I ecture 13+

st wp CL3
Mc\%r\cf:gm
A<
L/;a‘(’ C(QSS:CQ{ r€§¢/\H‘ (\/\ - /)/V\ L_(/;z—:)

1
L (K} = cothx - i

[oW\‘DC—‘C To ﬁ/MCn+um
Feor SF:ﬁ‘j (,C,-f:c(eg) 30—&

{
S;/\L\ X({+2?\

Siak AT

Q=

/3/%3‘\‘)4

T

Xz

‘F(OM %L(S/ %€+
D
M: ﬁ</u%>: fa—;/—/ona’
>
- f (3/’\‘33) O > /QAQ‘

= /33/\”‘3'[ (’*;j\ coth ></l42'iy)

- /003/”3— %G (X\
f3 = (SCIHO«A'.,« fe~ction of «:)fd(ef’lf

3

Stwiler o L




For smclls get  Bo(x) = é/fﬁ’i\x

Cen

@lx\*’ ;" Pe’cc’{»{ce) J

) J
and M5 S0 2) G e T
/ﬂi/m“ B(ffj = W
e b ; j(:‘f’ris
A ™
N "

RS
X
T

| ooles  [llee  clessicel

resc It Lotk

C»(CSS:CC‘/{-‘/" =) o‘9¢fc'(“'o[ /’:\

/:\ck\a:» See Cu\("g [ enn

aéSo SL\OW Pfeﬂy 5L\S:(y it

&5 'J'*EOQ ,

— {/\S"‘C‘ly s ‘F lQ(SC

O

(o n ac‘hﬁ&”y 39,'(‘ T Lo« [)a,r‘f!z(f'ﬁ
‘(\(ow« Plo+ O-P M Us ;)4,

63 /X\ - L/x)

&5 expec’f‘co(

TL\L‘( s 8*\0’( @\@ CL\ 3/ % @{ y\anCrf'c\( "Q;(‘

\/V\‘vcj'fﬂfm '



L€/+ V\NS et + O“C st‘ren/\g I/\G\d;v\ﬁ

{\’ pc,’f\.(_(ci Qho(
Es

enecsy
So g et ,3 n(\,sz Aesciibes Hhe ‘e nsenble

ﬁ“ﬁ/( e rC,c]/L.\(—e,

Z NN =N

NS
NZS /\‘Ms ES = n E

o€ (owrse, Syé"hzms cre OQ"S_f—lrr\%V'.SLQS(CI

e
Co eactﬁ Sa‘,’,‘{ anSB corres ponAS +o

any POS'SIB(c ensem Lles

+¢»+"O P § ;’ 5

1!
\UZV\NSE ] NIB f\Ns!

N, s

As %cico(e/ # of pec~—v

;S O~ €

Most [leely state of ensenble
Wa"“‘\ (Q(S£S+ L/L),

MQX(M;%C \/\) Scawme uocx/ a5 276»‘(0f€3
CQV\S;O(C( ﬁm\/\)/ > ;A—FIOO(L_\Cﬁ
Lcs(&nge mu“f'{p"\e(ST D‘) ﬁ
Mex imire
i - x 2 n N=B Sn E,

W/ ocespect o Il Ay 5

13



£k

CL&{D+£( L{..,- 6(@"CJ (cﬂon;cc( EnseMZ,fC

1 <
We sew how much ecsier  oionice! ensenlle
is  +o inse  Ahen nicfo - (c.«cm{cc!

= o\xe’}' (';J o—(\ Co~strelnd eneryy = £

S+sii lheue (o-ﬂS'\(rcA:n'f f)&r“‘l"c(e Aevn bec = ~N

SOW\&*"/‘Afj u@e{w' '{O e{('m:na,’fc ’éch'( ol (_,\_)c(f

=) %va*C"l Canoﬂ?ccxl emgemgle

T~ : : .
For  wmost clegsicel gystems,  cenonicel s beffer

Bb\'{' {/\Ja\” r\e,eoe S(cﬂcj C&V‘O/‘;(C\{ to L‘CHC/({C

q/v\c\.n'fum S'{C‘f\'s‘.fq‘( S

Tlet (S mnela  prrpese. worT spe-cd

W\LAC"\ Frme on ¢ lessicel s«/s"f"'c:«wi,

Dé’ue(o{J V\f‘¢(+L'

Qﬂﬁemu¢ 0-( % SyS"'f'c,mS et

Cean E X CL&w%C (DCTL\ @v\ersx/ D ()ar‘f“clcS

IN\AS;V‘ [

otk ecch otfher

Totel AL Se T =~ Pﬁf.—r:((cf el g),g’f"eﬂ_J = 7’LT\[_

o

Totel enrefSy = " E

?E3§ = aHovaa(} enerbfcs for eech gyg’(‘em



L |
DAus E/JQV\ % st Dn ™ r oS ZANSN—/} 2 ﬂNsES
REE
= o ~ =
Df\t\ls E/ Q\A /\'\(3' O(AMS{.\( —AANS -5 _) s O
Cc\ﬂ ’(La\cc %*’)m So /\,\“ S ‘Qfs.e
A ‘/\:\(s R [\N /CV\ N s /\I\/S
c.‘ueg r~
E Se——"
L/Or\/\,\gg "L}“"""‘N‘“/-‘JE;} J:O
NN = -
* AINEVIA
N
7 - 5 — («N+[E)
Ns &
- P(\g&)c\(a,(‘*\/ ‘é\Of’ (2N %;ue,\ sys’fem
4o heve N Pc,rT«LL(eS > erefey £
(et ck%/z 5\/ ewforc’ns D - ~N
| <ed= E
_[O(N+/SE5\
> N |
@r &(’ - NS e _ B i /Q &—/deﬂES\
I («N+pES) dx 7T NS
NE
. -—/,u\hﬁ?A
= zZE e . 3 . (N pE)
S _ (<N «fEs) B/s }r* S €

T

it

O



¢

I I LesT .
55 }Ci).vc, yow the (c)/\f\ec’f:cﬁw "f’o
Therno! L£od
O PN (

R kT
i

cA =
T

/M < C-[Ae,m}tnf /)o'f'en'fza’

enn el
~kTAS 2 SeNes = @

- - PV
[oc XX i~ @ene“—‘\

p%’ﬂ/\r;e_ oﬁe‘F;ff,S @
’ . /_' - n ? _ P\/
% 1< .9 Z o T

/A\So d6/$:ﬁ6 ‘2: Z c-(ozN«vasX
NS

- %(Q/\J Pcr—{’(\—fl.o-ﬁ ‘PMAC+;CDA

Se (VT - kT AR

(\/(3‘(“”7 wf"/‘—c oS £ X
—_ (
o= > ZN Z e £
~N S
-, o #NT
(i o e €T 6/3/“
= ‘PM%QC +\/ ;



o0 ~ Q (\} TB
So Q= o (= N
(R, = i)
Ir\ %2(\&{&") *L\-\ \?g Lxc,rdef ’fo OQGQQ w:‘fL\ ‘chn QN
bm‘r L~ Sowm € cese s [ S@ec:'€;C<i'7 LA)’TL“ ?‘(/@c«x’f“ca(
q/u\c_,/\'h,;h,\ I{)o("':c(es )
Q Cewn Qe Cc\‘chtc\'{‘cd
wohile Qu  cen' 1 (e'll see koo
For NoWd J—«S” O(Cmo'«S‘hc\ff’ ¢ CnSemslc
« ! &‘ &S
\F r Jde ca
N
Q N, |
K"\Ob\) - _______l, _ > B —Zj‘i\n’c—-‘—
QN Nl. CQ‘ - /\3 p= \/ e
< N
Se Q= £ ¥ T
Nz O
_ z R,
- -
They P=-kT L= -T2 Q, = -V

T)mcrvv«o 2)‘\.‘;)'93

3F, . »E 2
50 (\‘: \(b/%\)/‘:/- -y B/V\
P

2= &

2% _

dF = —SAT - PV = N

)7/1,



. ¢

T}\ew ’ S = - /2%\/”/\/

(!
N
=
3

L
\_/—\/'*’\/ 3
NV - ~NA
N3 N\




(3.%

5 ‘
E: 52 (ﬂi\a\/
> 2 2~
AR 0 Py 1550,
"/s r-
Get (g’f\% 2= €
;>/v: < 2
(2/;} Ly, L
Y /3
So 38 22
g’ﬁ (ﬁé@"}% = P p /aﬂlﬁ - /‘A(b/»)/;
?-@ - bi/a‘r _ Ié_(l Bj
rY 3R/ g i sT



o2 Q,
E= — 2 e
= - N oraq
Q, p

Cun oA = ;rwkT

{310



