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Lets Submerge our electron into  a solid
gand apply a external field B

The
eq . of motion  is given by :

&¥= - EYE ly ⇒ the particle moves

velocity by spiral in FREE
classical SPACE !

momentum 4. B

T

The condition that we can
to -

- Pt
e B

still use the quasi classical approximation :

Ice rs
t A- ¥ = Et ⇒ 2ft cc Pet

+ is car ;÷ Ix 'm
.

So
→ w

= tBm
,

cc Pipcalled c - 21*50
the cyclotron
frequency

Now recall
, finside the crystal cannot

change unless we apply the external forces .

↳
daff =

- e v xD is still on  if  we assure

p
- is a quasi momentum

€dfe ) =  - er . @xD )=o and

( B. Tf . ) =
 . . . .  =o



(If ) = conservation  o every 2
i. e . a- Ep and

@hftJ-ffEpdffJ-fyE-osrnclFLon.t
V

,
this means that

that the tip of the f vector glides
on the surface EC f) =  const

ECP)

p

From Eff)=o
we get

p Ft -
- dahtdPIf ⇒

⇒ &Et ) - o
or Iff. ).IM ⇒  ⇒ ftp.t.io

⇒ a projection of the momentum

on the direction of B is conserved

Pi,
= coast{ Ecp ) = bust

the Connor salutes

gives the curve

which is the run It of a cut of Ecp )

by a plane which is I to the magnetic
field



Depend'm oh topology of the F. S
. }we may end up with a closed

or open trajectories .

Here is the example  of two types of
trajectories :

Trajectory in real space- . -
-

Statement : Trajectory of a quesoparticle  in

p
-

space defies its ttajccto - y in r - space .

To show this I will project p on
'

the

plane t to B
.

Hft =eVtxB  = edF+xB , Eff t

↳
Htt elBI-I.li) p ,

scales with tt !
2) since oh = DIE in r - space I to dit

dt
in p - space Efrem daff - edII×B )This means each element of projection in

r -

space I each element in p -space
, i. e

.the trajectories are turned 900 wrt  each other
.
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In short to See the trajectory in  r -

space
rotate the plane by 9o° and scale it

by ÷ times
.

The direction  of motion is

the Same

Lets estimate a characteristic size  of
a trajectory in the xtal

.

read Xp cc PI Peretz Irs - a

e B

then B cc Be =t
ear

~ to
"

- 105 T

The largest ac field ~ 50T ?
A condition for a  cyclical motion  in the field

is plsr =
P'

- /eB
,

or within

'VE
t

n . f. p
least I turn must

be
completed.

Now lets

replace per Ha
; l > Heaps ⇒

B > I Eye
,

= I Ba a Ee . ( 104-105 )T
Since for pure metals en lo

's

÷ 105 . a ⇒

The cyclical trajectory is found a @ready
at few Tesla !



therein?It..gg airparticles

§
Ideal gas of electrons :

B a

1¥.FI?t-boxoteEroa
,

E (f) = tend! lefts separate these

E  =
Px 't py2

z-w
,

t PI
= E ,

tEv
Zuo

Recall the density of states for 2b is coast CE )

OED CE ) =m*_
Its ' BzqZ

- Every energy level is
¥

degenerate
for each E we have many
Px and Py such as p×2tpy2=

for many uh; and=2hoE¥§-
in the plane I to B- electrons move on the

Erdeof ro = hobie with we - EI
Nro

↳ the energy is quantity :

E  = Et te
, ,

= t we ( u tf ) t
I

Z no

h =  o
,

I
,

2 . . .  -



Foreignt.int " '
separated 6by two

For 11 we get En = PE!
.

= II. (zq÷)Zhz2
huge # ofStates almost quazicoutinious .

See pay 5

E a
t

=

⇐¥iis:c:c:S.÷÷ .

how IT VERY degenerate
B to

The #  of e

-

in the band of size two

= Lx ' Ly
N L

= U
-
DCE ) . the = Smo = LyLy motive
- in

¥2
.

twee
-

density DE TIZ
° t 2b Estates

Nc defines the degree of degeneracy of Et

for Bto
.

for deseret values of Ent in the quaziclas ,

approximation corresponds a specific eel

trajectory ; which depends oh the quantum
# n

. Then our condition

do carps
n

is equal b- Wccc Ee



To find the radius RB
,

lets compare

yE' " " I '

= mow÷r and EW Awaaz )
From this we get

rrsn
,

= VII-w.cat#--VeI2bcntI
- So for the electron to go from the orbit

h to htt weeds to get a nice

A we
- For the sane h e

-

get the same ran
But hz and Pz can be different

LETS INCLUDE SPIN
-

For electron with
mug . momently

=  et / zmoc

its energy in B = firs i
,

with the spin we

Split  a Landau level into 2 Sub levels

depends'm  if puttB or

y Tt B

E Ch
,

's
, kz ) = tiara ( at 't ) t sµBtt¥

2- Mo
t

S = It
Sati ⇒

"
t

"

stale
- I

. . . .

"
-

"

. . . } the lowest level o
-

Note : Spin senores the Landau degeneracy for the

Same h we have h
,

s = -11 h ¥s= - I

( see page 8)



⑧
- each stale

on the parabola
is strongly degenerate

/noteviiyeneracyis only absent for o
-

.

-

Since E continuously depends only oh pz  it
looks time we have a quasi - ID system !

Distribution of ELECTRONS in p - space

a) b) c)

In

B=o

here

Pz=o B to

Assume for have a single zone metal
.

with

a spherical Fermi surface .

if Be all the States are inside the sphere
and cocoa pit @Th )

'
.

So  we mark the by
points separated by 25Mt

.

The maximum

circle  is pf  = FEI .
For any other

X - section the States fill up the circle  of

ftp.h-pf ; as pz → pf the radius gees →  o
.



The uniform distribution of States with

Px
, Py Pz corresponds to E  = Ecm , pypz ) kg
where oclplcpf

Now we turn on B : in the plane t we Cut %)
for pz  =  coast

,

to find the radius pa

we write dow E
" "

=
Px

'

t pya
→

= Pie
'

2 in
*

= EE " " "

? I b- we Cut 42 )
⇒

Pn =JznfwccntYI) I see tig bin

In other words : ale state ,
Pag - 8)

which we had confined inside the orbits with

a radio Ph h -
- o

, 1,2 ,
. . .

,
how collapse oh

the circles see fig .
a us .

b in page 8

Note the area in a ) it Cput,
- pi ) =

= zit m*h- we
Except for o

-

slate :
~

r

Ipf = Tim
't tu

,

B "

So
for each allowed orbit we have

the same #  of e
-

Ni -
- m*¥a4zkwL ⇒

degeneracy of those Pn  orbits is the

Same as the des crete Landau levels

Note since Pn is independent  of Pz aft



+ morbid:IT, stiff.FI:! cylinder . If
- number of

States filled up
by e- on each

cylinder depends
on its length within

Pt.

- with increasing ph
length t

- # of cylinder ,

I with increasing T

To be cont it


