
I D BOTZMANN STATiSTiCS
I BaTEMANN DISTRiBUTiON

THIS IS ThE PROBABiLITI DISTRiBUTION Of A SISTEM BEN
IN SOME STATE, S, WiTH ENERGY EIS) GIVEN THE WHOLE
SISTEM IS AT TEMPERATOR T.

EXAMPLE: A SIMPE SYSTEM IS A HYDROGEN ATOM FER C H I C
THE ELECTRIA CAN HAVE DIFFERENT ENERATES :

SI: - 13.6 cV ; S+ 3P2: -3.4 CV; S3+ 3P3+5D3: - 1.5 eV
IF ISOLATED, THE ENERGY dE THE SYSTEM IS FiXEDBer, If IN CONTACT CITH A (COUTANT TEMPIRATURE) RESERVOIR,
THEN ANY STATE IS POSSiBLE, THOUG LOWER ENERGY MORE
LiKELY

SysTeM ENERGY E(S)

SO, CONSiDUR SYSTEM IN CONTACT WITH A RESCRUETR
/TEMPERATURE

T
LET ELS) BE ENERGY OF SYSTEM IN STATE S. ENERGY CR
LET PES) BE PROBABLITY OF SYSTIM IN STARE, S.
LET SARIS BE MULTiPLiCITI CE RESERVOIR FER SYSTEM IN STATES

CONSIDER STATES S, AND SE WITH E(S,) < E(SE)

IS aN STATES,, THIS STATE IS MORE LiVELY O

BECAUSE SYSTEM IS SMALL COMPARED CUNTM RESERVOIR, TEMPERATUR
t s   N e a S W E   A   S a l s o - S e s o   d S e   a F d l e   = - t d E
IN WHICH dE IS CHANGE Of SISTEM ENERGY



So P(S,) = e｛ C S e s ） - ⅝ 5 门~ E t T E S S ) - E S TP(S,)
P (s2) P(s,)

EXPL-E(S)/KT] EXP L-E(S,)/KT]
BECAUSE S, AND SE ARE INDEPENDENT, BOTH RATiOS MUST
BE CONSTANT, 8

FOR EACH STATE Si

TENCE PIS PROBABILITY,
6 =([e-ES)/KT ]"'

PCSS) = 1

DEFENE Z = § C-ESTIKT TRE "PARTITON ENCTION"
→ PLs) = $ e-ESIKT ES TrE "BOTEMAN DESTRIBOTa"
Ink THem C-E/KT IS THe "BATEMANN FACTOR"

EXAMPLE SUTTOSE SYSTEM MAS ONLY 2 STATES COSM ENERGI
E, = 0cV ns Ez = 2eV

→ OeV ENERGY STATE EXTREMELY LiKELY
K T = 2.59 eV• → 7: 30000K/LT: 257 0461

→ PROBABiLITY of Oel STATE IS T461 = 0.68
ANO PROBABILITY dE 2eV STATE IS 0.46 = 0.32

NoMe: If TWO ENERGiES ARE Fo Aus EotZeV
→ Z = CM+ Eo+2)NT
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AVERAGE ENERGY IS = ₴ ⅔ E(s) e- ESIKT

Nok

So

⼆ 冬 - E s ） e - p E s ）
ぃ - （ 榮 ）

LIKEWISE CAN COMPOTE STANDARD DEVIATION ABOUT TRIS MEAN:⼆ 冬 （ E ）   ⽬ ）   B ） win Pes) - e E13)IKT
u . . . = [EPeS) - E?

→ GE = (E -E)12

》 ） E ： ⾔ （ 舉 ） ⼀ 去 录 （ ⼀ Z E ） ⼆ 、 張 ⼀ 主 ： 鷸 +

CONVENIENTLY, ThIS CAN EL RECORITIN IN TOMS OF
HEAT CAPACITY! C = 號 ： 號 器 " ⼀   張

So



99
3 ］APPLICATION TO PARAMAGNETiSI

T'UP ENERGY -мв V'sCON ENERGY tuB
В

(м3~5,8x 18", KT: 0,225 A- 3004)
Z ： 冬   e B E s ）= счив + e-BuB = 2 cost (влВ)

/(2 oSt BuB)
l u s 《 k T 》 P 又 ⽀ （ 货 ） ； 尼 等 ） ； M B 2 k T > R p e l - e

→ AVERAGE ENERGY I S - [Es)Ps) = -MBPp + MBPL
E = - MB(eBuB

= - M B TANHZUB(ALTERNATELY

So, FOR N DIPOLES, ENERGY IS
U= NE = -NuB TANH(BMB) = - NuBTANT (43)

(SAME RESULT FONO BY FINDING S FROM MONTiPLiCITTES)

FOR MAGNETiZATiON MT = [MS) Pes) = MPp + (-M) Pu
= M TANH (BMB)

SO, FOR N DIPOLS, MAGNETiZATION IS
M = Nù = Nu TANH(BMB) = Ne Tar (13)

FOR N DIPOLS C ： + N k （ 幾 ） ' s e a （ 張 ）
STALAND DUATON SE = KT [G/KJ/ = KT [(M$) SECHTB ） ］ ： A B s e a

(Foe kT7 uB = 0E = MB )


