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(Entropy)—
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dE = dQ- éW =TdS- padV
variable state variable
state function S
dQ =TdS or das= ?
EL/ = T’E =c p
s mwi|S
E=E(SV,N) N
Rudolf Clausius 1835 [9=] / 1=[JIK]
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ds=R_Lye Py
T T T
S=SE,V,N)
S=S(E\V\N) E=E(SV\N) (fundamental
equation)
.
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Q) (adiabatic process)
dQ=TdS=0,T* 0® dS=0
S
Adiabatic process = Isentropic process
2 (isothermal process)
T=T,, dE=0
° ds=9Q - Py =Ny
T
. . -V
DS=(ydS=) Dav=¢) NK gy = NIt = PV Yo
P T Y i To V
J
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©)] (isometric process)
V=V, pdv=0

dS:ﬂ :E :&dT
Tdv=0 Tildv=0 T
f I C, T,
DS=QdS= —=dT=C,In—
0™>=0 7 < T
4) (isobaric process)
P=Do C
dS:@ =—PdT
T [dp=0 T
\ \Tf P f
DS=QdS=Q —dT=C In—
\ ! J
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§-§=bS p-V
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N\ |
S=0
y closed path
5qf
>V




4 ~

V, P,
DS@a@f :DS®a+DSa®f :Cp|nV+Q, |nF

P, V
DSeber =DSep, + DS ¢ :C\,|nF.f+Cp|nvf

DS a0t =DSepe 1 R i R
b pl -----
DSe .0 rovei = oS
i®a® f®b® i b,
— +DS _ ... f
D3®a®f f®b®i
— _ i i \/
\_DS|®a®f_DS®b®f_o v, v > )
: f
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DSabcdefgha a b
= DSabC - DS;def + Dngha C d
= DS, + DSy + DSy, + DSy - DS f
:DSabC+DSd+Dngha+DSodef+Dsfc o 5 e

\ = DSabcfgha + DScdefc = O
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DS=0
(S =0
y closed path
J
T-Sdiagram h
d6W = pdV  p-Vdagram
dQ =TdS T-Sdiagram

T

4

412



\
Thermal Cycle and Thermal Engine
a-b-c-d Cycle
W,,. = gpdV =+
abc
chda = d:’dv =-
cda
chc :Wabcda = @)pdv =+ \
abcda /
413
Q \
DEabcda = Ecyc =0= Qcyc - chc
adcba Que Wy
%
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4 (Carnot's Cycle)--- )
- A=
j:i Tseuthemmal
1 BTSN
Dok () Encrgy reservoir ar T, -
m:rﬂlinn U ewpantuf:'t
2 2=
i b}
COMpressinm
\ (€] Energy reservoir a1 T, /
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Carnot cycle
p-V diagram
T-Sdiagram
- /
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(B-C D-A)

Tvol=constant TVe™ =TV iV, _ ‘

TS =TV RV Yy

A- B isothermal

Vv
W,e = NKT, InZ2

A

DE,; =0=Qy - W,,

V.
Qs =W,z = NKT, InV—B =T,DS,

A

DS, =Nk|n\i

A
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C-D isothermal

V, V, V,
W, = NKT, In—2 =- NKT_In—% =- NKT_In—2%
V, V, \Y%

C D A

v
DEp =0=Qu - W, Qe =Wep =~ NKT,InZE =T,DS;

A

V
DS., =- NkIn—-=&
Seo v

A

B- C adiabatic expansion
Qgc =0, DS, =0

DE,.. :i;’ NKDT :gNk(Tc ST, W =- :

DEBC :E Nk(Th - Tc)

%
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D - A adiabatic expansion
Qpa =0, DSy, =0

DEy, = g NKDT :i;’ NK(T,- T.),  Wo, =-DEy, = g NK(T, - T,)

chc =Wyg +Wpe +Wep +Wp,
3

= NkThInx—B+§Nk(Th ST~ NKT. I+ 3 kT - T

A A

v
= NK(T, - Tc)lnv—i
DE,, =0

Qe = NK(T, - Tc)lnx—B

A
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(Efficiency) - W, _ how much you get

Q, how much you pay

QW  e=100%

QcycleinHQoutl Qout (Qout<o)
e=WCyC — QCVC — |Qin |_ |Qout |=1_ |Qout |<1
Qn Qi Qn |Qin |
421
Efficiency of the Carnot Cycle
V
Qi = Qs = NKT, InV_B T a
A T, A B
Vi A
Qout :QCD So Nch In\/—B T QinHQo |
A Cc
D C
eC t:WCyczl_ |Qout|:1_L |QM| » S
e Qin |Qn | Th
Tc>O ( ) - eCarnot<1
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A simplified steam turbine

423

Pipeline Diagram

An Engine

IQAFIQe+IW]

e= M| = |Qh|- |QC| =1- |QC|
|Qh| |Qh| |Qh|

| Cobd reservoir ar T, [
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A Perfect Engine

e=100%

4-25
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A Refrigerator

(Coefficient of
Performance)

K = what we want
what we pay for
_1Qd|
Wi
__ Q|
|QH| - |Qc|
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. N
A Perfect Refrigerator rf-” _
I Hot reservoir ag i'_'i
K- oo [ |
Engine
|
.{.".nld reservolr at T .-
\_ /
427
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(1) Clausius statement of the 2™ [aw of thermodynamics:

No process is possible in which the only event is the transfer of

heat from a cooler body to awarmer one.

— A perfect refrigerator does not exist!!

(2) The 2™ [aw of thermodynamics in terms of entropy change:

When an isolated system undergoes a thermodynamic process, the|

entropy of the system must either increase or remain the same.

%
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(spontaneous process)
= ﬂ <0
DS, T

Dsc=|T3|>o

C

2l 10
R T

for T, 3 T,

—QfL-1%0 for T,
DSS/S_|Q|§T_ =<0 or Iy =T

H lc@

1 @
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(3) Kelvin-Plank statement of the 2@ |aw of thermodynamics:

No thermodynamic process is possible in which the only event is
the conversion of heat into work.

— A perfect engine does not exist!!!

Hi rmrr_n.bitﬁ_l___,
I'j‘.:*
Q Engine > |
DS, =- 9 g
H
Cinle] fesservoin @ |'.:
J
431
(Reversible Process) h
> S
(reversible process) Y,
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. (irreversible)
. reversible process guasi static process
guasi static process reversible
Constant-S A« - B reversible process
contour
A= Cirreversible process
® (quasistatic)
- J
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. (infinitesimal process)
reversible reversible
engine refrigerator reversible engine
reversible refrigerator
Pa Heat engine
Heat pump
\%
- > J
434
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«Carnot engine

reversible engine

(free expansion)---

DE=0  T=T,

Vi
DS=NKIn—
V.
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(Carnot's Theorem)

*No heat engine operating between two arbitrary heat
reservoirs can have an efficiency greater than that of
a Carnot engine operating between the same two

reservoirs.

*No reversible engine can be less efficient than a

Carnot engine.

*All reversible engines have the same efficiency asa
Carnot engine when operating between the same

reservoirs.
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oM _IQI-Qf_, IRl

Q[

DS,
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| Hotreservoir at T
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Celel reservonr at f
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g = 2
TC
0
- _Ql 1l
DS—DSq+DSC_Th T =0
o lRl_Rly %I
Th Tc Ty |Qh|
e :—‘ =1- Q =1- L
‘Qh‘ ‘Qh‘ h
%
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\
A perfect engine: e=1
Anidea engine. e=1- T
Th
A real engine: e<€gey
%
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/

Nerst (1864-1941) 1910

\

A refrigerator process can in principle reduce the temperature of
a system as close to absolute zero as desired but can never attain

absolute zero.

441

Entropy Change in Calorimetric Processes

2 Q, =m,c,DT,

1 Q =mgcDT,

Q, +Q, =0=mg,DIT, + m,c,DT,
=mc,(T; - ) +me, (T, - T,)
= mc T, +mc,T,

mc, + MG,

4-42
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o5 <05 +08, = 12+ 12

_ \deT+ c \deT
B

= Ian+ cInTf
=mgc, T m,C, T

1 2

1.00kg0.00  +1.00kg100  =2.00kg 50.0
4186JkgK  DS=102 JK

DS
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