110

Concrete anmplg of thermal heat bath

/

‘a‘)el Spin 1 1538)'&-““

- PETREGEEENE

energy - >6° ot O

total (sns-r e.w) h as encrgﬂ E_h’+ = \(é (k 't S‘pins)

B 7 a Y
rcmn{ninj N Sp.n.(’ nVviran.

‘H’\Q 'Snﬂ-em (SPlhi) "!QS 5"’0\\‘&& E|= O (‘l’)
EzEe| (f)

Dgnavm‘cs: ot szrj +imne s¥ep St)
WV\AAANANAN !
choose aF random—one ¥ -

Spin & one T spin, Flip
the par (P”Serv'—‘ E+.+)

:’ c\eour“\j Ov’soo\ic ¢ vh'lxihj’ Sinte any

con¥isum*ioh o?— kK Spins can evolve

in Hime to any dfher con?ig. aF KT sprag E
For $he Sds?en—\ Ase (§ ¢ '
w St = FfO\:. +° SO = _‘-' (pro\’. +o :
2 : K h Spin |
ﬂam T o ‘l/ : ChooSfe SP i
in Yime shep SE as the T spin
S;ch\ Sr;n 1 > +'D ‘FI\P)
s T
| (prol- 4o
\/\/2‘ St = prb. +5 go = S e s
Frbm Jl + 'T as Yhe J/
giVen spin 1 spin b f“'q)
is

ote: 2= 1 (T20) leats Yo loss of energy €
‘Gnm Szj(_ +’o th]rOnMCn‘}‘

\-—;2 (4/*91\) 3““" of Qntv&v =

frein e,vw'nronw\cn‘\‘

B ———




111

led wus  check detailed bolance
Wl'). _? @1

WZI ez

e‘ =#env. srates w\«en — (N> = L
Sys. is in State 4 K (N-k)' k|

<-4l I’ It - N = N l

©: Sl <k—l> (N-k+1)! (e-1)!
_@_' - ] N-k+l = Wl?— det. |>°\\0~\'\ce wovles l

=) K W3

N‘u‘\' YS 'H\c. hmpera"’un o%’- ‘Hﬂe. s&shm?.

= = & 55 = E*e
@, = B (E'h-l-) = E*'*/e) Fite X _é.l'
@7_ = © (Ef°+‘€> L @ (E.}“) when EM—/ £ N
2

4\ G(Ei‘ﬁ)
f ﬁ\ E‘\'of
2 e
Aln @(E‘hf) R  constant — (N = 2E*o+>z
€
AN
‘FD( 'ﬂrs@ Efof ﬂu"'
¢ near
—B(EI—EZ) '_\‘_e_ ”~ % (k>7 l) ;3864’
Re - ke N L
a4 where constant = In _a_
—|—-‘=’Q= th@)( (§nm
KeT Ent)
’7 E“'Of _N_
QE.;.“) { Posﬂ'nn. = L 2
hcsahve 'cmr Er_;_i.-> L\IZ_
&
when |22 Kk 4¢ ﬁ lhcvruumj increases the

Tlend" entrgy ‘hS‘nS $ nc. T

N[Z

aLl\l’fb of environ, +H




When P)o) W,, > Wy, ((down $ry s
more \\\meb than
up 'FI(P)

> ks easiee D lose enevgy b

eny, 'h/uw\ Sqih

Pl- 0, WQ_‘ x V\l,z (easlu— +o 30\{»\ energy
Hrom ewnviran. n
lose i\')

[Noh., would se{v {amne OaAnswiey ‘(;\W B y’YDVV':

ﬁe_ @l - N-k+! n E_:_\f- -c,r “i.Lk‘-L[\l

cBED TR =
ﬁ : _I— In nk X2z ~1k then (Tot lov ‘
: e 3 (\ N> Staie) i
= 2 ( - 2 Eﬁ,q—' O\V'O\Anol !

= i
&€ e N > k Near g- > 1 |
lmasinc tanj . o ¥ Spin 3 (Sfar"i"\‘{ o T ab time #=0) i
2:1 T -ll
i J L—7 L ]
t=o0 i
P2(t) :
_PE _#e g
LN Pz(w)g Pi & 3.2 X | & = ;;:
= — I=e 1
| _BE, 1 j
(Do) = S0 = = t
P' ) P\ 1+ 6-56#
1
1

\



W hat bhappens

- — ;‘) e s 1 i : :
iSRRI ,w, S e S S TR S s ,% _1",,,,:? ‘ o
SESES 5 OLS .SMme, ; _h _|Tor Ul"’

‘ F%J .n,, enevg y

R e = fe \,‘ ~~frt,jrac‘;<.€5 a‘mcH

-

SLi:)_Lk&la@ CE%,,) -+

e




| s |
; | B L fenvd | |27
* - ; o | : 1_%l°\j~
h?m 4\0\0\8.1 in bkl e Fn‘xﬂ__.! ! =
| 2 th
I ""‘Hﬂ‘r 8yl - et ﬁi[si"s cq'!—\l‘p.'g_’
O [ GT T S B = TR
| . l J we ‘h) eme
Bu{' wie | als kvow Thaot ~{ 0w
' . | N
D (el g¢) BEl—r H Féx) 1 Hui |
g : k3T |
A / I — ‘ Ti/_{_\ ‘_I_ rm\ !
Fed = Edp) -1 Sdv) ys. Free enecrgy
d (@)  J
- C - g~ e
=4 SEN = EO - T = ST EG) —1Ret
i B
. = |
O (N = E®-F | =
/ —— oy
T &
= T F:( =
i ] = \J
nll ho : SC ):: e /J-\ _+_ :(t) |
| F Y B |
i —term always term f
— - Zho can be L0 or 20
Entropy  budgeting 2\ (per it o)
| | =EEl
nv,_g:nh_unﬂ]m 10 tniropy T E(t :
.:815. Clllﬂmje,g 1" chn rﬂ. +~[_,—E-:(,t) g FC{) . é[t‘
i T =
Wnivev han Th entropy: o
““"“”éa“ Py ) >
: tot .'ﬂ Tl
‘ l = y74 A\
Bl | = S =] entegpal Plow [
_ =8 ? =Tt = Y LY = : e ; | | can
* T i -IC 3'-’\"'5 P,%V i +D 3¥+%N} (L'F be -
=il | et Ppe o
‘ —Hom $ys- +venV =
= : | =
—— bt




\
!
s N
L yacel <
gl s (
= & ¥R
ol s e bl _ 1
;m._ S £ [ iy \ m
w AR il |
S |E Ftons Y Ve g H
m 5 — o H < \” .m [ |
i e . 7 = S F . _. #
D fay - Lo
N = ) ol . b /]
"o Q . — “ -w o
3D ol . o o 1 L]
| fu it o 4 — ’
|m -\ bn i i - W. n m P A
< + \l.l \ |“ .»\a : i M. 1 ek [
Dz P i o i i) _
i : Rl - w . me < 2 . J
= .- \..M. “ \y\\JW [ —~ N i
—0 bl i s
i e e C i (4 S ST : |
R ) A i 4 e e chal lene
S & s \u v ".\—\. A W
- et ERRE i el e L ! al | hlal afa]
S-S i . o Y ¥ Tert ! b ik el A TR R
gy i (7 ~ U Las - g | M it i
i V) \\ i i M m AD|| — W Nn_v.l- < P f-f.-v ‘ g L L M
NN RN GRS SRR SR AN AEE N R
Il.ﬂ... N M.ﬂuooo V (a1 71 i bt i 4 1% i I —d
f i B S TTTSGRE - ElE S Sl
ft C & V = —\/!/4- — < i .l—m - m m !
i 3 ,
' 4§ . Bl | ! o S | el ol
v iA ~ > ) E ANt nmv ) o) |
§ |8 |8 WAk g L L : M| Pl Pl
n R e T b T :
T B T s T i
=N ) o = 2 !
) 3 i
. B B W B By 1
i ° M ﬁl&l h.\T u .”\ »
i V o il 30 =D i
- p\ V B u
IS W1
+ ) > Wi A AT % T O O 05+ OB Y7 A Y S WA
o m A. hﬂ .IVI \ ﬁ/ -
. .
-l kil L i J



il Bl
i o i i
il s RRT W TR 1 RV el ULV Rty / \l’/ L mwr/ ﬁnr |
M.//— L T c \,U 3 om— |
IS ) o A\ L
- —Wm > ..M M., L i Tl _H. Il
AR U 18 :::1.y1~, buridi Y M s .lm _Am (.ITM _LL o { -»m'
2 R b L&\ b 17 s i /\ s | a
i \./u - ‘mwl. 14% = 0 “: Oﬁ\\/v M [ ~ IM.
; S | bl o) i it
,_ : N a | 3 ! Fo 1 %1 B e
_ 7 YR Wl —~ i ¢ T~
8 [~ D S 1 € i~ <
% 0
it o e ) W ! c/L o /_T H 1 vq ,..v...ﬂ“.*u
A < < ¢ J i o 1P <.. c A% . ) |
— - i dle G A 5 -
e | i I—.I. b o N AR 1 G _m
- £ 1) il g L A e Ay
| 3 €& 2 .m.. <] M” M @i Iy of.L
§] < OIS el B B 7 i bk
al & il oL il 3 o | ) S |
e C i | g | LN — 7 ,
W s o 7 [ AW g T
s i il bt 1. A s . N g b ) o ot
— N H = o oy — o s ¥ .
! : N VA R Lt v - Jill) g h\U MJ ly V)
" 2 A 5 N\ e (e N ) Al
© ) £~ ( ) ks = v Erews
i o} (o rc o ’ b4 < ! - mwr.vlwa/ 1l
E R SL- ThiSL, AR .w ST I R B AR
W /@) C ML S v g b i 2l ;ml
’ - i 50 Y poo i 7
| < ) NS 0 i ] VM in ! i L
D 1 i X i N — ARt
v//. M a i ffv.”. A.I. () ¥ N e © i
b ji v/ i ] B
Rva I 5 . v < p
o~ Q 7
g / j \.3/ T |nu. g > M_ gt b
¥ _ i 3 T e
' .Il = Y. - B o 21 -,
L ! ﬂ L = w W s
< s g 0 , :
Q \ 4
ey ~
m nv F ‘% e -ou
v ~ 1
L) IS 1 — - _——. s
e




b

a
~—

Q

b,

& balanc

rate o f heat TFI ow
Oy 2z e CC

—)

L AcTalle

e

I}

b Yinr
+ime

Lt

1

;
[

5

S

nwm
Fevivsiote ‘u =0

Cade

e

wm-

al—e
Ca§ ¢

—_—

o
for

5 | B
vr

s+at mech

conStant
time imlep,

N

S 90a) #

'al
L}

@

‘:\L\/\/’\/’\/'\’\/,"N

equ libri

FQ

<
(¢

N

A

n

bS5 LB )

=
-

NiE

Fo

v\ol b n ml
M4+r AV
? P

-

~

i
</

Case S

iy

Cﬂ.h
‘p l'(, \l\l.h
W,

enc

Pn (4)

Eofh

the
if

alS

oMy are.,
—
Lin

amrX

ote

2 S

7

W) PO

O
Llaﬂ

.

tomp

1

W"M Pm

n

ya

. L= =
g B S mSS T

g

(kg )| Pl In

1

o
adH >
2o 0

¥

v

DD nmc\n“
l/‘

EYNER

and
[r
¢omngoted| 1h lheat!| Lotk {at

{488

/‘\'L\; ha

neT

Susbem

B A

&

I




