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Notes

1st Law recapitulation

U =internal energy
du,, = daq,, +dw,, +dn

sys

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

s
du,, =-dU,,, (energy conserved)
dU is exact differential

U is a state function completely general

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

« Constant volume process dU,= 03, AU,=Q,

isothermal expansion of ideal gas: concepts illustrated

irreversible reversible
10 atm Pox=const Pox=Pini=P
300K isothermal expansion | AV>0, AT=0, AU=0, g=-w AV>0, AT=0, AU=0, q=-w
1 mole
AU 0 N
W =P (Viuu = Visaw) W= -nRTin e
1 1 \/m“m
1atm W=__WV = oRTR [ Pins P ] ~+ nRTin o
sl
300K =-2244J =_5743J
1 mole — —_—
q=-w q=2244) q=5743J
AUjrey= AUrey
AV >0,w< 0 work is done ON
Qirrev #Arev
Wirrey #Wrey
-(-5743 J)>(-(-2244 J) 3

« Adiabatic process du= dw AU=W
2
Pressure-Volume work reversible adiabatic expansion
P=10 atm PPt (10 atm — 1atm)
adiabatic
reversible
expansion
—
+q=0
e w= - [ PoydV
« AU=q+w
*AV>0 = w<0 (W, >0)
« AU=w < 0 = gas cools as V increases
4

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

« for any substance
du, =dy, =nCvdT and AU, :I nCvdT for a constant volume process

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

« forideal gas
C,=C,+R

* monatomic ideal gas

C

3R =§R
2

V=3

adiabatic processes and the First Law
q=0
AU =w

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

compression AV <0 -I PdV =w>0 AU > 0 (ideal gas) system warms
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ideal gas adiabatic reversible processes WORK

final

W=— I P,.dVv work

ext
initial

P,=P,=P reversible
P= n\ljiT ideal gas

so as before ?2:

initial initial

but T varies along
path initial - final

for a reversible adiabatic expansion of ideal gas

important derivation (next few slides):

for reversible adiabatic expansion of ideal gas

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

(Pinitial ’ Vinitialv Tinitial)

strateay: dU g0 = 0w =—PdV = nC,dT =dU

ideal gas

7
equate dU and work for reversible adiabatic process P, =P;,=P
dU =d'w =-PdV
dU =nC,dT =-PdV (ideal gas)
nG,dT =—"RT gy
\
Codr_ av
RT V
T2=T finat 67\, dl ~ 7V2:vam dl
To=Tinitiat R T Vi=Viniial
6—Vln Thna ——In Vfnai _ an.,‘ma.
R Tlmual Vlnmal Vflnal
or
C—"lnL = —lnvi:lnvf1
R Tl vV, A
9

(other) TvsP relationship for adiabatic reversible (HW#15)

& &
T,RV, =T, RV,
with
C,=C, +R and V:?
= &
TRV, =T RV,
S nRT, :T% nRT,

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

Know: Tiiiats Pinitiats Prinai™® calculate Ting | 1

8
for adiabatic, reversible, ideal gas: TvsV “— '
T.
—In_2=In-1
R T1
&
T, \R
Inj 2| =In-1%
T1 f
[
[L] R B i
T1 VZ
& &
TRV, =T,RV,
for any two states (T,, V4,P,) and (T, V,,P,)
along an adiabatic reversible path
know: Tiniias Vinitia Viina™ calculate Tgoy
Tinitiat» Vinitialr Trinat™> Calculate Vg 10
summarizing (and HW3 #15)
TvsV
TvsP
PvsV
for any two states (T,, V;,P;) and (T,, V,,P,)
along an adiabatic reversible path
12
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e Reversible Expansions adiabatic reversible expansion: P,=10 atm — P,=1 atm
1ok Piiia=10 atm 1 mole, monatomic ideal gas
Tina= 300K & & _
b R R
? Vinia=2:46 £ LES PR o
P,=10 atm P, R R 2
T,=300K R
— isothermal P, |¢
1 constant =T )
- P= P,=1atm 1
S vV T,= 772 L 2 ,
atm |3 2
o use TvsP T,=T, {10 ] =300K x(0.1)s
P~ =1 atm atm
Tisotherma= 300K T, =300K x(0.398) =119.4K
Visotrerma= 24.6 £
fereer calc AT =T = T = (119.4-300)K = -180.6K
| . : 2 . . AU AU =nC, AT = (1 mol) (1.5) (8.3145 ] K™ mol™)(-180.6K)
adabatic ) ¢t et 0"
V (liter AU =-2.257 k]
Pia = 1atm ,
V, =9.80¢ «
. adabatc’ calc
adiabatic~ 119.4 K e 13 ™ —AU Vs -5.743 kJ for isothermal reversible
q, g+w=AU= 10 atm — 1 atm at 300K 14
HW#2 Problem 10 (Raff 2.14) Problem HW#2 Prob10
cyclic process
10. [irom Raf #2.14] One mode of an ideal Gas at 8 temperature of 500 K and a Carnot Cycle, HWE2 Prob. 10 [Raff 2.14] | isothermal expansion
prosere:of &-ain x sucjeciad Io e dolicwing chisspes: Py TH) 1l adiabatic expansion
STEP 1: The gas is expanded isothermally and reversibly bo a final pressure of & 111 isothermal compression
i IV adiabatic compression
STEP 2: Afler comgplation of STEP 1, Ihe ga% & expanded adiabatcally and
roversibly untl the pressure reaches 4 atm.
STEP 3: Afler STEP 2 18 complated, e Gas IS COmprEssed Solarmaty and VT {6 ntm, Ty TS0
roveesitly 10 a final pressure of 4 800 tm. E 5 (Pa.Va. Tyl P8 stm, T=T,=800K
STHP 4: Aftor STEP 3, the gas is compressed adiabatically and reversibly to o =
pressure of 6 atm, returming the gas i 2 temperaturs of 500 K Y (PagMg.T) Py=4 atm, Gp_,3 =0, Ty=T;_
a. Comgute i, q. and AL for STER 1 Pyed.B atm, Ty=T). qq_1=0
b Al the completion of STEP 2, what ane the lemperature and volume of the gas 7
Compute tha amount of work don in STEP 2 %
; PaVaT)
. Compute ir, g and AL for STEP 3.
d. Compute the amount of work done in STER 4. 7 8 o "
®. Comgute w, g and AL for the entire process: HINT: TL=457.3K
Volume (L}
15 16

lectures this Wednesday-Friday [3X]
(Monday 20" Jan HOLIDAY; exam Friday, 315t Jan)

better make it a triple

17




