7. Statistical Mechanics and Thermodynamics (Fall 2004)

Some organic molecules have a triplet excited state at energy kg above a singlet ground state.

(a) Find an expression for the magnetic moment in a fleld B in terms of A, B, the temperature
T, the Bohr magneton ppg, and the gyromagnetic ratio g.

(b) Show that the susceptibility for T > A is given by N(gug)?/2ksT, where N is the total
number of molecules in the system.

{¢) With the help of a diagram of energy levels versus field and a rough sketch of entropy versus
field, explain how this system might be cooled by adiabatic magnetization (not demagnetiza-
tion).

a. ﬁzgﬁgf where 3 is the spm angular wwﬂ‘fmwd
The Sr}gfff‘ stale hos 5(=0 and The w'ra}off‘fg‘ﬁ'fﬂ has (31=1.
But we want o find (M) where 2 s The directron of
The app lied mdﬂne‘hi‘. Cleld, So aa= 3,@,52

(“5)1 =0 (M!r) Y fzw;’); 0 (ut)= G Me

=

The €heryy of a maang'fi'c moment yv o field 3 V=-m E: i, B

€s=0 €17 KA-4MB EF=KA €7 = KA+gmB
g ! - ! [-] - -: -] u-a =
<f{r‘|z‘7"'_ {/Hﬂz & e + (,JIA-H-;_E. EET"’ (Mr]{“ = ""'[{M-r )E‘ i
| o i |
e'.&'&l +€""E’61' ‘1_5-361' .y JEET

= j.&s Ev-ﬁ(#ﬁ-jﬁagj - £+F(M+jﬁ¢33)
| + g Bra-amB) e Ty e-a(m@mﬂ
M= N (Mz? = Noug _€ B .. P
B i 1 SR

b. =~
T>72A= 2 Ngug ( | + ByeB ~ | +B9ugB )=NC9M3)“B

1 = ] 5
-
M=XB = = N(qme) K
2T
.
¢ B € b € 5 2% .5 TG P
.
0 s (2) T ) ; ]
M = i g 2 >
Adiabatie e = -
g ‘;nﬂ' e atioi Eﬂi&:;;:;hrm H

Al the pacticles in The Yriplet ctate are
Sl among The Theee levels when Yre field
is qffl-‘eﬂ adiabatically and setftte down
peeferertially into the Sinjlet state when the M
Gelh i3 repmoved isotilermally,




