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1st Law recapitulation

U = internal energy
dUsys = dqsys + dWsys + dn

dUSys =—dU
dU is exact differential

(n=number of moles; dn=0 for closed system)

sys

(energy conserved )

surr

U is a state function completely general

dU =dg+ dw,, +dw . +dn

other

for only P-V work and closed system (dw,, .. =0, dn=0)
dU =dg-P,dV

ext

» Constant volume process dU,= dqv AU,=Q,

- Adiabatic process du=dw AU=W




isothermal expansion of ideal gas: concepts illustrated

10 atm
300 K
1 mole

1 atm
300 K
1 mole

irreversible reversible
F)extzc;C)nSt F)extzpint=
isothermal expansion | AV>0, AT=0, AU=0, g=-w AV>0, AT=0, AU=0, g=-w
AU 0 0
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Pressure-Volume work reversible adiabatic expansion

P=10 atm

!

Vinitial

adiabatic
reversible

expansion

° q=0

ew=-]P_.dV
* AU=qg+w

'AV>OE>W<O(Wsurr>O)

Po=Pit (10 atm — 1atm)

Vil

« AU=w < 0 = gas cools as V increases




two relationships for ideal gasses: a (#sec) look ahead

-

\_

« for any substance
dU, =dg, =nCv dT and AU, =I nCy dT for a constant volume process

* Dbut for an ideal gas
dU =nC,dT and AU =nC, AT for ANY path (not only constant V process)

~

J

~

(° for ideal gas

C,=C,+R

* monatomic ideal gas
~ 3 ~ 5
C,=—R C,=—R
Y2 "2

\- /




adiabatic processes and the First Law

g=0
AU =w

expansion AV >0 - [PdV =w<0 AU < 0 (ideal gas) system cools

compression AV <0 -: PdV =w>0 AU > 0 (ideal gas) system warms




ideal gas adiabatic reversible processes WORK

final

Wz—I P.dV work

ext
initial

P — P reversible

ext

=P

Int

RT
P= nT ideal gas

so as before ??:

final R@% final

|n|t|al initial

mitial

but T varies along
path initial - final




for a reversible adiabatic expansion of ideal gas

important derivation (next few slides):

(or reversible adiabatic expansion of ideal gas\

relate (P,V,T) at any point along the
reversible adiabatic path to

(Pinitial ’ Vinitial’ Tinitial)

\_ /

=dw=-PdV = nC,dT =dU

sTrRATEGY: dU

adiabatic ideal gas




equate dU and work for reversible adiabatic process

dU =dw=-PdV
dU =nC,dT =-PdV (ideal gas)
NRT

nC,dT =—RT gy
V
C, dT  dv
R T V
Tz_j‘-final 6_\/ d_T B _Vz —\jfineu d_V
Ty =Tinitia R T Vi =Vinitial V
6\/ lll Tfinal _ —lll Vfinal _ lnvinitial
R Tinitial Vinitial Vfinal
or
Cv lnL —ln\é = lni
R T1 V. V

P, =P, =P

ext int




Cy In L = lnﬁ
R T1 V,
C,
R
In L = lnﬁ
T1 Vv,
[LjR ) ﬁ
Tl V2
c, c,

T,RV, =T, RV,

for any two states (T,, V,,P,) and (T,, V,,P,)
along an adiabatic reversible path

know: Tijisais Vinitalr Viina™ Calculate Ty,
Tq.=2 calculate Vi,

T V

initial» Y initial?
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(other) TvsP relationship for adiabatic reversible (HW#15)

Cv Cv
Tzsz :Tlel
with
C,=C,+R and V :—nET
S S
Tz Vz :Tlel
TCFg NRT, :Tcg NRT,
2 P, 1 P,
6—V+l C—V+l
TzR P1 :TlR Pz

along an adiabatic reversible path

P

P, P, KNow: T iiair Pinitiair Prina™® Calculate Ty,
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summarizing (and HW3 #15)

c, ¢,

T,RV, =T,RV, TvsV
and

L _ " TvsP

I:)2 I:)1
and
PV/ =PV | where y = % PvsV
\Y/

for any two states (T,, V,,P,) and (T,, V,,P,)
along an adiabatic reversible path
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Reversible Expansions
1 mole, monatomic ideal gas

Pinita=10 atm
Tinitia= 300K
Vinitia=2-46 !

r

iIsothermal h

’E\ constant
o - :
— - Yy
al
Psinal =1 atm
TisothermaI= 300K
Visothermal= 24.6 ’g
.................................. _@
(" adiabatic ) % 5 10 15 20 25
V (liter)
constant Pfinal =1 atm y P, %V
\ Vj/:% ) _IYadiabatic= 9.80 ¢ « 2_{32} '
adiabatic™ 119.4 K - Tf _Tlﬁ N PV, 13
P, P >~ nR




adiabatic reversible expansion: P,=10 atm — P,=1 atm

P,=10 atm
T,= 300K

P,=1 atm
T,= 777

use TvsP

calc
AU

calc
q,w

AN
P, P, R 2

R

P. \Co
nlE)
1

2

5 2

T,=T,| 22 P _ 300K x(0.1)s
10 atm

T, =300K x(0.398) =119.4K

AT =T, —T. . =(119.4-300)K =-180.6K
AU =nC, AT =(1 mol) (1.5) (8.3145 ] K™ mol™)(-180.6K)

AU =-2.257 K|

@ vs -5.743 kJ for isothermal reversible

q+w=AU = 10 atm — 1 atm at 300K 14




HW#2 Problem 10 (Raff 2.14)

10. [from Raff #2.14] One mole of an ideal gas at a temperature of 500 K and a
pressure of 6 atm is subjected to the following changes:

STEP 1: The gas is expanded isothermally and reversibly to a final pressure of
S5atm.

STEP 2: After completion of STEP 1, the gas is expanded adiabatically and
reversibly until the pressure reaches 4 atm.

STEP 3: After STEP 2 is completed, the gas is compressed isothermally and
reversibly to a final pressure of 4.800 atm.

STEP 4: After STEP 3, the gas is compressed adiabatically and reversibly to a
pressure of 6 atm, returning the gas to a temperature of 500 K .

a.

b.

Compute w, g, and AU for STEP 1.

At the completion of STEP 2, what are the temperature and volume of the gas?
Compute the amount of work done in STEP 2.

Compute w, g, and AU for STEP 3.
Compute the amount of work done in STEP 4.

Compute w, q, and AU for the entire process.
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Problem HW#2 Prob10

P (atm)

Carnot Cycle, HW#2 Prob. 10 [Raff 2.14]

(P1.V1.Tp)

(P3.V3,Tp)

Volume (L)

cyclic process
| isothermal expansion
Il adiabatic expansion

Il isothermal compression
|V adiabatic compression

P,=6 atm, T,=T,;=500K
P5=5 atm, To=T},=500K
P3=4 atm, 1‘3]2_}3 =(, T3=TL

P4=48 atm, T4=T[_' Q4_>1= 0

HINT: T =457.3K
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lectures this Wednesday-Friday [3X]
(Monday 20%" Jan HOLIDAY; exam Friday, 315t Jan)

better make it a triple
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