, agree with the problem statement that heat is

absorbed in these processes.
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19.39. IDENTIFY: Use pV =nRT to calculate 7,/7,. Calculate AU and W and use AU =Q~W to obtain Q.
SET UP: For path ac, the work done is the area under the line representing the process in the p¥-diagram.
5 3
 — L_»ple _ (1.0x105 1(0.060 m*)
T, pJVa (3.0x10° J)(0.020 m®)
(b) Since 7, =7,, AU =0 for process abc. For ab, AV =0 and W_, =0. For bc, p is constant and

Wy, = pAV = (1.0x10° Pa)(0.040 m*) =4.0x10" J. Therefore, W, = +4.0x10° I. Since AU =0,

=1.00. T, =T,

Q=W =+4.0x10> I. 4.0x10° J of heat flows into the gas during process abc.
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(€) W =1(3.0x10° Pa+1.0x10° Pa)(0.040 m*)=+8.0x10° J. O, =W, =+8.0x10° J.
2 ac

ac

EVALUATE: The work done is path dependent and is greater for process ac than for process abc, even
though the initial and final states are the same.
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19.43. IDENTIFY: Segment ab is isochoric, bc is isothermal, and ca is isobaric.
SETUp: Forbe, AT =0, AU =0, and Q=W =nRT In(V,/V}). For ideal H, (diatomic), Cj :%R and
C,= %RA AU =nCy, AT for any process of an ideal gas.
EXECUTE: (a) T, =T7,. For states b and ¢, pV = nRT = constant so p,V}, = p .V, and

V.=V, [ﬁj =(020 L)(

e

2.0 atm

=080 L.
0.50 atmj

)T = PV (0.50 atm)(1.013x10° Pa/atm)(0.20x 10~ m®)
“7 nR (0.0040 mol)(8.315 J/mol-K)

=305 K. V, =V, so for states a and b,

T_V o constantso Ja=Do g-1-1|2 |05 K)[Z'O—atmj:IDOK; T,=1220K.
p nR Pa  Pp 0.50 atm

(¢)ab: Q=nCy, AT =n(3R) AT, which gives

a

0 =(0.0040 mol)(%)(8.3 15 J/mol-K)(1220 K —-305 K)=+76 J. Q is positive and heat goes into the gas.
ca: Q= nCp Al = n(%R) AT, which gives
0 =(0.0040 mol)(Z)(8.315 J/mol - K)(305 K —1220 K) =-107 J. Q is negative and heat comes out of

the gas.
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be: Q=W =nRT In(V,/V}), which gives

0O =(0.0040 mol)(8.315 J/mol - K)(1220 K)In(0.80 L/0.20 L) =56 J. Q is positive and heat goes into
the gas.

(d) ab: AU = nCyAT = n(3 R)AT, which gives

AU =(0.0040 mol)(%)(8.3 15 J/mol - K)(1220 K —305 K) =+76 J. The internal energy increased.

bce: AT =0 so AU =0. The internal energy does not change.

ca: AU =nCyAT = n(%R)AT, which gives

AU =(0.0040 mol)(%)(8.3 15 J/mol - K)(305 K —1220 K) =-76 J. The internal energy decreased.
EVALUATE: The net internal energy change for the complete cycle ¢ >b —>c —a is
AU,

the net internal energy change is zero. For the cycle the net heat flow is
Ot =+76 T+ (=107 ) +56 J=+25J. AU, =0 so O, =W, The net work done in the cycle is

positive and this agrees with our result that the net heat flow is positive.

ot =176 J+0+ (=76 J)=0. For any complete cycle the final state is the same as the initial state and
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19.50. IDENTIFY: The process is adiabatic. Apply pV}/ = p,V and pV =nRT. Q=0 so

1
AU =W =——— (V= PV
-

SET Up: For ideal monatomic helium, y =5/3=1.667. p;=1.00 atm=1.013 x 10° Pa.
¥, =2.00x10° m*. p,=0.900 atm =9.117x10* Pa. 7, =288.15 K.

1.00 atm

1y
Execute: (a) 1} =17 | 2| v =y £ | =(2.00x10° ms)(i
- = 0.900 atm

1/1.67 .
j =2.13x10° m’.
)2 )2

: T T,
(b) pV =nRT gives ——= 27 1
ph o Vs

3| 3
=1 22| 2 |- 28815 K)(ogoo atm] Sne = |=2762K =3.0°C.
n )\ " 1.00 atm J{ 2.00x10° m’

5 < 4 3.3
(© AU - (013X 10" P)2.00x 10 n;;67().1117x10 POQBx10mY) | oo oy

EVALUATE: The internal energy decreases when the temperature decreases.
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17.85. IDENTIFY and SETUP: To calcula‘le Q use Q= mcAT inthe form dQ=nCdT aHd iinegrate, using

L . . 1 dO . . .
C(T) given in the problem. C,, is obtained from C =— % using the finite temperature range instead of
n

an infinitesimal d7.
EXECUTE: (a) dQ =nCdT

Y T e Iy 3174
Q_njrl Cd1 ;nJ‘Tl k(T3 0%)dT = (nk/© )ITI T3 dt = (nkl 0 )(47

n

7)
G .

0 nk~ (T24 *T14) = (1.50 mol)(1940 J/mol - K) ((36.0 K)4 —313.0 K)4):54.l 7

46? 4(281K)*

1 AQ 1 54.1J
) Cp=—Z= (
n AT 1.50 mol\ 36.0 K-13.0 K

(©) C=k(T/0) = (1940 J/mol-K)(36.0 K/281 K)® =4.08 J/mol - K

] =2.35J/mol-K




image2.jpeg
19.36. IDENTIFY: Segment ab is isobaric, bc is isochoric, and ca is isothermal.
SET UP: He is a monatomic gas so (), :%R and €)= %RA For any process of an ideal gas,
AU =nCy,AT. For an isothermal process of an ideal gas, AU =0 so Q =W =nRT In(V,/V}).
EXECUTE: (a) Apply pV =nRT tostatesa and c. T, =71, so nRT'is constantand p,V, = pV..

p, = pc[ﬁjz 2.0x10° Pa)| 20| _g 105 pa.
v, 0.010 m*
v, : H i 2
) 1, = Lo _ (8.0x10° Pa)0.010 ) _ .
nR  (3.25 mol)(8.315 J/mol-K)
v, 8.0 x 10° Pa)(0.040 m®
1, = 2 . _BOX10 Pa)JOOOM) _ g,
nR  (3.25 mol)(8.315 J/mol-K)
'a 5 3
- pYe __20x10° Pa)0.040m>) oo K=T,

nR  (3.25 mol)(8.315 J/mol-K)
(¢)ab: 0= nCpAT =(3.25 mol)(%)(8.315 J/mol-K)(1184 K —296 K) =6.00x 10* I; heat enters the gas.

be: Q=nCyAT =(3.25 mol)(%)(&SlS J/mol-K)(296 K —1184 K) =-3.60x% 10* J; heat leaves the gas.

5 3
ca: Q= nRTln[p—”] =(3.25 mol)(8.315 J/mol - K)(296 K)ln(M} = —1.11x10* J; heat leaves the gas.
V. 0.040 m®
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(d) ab: AU =nCyAT =(3.25 mol)(%)(8A315 J/mol-K)(1184 K —296 K)=3.60x10* J; the internal energy

increased.
be: AU =nCpyAT =(3.25 mol)(%)(8.315 J/mol-K)(296 K —1184 K) =-3.60x 10* J; the internal energy

decreased.
ca: AT =0 so AU =0.

EVALUATE: As we saw in (d), for any closed path on a pJV diagram, AU =0 because we are back at the

same values of P, 7, and T.
19.37. IDENTIFY: Use AU =Q-W and the fact that AU is path independent.

W >0 when the volume increases, W <0 when the volume decreases, and W =0 when the volume is
constant. Q >0 if heat flows into the system.
SET UP: The paths are sketched in Figure 19.37.

p Qe =+85.0 1 (positive since heat flows in)
¢ > b W, =+60.0 J (positive since AV >0)

a
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EXECUTE: (a) AU=Q-W




