1. Cahn–Hilliard Phase Separation with Viscoelastic Coupling
Core theory (Doi): Diffusion, phase separation kinetics, variational principle (Chs. 2, 7, 8) 

Extension: Add viscoelastic stress (Maxwell or Oldroyd-B) to CH dynamics.
Tasks
· Derive coupled CH–stress equations using Onsager’s principle
· Linear stability of homogeneous state
· Nonlinear simulations (finite differences or spectral)
Computational
· 2D CH solver; compare purely diffusive vs viscoelastic coarsening laws
Experimental (optional)
· Spinodal decomposition in polymer solutions or gels (optical microscopy)
van Saarloos angle: Pattern formation, scaling, coarsening laws 

2. Brownian Motion Beyond Einstein: Anisotropic and Confined Diffusion
Core theory: Langevin & Fokker–Planck equations (Doi Ch. 6)

Extension: Non-spherical particles and confinement.
Tasks
· Derive anisotropic diffusion tensor
· Study diffusion near walls or in channels
Computational
· Langevin simulations of rods/disks
· Measure MSD, rotational diffusion, crossover regimes
Experimental
· Track colloids in microfluidic channels (video microscopy)
van Saarloos angle: Scaling, self-similarity, breakdown of simple diffusion

3. Viscoelastic Flow Instabilities in Polymer Solutions
Core theory: Oldroyd-B / Maxwell models (Doi Ch. 9) 

Extension: Linear instability of shear or extensional flows.
Tasks
· Derive dimensionless groups (Wi, Re ≈ 0)
· Linear stability analysis
Computational
· Time-dependent simulations of viscoelastic shear flow
· Observe elastic instabilities
Experimental
· Simple Couette or contraction flow using polymer solutions
van Saarloos angle: Non-Newtonian pattern-forming instabilities

4. Landau–de Gennes Theory of the Isotropic–Nematic Transition
Core theory: LdG free energy (Doi Ch. 5) 

Extension: Spatially varying order and defects.
Tasks
· Minimize LdG functional in 2D
· Compute defect structures and energies
Computational
· Finite-element or finite-difference minimization
· Track ±1/2 defects
Experimental
· LC cell between crossed polarizers; defect imaging
van Saarloos angle: Topological defects and coarse-grained fields

5. Coarsening and Arrest in Colloidal Gels
Core theory: Colloidal interactions, diffusion (Doi Chs. 2, 6) 

Extension: Gelation as arrested phase separation.
Tasks
· Build minimal model (attractive Brownian particles)
· Analyze structure factor growth and arrest
Computational
· Brownian dynamics or lattice models
· Measure dynamic scaling vs arrest
Experimental
· Salt-induced gelation in colloidal suspensions
van Saarloos angle: Aging, slow dynamics, non-equilibrium states

6. Helfrich Membrane Fluctuations and Shape Spectra
Core theory: Interfacial elasticity (Doi Ch. 4) 

Extension: Thermal fluctuations and mode spectra.
Tasks
· Derive fluctuation spectrum ⟨|h(q)|²⟩
· Extract bending modulus
Computational
· Monte Carlo or Langevin membrane simulations
Experimental
· Vesicle flicker spectroscopy (video analysis)
van Saarloos angle: Scaling, soft modes, fluctuation-dominated physics

7. Diffusion–Mechanics Coupling in Polymer Gels
Core theory: Diffusio-mechanical coupling (Doi Ch. 8) 

Extension: Swelling, stress, and poroelasticity.
Tasks
· Derive coupled diffusion–elastic equations
· Analyze swelling dynamics
Computational
· 1D/2D poroelastic simulations
Experimental
· Gel swelling/deswelling after solvent change
van Saarloos angle: Multiphysics coupling and slow relaxation

8. Active Brownian Particles as a Soft-Matter Fluid
Core theory: Brownian motion and diffusion (Doi Ch. 6) 

Extension: Self-propulsion and motility-induced phase separation.
Tasks
· Modify Langevin equations to include activity
· Study clustering and phase separation
Computational
· ABP simulations in 2D
· Phase diagram in activity–density plane
Experimental
· Quincke rollers or light-activated colloids (if available)
van Saarloos angle: Non-equilibrium steady states, emergent phases

9. Wetting, Contact Angles, and Thin-Film Dynamics
Core theory: Surface tension and wetting (Doi Ch. 4) 

Extension: Thin-film hydrodynamics.
Tasks
· Derive thin-film equation via lubrication approximation
· Analyze spreading laws
Computational
· Thin-film PDE solver
· Scaling of contact line motion
Experimental
· Droplet spreading on treated substrates
van Saarloos angle: Scaling laws, similarity solutions

10. Rheology from Microscopic Models
Core theory: Constitutive relations and stress (Doi Chs. 7, 9) 

Extension: Link microstructure to macroscopic rheology.
Tasks
· Derive stress from particle or polymer models
· Compare linear vs nonlinear rheology
Computational
· Particle-based simulations under shear
Experimental
· Rheometer measurements on polymer or colloidal samples
van Saarloos angle: Emergence of macroscopic laws from microphysics

Pedagogical sweet spot
· Theory: clean derivations straight out of Doi
· Methods: PDEs, Langevin dynamics, linear stability
· Skills: coding, data analysis, microscopy/rheology
· Perspective: equilibrium → non-equilibrium → active matter

