
Microhydrodynamics & fluctuations
Lecture 1



Course organisation

Lecturers:


Maciej Lisicki, room 5.10, maciej.lisicki@fuw.edu.pl


Jeffrey Everts, room 5.32, jeffrey.everts@fuw.edu.pl


Lectures: Every Tuesday, 9:15-11:00


Tutorials: Every Thursday, 12:15-14:00

mailto:maciej.lisicki@fuw.edu.pl
mailto:jeffrey.everts@fuw.edu.pl


Passing requirements

Midterm exam (40%), Final exam (60%) (dates TBA)


To pass the course >50% of total amount of attainable points


In retake session: written exam and possibility to replace your result of the 
midterm by an oral exam.



Literature
E. Guazzelli and J. Morris – A Physical Introduction to Suspension Dynamics

S. Kim and S. J. Karrila – Microhydrodynamics: Principles and Selected 
Applications

J. K. G. Dhont – An introduction to the dynamics of colloids

J. Happel and H. Brenner – Low Reynolds number hydrodynamics

H. Ohshima – Theory of Colloid and Interfacial Electrokinetic Phenomena

S. R. de Groot and P. Mazur – Non-equilibrium thermodynamics


Research articles referenced in the course website & discussed in classes




Microhydrodynamics Fluctuations
G. K. Batchelor (1970s)



Microscale/friction-
dominated flows

Brownian motion 
Probability distributions



Brownian motion 
Probability distributions

Where fluid mechanics and statistical mechanics meet!

Microscale/friction-
dominated flows



Microscale flows Brownian motion 
Probability distributions

Where fluid mechanics and statistical mechanics meet! 
(Made possible by the fluctuation-dissipation theorem)



Typical situation of interest
10 Basic concepts in viscous flow

Figure 1.1 Many particles in a flow.

where f is the external body force per unit volume, the dynamic vis-
cosity is µ, and the constant density is ρ. The superscript a indicates
an absolute pressure and a corresponding absolute stress tensor. The
term “absolute stress” is used to indicate the actual stress (with the
absolute pressure being the true pressure) rather than a modified stress
to be defined below, in which the hydrostatic stress field is removed. In
the last equality, we assume the constitutive equation for a Newtonian
fluid which implies the symmetric stress tensor σa is given in Einstein
notation1 by

σa
ij = σa

ji = −paδij + 2µeij , (1.3)

1 In index notation, one writes vectors and tensors using indices, so that a vector a
is expressed as its component ai, and a second-rank tensor T by its component
Tij, where the indices i and j take on values of 1, 2, or 3 in three dimensions. For
a thorough discussion, see the book by Aris (1962). The method is implicitly
applied in a Cartesian coordinate frame. Note that results of calculations by the
method may be translated to the invariant vector notation (i.e. where a vector is
expressed as a).
When using index notation for calculations, the Einstein summation convention
is often used. This convention implies summation over repeated indices within a
product expression. Thus, the dot product, a · a, in index notation using the
Einstein convention is written simply as aiai = a2

1 + a2
2 + a2

3. We could equally as
well have written ajaj, as the repeated index is a dummy. An index may not be
repeated three or more times within a product, as the meaning of such an
expression is ambiguous.
Considering quantities arising in fluid mechanics, the divergence of the velocity is
a scalar quantity expressed in the Einstein notation as

∇ · u =
∂ui

∂xi
=

∂u1

∂x1
+

∂u2

∂x2
+

∂u3

∂x3
.

The convective derivative of a vector, (u · ∇)v, yields a vector whose ith
component is uk∂vi/∂xk.

Transport equations + boundary conditions

Figure adapted from: E. Guazzelli and J. Morris – A Physical Introduction to Suspension Dynamics
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What are particle velocities and forces? What is the effective viscosity of the 
suspension?

Figure adapted from: E. Guazzelli and J. Morris – A Physical Introduction to Suspension Dynamics




Some examples where microscale flows are relevant





Mixing, separating, detecting,..







Phase transitions Physics of Life 1

physics of life: 3vn20

intramolecular phase transitions
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