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Znd _law with ewngines/ PuMPESs:
- theve s no perfect aeoi enqne U.fCUIL n=4
—+there (S no perfect heat pump with k=<0
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P A e two adiokots (Q=0)
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Deltnition : = Wout _ Qu-Qc¢
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Carvot : n =Tu-Te [ 4 = _C
Covwnot 'T;' Coxwvot T\-l_—l;.

Secownd law : o heot engune opevating
etween heat reservolvrs with tempes
vodures Ty amd T. Cowm exceed. the
Corvot elfictency. (And no heat pump
can exceed +the Carnct coelficient
o} peviormomnce. )

Note : you covnot outpeviorm the
Cornot engue. But you cownmnot under-
ey bk etther, AUl yveversible euwn -
Qnes \hove the come e,{‘-(-’cc_ce_mcu&
for oo quewnt (Ty Te) pROLv.




iExamples o@ reol QVL%LVLQS

_ lsothermms

A

v,
Stivlng , 1816
rever w‘\&e‘.

odiabots

1
]
]
{
{
{

(
( I
L

- —=V

Oko | 1976
todo.u&‘s
Cars

PA

Bro%’u:)w -Joule
( c&&s—-\:u-\r bune )

_adioloats

> \/

Rudol} Desel | 1897

dieael —e.vu%(,vxe_



The delinition. of GVL'EVOP%

Rudold Clouwatus (1R60-2):
"reduced heot"” or entvopy :

for omy closed \ooe Comsc,s‘r_c,m%

ovd&a reverallbole pvocesses :

Ze_%“— =0 = theve exists a

SU/L%\Q valued function S such ot
AS="S, -3 s pothl independent

S s o state dunctiown (ke W), ¢k
depends only on the stote of the
aystem, ond not how thot stote

was  veached.

C\%__usu&g :
nd law : aQ A T for veveralde
L N dov rveversidde

Ludwiq Boltzmonn : S =kg-log N2

W : iumber ol miicvoatotes reo.\\‘,sm%
+he somme wocvrostote,

low 8 meduwn 8 ol 8
evrl'_.vop\d% romdommneas , disovrdev




The Second Low of Thexmodynomics

Second Law with entropy : the
entvopry of a closed ayster comnot
decrease . It vemons the sowme
for veversibole processes anmd
ineveases for wwveversadole processes

Q: Doea |fe voloate the 2und law?
A . NO‘.
i& «— In: suqor  protednt and

other very complex molecuks:
low entvopy.
N Out : H,0,CO, ,NHs ond otheyr
very sample wiolecules:
Vu;qh evd;‘ropni.
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