=L

THEAMAL  + MELHANICAL  INTZLACTIOAS ¢

A f:i_j 15 LATED

— !
Cpee ey BY £, Xe 5 g/

N

- BrRanG N Cmr\lmC‘J‘J Aliny BoTH 3 ‘j“ ke CHe il X

Z(;«x ated , —LhAs '

. F At prams Ty el

- 7 —_ Mo ~z gda

, X Wil g DER on £, X« MEEM

6AS Far =g f Ernd godons e

e o P eof w

o w L W e TER
(= Vo

(D Hoo Dezs STl , (& %O H6 7

C_‘—%‘tﬁ_— = o {“E’ p o \} t[&f};mw £, %« ?}'fdl . A)

| @D WHAT NEwW FQuil. CeNds < {cwm Gw.asﬁ

: 4 W
. , Ly VW=D -w
RxPecT  Oln(E, %) #eS SHARY PrAk AT & X f oo AR
_ ~ o oyl
o E, ;(;t = E , ;EK Y
X%
FLoT s ep. Ko E1% Ex, | Mo WsuLaTty P @

: X =0z - : ¢
(?j'iﬁw d{f""d;;i; ?\im FilZ , HASULATED 5 W j
'L*’
C Ao gL N Mo (AU e 3TE B = o g‘ I/

J..EF'



. |/I:Cﬂﬂl;i-'?'

oy

y

i e ety S o -
P A iy i o *h!*lﬂ-.lu‘.tl&'ﬁ*;"ﬁ.l!
.‘. ' il il e T e Lo e e
ALK S e

S
A e
e e e
e T !
R

ST

_8 YA SANIYA F
X §3axd

i

DM Vi KaYA Lo % (3

[ Lo .
NN 7T XYW



2, /8 )

" «I;wa_ﬂ' |4..4;(_w-\c.,.;~at_a-:rﬂ'
(f) CHG f'N ICU\ ,)' ':FEJ??' }{‘] fﬂhﬁdm* W}u’o“e} A P
- ”v'/-‘ﬁﬁucﬂl]

anited) r-%m.éh

7 L SMALL CHG (A MACLe PACAMs . fﬂ%i?ﬁm&i

i E — F o+ dE Ty gl

i Xy » Xor AR s M%ﬁi?gﬁj
Ffja..t BT Aty sed ze:m"

{ Bar e g UCWﬁﬂonJ_J

= MovE e ﬁ'mr PE’AKED AT i o T e -=
[ _gldbﬂémj T o L Rt

LE Quas-STHTIC | Atas, erﬁj,,m&
T STRY A FRurL

~ s EW"!?GT‘{DA«*_ REASan N G-

' - _ e N s [ ‘o J?U\ e Q’{ — ?Eﬂnﬂt
01 I [h; Xml‘} - 3 E. aZ -+ NI_ DX X
f AR (&)

—_— D?L [ ot uﬂ«.ﬁeﬂ
= dE + W W, el g
F] ( ) 3/“- et )
e T e R
L
"i.;f‘:‘ ds xT R
:-'——w——-——"_ - '_|'I
VTR i
. 2R-S
~ Fow. SmAabs CHES N D g K
- SB} a;_@ ? —1;';1“ 5:! "LI'II ;J’M
- F AT DIFF - - INDEP,  0F  PATH o
A T- ' ||"'\_Db C‘_vn‘:.ui_
—Iw—— Sdg,

KE-“‘:M?'L-E&J ﬂ“l‘"""""ﬁ 1 Llie ’l"ﬂ "Eﬂ‘)
. o o
__,iha;,d..uf"_d:j ng _E.f..g,.-ﬂa.x.rr n Jé 5)



:I.:‘.:(,,f-ﬁi;».r jtﬁw 4, ﬂ"f’“'“‘”%f M ) 3.18,

e ——
T

PROPEATIES 0F FaTopy

() ErACT TIPE DIFE BEsdied N S For 2 MbpoSTiiis
A4 = &r—j—:&l ( As e , @ s nJu—r)
4 hsed o aminone A , T Wﬁmew
(@ FEwiTE Ve ¥ ¢ ‘
1 ¥ t g
G -5 = § ds = ¢ l}":J:-
‘ : (feppre)

— INDEP, OF Mol FO PR WIMAL o R STHE (AaY SyesEs)

- PR LA - PEAFBEM  CHANEES  QUABI-S TATICAL L

e by *
— P S G bESEADS o PATH
[
(‘f 65 apL Y
- S P Sl |
EXT PALAM) S?“ f_f_?:ﬂ Bern Ao i N
i )
, o o
o ?;g__r_d,;f&m 2. i
. N AE | AS wp oF FoTH
{ T EVALYATE *

| cn GRNL WLt BE e CONTAET )T BTHED SYSTEMS: #u}} AG o

;ﬂ”ﬁg Loo—emY N ERul AT EpcR STEP
I'|

! SLLE, V) —> DETIeM g P, T Foe mAcH EJV VA QUL LY

/ - — oA Compyry Q) = AE W Arme macy smac
STED

3 —~GET  SAME RESYLT

?jb;{c T OUSESUL Dol gZVEN i F Dod'rt GET mrpe o o f @5
~ St S4 PropeerTiges of <, T smrt, wer wg gor et
T oAl ChLe L S f_d’afﬂ <r, f:*ﬂqg tg}_s {?f_mas = ST RTSulT

————
i

T ar B0l ) Save b

ol =0 O = aE +W < W o Aghn R
/b,M & v lagia jqa,f:ﬁm

* M‘*‘—*L M«J Amad w{@fim Y . 1 J«' J&‘,f&iﬁ*"ﬂ 4?] tier ot
o -«e%rgfloi“i« ﬂd—%,—swm’-’f Ao g {ﬁ» S wbeet  AS = S“‘-



3.9

D
TPEQIAL  CAYSER:

(N HEAT fRE3gevoig:

feaTHY

! T oy t 'ﬂf-} Q_’z-: :E:_'I -~ SMALL EEeT o

[L‘:‘J '_J'_. i C-E}E\I'ST T 'DHA'::' Fﬂi%_ (ﬂ"-..‘l‘l'
- ‘ﬂL&] ‘ . L f _,Q.i. = & -

? rﬂs ) S LA T gd&ﬁ I 7

o -

tLd
! SO 1A d ;. AS ,%, 5 At S alat T a g’mw"*-
At At @5 3

z) (vSuLATED
ga =0
> d% =0
FiNire  [@-g) Qoo 1n)

(A>18BaT72)

Mo =2 AS =&

LEAVES = AcCpe, STATES £xCh
tr,-iin C‘Ff.;- LS Ct‘un—)

rl

= -5 Ltk CHgs F ,

= REVELSBLE {can Unbe vig @S LCH“GB

IN CENEBAL !

Al (-3 Precres AS >0

noT REVEESTR L



IMPoRTANCE OF R-%

PEGORESS (o AS = %‘E‘L .
= A =0 IF [NSULATED
e 'S d
o o
— R
WS - (®) LeT PisTON

Pave oJT Stowly | UMRRL

T FEERT  oF 7@ (e ﬁommed Afw 60-56>
() gAcH wouncE > LeSes £ TS PISTON
@ sE =-We-{p

CIS:

[k by o)
= 3

‘e WE W ﬂ'\fﬂ}gf__ STATES ‘r"leE)M
ICE, -

i X CoMPINSATED EXAcTLY By LESS
F. AvAIL. 10 GET 78 Ceamard STATES
CARY I

Ciassical Ses.owf A, Dor  (Ner IV Pof)
PHAZEL SPAcg MIGHT leok LIKE

P T T i
| — 1
_,-!i_.wx

N - e
. ﬁ |
o may  Les

duecgd £

5 Citet m-t'-a-a Lrdasg
i LE52 L *ﬁ'
C, CoNsT Snior, B OfLem (oST

= REVEASIHLE
/é‘”ﬂ ?ﬁ?r?. toun CHAGE Sp 16 T hg= Spﬁ‘x CeiIS T 1

5:-{.-1..{?) juHr Heas
c,,_,ﬁ,,_l" "'ﬂ [

.ﬂ:f ﬂﬂ? o
-1 —_ o
e =
T same o =
{::ﬂ:::_"—’f:‘ | < eesa jtt & i
Je  Not GS: REMevD wALL /meve ARRURTLY
_-_,_r.'.-
() Mo TiME Fot MoLfoulLs To BOUNCE
= LAl REvmove B = 4R =0
(k) we voss pe AVAMIL. B T AT MAW Ly 's
{?Mn,pc Cop=T )
" —

CC"j ﬁl@ = O

S g A



g Gocau Lol

Al it B L 8
’,M-tr.:l"-"pfﬂ .
ARCAVIT I 2o TH f" K, VAR —> MAX  BeTH g '

2y K=V _%ﬂ’ |2 A A A N
b Fu =V -

Rle, V) = ey R w)  (fa

G Snr = A £l
S )
’SWT = S + 5
MAX Q-m-r (o0 Sor) o Sr Ry = ALl (U + faﬂ,") =

nrow B 1N To the "3 b ’

| ; . 24 P b 2 _ -
A o o R  5e CfE@é; AV {Eoﬁi 4/5fjg’y
(EQ&B‘,MW (“}m tnabiod bl A1 T

() oy by oo (Do

Jmfﬂ: E,,-"‘ -5_;_ _f?’ aﬁd‘“/ﬁ{éx’{_
Ai dbal = plye! rEpdv = - f"; e~ g oV

[AE-de oV = —of ¥ )
d-,amslm - | ?h RS
" ) 2t o
(p-p) o€ f(M} Mjcw =0 YT
________ - 2v =
t’iE ofV  (wvEp =>' no= C&” w = TIHEAMAL  FRoll
J 4_3 :_'_7_1:}/ _\I = MEeH TUIL,
R =
= U =7 dguid X!
.- V= v =Yy || Jwﬁz_pw .
. e ) 7 1
f oy Thot 35 - 5! comes A mm«ﬂz‘u-? sl iy Y
( M k 40 jo | M J v : = 4
o o Pl (et /5:67’) = e, dAn
A oV

mm \ﬁf}gdxﬁ’ im-.ﬁM e oba | D Aati oA
vin V' odiee popdl

La - et _,ﬂ_,/ N,ez;; mmﬂq‘! /;?a_;fe,
=y e il o jﬁj ey, L Bl 7 ©
j"‘“""’ﬂ Mpgﬂ?&d} slen #fﬁwb@ﬂr{b% /§H J-L = { d

[l A I 3



Gon. PROPREEZTIES OF =

%{E). (ot 1wV _S¥s ) &=

SHAve OF AWIZIE)  or

2, )fT
Have (WSvarcy) S
| =
(5 B ’3,& Juvie) . [: e = ‘_T?Of)
ol
o 4 [obad amo OF
o= 2 o e pd o coudait,
’_5 E’Z. [ﬁ‘-“‘g{"‘-“{ ::‘ 4y Es O Jm-w (T
r " —_— . WI:"J}W&) (i qend s ! bd Tihtn -I!;.-Lu_ o 82
' 2 i olimeys i 7 lelent Ao
DE I MoTT TRUE IF
. _ . CLASICAL
@ ALso AT = o (GuD 37} 8 L (DEAL GAS
Jg. _ y m\
= _ i s b ooea VT g vEn
- [ H) / [(—m_—?‘«é&m-) | L ~0

‘@r:;_“_-k-gﬂﬁ—. L WE""“LI\I|I|I
w-esl\itf.r “}i'—'\:’JM ﬂafﬂj‘“'p'

o CRXCEPTIONT
vl | o
m . i) j / { Al «-‘9‘?"?-”?"-"-""1’.! :
= kA JCAE) / .
\ Eo (4 o E-Mw.l R
N i e o i—r ] 4‘1 T
¥ Atse ~ A= +%§ < 0P o~ “i’fi(}fr)“ xT* Be

5,

1O ERlL T\T
}“'__—.r__

. (AwoTwen At T SEE NEcesSARY (R ReACHWS NEw ERUI )



wbop

SPin SYsTEM (Retr :51.4-)

S, STLE)

r= o0

E/2,H



527

T faent.
L D SL b 23 w”d d
P xm T % ko2 7
T
) w ataun
= (5 1 B
[ [
| +
Mo — LAY - L~k r _1
o5, EF [
S o~ bt ME oL T L»——*-j*—"i o S
sbpn oo of (ar Faus) ”
Vgt  SwmaLe T B - £, (veen qm)
oo E o (EEERDTET
VI LouaHLY L £t { j

= T - LT v AE g
) o E? kT ~ _E%" -G A 2%q f_&ﬂ- T,ﬂ -7 g

{ ORIV e e il Lo ot € 7 g0 “’T“ﬂ@ﬂfﬂm o T

—_ — M — =
m*:)“*l BETTEL « L misnagustase  PALTICLED }ﬂéx, A - K SR
E"wf:uﬂ g e L ~n
JVsT awe . .
kT ~AE F = Eo +&F (gwjf{m afell
= k= —‘F
- An
- N
2 AE LE
T T At o)
5%
. L Athm 'y L LiTEL Bey . 1—2*{&:1-1)“ fDiJ-E}
— L= 167 m Nt A T L1e G
T =
~ 6 0T
= -

e e




iy

_J?-dfﬂ-u. ﬁml
M M QK AR s F = Ea +nak

HMMA’{; ,QM

YL AL
KL (M) AR T0)

B N B A A
o~ fdod —mdan — AP E LY

Lo JU o a An T ,‘/5 we< £

S - EduJl ~ Jﬁlm dunt = -J(.EJ»AL-{‘

aAr
- VS
>3 AE
b - AT ?
At J

22,1



_ _ 23
FEACTEA L M _!I r’ufl_S _____ﬂs E_f’ sy T 2D 7
E-> & G0 GId ¥ D 2 | $ e, e
A
X CEPTIon
TEGER

EEMATE £y 81 (:

e ) SAME i)
CoMMod X ) ATMS W/ SAA - S

Mz L £y
S EVEN (F N ATRIC GMD ST (art €73 I LecesT Level) v N
fnd pavils
g piiLius Cad Have T -
32 = sl ; (a‘e.&»l}f[:xj SRRSO R 2 4 5%
25+
- TOTAL  (PosSIHLE ¢ CzSH}M

=3 [Z - EO 1‘5?_ s (—2‘%*&” S > ;f'. h_:| -E:-L(’Z-—‘S"l")

AT SAME (F SOLID, LIQUD, N o V) - -

g A Jﬁ;&ﬁ ot et o i

NOT Ex ACTLY  DEGEN EeATE

— FEEL WEAKR Fogtd  Frem 4?; 's

C (Fes @7 "u:./ oTiee ructey, :Z?I.)
- Eﬂ '
- i it —m  SMALL S T InNGE M J— 3
At s QE""J
= = LEvE LS
}M}M —LAr ol age R B SMaLl
o T AYE TEed. wf B 5 L o~ WO ATE o onuy o SR« £
ML % U Cagere L LIl PEar S IMER Eueul O ST efn SRATINGS
kb .
by
- THRICAL S¢S
T o~ LK { Mg See

¥ tgee w_)' ”T')
Z A ATl G T

(].‘.‘._TF n-ﬂrr*-(‘-ﬁj .-fLQ-fs
S S = wnhalzs ) T alemeit }Aw«f
—l::? . ___,gi(t{luaﬂ—a
T~ Jo 0 K

D TAACT LND ST

( i 1 Aﬁ_é -qf,,u..l-{,ﬁaﬁ-i
>0

,cJ;J-vH. i afl:r-ﬁ‘ﬁr ..1)



3.; 1 3‘

Morg  THEL me
CfotmULATED pEfoes MiGro (STMMSTICAL)

{-Fls
TEICAIETFON )
& NS THERMALLY ,L'U”f"“'"‘"ﬂ) __
2 (gj SO eATE D SYISTEM GefsS THiow
e BAE Macte STATE T AnvoTHER (L sestco jradiees ok )
CAN T
D L et
ke P
s Qﬂ) foT T SPLATED AT EﬁPS
S = ‘;}L—@ (:r:: (F JrJ-E-VLm-ﬂa)
T
{remg 1 D5 ALsS0 JMLANS Tlad  Cle TEHP,
Seony  Fosmd ,
(e} WeT idsu, ol Yy o SM‘:}E;; " H &rﬂ "M‘MME)
. W6 ' = © ol “éi
& S T é DI'E, » -.“E'
12D - ’
E e -y i et
IWYED. OF  PARAMS OF JARTICUc AL SESTEM
-,
(i?ln B ETEA O i PrdciPLE fg?ﬁa Se ;E,.-_-,;:
CoRST 1K : : A7 Alegetan D
Pesence ) iy AL
%Mﬁ:_’a_aﬂ i ?_-l..-'\J. PH-‘-SF
. M?L-T T (e
J— e - R GI-IITII..JEH
7 LAwns TOAMULATED  pY @,ggmm,ﬂw BESRL .’};mﬂ?
DESckLpriod (¢ e SUpTLEY ( ybmm,z—ﬁ Ar T ctad »ffff:‘;}& &
.ﬁ;t"l A.ef‘-v{Zv«-b{ {fv Ma;e:«ﬁ g ":’IE LBy L..,t.-)r"-\?;_;) WJ tﬁ&( & HE?I{ Jﬂﬁw&:i}ﬂ‘
Wiy
Al A -%_9' a3 = 5 .:;"f'L*{ [:ﬁ-‘l-‘-'\ -:‘c-‘uA. s"éLl/F?o ALy f*r_ﬁj.ilﬁaht i bt
* j g fv']wm{ L{DH“T
e 9 A AcfSe MEMTon s T e Vl
L P
T .
O A 1 THRM. F®, wi C

-B 1] i " " [ —_:::u A L"‘V E

} AE = — Wi @R (7 cods,)



A

pogs o
PR
Z Lfvrald t ?(
—— [
i oA
FZovid B (_1;;) X @y & AHE = ".TEQ

ARG UL ¢THER CasEs - (e Lr a 56““‘”‘“;7""'&“” ! ol o ?@%
st ewews 3 tas] ek oyt
e A b
e ,J‘:'T:J'l-ﬂ“ e fJ"ﬂ?r Bt
H:Ewd& .;éaq g Te D5
Jhonesd a‘én',omw“-

(A)  COMPLETELY I1SOLATED  [(ms G o W)

AS T By MEANS |8 LEAVE.

: S M
S5, ﬁ.{,aﬂl‘?_] WHILL  Movis Fiegm 7 +)
. @3S LESLY W AtdE  Likse e
b e E W) T cenfies
© ds> &2 BB A RN
T st

SHSWED sl ML S el - @5 G2 WHLL TECOs an

i
() 8 apews of K
() W B SY3 s mpk o AX e g u/ s I~ @-S:

A CLMS GRS =2 Efiax PrsTod

E:::“;_ | Q% sted, BALAMCE 47,
|,___.,r__ L Al FPARETICLES HAVE TImE o
BN, Do week

PASTER . Cp’T  Chmd 0P -;ﬁ Legs
LERS L)

ExTRAME b AfrovE Wil =D pa W
{qi.%f OF  yAN NESIS @ GRANS oF SAND o RS EN)

(0 @S ptaxs W, BluegsT £ tess
BLECEST S Deep D 49 = A

=
2 (L) mm-05 A4S > .ﬁ-‘r'@

Al
&2

i SY 3
SINGLE  SYETEM €. £ revitus Veop, naT
ot TTES
A £ . == Qs TYS  STAYS i oAmf STATE
- - = —— (AN tiary “Tmams: mon ¢
el g 4 -'J;I"'lii -“-ﬂ@;-é O STURGE . NEeD (wt, wf LT Cer
— 2: f’:l'- L»{f Hed = af. Fam TRANS
- v = =
(:} @_] R FSlawd = =D, )

(bl e dl - :,w{“( NS Sorels 1 ezt
s F
/{’-'f_i‘ To Cneas oo TToweis,  dhe ot 'Uar?)



2.5

Mont @5 Opn TOMP UP AS LoveLy

Wi —— o e T —"T.E‘““—_‘_.m__,- u - . ﬁq‘; ﬂg
. = dopP = LS5 AL , LEss o
—h .
CJB ErTHEUE = Tiel LLVELS SUPDRE~NLY

( ZEnOVT i For. AR 19 DR}
Lr=%7 AL =a
T "T_,__T - ST s PUT A5 LEeVELS Daep
MOTES 4 gl Avil phdadi.
BNS:  THANS (T7adS oCed | put i) GSUIL,
o gacH C FIRED L gamE [od AVE) RS E A STINED puv

——

(R) reveesSg: W N w3 s MmN (e &S

L S
Ex7adDidda v oA Avdl B couipe RY
Moy ) Wd  PASrig
CONTRACTIY & 0s+ (LEG VLS ntegf IE) SrgATIL W

LEMTLEST = @-5 S M) w

WL oax PAET. 4 P
FTXPAAD,  @Quicroy = AN L LT I TRET

. -
e Ll
ST AT SME € i
LEyrls wika ¥

;' COA T T
Ao ";5', Fipaf  WiFds T8 CeonTaeT

{lenms Thode 422 1nn 4’”’3‘-“"“’?";‘ Tl c_,g,-z.,-.h,ﬂ:,t‘,._.)

ﬁﬂ. o -
Act b o M"E»_Z%’“j G- e W STRTE @ DES CEVEL  Bucr OF
. o

v e Ged ﬂj’;f d} Ml -3 ! TTEHTE. STuUndds ? Wy R
alar ﬁg‘*;;ffw 3 B GHER. LAVEL U

(4) BoTH CASER:
Abn- (-8 LEAVER pagg N YR
24
S ELU A3 = ——T‘@

2 Du s, Ly » A8
—



Faosh M STUZGHL  20U2

410 Adiabatic Processes

"The above reasoning—in particular, the derivation of Equation {4.13) and
the conseguent identification of T'd5 with 40 in & revercible process—is
gomewhat abstract, and we will now consider hosr it applics to the system
of spin 172 muclear magnets discussed in Chapter 3. In particalar, we ghow
for this model that a process that is edishaic in the quantum mechamcal
sense (which will be explained) is necessarily isentropic.

Consider Brst a single iselated spin in & magnetic ficld B, in a particular
state {say, spin up), with energy —uB. Now we slowly changs B, In order
to produce a transition {a spén flip) to the spin down state, whose energy
is 4+, quantum mechanics tells ws that we need a component of the
field wseiliating at the frequency corretponding to the energy separation
of the states; that is, 3;%3‘ If B wore to change rapidly, it could have ag:
Fourier component at this frequency, but we will assame that B changes
sufficiently slowly that uo such high frequency field is present. Then the
gpin must stay in whatever state it began in, cven though the enersy of
this gtate iz changing, The coergy needed is zupplied {or taken up) by
the electromagnetic fisld. Sech a slow change, in which the occupation of -
quantum states does not changs, is called an ediabatic changs.

Now suppose that we bave a eollection of spins izolated from its sur-
roundings. Although in our modsl we neplected the interaction between
thern, the spins muost interact weakly if they arc to come inte eouuilibrium
with each other. The interaction cccurs because the motlon of ome apin
in the field generates o high frequency mapnetie field of just the right fre-
quency o cause s neighboring spin to flip; this spin-spin interaction cosures
that the whole assemblage of spins reaches its equilibrinm condition of inas-
inmm 2. However, the quantume mechanics of this interaction tells us that
if one apin flips  to |, the other hes to Qip from | to t {see Figure 4.5}, 8o
that the total spin iz copserved. Although thore is a change of microstate,

U3ee L. R. Q. Treloar, Physics of Hubber Blasiteity {OxFord Univarsity Press, 1958)
for & fuller troatmant,

™= 4

Figure 4.5. Mutoal spln Rip, mnsmiﬁg total apdi.

the macrostate does not chenge, so that {2 (and hence 5) does not change.
While this is a very apecific model, it illustrates the gencral regult, which
we justify in Chapter 5, that an adisbatic change is isentropic.

In gensral, o process is adiabatic in the quantum mechanical senge 1f
it doea not change the average occupancy of the quantum states. 0 is
unchanged, so that such a process does not chanpe the sntropy and is
called am iscniropic process. An adiabatic process in this senso is always
possible in principle. Here we have shown this for a spin systemn, which
hay discrete energy levels; the case of continuous levels, ag in a gas, will be
dealt with later (see Example 9.2).





