














lmdawlwelsanltheetdensitgofstateswesdWEK.pe
, ,n

= Ñk¥m + b- We Int 'k)

= Ez 1- Et

we can write the density of states gle) in 3D as a superposition
of the 2D density of states g+E) for the orbital motion ni the
✗y plane , ad the ID density of states gz /Eg) for the free
particle motion along ¥

gce) = 2 [det 9+4+7 gz/E-E)
y o

spin states
↓
for + by ad - kz

Far Ez = h¥§ , gzcez )dEz = 2 dkz
It
←ok

9%1 =¥%¥g = ¥JzIg tr g
--2-25

3 In

⇒ gas =E.IE?--!&-t29jz?.-+whenH--
°
, g- = ¥2m 1k£ + Kj ) ⇒ 9+4+7=127th2

constant
⇒%¥ÉÉ":Tmbm



But when It -1-0 then

9+19-1 = ¥g -3%19 - two Cn +21)
↑

tho 2 because in g.+19-1 we do met include
the spin degeneracy

do = h¥ is

' the flux quantum

we = em¥ ii the cyclotron frequency

using thi 9+6+1 gives for the 3D density ofstates

gk)=¥kID%£wÉÉ⇔
where nmax is largest integer so that

tiwclnmax 1- 112) < E

let G- ◦ be the Femi

energy
at 4=0

Define dimensionless
energy

as ✗ = £_w
,

Then

go /e) =9°%, Tx H

✗o=E¥wu •⇔=%÷÷±É¥⇔
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god =

go.gg#Txothh

%⇒=r×¥;;⇒*¥g- /E)
= ±

µm
g-G) has singularities at the values ✗ n= n +42

These are known as vanHovesuyidmties_
They reflect the discrete nature of the 2D

tandem level structure on the 3D density of states

Having found gas the goal is now to
compute the Fermi energy EFLH)

,
then

the energy density UCH] , and then

,

the magnetization density M = - ¥+1
and then the susceptibility ✗ = 2M¥
(mgeneral M = -2¥

,

with f the

Helmholtz free energy density .
Butat

7- 0
, f = u the energy density)
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Normalized density of states ḡ0(✏) = g0(✏)/c0 for zero applied magnetic field (dotted line), and ḡ(✏) = g(✏)/c0 for
finite applied magnetic field H (solid line), where c0 ⌘ g0(✏F0)/

p
x0 (see text), vs x = ✏/~!c, where !c = eH/mc

is the cyclotron frequency. In the finite field H, ḡ(✏) has van Hove singularities ⇠ 1/
p
x� xn at xn = n+ 1/2.
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T-enrisuergyasfmitoonofH.usget EF turn m = {
G-
degree )

T
election density

Useful to consider the integrated density of states
GLE) = [de g /E)
From an Xpress

coins for gas we get

%÷::::÷÷÷÷÷n:
when H=°

,

Go CEFO) = M ⇒ go (9--0)=3-2%7
.

as we found before

when It > o is turned on
,
m remains constant

but Ep must shift due to the change nigce)
write

EF = Epo 1- SE

SE ai then determined by
GCEFO + SE ) = Go (Eto) = M

Dearie G- = g- with ↳ =

3-%K?}¥-



so G-◦ (E) = ✗
%

it = oG-ce)=zz%×✓×-n-4zl#
Ñwn G-⇒ = %

= tÉ
33 go /Eto) EFO

use go (4-0)=3-27*0

G-(EE) = mxo- = ✗0312

3-⇐ 2¥40

⇒ %;÷=|:÷%Éixn-)-
determines shift ni Fein energy

so that nmaxt's <Xotfx
g.* = SEF

solve numerically for EX as

function of Yo
✗
◦
=

Enw
,

determined by density M and H

8x= EF-E shift ni Fani energy
true

showFig 8✗ decreases as ✗o increases
8 ✗ oscillates with 0×0--1
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Normalized integrated density of states Ḡ0(✏) = G0(✏)/C0 for zero applied magnetic field (dotted line), and
Ḡ(✏) = G(✏)/C0 for finite applied magnetic field H (solid line), where C0 ⌘ (2/3)g0(✏F0)✏F0/(x0)3/2 (see text),
vs x = ✏/~!c, where !c = eH/mc is the cyclotron frequency. If x0 corresponds to the Fermi energy at H = 0,
the Fermi energy at finite H is given by x0 + �x, where �x is determined by Ḡ(x0 + �x) = Ḡ0(x0), as shown
graphically.

Stephen Teitel
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Shift in Fermi energy upon turning on a magnetic field H, �x = �✏/~!c, vs Fermi energy in zero magnetic field
x0 = ✏F0/~!c, where !c = eH/mc is the cyclotron frequency. �x oscillates with period �x0 = 1.
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Grocndstat-Enrggu-jt-degls.SE= ⇐we)%¥ glxsx

%=Éᵗ⑥Ñ^°%=É^€°"÷tl-38.cm#--Ch-wc)2-I?cxr-+zn&x---n-z-t> o
n = 0

ʰu◦=É¥-cxotsxs-zni-DVxot.sn/-n-tzEn-F-w.--xF--✗◦+ s× substitute ni for sx
I

fear Fig 3
i

Plot 0¥ = u÷° = % -1 us ✗°

showFij4
We see 0¥ → ◦ as ✗◦ → 00

Has to be so
smile ✗◦

=

E£w
,

→ 00 as It → 0

¥ oscillates with period 8×0=1

Excellent fit to U=Uo[ I +¥2 [1+81×055]
I t gives oscillation✗ = 0.10418 give
decay
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Relative energy change (u� u0)/u0 upon turning on a finite magnetic field H vs x0 = ✏F0/~!c, where ✏F0 is the
Fermi energy for H = 0 and !c = eH/mc is the cyclotron frequency. The dashed line is a fit to ↵/x

2
0 and gives

the value ↵ = 0.10418. The inset is a blow-up detailing the oscillations with period �x0 = 1.
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show-t.gs#Pwtqcxo)=U--h;YE-1ShawFig6I
envelope of quot is ¥,

.

So

u = No +¥4 + Uo÷ qcxo )
-

oscillates and → 0

as ✗◦
→•

,
ie H → 0

using ✗◦ =En¥w
,

can ignore when computing
susceptibility at It → o

g!Eto) = ÉÉ+o
We = em¥ Mo

= Éʰmc
No = ¥ MEFO

u = No +⇐ nero ) ✗ ( ᵗY÷T
= Uo + ✗ gotF)ME H2

⇒
✗<

= -24,2-+2 =
- ✗G- go (G)ME
✗ = 0. 1 04 18
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Relative energy change (u� u0)/u0 upon turning on a finite magnetic field H vs x0 = ✏F0/~!c, where ✏F0 is the
Fermi energy for H = 0 and !c = eH/mc is the cyclotron frequency. The dashed line is a fit to ↵/x

2
0 and gives

the value ↵ = 0.10418. The inset is a blow-up detailing the oscillations with period �x0 = 1.
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Oscillations q(x0) vs x0 = ✏F0/~!c, where ✏F0 is the Fermi energy for H = 0 and !c = eH/mc is the cyclotron
frequency. The dashed line is a fit of the maxima to the form ↵

0
/
p
x0 and gives the value ↵

0 = 0.50216. The
inset is a blow-up detailing the oscillations with period �x0 = 1.
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✗ L
= - 0.3334 go (EF )MOZ

↑
diamagnetic

compare to Landaus
'

analytic calculation at
finite T

,
when he found 712=-1-3 go CEF)µF

ˢalt!
Compare to the Pauli paramagnetic susceptibility
Xp = go (9--0)MR ⇒ ✗

<
= -1-3 Xp

Total magnetic susceptibility of electron gas is
✗
tot

= ✗it Xp =

3- Xp =
- ZXL

net paramagnetic effect .


