Pl
HHOOIT7  Heat 5\34‘061

Work W/
Tt a cyclic dewice A~ 1 —
CUY\UQJ‘ILI/'@ heat Qm NIt g fira
o wok W R . o N
Conveniert o e the L : /
heat How Ob‘a@ramg ITs r\nmfw\f'@
Aare ‘
111/7171 - the Cyclic peperty.
i Y hedenghe | jlin- Rk fm of the 2
/] W bow : TIF (s impossible To convert
.- hest into work withoudt any
el < Lom o cyclic prawes .

The dfatement s quute Simple. cn Temy of df‘c@m.
Infrocluce. the efficiercy Oof heal engine, LI T,

Q; ) e
— W — b ®Ooq" i [(-\wvsglvvv\«
= Cpm / @A ﬁ_}_ W
TTTTTI777T
Becaure >0, the eﬁ?o;enoy nN< 1. [ &

I we reverse the oyclic prazses of a heat engine, we
avra\?&ggqioi The point ts To pump heat @ flom

Th / % Cowr femperature To high Tfemperiture
re genaar by a,Q;@/zr@ exterald work W
Q. Nofe thatt § o not
8= '-_\—/\}_l“ ﬁeCaaoan'QySranQe/\
T!f}?//l i

C.O.P, 2 Coeffient of performance. s
B EREYIER(FHMREELE



P2,

IF we have a "pen%df'” head engine, .- -

NN’ WEYNIVIIIvIITN
®n = . Cou™ Q= @i ¥
. o
Y naun VITITrT77rgianT
- Qr= W We gunt Consfract a ‘perfect”
cortrclet ™ fiom T, o Ty withortt apryng
e 2™ L. any extermal work.
@ CHo C)}/QQQ_ : 4‘-‘57(@ 818#)@ CDm/eryL@Qol Dafiné R=>c,
- — B Qin Fowrs en white Qe Fwa
> /(P . out olering D> A.
‘b @
e
; ey = (Ts-Ta)
- VM i % CV D A
O A: Infabe @ Note thal A= B and C5 D are

—<— : Sdaush(®

IR &

ei@?cc‘er\oy n=

cohabatic prcexses wio heat

o -
fh
G . o & conpliodd
o —%—TB

Making cse. of he reation. TV = cout o adliabatic

D@,
=

<

Simi€ldy  Ta _

T

TD_ —

Ve g"'_ X@_X——I :
o) \4\4> - Uy

= | )= /~(-V£~’>
-_V_%_-?SI"I: l’lh}_] M
(VA> (VM)

B EE X BYIER(FTMER L



P32
For a realishic ergine, ¥= 14 and Vindipa™ Y&, Gruring the
(,0/6032 61%20'81\@ /7/(:: 56;70 —_—e 5 70 = 2, ’ZD\'
due & Fickon, heat@so -
Think akocd ofter weays To gererade. epergies i (aof2L frmas

qwiip*;f;m N Phefens EFfciercies for both preame
@@ Qe Compared o a recent
%@@ f articde in Sciencs. :

Photosynthess
Soes cell's e [Scfer\ce 332, Qosm

Photovolfeics ,
You ey also 5nel quantam coherenca.

Phofosynthexis & | Mafwse 446, 782 (2co77)
Neture 463 644 (20l0)

_—

D ( Whad§ the ditrence between hext and vuorhj’_}/f

Accordirg to the 18 o>, AU = G+ Wi N
>4

Both Q ardd W are energy  anpcinled with charges
transfer. The difRrence.  SNTPY change.

Cren on Sptopy axociation ©

ho entrepd
Wiy ?  Stasting from U= U(T V) ?“’BQ

e A Ol el ] s =
AU = () do- av)jv Tdo — paV
Sonebimes, +he above relation s et
Wltten ax dU = O+ dw

B EERBYIZR(FNMAZILE



PU.
Arcther interesting denvaton o the I%onco‘ff@
U=<&y= Z_ B & —» dU= Z §dp, + Z RS

| 7z T
The enfopy Can be expressed pite Siay

Termx of the probabiQiy dadtribation,
o = SZ‘%%@PS — do= Z -lgh R —g;édps

Awuming US Boldfzmann clestribetion. £ = e T
dr= I Bdn v (Lyz-1) FaBs B
— {2:dcr= 2 EdE e change. of the
| = ProbobiCity dosknbodion
Tts Sfreighttoruad to »e. Z_Rdg = Z B A ofV
A b@#ﬂiﬁgﬁ;

@ | rewersible. and irevensable @

LelA fry o adlel e entiopy change. The pobtlem s .. the afropy
s not Conserved .

Iy IF only reversible. procosses are

T frrbiltirel \
T (& N R Inl/o@/ec;], I o;ﬂ-: @ow_f_
7% W " \
ol o/ ¥ Qour O = p=
FERIEELRATL i O“*j

TF heat frarsfers occed at corstant femperdfues , the
entropy changes Tin and G Can be Compuledd eanQy.

B EERBMIER(FNMAELEE



PG,

—S"—” and T .= —Q@I IF thered no ireversibés,
[ €

proesy , we obfain the relafion  Tin= %But
| must be 0. Otherwise the

— Ql\ g o
o D= Th enhbpg will accuwrndale. clering
e < the cyclic prcesses.
yi - _Q_.cw _ &
€ t‘%ae/\c% ol 0 =] o l =
i
o pninm ThiS coleal cydlic. precersd & the famouns
T (Q/W’ QRin Camat oyclic  with efficiency only
Q /A W o)epe/_\ct’,:‘qﬁ on the temperatere rafia .
T A/ ¢ Qoo . Te
TTIrTTTrTm = [ ‘——‘(-:
e ,
= N= 1 a» = O, the abslule zerm fompertue
202029
EXRP

B EERBRYIZR(FRMAEL R



