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D Derivation of Bolizmann treerport aquation .

Follow a tfiny ekement in the phase space. N
The Liowrlle theorem of ciamica® mechanics
Tell co thad” becace the

Volume oF the eloment= (s Condtent ™!
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9= () = (ufe of St V) — (ke of st ow—_)J
B EEARBYIER(FTAREILE

St
N
St
ouT
T




1 \ s N . o . 8 _—
Accm;br@ lo partial differentiation s W
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Ir above, we have axd the rdlations, T = E:TE, = P/m and
= O’%t, Rember — the dynamica ¢ cledrical /

D Relosetion time approximation? In generad], (¢ OBt )e Can be
Compudzd tom microscopic quantumtrensitions (mandy by Femil
gobdlen nde ). But, 1F REBE) & not Braway Rom o themal
S bibricem s ™ i, (FP), one can axuwne the Scatterirg rate &
Cordtont, ¥= /Tc, (rdependent of Fard B
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The Bolizrann equation c> great@y simplifiedl . &
Corsidler a fbmogeneocw System withouT any exdema® free. fF=£E3t)
— TFf=0 ard ex B =0. The Bcllzmanrn tranyport €9. i
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The diatribution faunchon goes from F(B0) To (B withn the time
Scale of refoxation fime Te. Again, collisions befweon moleculas
are imporfant T eplain why most Systems themaelize .

D Diffzusion oxplained by Bolfzramn thesry 8 Suppose the 2yofem
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The Fuxcersity of parficles is 2 J:(_-_. — :BLTU’*’- . dan
By Comparivon, the oliffésion | o B
Coatant D (o D=3LZ;OFQ' One Can also work ot the
2ame. roule. of Glcwlationy B
Q hon-d%enemﬂ, f%m'ugcw (re cﬁdea98cu)3. The FRoki Caw
7@6&5 the xame B exceopt the Diffanion condfent & dlifférent;

_ I 3-5- - Uinear deperdence
LD (u e B T M /v-f on Temperoture.

D Concluchvity fervor and ebiliy s Now convicler he 2yafem
With cm,n%m’\ ofef\btfy boct with applied external ebetnic fefd .
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The mobi@ity X (s defined as (W= 0 E where <1
drft velocity and E o the electric felal.
J=EE —F MU= Thia, L/a”"' R%‘= =
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& LDobity. M. €U Cinking MFP
qw = %X (mc—mﬁ& ﬁme) aral retaxatontme
M logether

In the high femperafore Lmit- (dead gas ), the dutfinion constant
D=3<0y= Th/Mm s refuted To the mobiCty I = T%/m
_— /D= (L)~ | This & the cldmind Brvteirrefution.
| i T+ i the Sirylest version of the
Fuctvation-dlisyjpation theorem. We shall encounter #his refation

R N zfer Gecturen as well.
D?A ey §
<N / QS Whats #he quantum verdion

diffewon fom <, disdipative of Einatein refation ?
Fluctvicdions dri P '

D Equilibricm vs. Meody stle. 3 Ih the previous exarples,
we lextrate. the atesdly Setes an difftevon andl elecirical
Concluction. Now Come back and ask the Cr'terion (3r equidibrun
i Bckizmam franxport equation. In the presence of exterol
torecg F =~ FVV, weeoxpeot the eguilibrium o dexcribed by
e N z 2.
LC@(’? P)T &, L | 1 Wwhere €= P/m
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WBB@@‘zmann Tranyport ec?aaﬁcm for equilibnem stafe &
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VT gz %E T g5 [’C (97 V-u) ~ % (8*“7‘/7‘)‘7‘]
Cr s T e 6N Y Oy 50 YOI BTt ro—ovf ¥ ¥ W0~ 66 ¥ Sy r

L - dR =, _ dl P | ‘ ;
VPJCO e V2 a—g-/\%%- Substifede, ovto Bolfzmann €9

7 [\{‘(V‘LV/“ % (erqvou) Vc] L+ gt . £.=0

BECQLCAQ dg%;f,g and T are not Zero, the above equadion o

- E+9|/- = & Aol By al momenta ard alf
tw-»( VAYTT=0| pourons .

The onBy waw To make the above equation True for aQ) PR F o
_@A =0, Vt=0o Thato to 2N L/ucr‘*)@u, ‘CCF*")#-—-‘C—I

Let un apply the eguilibrium csrdlifion o derive the Einnfein
refation agam Connider a duafen in the presence OF exfermal
Fex= —VV". The equilibricun dstribubion in

foree
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Condicler the high femperattere Gimit- ¢
In equiibriem, the total cuent

Should be zers. The cument due B denxity gradient ¢
9'3?=—9D_§n Nofe that  p=3VK™)=T Log (/Ag )

—v — 9TV =(94)¥n
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The drift currert is T, = OCE = =Ny UV In equiltriem,
ik b O > 9D=MT relation, agaun |

It » rather nice Hhat 1the balance between olifRaive and ohf-
Curents (8 1mplicitly embedeled] in Bolfzmann frandport &. .

D \bLidity of Bollizmann tearaport equation = Because UES gust
sdemiclasnical, quantum effectd will inveliclate BTE.

O orap > K, The momentem vanance 4P ~ Jomt

- *ﬁ'wm‘—/\——)& Therma® wavelength .
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% Therefere, the particke canrot be
) petenticd too Localized - [ Apso A
T3 \/(F) s LA T
oC i
Pofential

@ ALAE >FK |  HE~T and AE~T (Life fime B

definite momenttum) . Thus, the mobiGty

w cannot be oo bad, < > _?é__
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1 In oddihion To the above cnfena, BTE
~ cloea not- includle Corelationa befween
Particley and f@ild & ,&Torgéf Qh;regai?ol AYafema.
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