



































































































































Iroblemset

1 Exchange Hamiltonian

je C a ate Ebbtb J otb bto

cat bts Eg f ab

We can diagonalize Hi
as

H U E ut

where
u f

cos 012 surolz

sinolz
co's

012

tan 0 22
C e Eb

e IE

E E
zb

I FEE Cb 4472






































































































































we then define

Cy once z I b surolz

C asenolz b cos 012

EI v g a I ut E

we then get
fl E Gta e E etc

which is the sought for diagonal forum



2 Bosonic ladder

se Ea ai ar t Eb bi bi ga Contait ait ai

Gg bit bit bite bi

J Cai bi bit ai

we can write this as

fl flat Rb Vab

where
He Ea ai ai ga Cai ai ut ait ai

fly Ebb bi G f bit bit bit bi

Vab J Cait bit bit ai 1

the Hamiltonians Ra and Jeb are just individual

fight binding Hamiltonians



we waw go to Fourier space by introducing

at in eiki agt

but few e
hse boot

this will diagonalize Ha and Jeb individually

see Ee zgacosh at au

Kb Eb 2g cosh btw bub

As for Vab

ee cu 9 II t boy
at bj In E e au

g j his

Eq In f eich
f i antboy

Sing

aut b u

Thus
Vab J ant but but au



The total Hamiltonian in Fourier space then becomes

je Eat at au EshbutBu I cant but but au

where EL E 2g cosh

this Hamiltonian is not yet diagonal But now au

only interacts with bu for the same k The Hamiltonian

in this split in the forum

K flu

where

flu Eat at au E but bu f aut but but au

To finish we need to diagonalize each flu

individuallyThis Hamiltonian in again e non interacting

Hamiltonian with single particle matrix

Hit ET IE



This motive in diagonalizedby

Un
as EU surge
sureu cos Ea

z Z

fan On 21
Cah Ebw

the eigen energies are

F u
Ee d I Eyh

If we draw define new operators

cut an cos OuIz t bn sun Ou Iz

Cu Qu serroutz e b u cos Ou Iz

their as you may verify we get

K Eu eat at a Eu Cut cu

Thin in the diagonal structure
and Eu are the energy

bands



3 fermionic triple well

ge u nie init g CitCit Citi Ci

e Since there are exactly 2 fermions there will

be 3 possible storks I choose to label them as

I I z Cf Cf lo

Z 32 Cgt lo

13 I CgtC t lo

b Im all 3 the interaction Timiti is always present

thus

ni IIE
Next

CgtCz Cat C I s Z O

CztCz 1 CgtCz 11.2 CstCz l s 2

CgtCz C
t Czt lo

CgtCgt Czczt lo

Cgt I Cztcz to

Twice annihilate 10
CstCst Io

I 3 s



and

Cztc e CstCz II 2 Cfc Is 2

Gtc Cgtcat to

Cgt c Gtc Czt lo

Cgtget lo

Cztczt log

1213

Thus if we define

Ci ist Cit Ci

Ther
S Z v l be 2 0

2,3 I V l l Z
s

3 I I V l I i 27 1

This gives the
1st column of V

v Ill



The these columns can be guessed by symmetry

r f I I
thus we finally arrive at

a fig
a

c the eigenvalues of flare

F Ez U g

Ez U t 2g

and the eigenvectors are

1Es I l e Z I 3 I

RT
1Ez I l Z 12,3

1Ez 2 l I e 2 I 213 t 13 I



4 Bogoliobou transformation
R C etat btb t g at btt bag

a eec oat

b cede oct

e a at ma volt ie ct ord

Ciel 2 C Ct i 1012 d It
I

l

l ii 12 1 1012 1

The condition b bt imposes the same thing

b at a ie Ct et'd Cmc adt

1 cell etc 1012 dolt ee w ctdt wide

btb n'dtt o c nd 1 Oct

yielded 1012 cat wino dict a mega ed

wriffing dolt s dtd etc we get



etat b b 21012 lur INI Z Ctc 1 dtd

zu o ctdt zero d c

next

atbt wid w d n'at v c

ee o Ct c dolt wi 2ctolt Cw 2dc

bae fatbt gt

air Ctc Adt rezac vz ctdt

Thus

at btt be Cee o e uit ctc dtd c

Cei 2 v2 ctdt u2 ed 2 dc

combining everything we get



fl E 21012 lur Ivi 2 Ctc 1 dtd

zu o ctdt zero do

g Cee o no ctc dtd l

Cei 2 v2 ctdt u2 ed 2 dc

R 21012 E g ee O t met

E lur 1012 i gC u v t un fat c dtd

2 E u v g Cei
2 v2 etat

2 E ee it t g C ie cont dc

we now choose ie and et such as to kill the

two blue hams Source lur t 7012 5 we unay

parametrize
ee aces012

et serolz

Although ii o may be complex choosing them real

is enough



Then the town multiplying ctdt becomes

2 E cosEirene g cost surf o

e seu O t g SO 0

this means we can eliminate this tower if we choose

tomo 81E

As for the other towns in fl we then get

21012 E g ee O t met surf 4g sure

E l 20 4g sure




