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Overview

What is this course about?

Course outline

Logistics
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What is this course about?
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The World Around (Outside?) Us

(Gamow from One, Two, Three...Infinity)

We know that our world is made of “constituents”!

Our experiences about “agglomerate objects” are encapsulated in the
laws of thermodynamics

Phenomenological description of the world...all physics is this!
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Statistical Mechanics

Desire: Describe a system in terms of its constituents (can help us
come up with fantastic new things!)

System: Large collection of constituents, described by
I Classical: Ω = (r, p)– phase space, Hamiltonain H(Ω)
I Quantum: |ψ〉 – Hilbert space, Hamiltonian operator H

Difficulty: Too many “microscopic” degrees of freedom! Cannot
“solve” the problem!

Gibbs: Give up “deterministic” solution to the problem...motivated by
the fact that only some key aspects of microscopic physics determines
outcome of experiments...not all the microscopic details

Describe the system by “probability distribution”
I Classical: Phase space probability distribution function ρ(Ω)
I Quantum: Density matrix ρ =

∑
α pα|α〉〈α|

For a given set of “equilibrium macroscopic conditions” statistical
mechanics provides a solution for ρ (both in classical and quantum)–
these are the well known equilibrium ensembles

5 / 21



Statistical Mechanics

For a system with fixed number of particles, and at a temperature T ,

I Classical: ρ(Ω) ∼ e−βH(Ω)

Z , Z = #
∫

dΩe−βΩ

I Quantum: ρ = e−βH

Z , Z = tr(e−βH)

where β = 1/T and Z is the partition function...this is the canonical
ensemble

The partition function is related to the free energy F = −T lnZ
(Helmholtz free energy for canonical ensemble)

Any observable O can now be obtained as
I Classical: 〈O〉 =

∫
dΩ ρ(Ω)O(Ω)

I Quantum: 〈O〉 = tr(ρO)

In principle we have solved all problems...which is a quite mindless
thing to say!

Lets see whats out there...
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The World Around Us...Again!

(Internet)

Many phenomena over a large range of energy scales

“Fundamental objects” at one scale become constituents of systems
at larger scales..

Things happen when we put lots of stuff together..

7 / 21



Phases of Micelles etc.

(Internet)

Key Point

There are many “phases” and “phase transitions” in systems with
many constituents!

One can go from one phase to another by changing “macroscopic”
parameters

8 / 21



...of molecules like CO2 and H2O...

(Internet)
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...and of elements!

(Internet)

..and their “mixtures”
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First Attempt to Obtain The Phase Diagram

(Internet)

Take a shot at obtaining this phase diagram...based on knowledge of
PH202

...

and, fail miserably!

Key Point

Interactions are CRUCIAL!
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Key Degrees of Freedom

Key Point

Only some degrees of freedom may be involved in a phase transition.
Not all degrees of freedom may participate in a phase transition!
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Further Examples

4He 3He
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Zero Temperature!

(Internet)

Key Point

Phase transitions can also occur at zero temperature – Quantum
phase transitions
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Phase Transitions
Can be first order or continuous!
Continuous transitions have “singularities”

(Stanley, 1971)

Continuous transitions have “universal features”

Key Point

Phase transitions can be first order or continuous

Continuous transitions have singularities, and universal features
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...Not ”Just” Condensed Matter

(Internet)

Key Point

Phases and phase transitions pervade all of physics!
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Summary

Key Points

There are many “phases” and “phase transitions” in systems with
many constituents!

Can go from one phase to another by changing “macroscopic”
parameters

Interactions are CRUCIAL!

Only some degrees of freedom may be involved in a phase transition.

Phase transitions can also occur at zero temperature – Quantum
phase transitions

Phase transitions can be first order or continuous

Continuous transitions have singularities, and universal features

Phases and phase transitions pervade all of physics!

Questions

What is a “phase”?

How do we describe (“understand”) a phase transition? 17 / 21



What’s Coming...Course Outline
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What You Should Expect...
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Why Should You Do This Course

The ideas to be introduced in this course provide the paradigmatic
foundations for modern physics

This paves way for realizing the deep unity between seemingly
different branches of physics
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Logistics
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