HHCO3T  Joule - Thampson Efect

There are varcus ways To ceol down the femperatue, working ot
differert regimes. In the rotes, T will give brief infroluckon To

(1) Jeube~Thomden Cooking (2) Helitem obilutfion refrgenior

(3) Teertepic demagpetzation (4) Laser Deppler Ceoling,.

72 Jaule - TAomason CCOQM@ S
R A Andeming no work (s done. through the pirch

A /'V;_ hole., %edm/@eoﬁrw energy equals
—'—J ————  fhe wak dbne al condtant presxee (no
heat Fpes, @=0)

U= RV-AV

Recalll the definibon of enthalpy H=U+PV. It & clearthat the
enthallpy remainy constent O&n/g the expandion. m

For- ideal gas, pv=nT —% H= 2N

Thus, T=T, , Terpemxtue remans the Sane before /affer exparon.

What about feaQt‘chzgao ? Condider van der Weas gas,

o o e o A, = NE. o Mo Mo 2%
2 =2 P Vi T iz
Sattraction Cxpantion To O@,6)
%@Mpy%%e.&wwom{win a,b /g
2l
EI: U+pv = FnT £ (br-aa) g

Rewntirg the entralpy H=Ho* LFb(Ttn), It eany Toclenie
t! <7 y -
HEDY= qiv)T+ <, =t {T Sy~ S G Cockirgy

T2Tw, T>T, heating !
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For T< Ty, fenperafure cools down affer expannion due to

infer-mocular afttaction . Q8 _Why does heating ocur when

T>Tny ? The affraction cs ohil there... QO P

D Heliwm cbilubion refrigerafor s
Corader the. 3He , “He mixtere ad

shavon on the Coft. Recall the  — L &% He
Pm 0(4‘661)’&/1\ 78‘.\ Helien — a‘zﬁ /Iuefflufe (8%)
e
~ N At T=O,

the 2efup > Stable. for 47 He arcl €7 “He
mixtere.  When pure “He pumped anto the
- %, binary mixture, He conentration is cliCuted.
H CM-? 'He . . g g
2 - To Maintaun the eguwibibntem, Some OF the
pure He will "evaporate ! into the birary mixfere., Due to
the Latent heat, the Temperafire &> cocledd .

One Moy Think 57 He + 5% “He birary mixtzue ca also
stable. o phaae diagram . Why o the &% He concentration
necessary ¢ Welk, according To the aquibibnivun Conclifions cin

oIrary mddSs [ i (e = p(en Her 4 “He )

7716#&7%1?} an ;
-Qonaa,o 3He s precent; &% He mixtere o /Ef-}tw’eoi [0}

4

% LSentropic ofemagneﬁzajﬂbr\ .
2 1“\ Condider the Isf‘r@@‘mif- mn= tm ‘é\, %eavemge
o N\Cgf\eﬁ‘zaﬁbn at femyemafiwe T >
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The Spin polarization P = farh ("M8/< ) and #he probabilOity
MbhN D D= F(hP) . B=(-p)

The spinentrepy & O = ~ R.lgBp- L,lg D,

B:O(W/BA4=O> By QHDG}”\I\a 5 'cfrarg Rl
B+o o alignthe spiny (A=B), fhen fem
OFF the maaﬁah\c feld aclicbatiazly,
" the femperaizue Cools o T, To Ty
(B>C) . Thefrick i & remove.
Spin entropy by extemall mogretis field.

However, the trick needs 2ome mechanism to "thermallize” the
Spin configearations . kaffice - Spin inferactions . Dering the isentrepic
demagnetization (B=C) procesdy, the whole sgpfem s rotca
themal! equulibriem a/corm@ Trendient period. z'emp

. A ;
M

__LQQH’& S{Df‘f\, attice rof /Pn | e =
> time n equulibhicen g
OFF ! OfF ! fime.
Suppose. the infermef magnefic field & B4 (evenat B=0), the
temperafures T, T, are reltled by the Condtant entropy

= = = @ =
&F %\Pﬁ %fﬁce Condt — (O,‘S'P,A os}’h(_r ) ~Canz>1-J

Therefre, one amves at the Simple relubon :

, __%—_ e T1= %-) "C'_,L where BA<B,(:D a»e)amed.

o, we can coo? the Apinsystem by Temung on/oRF B eld &
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@ Laser Doppler coo@‘/gg Nobel Fize 1997, o wxefzL reference
Qan be fourd cn Reviewn of Modem hysics 70, 721 (1998).
Cheoae. a Laor on rexonance with prome atfom.

L3 —RR
i~ phofon.. The ofom absorbs the phofon
4 : L pl_ PBk_
m e—v Vi E-EE- gy
() / Lt sbows clown by raclation presire !
S ki The Photon— emi2sion Procexs C» [Sotrepic
and oloes no]"cha/e—e-/ﬁe arerag
- velocity /'
DOPPQCM COOQ &) ooo C{‘b/

Mr—=<c—_{ffj%rser. DueTo Doppler cftect, the phofon
frequenciex are shifted,

M@——»W

YL AV g |
p=1 /_C.io_ >V, T Onresonance.
P! =% L’” 1"
Lo _._g'g < VU, T ofF rexonancs.
+

The aton aldways slow
down no matter which olireckion ™ mouwes — jmi‘ Oike Fokon ©
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