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Matter : Plasma, Gases, Liquids, Solids



Gas - Liquid - Solid



solids



Phases and their transitions

Fluid (liquid + gas)

● Full rotational and translational 
symmetry

● No long range order
● No resistance to shear
● Fluids have viscosity

Solids

● Broken rotational and translational 
symmetry

● Long range order
● Resistance to shear
● Solids have elasticity

Fluid -> Solid : symmetry breaking



Liquid Crystals Isotropic

Nematic

Smectic A

Smectic C

Regularly spaced layers, each 
molecule is directed perpendicular 
to the layers, each layer is 
liquid-like. 

Molecules are tilted, picks out
a direction in smectic plane

No TRUE long range 
order,

quasi long range 
order



Lipids

Water, oil, and soap



Self-similarity

zoom 
in



Fractals

Fractal aggregate of gold particles

Self-similary is 
charecterised by 
power-laws



Strange materials : Glasses

No long range order 

But they have shear elastic modulus

And do not flow (maybe)



Strange material : biology

● Both elastic and viscous !
● Elastic modulus depends 

on how it is measured -- 
type of probe, speed of 
experiment..

● Large fluctuations.
●

whole cell 
rheometer

trapping & stretching 
whole cells



Living/Active matter



Living/Active matter



Theory

● Effective theories
● Equilibrium and non-equilibrium.
● Nonlinear
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