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let another picture of ID solids : Tight - Binding

Approximation
- Before

,
we described solids as electrons and

barriers

- In real life we have electrons and nuclei

* electrons and nuclei attract each other !

* some times group nuclei with core electrons to

form
"

ions
"

* other electrons that participate in bonding are

called
"

valence "

- Consider a set of identical atoms

* Far apart → no interaction → same energy levels

* closer together → interacting → energy levels form bands
^
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"

atomic
"

potentials
~ (1/1×1)

* N atomic - like potentials at lattice positions trina

* Ola is orbital of single atom
, energy Ea

• Assume nondegenerate and real

* crystal wavefunction using basis : ∅a( ✗ - tn)



* Assume Ola's are orthonormal

40%10%7 = 8mn [notation : ( ✗ 10am) - da - tn)]
* Represent crystal Hamiltonian in basis of atomic

orbitals :

(0%11-1 / 0aᵗⁿ > = Eo ← onsite energy

( loath / It / ∅ᵗan± '> = 8 ← nearest neighbor
hopping (Lo)

* Let's make a linear combination of ∅ that

satisfies Bloch 's theorem :

¢1k,✗)=¥&eikᵗ" ∅a(✗ - try ← Bloch sum

( K's cannot mix ! /
• check Bloch 's theorem !

¥1k
,
✗ +tm) = ¥ { eiktnoalxttm - tn)
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-Em

= ✗
-
En

↓
= fun eiktm { eikltn

- tm)
% (✗ + tm - tn)

⇒ just shifted
= eiktm §(k,✗)

by tm
!

* Note : Bloch sums w/ different K are orthonormal

* Energy dispersion of band :( e. 9.
,
see next page)

Elks = ( § " / It / ¥ ) [notation :(✗ 1$" > = $1k ,✗1]
* for nearest neighbor hopping :

^ ! ^E
- - -

Elk) = Eo + 28 coslka) Eo 14181
-% O k Ea



- Dispersion ! Elk) = Eo + 2860s (ka)

* Expand to second order around k=O

EH)≈Eo + 28 - ra2k2 ≤ Eo +28 - tLm-¥
where

"

effective mass

"

m*=,%÷,
← larger toppins ,

smaller m*

- Tight - binding Hamiltonian as an operator :

Ñ= Eo { 10
"

> 407 + r { [ lol " > < ∅
"" / + 110

"" > <04]

* Bloch sum is !

I -01 " > = tfw Em eiktm 110m)

* Can calculate the dispersion :

II / § "> = tgw Em eiktmf.to % 107<0^107
+ r { 4017<0^+1107+101 "" > 210^107)]

= ¥ { eikᵗm[E◦ / Olm> + 840m"> + 110"'D]
= Eo / § " > + He

- ikateika ) /§k>
= [Eo 728 Cos /Kat] / OIK>



* we can write It as a N×N matrix (assume 8 is real)

/%E%i-
"

tri diagonal
"

matrix4×4 :
"

0--8 Eof - -
Lo iii.

.

• Many physics problems expressed as a tridiagonal
matrix

• Most general form :

to P ,
O O -

_ .

M=§ , or , 1320
-
- - ← Assume M is large but

§ 132 ✗ 2 133 - -
- | finite

0 133 £3
: : : :

'
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.

* suppose we would like to determine

( Mt)
, ,

← Top left element of inverse of M

live see why below)
• Can show that ( see G and P see

.
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