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what is solid-state ?
Condensed matter physics

- The description of systems containing many atoms

bonded together in a condensed phase
- Length scale of CMP ~ # = 10

_ "
m ( 1. 89 Bohr)

- Order of atomic spacings in solids / liquids
microscopic

- Full range of physics is 10--12 _ 1O-lm_←
macroscopic

- Energy scale of CMP ~ lev ( ~ I / 27.2 Ha)
- emergent energy scale when we put atoms
together

- Full range : IµeV - I tell
- Systems that we treat :

+ + +

- Atomic nuclei : - Positive point charges
lmosty classical ) 1%bFtfzgbfyg.gg- Electrons : - sometimes neg . Charged + t +

Particles
+ + +

- Sometimes continuous

waves

- Sometimes classical sometimes quantum



- How do we rigorously describe such a system ?

-

Many - body Schrodinger Equation :

( for now non relativistic)
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coulomb attraction Coulomb repulsion

- All properties of interest to CMP given by ¥

- often can make simplifications :

* If we are interested in static properties :

it E-- EE
* Note that mt

,

>> 1mg ,
so we can drop nuclear KE.

- Many - Body S.E. still impossible to solve in majority
of cases! ! !

* Why ? Consider macroscopic limit : 10
_ '

m

I cm3 of carbon ~ 2 grams
- I ✗ 1023 atoms
~ 6×1023 electrons



* The problem ! Election - election
: t i;¥÷;→ ,interaction

cannot break down the problem : ✗ ( {E3) -1-4 /A)4lb) - . -

- How do we proceed ?
"

Approximate practical methods
"

- Dirac
* map many

- body system onto single particle in

effective potential

* map real material on to simple model

* Find a small parameter and do perturbation theory

* Treat degrees of freedom classically / semi - classically
* . . .

Why study solid state physics ?

- Impact → things are made out of solids !

* consider a computer :

- screen : glass - Why are these different?
- keyboard : plastic
- transistors ! semiconductors} - which material do we

choose ?
>

- interconnects : metals - How can we engineer
- storage : magnets them ?

- → Fascinating fundamental physics

* Emergence :
"

More is different
"

Phil Anderson

• such a variety of phenomena from Marx
electrons and nuclei interacting via
coulomb interactions



• superconductivity ! Macroscopic coherent quantum state

of many electrons conducting without
resistance

• Exotic
"

particles
"

: Emerging out of many election systems :

- Dirac
,
Weyl , Majorana fermions

- [ quasi) particles w/ fractional
charge

-

Magnetic monopoles ( kind of )

what will we cover in this class ?

- I. Basic properties of solids
, strategies for describing them

- II. Electronic structure

- III. Including the lattice : phonons , etc.

- II. Excitations : scattering , optical , transport properties
- I. Magnetic properties
- VI. Superconductivity ( ? ? ?)


