CHAPTER 18

1. Carbon nanotube band structure.

(@) b,-a; =275, = L =(-2&,22) b, =(2& 2),

(b) The angle between K and bsis 30° ; A right triangle is formed in the first BZ with two
sides of length K and b1/2. Now b; = % S0:

K = (b1/2)/cos(30°)=  4n/3a.
(c) Quantization of k along x: ky(na)=2nj= k¢ =27 j/na.

Assume n = 3i, where i is an integer. Then: kyx = K(j/2i). For j = 2i, k=K. Then
AK = ky] and there is a massless subband.

(d) For n =10, ky =2m j/10a =K(3j/20). The closest k comes to K is for j = 7, where
Aky = K/20. Then:

&, =2hv (47 /3a)/10=1.8¢eV.

The next closest is for j = 6, where Ak, = K/10, twice the previous one. Therefore:
&2 =281,

(e) For the lowest subband: |Ak|2 = (K /20)* +k;, so:
&% =[(HK 1 20V, W2 T + (K v, )?

This is of the desired form, with m* = 7K / 20v,. .
m*/m=#hK/20mv. = 0.12.

2. Filling subbands

2_2 2_2
e(n,,n,) = %(nf +n;) =>States are filled up to £(2,2) = Ziln\;/rvz (8)
n’ki,  nPn? 67z 2 246
1,1) subband: ——* = 8-2) => k,=—— => n,=—k, =+
(1,1) om L ( ) 11 W 1= P W
hzkil B her? \/§7Z' 2 2\/§

(2,1) Subband (8 — 5) => kZ,l = W => nzvl = ; kZ,l = W

om  2mW?2
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(2,1) subband: same.

= 59x10%/m.
W W

3. Breit-Wigner form of a transmission resonance

(@) cos(8p)=1-0p°12 ;| |=-[t P=l-4|t P -4t |*

The denominator of (29) is then:

1+(1_|t1 |2)(1_|t2 |2) _2(1_%“1 |2 _%|t1 |4)(1_%|t2 |2 _%ltz |4)(1_%5¢2)
= 2061 +HIG )+ 3G PG 1P +80" =34 P +1t, 1) + 5p°

41t PIt, I

J= .
(4 1° +1t, )" + 459

(b) 6p=2L5k and ok /o =Ak/Ae=(x/L)/ Ae. Combining:
op=Q2L)(xIL)osIAe =>  Opl2rx=0oelAe

(c) Combining:

414, PIt, [P (Al 27)?

3= which is (33).
(Ag/27r)2(|tl § +]t, )% + 45¢° (33)
4. Barriers in series and Ohm’s law
(@
l: l—|l’1 |2|r2 |2 — 1+1—|r1|2|r2 |2 _|t1 |2|t2 |2 — 1+1_(1_|t1 |2)|r2 |2—(l—|l’1 |2)|t2 |2
I L PP It [PIt, | It [PIt, |
2 2 2 2 2 2 2 2
BT (L 10 e L L LA LY L L1 RSy
1t 1711, | It 17 [t
2 2 2 2
(b) o, = npe’z _ 2kee’r  and ke _ v, = o = 2veer _ 2e7(2ver)
m zm m hr h
2e?/
But: /p =Very =2Ve7 =  op= h B,

5. Energies of a spherical quantum dot

@ J.AE -da=Q,, /s, => E =q/4znee,r* Integrating from inner to outer shell:

V:R*d qdr g (1_ 1 j_ q d
o Amee,r?  dmee, \R R+d) 4neg, R(R+d)
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2 2
C :ﬂ=47z&90M and therefore U =" =—° d .
\Y C 4dree, R(R+d)
2
(b) Ford<<R, C;47z550%:&90§.
2 2_2 2 *n2
(c) Ford>>R, U=—2" AISOgOO—h—*”2 => J_ ¢ ZTFE
4ree, m R &0 4mee,R h'rm
U e 2mR*_ & 2mR_2 R

&yo 4dmeg,R Wrn?  dneg, Wr®  x° ag

6. Thermal properties in 1D

2K 1 L
(@) D(w) EETRVEDY,
U :T dwD(w)ho ;@T odw _ ﬂ[kBT jz]ﬁ xdx

L exp(halkgT) =1 v exp(ia/ K T) —1 w7 ) gexp(x)-1
Obtaining value from table of integrals:
_LKT? 2 APLKIT?
T a6 3hy
2 2

Cy =0U,, /0T|, = 2”3%
(b) The heat flow to the right out of reservoir 1 is given by:
JR:TDR(Q)‘V' dohw S:Ew ado _ @(kBlezﬁ_Z:ﬂzkéles

s L exp(ho/k,T,) -1 2y exp(ha/kgT,) -1 27\ h 6 6h

and similarly for J.. The difference is:

7°KES
6h ()
Let T, =T+AT , T,=T => (17-T?)~2TAT for small AT.

_ ki3 . .
== J.-J = 2 AT which gives (78).

Jo—d, =
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