
Exercise 2
U :The energy

contained within a system : OU : Q -W

H : The internal energy of the system + the product of the pressure and the v01um,
it is a mathematical property defined for convenience .

It = U + PV

S : Microscopic definition : A measure of the molecular disorder i the system ,
relates to the number of microscopic states that are available in a given macro state .

S = k . In W← number of ways to arrange the molecules in the system.
I

boltzmann's constant

A : Available useful work in a TD system at constant volume and temperature.

A-- U - TS

G : Ava ; like useful work in a TD system at constant pressure and temperature^
non expansion /contraction

G - H -TS

The 1st law of TD expresses that the change in the internal energy of the

system is equal to the sum of the heat and work added to the system

☐ U =

of -1W

(Energy is not formed or destroyed )



2nd law of TD for reversible process
"

The change in system entropy for a closed simple system is equal to the heat absorbed by the system along

the path divided by system temp!

ds . her
For irreversible process

"

The change in entropy during irreversible processes is always larger than the amount

of heat transferred by the system temperature .
"

ds = (F) in >(¥1m

1st law of TD
- U -

- Q +W ⇒ d U = dqtdw , if the process is reversible
,
and F-Put

dU=dq - pdv
- H = Ut PV , if the process is reversible

,
and F-Put

dH=dU + pdv + Vdp
=

dq-pdX.it/dV+VdpdH--dqtVdp-A=U-TS--sdA--dU-SdT-TdsdA=dq-pdV-
Sdt -Tds

- 6 = H - TS ⇒ d6-- IH - Tds - Sdt

dG = dq + Vdp -Tds -Sdt
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Total differentials in measurable variables

for A and G
,

it is the same, they already are in IP

( which might be wrong , I might her inserted do too early )

- by introducing 5, we now have dult.tl and dHH.pl

which allows us to write the total differentials

Maxwell relations
Eaters theorem

Comparing the 3rd and 4th columns gives us :

v. ii.¥1 . .pt#1d-y(¥)y=¥(¥)×
H : T --1¥ )p ,

V. (8¥)s } u:#¥h=¥ Is ⇒1%1=-4%1
A : - s --18¥)v

,

- p=l¥v ), EF Ef
o :# ¥-1

. ,vt¥! Hi ¥¥÷p=¥f¥fs⇒l¥1s=l¥
A :

¥ ?¥¥=¥¥÷k⇒⇐t=l¥h_
6 :

¥¥±¥¥j⇒l¥t=t¥

The definitions : Cv =/¥)v
G--18¥)p

From problem 4 :

dU=T(¥)vdT+T(¥1, dv-pdv.cvdtf.tl#-)v-pIdV--GdT
w w

me
= (0¥)✓=Cv Maxwell relation Ideal gas law :

= 1¥)v p=m¥

⇒ #-);# ⇒ T#-);
"
=p



dlt-tfff-pdt.it#-),dp+Vdp=Cpdt+Y-foY--)p.Tfdp=cpdT
w

✓ Maxwell
#

=/¥1)p=Cp = -1¥)p =0
,
same calculation as

for du

•For problem 5

dU=cudt+[tl¥)v - p]dV

dlt-cpdt.lt#-)p.Tdp
• For problem 6

dU=CvdT

dH=CpdT

A) OU -
- q-iw-n.cv.LT

q-iw-n.cv.ltf.to) ,w=0 (no work done)

Tf=

T.tn#--3ooK+7oII?zoYF-ym*Tf=444k-nR--
constant

,
using ideal gas

law :

BV÷=B¥f , Vp =L - V0

⇒ pg =
Pity = 0.3^1%44412=0,222 Mpa
2.To 2.300K

Pf=Q222MP#



b) From problem 4

1 mole basis : dU=Tds - Pdv = Cvdt

⇒ dS=d¥+¥dV
dS=¥dT+¥dV / ideal gas law

dS=¥dTt¥dV / " Integrating "

os.cv.tn 1¥ ) + R.tn#.)
w

¥22b)
For 10 moles : 05=10 md ( 20,84m¢.kIn§¥-) -18,314m¥ - In 2)

05=139,2 £1K

Energy balance for steady-state :

1m01 basis :

H
,
- 1¥ - ¥ + q -1W =D / Using reference state so H=0 at F-0

It = GOT ⇒ H= Cpt

CplTi - tallit, ))+q+w=0

of = - Cplt , -1-211+1-3 )) - w = -29,1%1.1<(300-1-21280-1260))K - (-3,4%01)

q=2527F/m#



Entropy balance
g.

steady state
•

•

d¥=E sin . ;
in
- Esoutii

"
+ { ftp.tsgen-O
surfaces

4in
= Dsnniv

Only surrounding

⑥univ
= { sont . nout-Esin.nin.it

Ten

= £1s, -1s,) - S, - ¥w / from problem 4 : dlt-tds-Vdp-G.IT
= 1-215<+53-25

,) -¥
.

dg . ¥ - ¥ dp /ideal gas law

= -12141k¥, -1k¥.it/I-:I)-RllnIz+lnI-.,-lnlY.-.pY-¥
.

dS=Cp¥ - F- dp /integrating

= take .lnf¥¥¥) - R.tn ;÷¥)) -÷.si-s.r-a.tn#i.r-R-ln*.d0Suniv--1-z(CplntYF-)-R.lnYE-p)) - tent
Osnniv = { (29.17mi.kln(2%310-1 -8,314%.*ln(¥21) -

2527%01
300K

↳ univ = 0.02 J-hn.tk The entropy change is > 0 ⇒ It is possible

a) From du -

- Tds - pdV=CvdT
dS= 4- dt-F-dhtotdditkent.it#=Cff--pCoF-)u

Maxwell relation

⇒ ds=¥dT -1¥)vdV

b) From dlt-tds.ivdp-G.IT
dS=¥dT+¥dp ,

total differential ⇒ Y==(%-)
, §
-1¥!

Maxwell
relation

⇒ ds=¥dT -1¥)p


