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LEnz‘?apg ard. the Second Law

Owur cormon senses 1200 wwy #at-.

N . feal always Aows from
7 s a Aot body % a cold
body

Question: I3 e abowe observation abuays
e °

Let an go back a bt The 1% 2o of
Hermodynamics 4

a-vw

~ Mothing bul enefgy consenation
= Heal W another form OF energd.

But the 1% taw coes rot rell ws which
thermal  procesd s possible ! Energy conservatim
lone doed ol defermine the dymamicd of #he
syarem .



Suppose we cbserve a. singkk parficde moving
n a box

e O
o _— —>
\y
| = — | S
{ 1 O O

The processes look e tame /£ the fime ¢
W revemwd T —> -t TAS agrees with
the fandaementzf Caw- down 7o microscopic

(@)
"/ — .7‘\[\11 _9_> Y &~
o7 ; » i
- - '-?t <——-/\; -
X X

According To ocur comvron deres, the fime
Sequence can be defermuned withoed dockt.

- Zs #Ais an 1sion ?

4 /I

= fHow mary w "~many” ?

TAis ia wha? e 2™ G ia abou..



I Heat ngine.

|7/ 2 NMewcomen . Sleam engine

1763 - 1782 wart. greal  improement-

> Ihdustial Revolution /

A heat Bine W a device that conver’
heat (i mechanical Mvﬂ‘t._

E = (_gv_ 1hemal erfioiency
n

Camol tried To wunderstard. the principle behind
Jereric heal” ergines.  Fs obseraton & how
he warermidd werkd.

i worer filled atlr some
7h height —> disoharged
=,
7 ol al™ Cower Covel.
N\,
/4 ¥ Calorme filled af dome

high Temperatuse reservoir

Greal” cbservation !!



Mow we are ready W infreduce heal engine

diagram.  Here we assame thal @y, Q. W
L are aJl ppsifrve

T \

‘ ‘g\#Q Affer a ¢ycle, the ergine
7Bne @"’Tm refums To it initial) stte
Y&

- |

’ AL =

According o the 1 T o,

CDM a q)c: = W
We can compute the #ermal efficiency
€ = "'M_/" = QH B QC' = /- _92
QH @y Q,

The efficiercy o 100 7% only if Q=0
/MPOSS ble !

Realistic gasoline engine
€ ~ 207,

diesel engine € ~ 30 4



7he Second Law

The kelvin- Plank Statement of te 2% o

It @ impossible Br a haat engine #at
operate tn a cycle 1© convers 1S heat
\inpad” complefely info weork

Or I simpler ch ferms of diggram

i "4 | Ihe ideally perot heat

Q
“’\é__)_ engine with €= 1 dped

W
mr QXI:S f- ./ % W
&

B

Netice that “ cycle " ia importent !

P :
t o\l In wothermal) expansion,

2

/e N

Vi ¥ Y The absorbed heat @ b
Complerely fumed nfo 1he
mechanical work W. Bud. the .ogfem o nol
the dame arymore.

$ U(T) =consl. = 4aU=0




[ Refrigerator

Refziqerator IS an inversed device of #he

heal engine. We inpud Some mecharucal
work W To force the heal fowd from the
Cows Temperature reservorr to the high 7 one.

C According 1o the 1% law,
Q
y § affer each cycle AU =0
w
Qe
l - = +
A T W

Define the coefficient of perbrmance (CoP)
[

= ._% — Q"I—W__ = QH
COP = v w2

A prockian refrigerator fas COP=S.
Nete.  If the heal ergine is revessible,
we can run o i the reverse direclion.

cop= -1 =(¢-1

O<€Exye & O<COP < 0



The Second Law, Asain !

Cawsivs Staement of the aecond Gauw) :

It 8 impossible Br a cyclicald device o
fransfer heal cortinuowsly from a cold bodly
o a hol body wrthoud e inoat of work

o ofher efect on e environment:

Agacn, |t i simpler in ferma of Aiggrem

cop = D — o0/

L7~ |

Q@ /mpossible reffigerator !
hé :,/ 3€

@
T

= Nl o just a Sophisticated way o state
owur common sensed at heal never Aows
flomn the cold bodly Zo the hot body coithout
external manipulation !

~ Thw Shement b equivabent o the Kelun-
Péank starement



Now we are going fo Showr that  KkeQun- Plenk
and Clausindy Statfementy are eguivafnt

o
1) Arst assune that Clausins otiemente
wrong —>  perf&ol reffigerator !

heatl ergine !
Therefere, kelyin- Plank stafement ca also false.

2) Assume kelin- Blenke Slatement- & Bilee
—>  perfeot heal engine

| 6 2

et perfect refrigerafor !




Maoxwell Daemon

Moxwell pested a challenge fo the 2™ Gaw
by tHhe llowng Gedanken experiment.

Imagine a smalf daemon opemafes a 1Ny
door between 1Two gaaes with diférent

cold gah
R 4
i 1% hol”
el 5% /..'—[-a.i/ l{f > 82

f%uoo "~y
Doemon Gts the oMo afoms un the hot
gao 7o go info the cold gan. Besidles,
[t adso Cela The fasl afoms i the
Cold gas go 1o the Hol gas.

The cold GrA becomes even colder and
the hol gas hotter ! The 2 o a
violaled ?/




Reversible V.S, Immeversible

When we perfeurts the sgofem, it fakes dome
fime To reach equilibniem qgaen. [his time
Scale (s called relaxation time. Quasistatic
Procesd Ca defined with respect to this #me Sk,

Reversible procesd -

(1) It maat be quasishfrc.

(2) 7here mast be no Fickon.

(3) Ay franser of heal" musl ocowr att
constant /. infaniteamal) difrent  femperatre,

Otherwsise, A b called ireversibe.

~ b =,
‘.:/e'?: > f,?:_l
Tt w
P P
. r o1 infermedliate
L . 2 hifes
\f : §
: i a -
v
V. V
¢ %



e E——— e e

[Carnot Cycte]

1824 Carrot devised a reversible cycle of

a—>b: /isothermal T
b—>c s  adiabalic
c—>d ¥ (sothermal T,

d—q = adjabafic

Heal" - a—>b isothermal expansion
R= AU+ W = deV

AP V

/ a

O
Ay the el gas law PlV=NRT
P(V)= 7

% 6
_ _ = i
Q, = S pdv = mT, fw“f
A %

= nR7, [Gy-0y ]

[ o) |




Simidardy, during another isothemal proceso
C—d, heat @ discharged unfo the cofcl

reservoir:
[

2
Q= o Pav = T &(T‘j)

C

Ma/vng Uz OF Pl/y= const for adrabatrc
poazy. Combined with PV=NRT,

J Y ¥~/
py = .f’_,fl'.l/ = NRT \/ = const

#Bleé’e, e Va"—l = cons’
a
o x-/
b adrabatic TH v, = A A
-/ _ X~/
i Y T W
c
= Y- y-/
Voo )k
) ()
Farthermore,




The heal Gy = MRT, on( s )
Q.= NRT; @1([/"/\/4)

The rafio of absorbed andl discharged. heat
A

@ Ry (%) _ T
X MT (%) T

1t uprsing #hat e ratio co veg dimple and
ONYy depends on the Temperature of redervan
(

Ay
Q.

= simple bed
important !

_
&

Now we teuny o calewlale work W.
=1 from the heal engine diagram,
Oy U s laar that

Ww W-_—'_ QH e q)C

(l

T ]

7he actual amount of work can be compaled
ay the enclosad area i the P-V diggram!




Now we are ready to evaluate the cffcieny
of a Camo? qycle.

ce= WV _ Q@ _ /-
© QH QH cDH

Reality -
* A real engine involves irreversible procesdes

A reaf ergine aborbs / ducharges heal
al difRfent Tempersdeud, nol gusl- TWO
consianT remperarcre reseror

Queatron - WhAat does the reversed Camot
P ] v cycle do ?® Lo o possible
b al adl < %
a m |

Mo
o



Camcts Theorem

Camol preserid the followng theorem «

(1) A2 reversible engines operaling befween
two given reErord Rave the Same 84%:&’/\@

(2) Mo cyclical engine Aas a greater effcierngy
than a reversibde ergine Qperating betweer
the Same Two femperarzes .

Now we are goirg to prove the theorem o
Since e enginea are reversivle, Gl reverse
one of them ay a refrgerator

T N B
U Q 1 Q@ =9
| (1]

Qc\ w“ )} @ ’ ’l\ Qc/_ G’c = 26

| % | =
isf& B - _ /

0 4= Q- = Q-

P o 29 50|

¥  Aheatr must o> From 7 o To !



_ W
{ T @ Since AQ<0O Hom the
nd
W 27 Law, /

Therehre, i+ i cloar that | €S €’

Since both ergines are reversible, we can reverse

the ofher ergine ay the refiigeratr and condlude
thal” | €E's €

I
m

%em@mbéew»o&:simch then | €=€’

1he vecord. part can be proved. ih a Simidad

fashion. We reverse the reversitle engine To be
the refrigeraror:

A < €
em'eo\ rev

Since the ergire can rot be reversed, this
the ondy  critenon we ger
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Intake  Compmsson Ignitory — Shaust
Rower
p
A C (1) O— A (Irtnke stroke)
Qin 2 -y .
—}-. 5 (2) A—>8 COmP/E.SSImJ
o Adiabatic process
f Qut
ot 4 (3) B—>C (gnition
. oy V

(4) C—D power sfroke

5

Adliabatic qgaen !
(5) D> A Exhaust

(6) A—>0 Exhausl Shoke

Notice that heal” absormption/ schagge does
not- occer alf corstant renperatse !



Letd compule the efficiency fBr e Offo
cycle. The Aeal transfer cccwrx al constant
volame

Q= DG T-T)
C%uf= ncv(%"ci)

g

Use the tact thal @A,B) and (D) are refaled
by adiabatic pProcesd fPSPQCﬁ\Ve@ .

consl
Va’ =]

X
T/ = consT or T =
Therefere, we Can Compule the ratfo of T4, T

o (8- (2]

Similardy, #e rafio of Tg, Tp A

-/ =/
NG S
Te 7 v

B [ 7E>=(Vz
C )

-
p===4

A
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XY




The thermal e:‘?-’:‘c/‘en% %
& = W - Cpf‘n"@oa,r = J= oot

th @/‘ th
_ PR(T-T) _ /_(75‘72 )
NR( T~ T3) = Ta
S/‘A 75 = 7'—4 = K_‘/E.)a’—’
« T B 'y
- T4 imporiant
6: /— D A = /._ 75 j 7'_,
&~ T3 g resul’
= 2 A -/
I/~ )
Infroduce the Compresyon o
7 /
I~ = "Z— > 1 —> € = /— rz_l

* =8, Y=14 cfficeny € = $67
The practicaf) wlue b ondy absul 207,

* For a Cawol cycle cperafing between
the same extremal femperatared

= il v e 1B
éc/_€>€/75

More effacienl ad predicted !



EntropY |

Zeroth b s Tl a Sl vamgable.
st law s U 0 a 8k vanable.
What abesat the aecond Gauwr ?

Let ws go back To the Camol cycle again,

Py %
\ (S T
> b T Te
d ’-Sour\,f
> T Ty
i A
b—>¢C —_,_Q = O
° C-—)d f;g:“‘% , 'd"éa %=O
We And #hat
AW
| Z o
Now gencrlize the above resuldl Br anbitrary
cles .
Cg ol s
1 infinireamas) \95'_0_(9_:.0
“ 'S GCUY\D"%C&&/ i




We cen define a new Stife variable S @ﬁo,%

1 I According To previows theorem
b a
| @ I9Q =
N [ L[ B -0
a Qr 61.
' —> & a
ot [y

lherefre, the entrory S s defined

b
- c . I
AS = Sb_S N f —7-;

a

{@\({77’6 change of entrony ondy devercls on the
it and final obfes , but indepenclent
OF the themodyramic parhd (" which do rot
xist for imeversible processes ! )



Reversitle Rocesd or Tdead Gas

With the delinition of S, #e frst awo can be
re- whffen ad

il

JQ = dU+ aw

—> 748 = dU + PdV

f/h)oor'r'anf./

Consider colead gas, PV=NRT

ds = —.,édu'+ -TLp dV/

N Cy

NR
i o= DR a7
T

Integrale on both Qe

9
ONLY for cdaaﬂaa,o /



Adiabatic Free Exocanasion &S imeversible !

> T AU =0 T w condant !
}‘?: AQ =0 No heal low:.
[\ 8

=0 : AW =O Mo work done.

Pr L
~ A v o Y ~ infermediale >
| Wy Otated '

| ;,&\, ; £
|« & | el

o o - > |/

/he charge of the entrany &
AS = nC, @1(—7_7:—5) + AR@\(—VI?)

Tp _ _ i /VE
bt =ha1=0 — [AS nﬁ?@w(,,c)

* Enfropy increrses even thoygh thal there @ NO
heal Flow- irwolved ! It & importent o nolice
thal

AS # -%_Q For irreversible
Procesd !

o Rr an iolated Agarem

AS = O reversible .

a8 >0 irreversible



Adlinbatic Exparaion (reversiste proaesd )

[D
X There wo wayy To

1 " adiabatrc ars

| % caloubate +the anawer

4
(4) . e
| I = AS ) i T
SR ——— > Y ¢
= O I

The change of the entrory
¥
7
AS= NG, b (JE) * PR ()

= néx(;‘f_ﬁ) [(/-X)Cy”"]

Nofe thal
(-1)c,= (I-2) €= &%
=R
—> (-)G, +R=0 !

Therefére, we 4 thal Ac =0



Enfropy and the Second Laco, AGAIN !

[he Second lawr of Hhermodinamica :

48 20 In a reversible procesd of
an wololed sydtem, the erhopy ot consant.
In an irmeversible procesd, Hhe enfropy incraabes!

Exanpl: A perfeot refgerator & impossible.

Tu for the rfigerabr, it Gmpeled
. a cycle ard AS7O.
T
A For he raservwirs,

_ Q@
A,SE- 7 T <O

Therelve 48 =48 +4Se <O mpossitle. !
/he entrory funchon S, frst infrocteced

thermal phypics, Fra dlose rébfion o probabilly
dstribedion of the dgotem.

S--Z Reh




