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There is a wide variety of natural and artificial swim-
mers at small scales, from microorganism to nanoma-
chines, that move when the fluid inertia is negligible with-
out the action of an external force. Since viscous trans-
port is dominant, all those swimmers generate a net fluid
flow which decays algebraically with the distance. The
movement induced by any external driving force, such as
gravity, generates an additional algebraic flow which will
coexist with the active ones. Such induced flows lead to
dynamic correlations between swimmers when they move
in a suspension. In this work we will study how those
hydrodynamic interactions compete or collaborate, first
in detailed experiment with only two trapped swimmers
and afterwards in a sedimenting suspension.

The two particle problem is the simplest system that
can present collective behaviour. The external force will
act as an harmonic trap that limits the movement of the
swimmers. On the other hand, the sedimentation prob-
lem will deal with a suspension of swimmers but now the
external force will be homogeneous along all the system.

We will make use of a simple model swimmer: the
squirmer1. Although it does not reproduce in detail the
swimming of any microorganism and does not relate the
active velocity to any internal mechanisms, it contains
the basic ingredients which describe the movement of re-
al swimmers while permitting a systematic study of a
suspension with reasonable simulations. A squirmer will
be characterized by its polarity, which induces the self-
propulsion itself, and its active vorticity, which modifies
the flow around it.

First, we study the behaviour of two squirmers un-
der the action of harmonic traps kept at a fixed distance
away from each other. We classify the steady configu-

rations they develop as a function of the self-propelling
velocity, the active stresses that the swimmers induce
around them and the passive stresses due to the action
of the traps. We will show how there is a close connexion
between the stable configurations and the active mecha-
nisms leading to the particle self-propulsion and how the
development of the hydrodynamic flows induced by the
active particles may also play an important role in this
stability.

Finally, we analyze the properties of an homogeneous
sedimentation of a squirmer suspension. The asymptotic
decay of the flow induced by a passive sedimenting par-
ticle presents a larger range than the decay of the active
flows induced by the self-propulsion of an active particle,
therefore, it may seem that in a homogeneous sedimenta-
tion the active stresses will play a subdominant role and
the properties of the active suspension will be analogous
to those of a passive colloidal suspension. We will show
how, despite the weaker induced flows, the coexistence
of the active stresses with the passive ones can introduce
substantial differences in the active sedimentation. As in
the case for two squirmers, the steady state will emerge
as a competition between the polarity and the vorticity,
leading to ordered or disordered phases. In the ordered
phases, the external force flows will cooperate with active
polar flows and gravity will act as an external magnetic
field in a ferromagnetic system. Properties such as long
ranged correlations, large density and velocity fluctua-
tions and collective swimming will be discussed.
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