
STATISTiCAL THERMODYNAMICS

1] STATISTiCS REVIECO
A] BiNOMiAL THEOREM

CONSIDER A SYSTEM OF N PARTICLES (eg. COIUS)
EACH Of COMICH CAN EXiST IN ONE Of TWO STATES

(e.g. HEADS OR TAILS)

ThE SYSTEM CAN EXIST IN ONE OF 21 STATES. BUT
MOST ARE NOT UNiQUE. (eg. THERE ARE N STATES
CUTTI ONE HEAD AND THE REST TAILS).

WE SEE THAT THE STATE WiTH n HEADS EXiSTS (N) TIM

BI STIRLINES FORMULA GREATMENT OF N! FOR LARGE N)

DEFiNE GAMMA FUNCTiON TO BE Fixi=So t * ' é t dt.
EASILY SEE TAAT MCI = F ( 2 = 1 AND T(x+I) = xTx).
So

→ TN+i= N! FOR INTEGERS N.

THE ASYMPTOTiC APPROXiMATiON
STERLINGS FORMULA: N.

LEX FOR LARGE X
= F(N+1) = VEN (Ne

GIVES

OFTEN CARE MOrE ABaT LAN! = NLAN -N
N
10

100 1 9x10• 82880 359846 00800.083%: 364
VERY GOOD APPROXiMATION FOR N~ 1023.

, N LARGE 
ERROR

13.0
360

13.8%
0.89%

N LARGE



81)
2 , THE EINSTEIN SOLID

IN A SOLID, ATOMS SiT IN POTENTIAL WELLS RESULTING

FROM MUTAJAL ATTRACTION/REPULSION Of ELECTRONS A NUCLEI.
IN ID, THE DOTENTAL CELL IS LiKE THAT C A SPRUG: 2 KX

ThANKS TO QUANTUM MECHANICS, WE CAN SUPPOSE THE
ENERGY OF ANY QUE ATOM OCCURS I N DISCRETE STEDS

OF SIZE ho.

IMAGINE ATOMS COMICH HAVE TOTAL ENERGY o(to)

THIS CAN OCCUR IN (9+N' ) WAYS
e.g. FoR N = 3, 9 = 3 , USEg'O' TO REPRESENT EACH ENERGY

AND USENIl TO DENATE N-I PARTITIONS BETUTEN ATOMS

と
3
2

• •

• 1
• l • 1 . . . .

TOTAL NUMBER Of COMBINATIONS IS (9+(N) = (333) -(3)=10

IN GENERAL, ATOMS IN A LATTiCE ARE FREE TO MOVE EN
3 INDEPENDENT DIRECTiONS. SO N REFERS TO THE
# DEGREES CE FREEDOM, AND THE NEMBER OF ATOMS
I S N / 3 .



3_ INTERACTING EINSTEIN SOLIDS.

CONSIDER 2 EINSTERN SOLIDS, ONE CUTTH SERGY VACTIO) AND
NA DEGREES of FREEDOM, THE OTHER COTTA 9/BO(Ico) a NB.

WHEN PUT .IN THERMAL CONTACT, EXPECT THE TOTAL ENERGY
9(Aco) = (910 + 9/60) tico = (9A + %) Eci

TO BE REDISTRiBUTED AMONGST THE N= NA+NO DEGREES Of FREDOM

TOTAL * STATES IS 2 = (I*N-') AS BEFORE.
OF THESE, COUNT "STATES. IN WHiCH A MAS ENERGY VA (tco)
AND B HAS ENERGY %/(tic) = (9-9A) (hco):

=   / W A + N A - " ) /Vs+ NB-1
VA

ExAMPLE: FoR NA= 3, NB = 2 , 9=4
VA 93 S e

4 5

2
3

•4

3
6
10
15

3 4
2 3

2
1

HAUk

5
12
18
2 0
1 5

2 = 70 = (4+5-') = (4)
2 0

10

3 4 7 QA
4 3 2 1 0

NOTE BiAS FOR MORE ÉNERGY IN A ON AVERAGE S U C E

N A I N B



3] (coNTd)
THIS BRINGS US TO THE FUNDAMENTAL ASSUMPTTON OF
STATiSTICAL MECHANICS: ASSUME ENERGI IS DISTRIBUTED
RANDOMLY SO THAT ALL STATES ARE POSSIBLE COiTH

EQUAL PROBABILiTY.

THEN STATiSTiCS DICTATE THE MOST LIKELY STATE IS THE
ONE WiTH THE LARGEST NUMBER OF MOTiPLiCiTIES, DTOTA- S452B.
FOR LARGE SYSTEMS THE MOST LIKELY STATE HAS A VERI
SMALL DEViATiON ABOUT ITS MEAN.

S A S B A

7x10114 +
ExAMPLE: FoR NA=300, ~3=200

AND 9=100, SARTAL QA)
HAS THE FOLLOWING DISTRiBUTION: 50

LETS COMPUTE THE MEAN AND STANDARD DEViATION IN GENERAL
ASSUMING NA, N3 AND 9 LARGE (9» N)

FIRST ESTiMATE THE TOTALSTATES:* MOTIPiCITES: 52 = ("+A-')
NOTE LAS = LAL GUNDi] = LA(9+N)! - Log! - LON!

STIRAG: = [Q+NAG+N) - (q+N)] - [VLng-9] - [NLON-NI
= (9+N) LAg+N) - 9Lng -NLON

SINce g»N → Lo(Q+N) = Log(1+7) = Lng + Ln((+2)
= Lng + 7

= NLn(V/N) + N+ N / = NLo(YN) +N



3] (conTd)
LIKEWISE CE CAN ESTIMATE THE MULTiPLICITY OF EACH STATE

T C U H I C H J= 9A19 IS THE FRACTION OF ENERGY IN A.
SUPPOSE THE MEAN IS CLOSE TO THE PEAK OF THE DESTRIBUTiON
(COIL CONFIRM THIS LATER). TO FIND PEAK OF EX°(1-X)°,
SET DERIVATIVE TO ZERO:

0 = 5 0 8 - 1 1 - x ） 9 - 8 6 x 0 1 - x ） - 1
= E x * ' (1-x) ' [ a(1 -x) - bx]

x = a / ( a + b )
So N AA   N O P N G   =   N A N

→ 5 ONAN Cie. FRACTION dE ENERGY IN A IS FRACTION OF ATOMS IN A)

ThAT THE MOLTiPLiCiTY d THIS ONE STATE IS ALMOST THE
TOTAL NUMBER Of STATES MULTiPLiCiTIES. IN AN INDICATION
OF HOW NARROW THE PEAK MUST BE.

LETS FIND THE COiDTH Of THE PEAK IN THE SIMPLE CASE NA=N= IN
CRETE GET +S COiTH SUl THE 'DESTANCE FOR PEAK.
So SaTorAL = ENgi ( 1 8 %

= 52(1+28 N3(1-28)N2 = 52(1-483/202
BUT Ln[(1-483|W] = ELn (1-48) = {(-48) = - 2N8?

→ (1 - 483)N/2
= 2 C 2 8 - 7 7 = 2 2 8 2 0 （ 9 6 - 7 3 2 2

COMICH IS TO SAY THE DISTRiBUTION IS GAUSSIAN COiTH STANDARD
DEViATION A B o u T   M E A N   가 량   =   호 오

→ 0 = 5x10"g ««TA!



41 ENTRARYCOF AN ETUTEIN SOLID

WE WISH TO CONSIDER APPROACH TO EQUiLiBRiUM OF 2
EINSTEIN SOLIDS TO DRACO A CONNECTION BETWEEN
INTERNAL ENERGY ( U = g ( t ) ) , ENTROPY AND TEMPERATURE.
FOR ILUSTRATION PURPOSÉS SUPPOSE NA= 300, N3=200, 9=100
(AS IN P.81 OR NOTES) (DON'T CORRY THAT q<N)
HERE ARE SOME VALUES O MULTIPLiCiTIES FUR DEPFERENT STATES VA

VA S A LASTA InSB LAS2TORAL
100 28x108 181.5

12

60
1 0 0

S 2 r c n 4 L 个

14x121
1.3 x 109

96
1•7 × 10

487
159.1
221-6

88 3.4x05 173.9
40 3,3× 10 103.5
0 1

81
2.8× 10

964.7×10
6.9 x 104
1.7x196

C LASTOTAL

187.5
.222.6
264.4
221.6

1n-3007
2 0 0

100

L S A

100 → ФА 12
88

60
40

1 6
0 + 9B

NOTE ThE FOLOUINE:
AJ AT EQUILiBRiUM Ean Lason = 0 dra

→ daVAEINSA FA I S 1 ฏ +   " น อ า ร ล A T   9 a =   ใ ค , % - 7 8
BUT UA= VAKu) 4 UB = %B(Fc ) ARE INTERNAL ENERGiES OF AAB
SO IN EQUILIBRiM duA :   h l e dUg

BI IF INITALY YAO < DA ThEN d %
i•e. ENERGY FLOCS FROM B→ A IN APPROACH TO ELM CHILE

d u A d U s

So ENERGI FLOUS FROM A → B WHILE dUlA duB



4 ] (conTd)

COMPARE THESE OBSERVATIONS CiT WHAT CUE KNOLO
ABOUT PUTTING TODO SOBJECTS I N THERMAL CONTACT

AJ IN EQUILiBRIUM THE TEMPRATURES ARE THE SAME
B I AWAY FROMA EQUILiBRiUM HEAT FLOCS FROM

HIGN TO LOLO TEMPERATURE.

LEADINGLY, CUE ALSO HAVE THE DEFiNiTiON OF TEMPRATURE
IN TERMS OF INTERNAL ENERGY AND ENTROPY:

T= (35)) • (SEE p.40 & NOTES)

→ ( 8 ) , = + (RECiPRICAL RELATION).

B) (3544) v > (Sce)v
AND （ 粥SuA) v < (848) v

SO WE EXPECT
I N   & H T C H
BECAUSE

I   F O C E L i B R i n

IF TA<TI (50 HEAT FLONS INTO A)
IF TA>TO (SOHEAT FLOUS OTOFA)

S = 6 LAS FOR SOME CONSTANT E>0.
WHY NT So 2?

→ S = { LAS = 6 N [Lng - LAN+1] = EN [LAO -LAN +|]
= ENLAC + EL-NLA(50) - LAN+ 1J

= 25a u = 6 N / U
So (su)v= ‡ ONE BACH FOR INTERACTION

→ U = ENT.
BUT EACH OSCILLATOR HAS ENERGY EKT AND THERE ARE 2 N OSCILLATERS

→ U = 2N(2KT) = NKT. So 6 ⼆ K , THE BOLTZMAN COUSTANT



5 STATISTICAL MECHANIES OFiNITION Of ENTRODY
FOR THE EINSTEIN SOLID, LUE FONO THAT ENTROPY WAS GIVEN

WiTH k= 1381x10-23 J/K BOLTEMNiSCaTT
AND 52 = MULTiPLiCITY OF STATE.

IT TURNS OUT THAT. THIS DEFiNiTiON IN STATiSTiCAL MECHANTS

WORKS FOR ANY SYSTEM. IN PRACTISE, HOCUEVER, S AUD
HENCE S, CAN ONLY BE CALCULATED FUR A SMALL NUMBER OF
IDEALiZED SYSTEMS.

ITS DEFiNiTiON HELPS US RECONSIDER ThE CLASSICAL

DEFiNiTiON OF S (THROVON dS = 89T) IN TERMS

OF STATISTiCAL MECHANICS:

4) dS = 0 (MENCE SQ=0) MEANS dS=0.
I.e. THE MULTiDLiCITY Of STATES IS UNCHANGED IF NO HEAT

ENTERS THE SYSTEM.

B) , dS→O (SECOND ALO) MEANS SYSTEM ALSAYS
EVOLVES TO STATES WITH LARGER MULTiPLiCITY I d 7 0

C) S = 0 OCCURS IF S2=1: ONLY ONE STATE EXiSTS
THIS OCCURS ONLY I f IME SYSTEM IS RECUIRED TO BE

AT ITS MINIMUM ENERGY STATE. AND MES IS
ME CASE ONLY AT ABSOLUTE ZEDO TEMPERATURE
(THIRO LAW)



67 ENTROPY of AN IDAL GAS
1 SINGLE ATOM IN VOLUME V WITH KINETIC ENERGY E

#STATES DETERMINED BY #LOCATIONS AND VALUES of MomENTum

D E S C R E T I Z E   V   S Y   R E S O U T i O N   A S   C O N C E T R E T Y   I   R E S S T i O N )
D e s c e e n z   m o n e r e n   I p 1   =   J Z E   a y   R e s a u r i o N   A f   ( a N C E O R T   E U M )
HEISENBIRES UNCERTAINTY PRENCiPLE STATES 1S 4 ~ *

FOURTER TRANSFORM Of A GAUSSiAN CAUPACIET
for = A ex/28 CiKa* (ACTUMES REAL PART) 2 g

= 5.00 F(k) eikx dk → x

IN WHICH F(K) = ET S-00
K 키
2 7 1 %

2 0 1 4 - 4 6 ） X d x

三 ⽉ 6 8 1 4 - 6 7 1 2 0 2 2

+ → k

, шіти ок - б
SO, UNCERTAINTY IN LOCATION IS 1S=5
THIS CORRESPNOS TO UNTERTAINiLY IN CAVENEMBER BY OK = $.
AND THIS CORRESPNOS TO UNSETINT IN MOMENTUM BY KOR = I /
So ASA = o ($/) =7=2. (A MORE ACCURATE APPROACI GAVES 1,4 h)

→ HEISENBURG IS JUST A RESULT OF THE PROPERTiES OF GUAVES
ANALYSED BY FOURTER TRANSFORMS TO CONMECT SPATIAL TO
WAVENUMBER STRUCTURE. QUANTUM MECHANICS IS INVOLED ONLY
TO RELATE WAUKUMBER TO MOMETEM TARUN p = K k . .

So *
IN CUMICH VII IS ThE VOLUME Of ThE SPARRICAL SHELL

IN WHECH S3 IS SURFACE ARLA OF 3D SATURE



6 3 （ c o r ' d ）
2) N ATOMS IN VOLME V CUITH TOTAL KINETIC ENERGY E.

FoR 2 AToMs, *STATES IS 522 = $ 56V=VP2
IN CHICH E ACCONTS FOR DUPLICATION OF ATOMS SCITENENE PLACESI
VP2 COUNTS ALL VALUES OF PI A PE SATiSAN IPI'+ IRI'= 2ME.
SO VeL OC SE ME SIREAL MeLA Of A 6 DEMANSiCAL MYPERSATOE.

FoR NArams, *STATAS IS SN = NI IN V VeN
IN COMECH VAN O SON IS SURFACE ARLA OF 3N DAMENSIONAL HYPERSATBL

ExPLiCiTLy S a   =   F e a e )   r a r （ T （ ⽔ ） - （ 2 - 1 ！ ； 「 （ 3 ） ・ （ ⼟ ！ ※ ）
2T 3N12

- T(3N/2) (2mE) 31»
= di IN VN 2N/I (2ME) 3N12

52 = f(N) VN E3N12 IN WATECH FON) = NI DEN 2 ㅠ 3 2 3 N / 2 .

(3N12).(2m)→

3) ENTROPI

S o   S = k L a s z = k L n ! " ม ข อ !( 2   ( 2 m E ) N
STIRENG APPROX => = kLnL ĐN V T 3 と に

V20 (3N/2) (22)-302
S e k N L h n ( & ( 플 수 들 ) * )   + 독

T h e SACKUR - TETRODE EQUATiON

LETTINA E = U, TAK INTERNAL ENERGI
(*) → S = KLn[FN) V~U 3 시 1 2



7 PROPLETIRS OF IDEAL GAS, REVISiTRO
WE HANE FOUND FOR A MONATMICCAS: S= KNLAV + KI LOU + KLAFON) (R)

1) TEMPERATURE: (Ba)NU = $ (P.40 of NOTES)
（ * ） → （ 発 ） ～ ん ＝ k （ ⼟ ）
TOGETHER WIM D → U= KET = ENKT=N+3+(EKT)
THIS ES EXPECTIO RESULT fOR GAS Of ATOMS IN CUMACH EACHI ATOM
MAS ENERGY EKT ASSOCIATO CUIM EACHI OF 3 CEMPONARTS OF TRANSLATION
KINETiC ENERGY.

2) PRESSSURE : P =
TAKE 2 6 )   1 5 5

S N (P.40 OF NOTES)

+ 0
S , N

→ P = (kNt)/(k 2 t )
= 34

BuT U= ENKT = P= 3V (ENKT) = NKT/V
ThIS IS EXPECTED FRUm IDEAL GAS LACO.
(EGUIVAUNTLY, CUITH U FiXED , du= TdS- Pdv = P = T C,N

So *) → P = T (KN t ) = NKTIN, AS ABOR

3) CHEMECAL POTENTiAL: M= (BU)S,V
EQUIVALENTLY, CIT C (AND V) FIXED du= TdS - PaV+ UdN (p.(2061018)

STed p.87 → +   N i ⼀ 会 ⽅ 了
= - K T L n 【 光 （ ⽕ ） ※
= ー K T L n 【 * （ 禁 k T ⅜ ］



81 PARAMAGNET
UNLiKE A FERROMAGNET, A PARAMAGNET BECOMES MAGNETiZED
ONLY IN ME PRESENCE OF A MAGNETIC FIELD (LiKE YOOR
FRiDGE REACTiNG TO A FRiDGE MAGNET).

IN AN IDEALiZE Z-STATE PARAMAGNET, IT IS COMPOSED
OF MAGNETiC DiPOLES, CUMTCM ARE RANDOMLY ORiENTRO UP OR
D O W N I N ThE ABSENCE Of AN EXTERNAL MAGNETIL F I E L D .
SCHEMATICALLY : UP TILTELTUEUTTIL DONN

IF THERE ARE N DIPOLES, THE NUMBER OF STATES COiTH
NA 'Up' DIPOLS IS
(JUST LIKE CONING HEADS + TAILS AMONG N COINS)

NOW CONSIDER MAGNETiC POTENTiAL ENERGY ASSOCIATEO COITH
DIPOLES IN A UNIFORM MAGNETiC FiELA B. THE

ENERGY REQUIREDTO FLIP A DiPOLE FROM PARALLE TO
ANTiPARALLEL I S ZuB, IN WHICH M IS THE (CONSTANT)
DIDOLE MOMENT. (FOR ELETRON M= Lé hIMe = 9.274x10" = 5.788&15eVA)

INVORINE SYMMETRY, SAY THAT THE ENERGY OF AN UA DIROL
(ie PARALLEL) IS - MB AND Of 'DOON' (ANTIPARALEL) IS +MB

尽 介 个 S-мв 248

ThE TOTAL ENERGY RELATIVE TO A CELL-MIXED (EGUAL UP
4 DOWN) STATE IS

U - MB(NI - NT)
N= Ng+N, → U = M B (N - 2Np)



⑨ 2
8 ] (coNTd)

NOW FIND ENTRODY IN TERMS Of MULTIPLiCITY OF STATES
AND RECAST THIS IN TRAMS OF U.

S = k LnS = k Ln (Ng) = k Ln [N! /No! (N-No) !) ]
STIRLING APPROX → = KLNLAN - (N-NA) Lo (N -N+).
U S B I N - 2 N → 2 K ［ N L O N   - H （ N - S ） L n 【 え （ N ⼀ 部 ） ］ ⼀ え （ N ＋ 最

SO TEMPERATURE IS FOUND USING 之 三 （ 說 ） X
= ） 六 ⼀ k ［ ⽂   L a l （ N - 為 +   ⼀ ⽀ 定 以 ［ （ N 為 ⼀ 六 了

RECURiTE MIS TO GET UCT) :
( 1 - 8 6 6 ) / ( 1 + & a )   E P % 1
→ U = NuB [CI - ExP (248) /1+ EXP (248)) ]

- MB/KT
+ e 门

1 4 T A M X
→ U = - NMB TANH (MB/KT )

HEAT CAPACiTY (AT CONSTANT MAGNETIC FiELD)
C3 = ( 37)BN 三 - N A B . S E 0 4 Y 器 ） （ - 货 =

• CB = Nk ( 28)} S t C H Y ( 무 )
SECH (x)

7x

MAGNETIZATiON
M = M (No -NI) = T = NU TANH (MB)

Nort: AT ROOM TEMPIRATURE I N A IT FiELD
So CBE N(LB)ª2) 42

5 . 0 2 5 6 7   = 2 3 4 1 0   < 1

THAT M O L I T WAS FIRST DISCOVERED EXPERIMENTALLY BY
PIERRE CURIE. IT IS NOO KNOWN AS "CURTES LAW."



9 . MAXCOELL - BOLTIMAN VELOCITY DISTRIBUTION I REVISITED

SUPPOSE N PARTICLES ARE PARTITIONED AMONAST A DISCRETE
SET OF M ENERGY LEVELS: IO, SE), [SE, 25E), ..., [CI) 8€, mE)
LET Mi BE PARTiCIES IN RANGE [(i-I)SE, i SE) .
S o N = Eini, CHERR MAXiMUM ENERGY IS & MSE.
NOO IN EACH ENERGY LEVEL, i, A PARTICLE CON BE IN ANY
OF Si STATES. (JiS ARE THE "DANSiTY OF STATES")

WAYS TO DISTRIBUTE Mi PARTiCLES IN 9: STATES IS

DONNa THIS, SUCCESSIVELY POPULATING LEVELS i=1,2, -, M
GIVES TOTAL "ARRANGEMENTS n 3 ...

2933 ...
→   2   =   N / I n ! n e l n g !   n o l ]   9 9 g   g i

THE UNDERLINA PRINCEPLE Of STATISTiCAL MECHANICS IS THAT
ThE STATE WiTH GREATEST MOLTiPLiCiTY DOILL BE MANiFEST.
SO WE CANT TO MAXiMiZE S2 COR, EQUIVALENTE,
MAXiMiZE LOSE SUBJECT TO CONSTRAINTS

E = IniE; (WHERE E; = iSE)

FIRST NOTE LOS = LON! - ELoni! + IniLagi
STERLIE APPROX → =   ( N L A N - N ) - E ก L ก - ก ะ + [ ก . เ ล



97 (CONT'd)
TO MAXIMiZE A FUNCTION SUBSECT TO CONSTRAINTS, USE
THE METHOD OF LAGRANGE MOLTPLiERS.

COUSTRATUTS

SEEK To MAximiZE F= LnS + X (N-En;) + B(E- [n;E;)
LAGRANGE MULTiPLIERS

WITH RESPECT TO n,, n 2 . , nm, x AND B.

C O M R U T I N   T O r L   C H A N C E   L S E T   D i s :   d F   =   3 ก . * a0m dom

AT MAXIMUM HAVE
0= ZLngidn; - Lnnidn; - dn: + dn.) - Lach - ZBE dr:

= Z(n(9:/ni) - 2 - 8E:) dni
So, MUST HAVE Ln (Si/ni) - x - BE: = 0 FOR EACH i

→ ni = 9i e-ªC-BEi
GOING FROM DISCRETE TO CONTINUOUS ENERGY LEVELS, COE GET

dN = 9CE) e e B E dE = 6 glE) e-RE dE
IN WHICH E = E n c

IT REMAINS TO FIND THE DENSITY Of STATES, 9 CE).
Do ThES BY. CONVERTiNA FROM UL-SPACE TO ENERGY.

IN 30: AN= 4TCdu EVOLUME dE SAMERICAL SMEL OF RADiOS C
So 9(E) oC E½

THUS WE HAVE dN d E'é-BEdE = ({mut)"
d u , FoR SonE COUSTANT E

FALLY, USE CONSTRANTS N= SdN, Err = ENKT = 1 Enc dN
TO FIND 6 AND 8 (COMPARE WiTH CALCULATIONSON p. 68)

- ти/2кт du = Na) du (sEt P.68)



9 5
10] ENTRORY AND TEMPERATURE OF A BLACK HOLA

FIRST ESTIMATE RADiOS, h o f BLACK HOLE BASED ON GRANTATiONAL
C O N S T A N E T   G L N I S A 系 ） 系 ，
SPED OF LIGHT C [ L / J J

& 5 ラ イ ］ ，   M A S S   I M E   N D
FROm DIMENSiONAL MALYSIS Ro GM/c

ASSUME ENERGY IN BLACK HOLE IS ASSOCIATID COM TRAPRED
PHOTONS CE CANELENGTHE 2 UR, i.C. CAVENUMBER K = ~R-
FREQUENCY IS C = CK ~ C/R
PROTON ENERGY IS KW ~ Tc/R
IF TOTAR ENERGY RS ME → "POTONS IS N な M C 3F o ： 4

• BUT R= GM/&
→ N~ GM%(cK)

FOR LARGE N, S= kLns = kLA[fr] FoR some fa)
TO CITHEN AN ORDER OF MAGNUD

SO ENTROPY IS S= GM K/(ct)
S =   4 r   G A R k l e t ）L H a u e s S   a r   ( 6 7 4 1 0   M 7 5 5 ) ( 2 1 0 4 )   ( 3 8 1 5 5 4 ) 3 0 7 5 1 1 0 4 1 0 3= 1. 5x 104 J/K7

TO FIND TEMPERATURE, RECASTS IN TERMS Of ENERG U= ME
S - 4T G (U(2) k/(cK)

2 5 = 8T IGK/(cS*) J U
T ： 务 C K / （ G M k ）

= 6x10 8K






