Physreal Chemigdry Lec-\-;re Nm‘s'ﬁ
Chem 1208 . TFruf David C 'ma\@

?&‘nu‘(’fﬁ of Macroscopic Systews

Flrs'i-, a Simple expertmm\Jf

> water)  Hme ]
R

ink 1 viow

N drsPerse)
i?%—\—_ﬁ_nﬁ mg_m homg eneows
(? —_— rﬂa.cm.sf;gzr(.
" e . :
Nh"" is the .:;\rcuma &unl-'ﬁnum

force © T has
s»w*\-l\lhs o s with

Fluctuatons , stadvatves
and chaog,

You, can dao thiy Qx?@f(ﬁln-l-'
with  Sysiem 'hhlb/
Isolated -- te., insulated,

at c¢onshwt ene

Te think avout i-‘-) consveder an ehlarjemt)
ond for Hu purpose 4 lr"praa trock of
thrags mark Ha sysiem with a grid

ol
Ybrg compared to A o{l
- -~ J.i‘&k-t
1 1 Y I
]
T E - 1
FEEEERD 8 :
= each cell of voume

AV ; black cells are those
Containmg dye wmolecales. Av is very

litHe -2 so0 Small Yhat no wmore Hian
1L dye molewde can {4+ in 4.



With teghk (+|«rouak sruHGrr::j or absorphon) we
can observe or mMeasuve

e = Concenfrahon of dye molecules in
observed resron of volume V-
- #malomles/v .

48 Hpteal si2e
J I\df"{%‘»; to * of flactuahons
eqm.h'brmn at E‘l,]'»\'h'bn‘qn;

equ/Bibrum
11—t

imhal syt

okserved
region, vilume 1)

Sk

Even at  equilibrium , fluctuations never stop .
These mitrescopre fluchiabons are a consequonce

of wmolecwldar mohons. Tha relatne sfie of

He {luctuahons n f depends upon the St2e

of +ha observed sysam  ~- Ha  Si3e o-é_ v,
For 1y = 4V = mirssropre volume ~ srae of a molenls

[ < luolcs Ike. "Hns whan Hae dotald system rs at P?u'hbms

AL

|~ e —




T4 obsecvalions ave made over shord perrocls of
Hme and oveyr Short orsionce Sealeg 2 Ao Sysfent

will always look chaohe . On Yhe othan
hawd ,  observabuns over ’°Q hmes or over
loha Longth  semles will be easy fo
chareederige -- so ordinary and seff eurdoat

at macreg i Lbrium
A ey Seem wmos+ laon'va .

is rf[ong S /a:lj Qﬂagji So yYdad in

4@-‘20" ) one Obserua;f)‘cm carrpspnls fo Many
stadvsh clly  (ndopendonf  measunementfs .

Observatyon over a \ohg 'h'mej > o
T

< ) = 'l" dt ('b) -, — & me avera
f r { § ¥ ¢
T A A
= - T) dt ¢
n " et
N n
= N Z [r] Nt sbservatbon

n=\
I$ O is. long @nough and £ Ha system 1%
at eq,u.‘h‘brfun , < f> will Le a Congtant --
(e, we'll art Y "sama’ valig every Ame
we do Ha Q/?MM{'.



Obseruation over a large regron of voluma

<f> T 7-;7- 72: [armumo.; n ca."j]/ﬁu—
= ,;l”_ ﬁz" Ef]j% cefl
£ 7 s Iarg.r. PMMO,A ard £ System /s ¢_:+
Macrosco pre eqy.'h’brrum ) s <p) is ako a
Comstant ,  and  showtd havt e Same value
as  <p) carmspam/ry B a Hwme averesg

Rame or .,hu;}h of correlabions -- digtance over
A which a desturbance or

regien: A is mok Fh.!cl—un.'b‘m has an
covelated to region B

I—]@l—-——- TMacroscopte enF-Fed' .

A G TR S (sm)—m Usually , Hus distence
- ——l —d’:\—;—j sHill maemscopre is Vel‘y ‘horf -_mrcms,*n

it w

—  The very bis syciem

1
b lame compmed is an ensemble of
+o correlation bsy sheme
fongbh (that’s what we subsyst
- mean by “macroscopre. ) Observatron d'f' whole
A very 4 System  can
m rresponds fo
diveded info an enormoug syste o [ 1 4 +
+# of smaller , vut shi] an  ensemble avermge

bra  systeme
L= "




What doet i+ pean v ke Cofretd.{‘efﬂ ? Heaz's au E'xnwp(l_)

Plfﬂlfb\ = _joint Probdofh‘{g Hit subsystam A
has chws-'g fA md Yot subsystrm B

Was d-thsH-g -j’ﬁ \ It's a sormalized
histogram — builk up  from mMasy

Wasmmﬁ.
C!far’y
Cnfe? = 22 2= Thos)ns

But _l'_’_;_‘ Subsystams ane.  Uncomalatec!

Pliast) = Tl Bigy)
l: hr3'i'b3/|nﬂ 'frm-o ol»:se/wq.'b'bu_s
o B gy AL

<f’Af3’>unrm\d+€d B j’z ? 'PA(TA) .PB !T-B\ fﬂr f.B
& Jp
= ) 2
. (%;—- T Ifa fn) ( % ?SIT.B)f.B)

B

Tl

= <gav><fp>

T fafey — <PO<Ee> = <Pa-aDEs<))
1 o weasie of comelafoms,  When |

((fA —(fﬁx)(fb-<f5$)x 9‘4 o

Hae Jwo Corre.@a.'tﬁ.cg

Sn\bsy.{.‘{EMy are




Relogabion Hime

-~ +me for sysiem o
-fnrae{- a parbedac  flactuabon or

drsturbanca (crample, time T om page 2 )
E ~ releayabon ‘hme {v P

+

s

l——r—: ~ relayatim m

L3 relwma Yo
equnlibrion |

f .F-er-u&n."’ﬁé at
Pq.b\l"ih/\l‘uﬂ

Macrsscopre Systims are at eq,a.'h'brmm

if they have been prepared and Conbrolted

over tmes long compared h relaxaton
Hme .

eithor c
Hime avtrass of ¢
<s>) = observed £ = :,ra
ensemble avtrase ﬁ-g
The assuwed Cquivalence of ¥a fwo avégges
rs called Ha ergoch‘c. a'ssun‘o'hm —-— i you

beliue H+ , i+ means you beleve in relayatim
(10ss of waemory and ehaos) and fin'te eorreta From

_Qp\aﬁsj' antd Jou Aare ﬂmﬁy abon? Cnesmnis

praformed over Jong pmes vjor lorse Spatal Sealas.



Whot dots i+ meam 4o be unconelifid af ' Hewnt
twes T Considor Ha “heme lina” [ poin e

e%,w'fn'[:»n'm Sy sT& m

<Y

Fe every 1 ime ti.J look. also ot t.+T amf

antrags. f(t,;\j’(i-.,_&t\ ever Many mawy t. s,
The a_w.r-eﬂaah\'j gives a, ﬁwc.h'w. o-i T !

;

71
2. Fll)plic+ 7)

s
M 5
2810 hme refas b ]

,'_

= <f/0)f ff?> Heo Infral trme Fho

s avetrssd over

T+ T is largas Hhaw  Ha relogathom e,
CTY — R (pt0) = p(pd

Hme_tvrrelafims  a sophsprated concopt /

40? Do T heot ?
to know Haat




Fluctuabons, larae numbers , extentive and Indensive

How rmux B‘CE"L’S (e.’_,;

dye molicules in a solufron , or
atr molecnfog in mr) will
AR ' we find in an oberved volume

Mav = v ?

‘AN

-

-
1{

Let

N, =1 , 0% a molsents /s In cell £,

=0 , id wne woleedn Is in cell £,

We'll be assuning low conentrabions and vesy small
AV SO n‘: 4 s " fnfﬂl‘;'b‘é.”

Tebl nuwmber of pumbeles tn systim ot
a pactrenfu Insfant s

N=£ﬂg

¥

At eguilibrium
on Ha av&\a‘;;_, eack i

Cell s Ha Same

TR Ny = T ) £ M<n>

act

Here,
<ndy = average of 1 for any one

cell. :
= Prababn'/-’// Hat one Pﬂﬁ‘ruﬂm
cell is ocupred .
Ab low concentrathons,

<Ny << 4, (i.e.) W__V__}m;- s svndu)



Notree that <N)  scales lbinemh with M,
Ha srge o Ha Systam, Thus , <N s

ralled an  aexrews,ve propsty,

"~ On o oy hand, <N)> appeas o be
indepondosut Lf A systam size, As Suck
<n> 7S ralled an  INTENSIvE propmly

Exgmrb; a{ Inbmsive Pﬂo(:»\’f'l:es :
pressare. , a»-Vtha,n. mmhﬁba.() e
Examples of ewlEnsive popmtles of) lmge sysems

voluma. , tobd avtage ensgy, ...

Is <NY a maurvﬁ./ e frmale { an
ius-/u/ﬂmvu:& observed N 7 7o Sex, Laf’s
esihmaty o srpe 7 75’/’:‘&! ﬂacr‘mﬁwu :

SN = N- <M
CENIED> = ( NE- 2NN VY D
= NP> — WO
Now wnle Lol <NP) and CNVE in Jerms
41 Averng e ;.wo/w;a] e 'acru,mﬁm” Nimbers,

o n;ls



10

<Eny = <2 Zm"\,) <2n><'z i

.-' Jg‘
— z_ [ <n; Y) ) <m><“ >] non e , only if
/J =/ ©is ferrelatad
L+o n,
At low toncentratrons , n.'s of cl.«Q‘-uu{- cells are

un correlated |, Seo,

(BN = f [<n 2y -<n:¥ ) ’

= MEnY-<nY) = M<nd (1-<nd)
2 MM = <N

Thus, partele flctmabons for a gas o

solatvon o un correlated Pantrelas olareys

|<sm>> = <wd|
lema.s + “ho'h'u H
O < GN?®) " is extensue

(2) Relafve srde of -,cﬂuoi'm?'wns/

J<EN _

= ! - Yz
<N SN (MY
are Small for 6IJ Systams Cnef /49,. A Al
SySTEms .




L—'.-‘_;,u-'vu&c-uﬁ}, € we obseive psynecentmfims
or &M;,?‘QS} f = /\’/V'/ sidon

<pp= <nb/av

and

2 _‘ <N‘Z—(N>l__ <CNY 2
<(@pY > = NV = T <p >,MAiJ’

For M large 5 Flactuatrons in Ha intensive
propety f ba cerne Mah'ar'&rb.

S!qy
dsdribuhion
-Fum.hbh ‘FdT‘
« |4r}¢.
Systiam
exk"tm"i-s
il
dispersron

r P(f’) = Pmbq_\m"llb drsdrbuhim '£>'- f

% e
7 < f} s

L




Principle _of equal weeshts -- stahrtroal
tharacterzatin q{ Mérerascopre Q;g:% rém?h«

Think about Via ik af‘)e expte) it  TH
setms o I/lushuate HFhat  Fermiamd Jd‘n:‘zamr/
Shates are Ha MoSF random  or chaohy
macroscopc States —- (e, al pesgble
mrerescop’e Sfutas are G;;u\/& hkel, .

In othenr words all fluetwabong
consesdeat  with Ya  coastruinfs Hhate in/ru
Ha  sysem  peecun WA e Same P,—,é.é,r/,‘yj/_

As we w'll feo skﬁi-/y/ For  Secamdd Law  of

’FDHUUS ')C"am Huog

Fer enauph.) ronsrdern an /sa/aulﬂ_:{

systews of  Pired size
S Lo

garncrple

73 ) MYE 7 (oo ndily

7 77 7’ ims wlatil rﬁrm its

7 2 Sumoerdings . No parfirlec
‘< 5 rapr com  come In or ouf,

no Pne.v caw o

Prams mottec %_ru?jl #e

bowumdariee .
N and Vs A':ro:{) and Aom conservation
of Fofad Prugy, £, He enmg, 135 Lred

Mo . Tase are e corstraints c&ﬁ'm'aj
Hax Systam ~~ LRxed N,V and E,



SLAN,VLE) = Soful number o/ States, microseapre

states Hat 15, donsistent i
ﬁxa} /V,'V' ast £,

HOW 'M.\-Y ways cau yow
put M= & parhrles In
Hu . avadlable boxes ?

At Mace roescopre €

?v'h'bqiu»\, Ha Prtngr,p(,g a-F
EquJ w?f&H’S alffPs Hat for each l-f HHese

wieroscopre  Shites , Ha P/lbba‘al""@ rs

= I with NV £ fxed
F _a (nye) '’ )V, £ Fned.

A refated ?[4“7‘]'4’

whied e ﬂﬂu as
LM YE) 5148..&_0-04%5)1

rs e surropy r

S,

7 -4
Thy s J at Phis Poln‘f‘) an abf’}w\y aons fant i
e oall ¥ Boligmam’s cortant




t

Expectonbm is Hat S 1g  extansive |

Exam& ' N I'tﬁ%;ﬁ'tﬂ«p /?wl/n:(os P each one caw
extst in e 05 +weo :ﬂ.aamufﬁ, shitzs

Fwe drffersat

M!'CMRQP{‘_ 3 h"‘f_ﬁ

&= @ of Ha tutad
1 z 3 N

I~

A'_“lw“ e)(dﬂ'L_fe_f N N"fof‘qu{?‘-l ad /'IIJ'/'S;".:}ur'sAaéé_.
rPa;\'h't{,Q_s in & volupg, Compa'SeJ o'c M eells ,

)t N

[+) o0 - 0 ?m"h'c[-l 1 ‘»\‘s n PICUS ‘i‘ ao
- poahile 2 has M phus to 3°

pobel N has M plavs A Jge
_/N
Seems P sagarsd 0 = M

dur  to |:|drs‘h'hqul's"|nbl'!|"fz P

ML and are ‘e
@ a - Sane,
MALTVScopic
parhrle @ opie

parhila 2 Shte .,




Tha - numben 0-6 eqM{va_waf‘t' conF\\‘jMo&{Wns rs o
numlann of ways o relabel Ha indis finguisha ble

Pw\'h‘(.ies 5 and  Hhat wnuwmbay i NI = #ﬁ-ﬂdf‘mﬁ?{’ﬂns

1 sdatz witn b
3 ‘shha b
> pones QGZA.—. G shies with I distogurshalale

pastrclas

Has rase

= NAM — b N/

o N /M;,z) Strrkag’s Farmuda 13
AN = NAMN-A

T'AM) F;'IAN)!)
S /by = N M~ MAN +1Y

= NEMA) #1]

exttnsive




The Secend Low and 4o weaning of temperatun,

L2 (N,V,E) = nuamber of all poss'ble mrerescapre
Sfates (m-., Insfantaneous -ﬁdmﬁaﬁms)

wih MV E Axed

Constdsy, a Subgset of al yhase LbicthaRoms
whreh  can br realrzed ﬁm;c.)j /nternal
tonshara

Divide.  syctam vl twe
subsystams  such Hhat

N= N +Ny
YV =V+ Vo

“ inlernad conspramb E = £ +E
=& Z

¥ internal  comstraind  was 1m?ermagl¢,) Fhan  if

comfd o used t enforme an in ho»wa,&u voue,
desbrlowhm of, parheles 1n M sxlom. If
it was n su.Qa.'h‘nJ ord r‘:‘a rd ) it coukd enforre

a PM‘H‘hvnch o'c eneagy Hat was inconsistent
with Pu‘h'hvmw at P_?M,%'.’vnua, 'l out
Yoo conshrarat,




Let
_(ZI(A/,V,E} = ol #’;f MmrtroScepre Sfitis
Wit Infeanad Ponshraca i
a”/f'Ptp-
Sime Ha conspmint reduces Ha Afal aamber

_ ,,/ poscible F&uﬁm/)m)

2 (ME) < LMy E)
°r SlMV,E) < SIMVE)
But macroscopre States accescses! %rméjﬁ e
appheam o/ nRANE Conshalef torrespond
o honoge''bbrrum MacroScoprz  Srtades
wiout Aose conspramb,  Thus,

\-,S r’s mMmax, adi P;zm'dém'aml
= | S mcnreases for o/ nawa-‘ﬂ’{/ :

Thes idea s Hae essence o-g Yo 22d
v 0'6 mrmoetauam‘(: .

To see what s law can FARJ-‘c‘f')
¢ onsrdoa Hia -Av//ocw')‘f/ ?ﬁ?s_ﬁ‘u& ‘.

A"" P‘?;u'/l'éﬂf'um P A&M) rs 7“1 ﬁfl/

erergy of a System pardhoned ?




- m @
I E =
E, ' E,
! E, =
at ?q,u\‘l-'hm'um.
B, = St Ea=

Stace  Spaa rs
g, re, (o)
[?q.\ AE s Ha
&= L
|‘ + & f.{nr.*uu‘hm in
P -ag iﬁ—"“iL-—Je

2(-8) _ 3(-S) a(sz)

2 AR 2 AE 2ag
Stree S 0 extarcice
S=9,+5,
Defima temporatuwre | T
L = Q_S_) Since both E
T - IE N and S ase extlangive,
)V I mustd b _Lmsfv*—-
Thug , 2(-5) = - 1. 4 A
2 aE T, T

' ';? T. = j—z at thermad eq,m'h'brruu)

and AR

(Im'ak T

Flows from "hot "
o "told " (1w T,

[J(-S)/GAE’J = (A&L} _.,_)_E_-!

N L3

2 Ey

[a{—s,)/a_“E] = ~3—("5’“2 25 - (- #)(-1) ook

A8
2 V2

= (#)(1) 1

Chei®

5



davidchandler
Pencil


	part1
	part2
	part3
	part4

