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HHoo52  Quantum Transport

Transport properties are rather different un gquartum regime..
For indfarce, the Corcluctane of

a Clean C?(/!C?/VLMM wire IS 90‘5?/'37"'260, Sevurce m:;:umn draun

i~ units of Oo, E— g e
_ _ﬂgﬁ - -~ C?UQ/)ch/h wire
Go - R (25' 8 k42 ) A Concductane §

By charging the width of the wire, Z:G _________
the Conductance. increanesd inSkeps. g ...

How can we understzd this surprsing

phenomenro °

> Width

@D One-Yevel quanizun dot S Let us Afart with a Sim*e syafem:
Quanteem dot. o simplify the problem, gust keep one energy

—— e Lopeld E=E&. The pource and ofrain
@D T+ B g/@one‘ are. dexcribed by Fepmi-Dirac dist,
QD ¥ | 1 D s
# @)= SEMT, 17772
vy
= - M= 9
HOQrce | ‘ | 12 E)= @i, P LR

The funneling rates between the dot ard

the Loools are ¥, and ¥,. We can how
/ Ay wrike down the Cuvent s
o/

I= 9% [£0-0)-n(=£)] — [Iﬁ"’“ 7 [oi‘r@—/vjj
SimiuQy, The Curent fom drain info the quastum oot i
I,= 9% LGN =-NG-£) ] — / I,= 9, [HE)-n]
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Th otecdly Mate, the charge on QD & constant —v LT, =0

One can then 208ve By the number N on QD.

_ Afit%h s e 3 ¥
‘/\/ a’,’+6,2 " (I—I,——I?_ ‘a:’l;bf:[f(e)—f(e)]
[ets iry o wdemstard the ferneling Current beffed for clegenepite
f‘%mu%a,o, ()=~ @ (u-E) net cuurent
Rlowing,
| /“2
f(e) d. f(e H€)=0, {;(€) =0
No cuuvent ! No cuvent !

x|
We can underdtard the current on the L= 7%+, 51"”39- = (?Lf) (%)
Caae f(€)=1 2 £,(8)=0 i the f3lowing
Pictowre § = Ty The trandport Condiala Two Sfepd s
A (Source — QD takes time) T,

/ o HED~clhein-voker Fime S
//_/a /% totaQ Hme. & T= T+T,
1

Ve
_ =5 YV per;y nice cm:!&mp@l
\f\/\;\w

There o onky one problem about the above aladbtions — the
reault & complete WRONG ooo

D Uncerfainty principle 8 The main problem o the guanteun clot
s hot a O@&Sﬂes{.ég{sfem /}Ccovv&ng %

We Canno?" Soy H\eenergfyoc € any more.
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Indtead, we shoule] tae o probability distribution P(E) to cleacnbe
the single QQU@Q)LP(E) de = prebabilly to find the @21/@0}

[de pE)=1 in (B, E+dE)

Affer some oohvanced aallausbdionn, the probability density

(Rx/2.)
By (m/),_] o DE)=s(EE)

Seme of you may recagnize. that the probobiCity dendity XXE )
&> Just Q Special cre of our good ool friend § D(E). Yes, the
dennity of sated —

_ humber of

lD(E)dE = Nunber of dated in (£ EHE)J deD( = ALl e,
Tts claar thal BE)=D(E) with (nemberofall slates =1 ).

D Re-calculats. the We@r@ curent 8 Since the energy Qovel O
not fxed af E=&, the tumeling aurent pow becones

(I= T [ de peey [£@)-£E) ] |5, O‘f’";ﬁi@ﬁzh"ff
For clegenerale. Fermi gaw, T2 (E) =~ ® QU ~ E)
f dED(E)[£(5)~q§(E)] f dE IXE) - OIE DE) = fﬁsb{e)
{ _ o ¥ [lepmy | The codlackince G- 7
I8 S, Can be Computed,
S| = 93 [e 49 Do) Eie)] = ToEF

|74
“° Note #hat the censity of siates akan the Loventzian

Qupemddb\/afu,eoirem E=& o
D¢ (Pofty ) S SN ME——X—'E} i
€)= r— (?,Zé (R TRY ARG
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Substitute into the expression 1Br the conductance,

. i X] ¥z (12 Aj_b’, ¥n 9 9_4
— -5 = = s =

me:mm Concluciance occurd ot the 2ymmetriaal pont 6245,

Crox= G.= A ! @ The conductarce Ras an upper Gimit- (G, )
and does not go to infinity £

@ 1D wire & Now we cue reodytb compude the 1D wire caxs. .

n - 2’2 ’
A(:; 7L Ts q£2"5 e ﬁl.’
o = o e F@&)-(FE-0)
Sowcz drain o N
Smilardy, Tp= 9 [ 2B £i(E) v = - 3= [ e fE)
ToteX current” I = L +I, = 2-% fods(ﬁ"ﬂ) = Z_rcr% Gl

Making wse of the refahon Moty = 9 Ve,

pae One OoycLucvhf@
27"5 one G=9/h ¥

Gererali zation To mulhple. bancld IS fripial — Juat count banda.
N =3 (Number of achve bards ) a1 (c;/> Ved

\f — G = NG, explony the concuctance sfepa.

mﬂ\
Note that ro impunty satfering co indleded cn the above at-all.
AR,
20(2.0526
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