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The article of Purcell [1] on “Life at low Reynolds
number” in the American Journal of Physics in 1977,
more than 40 years ago, has generated an enormous
wave of interest—as demonstrated by more than 2500
citations (Web of Science) until today. The question,
how small biological microorganisms can move in a fluid
with high viscocity, so that inertia is negligible and
coasting is not possible, has inspired several generations
of physicists and biologists. The importance of inertia
is quantified by the Reynolds number Re = ρv0L0/η,
where ρ is the fluid density, η the fluid viscosity, v0 a
characteristic swimmer velocity, and L0 a characteristic
swimmer size. The Reynolds number of microswimmers
is typically far less than unity, because of their small
sizes and velocities—which can be compared to human
swimming in a pool, where Re � 104. This clearly indi-
cates the necessity of different swimming strategies on
the microscale.

Purcell was not the first to consider the swimming
of biological microorganisms, and his work was pre-
dated by that of Gray and Hancock [2], who theoreti-
cally studied the swimming of sperm cells in 1955, and
by that of Berg and Anderson [3], who investigated the
swimming of bacteria in 1973. However, Purcell has put
the question into a more general context, and showed
very generally that time-reciprocal swimming moves
generate no propulsion at low Reynolds numbers—the
famous “scallop theorem”.

Research in the last two decades has led to an explo-
sion of knowledge about swimming at low Reynolds
numbers. In fact, although swimming looks—and is—
very tedious at low Re, the limit Re � 1 actually
greatly simplifies the experimental and theoretical anal-
ysis, because flows are laminar, and all possible compli-
cations due to turbulence are absent.

The DPG priority program SPP1726 on “Microswim-
mers – from Single Particle Motion to Collective
Behaviour”, which provided funding for graduate stu-
dents in Germany from 2014 to 2020, has provided an
enormous push of the field and its development to full
bloom—not only in Germany but also beyond.

a e-mail: g.gompper@fz-juelich.de (corresponding author)

The current Topical Issue summarizes some of the
results obtained by members of the SPP1726. The top-
ics covered and the results obtained as part of the SPP
1726 are too broad and too numerous to be easily sum-
marized here. Instead, we provide a brief overview of
the essential research themes.
Research field. Active matter is a novel class of

nonequilibrium systems composed of a large number of
autonomous agents. The scale of agents ranges from
nanomotors, microswimmers, and cells, to crowds of
fish, birds, and humans. Unraveling, predicting, and
controlling the behavior of active matter is a truly inter-
disciplinary endeavor at the interface of biology, chem-
istry, ecology, engineering, mathematics, and physics.
Recent progress in experimental and simulation meth-
ods, and theoretical advances, now allow for new
insights into this behavior, which should ultimately lead
to the design of novel synthetic active agents and mate-
rials.
General principles and methods. Active systems are

persistently out of equilibrium, due to the contin-
uous energy consumption of its constituent agents.
This implies the absence of equilibrium concepts like
detailed balance, Gibbs ensemble and free energy,
as well as time-reversal symmetry. Therefore, theo-
ries of active matter have to be constructed on the
basis of symmetries—like polar or nematic shape and
interactions of the agents—as well as conservation
laws and dynamic rules. Agent-based standard mod-
els, such as active Brownian particles and squirmers,
have emerged to account for the underlying physical
mechanisms in dry and wet active matter. They are
complemented by continuum field theory. Methods and
techniques to analyze these models and theories range
from simulations, including mesoscale hydrodynamics
approaches, to field-theoretical methods and dynamic
density-functional theory. Another important aspect is
the development of new tools for the analysis of large
amounts of experimental data.

More information about these aspects can be found
in Refs. [4–12] of this Topical Issue.
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Biological nano- and microswimmers. Evolution has
provided a large diversity of biological swimmers on
the microscale, such as sperm cells, bacteria, and algae.
Their propulsion mechanisms and navigation strategies
are tailored to their function and natural environment,
ranging from living organisms to soil and the open seas.
Microswimmers prototypically employ cilia or flagella
for propulsion, which beat or rotate, but also peri-
odic changes of their body shape. Understanding of the
underlying principles and search strategies, e.g., chemo-
taxis and phototaxis, allows for their targeted manipu-
lation and control in medicine, ecology, and a multitude
of technical applications. The motion of these swim-
mers on the microscale naturally raises the question
how small a swimmer can be to still display directed
motion, maybe even on the scale of a single macro-
molecule.

More information about these aspects can be found
in Refs. [11–17] of this Topical Issue.
Synthetic nano- and micromachines. Various strate-

gies for the design of autonomous synthetic nano-
and micromachines have been proposed. This includes
phoresis—inhomogeneous catalysis of chemical reac-
tions (diffusiophoresis), thermal gradients
(thermophoresis)—body deformations, and biology-
inspired concepts, e.g., rotating helices. Such machines
provide the basis for multifunctional and highly respon-
sive (artificial) materials, which exhibit emergent behav-
ior and the ability to perform specific tasks in response
to signals from each other and the environment. The
development of novel techniques facilitates control of
the locomotion of individual nano- and micromachines
as well as their interactions, and the design of intelligent
active materials. In potential applications, the external
control of nano- and micromachines is essential. Here,
light has become a prime candidate, because it can be
switched on and off at will, affects the particles without
delay, and can be modified in strength individually for
each particle.

More information about these aspects can be found
in Refs. [4,14,18–29] of this Topical Issue.
Swarming and collective motion. Active agents are

able to spontaneously self-organize when present in
large numbers, resulting in emergent coordinated and
collective motion on various length scales. Examples
range from the cytoskeleton of cells, swarming bacteria
and plankton, to flocks of birds and schools of fish. The
mechanisms determining the emergence and dynam-
ics of a swarm include the shape of the agents, steric
interactions, sensing, fluctuations, and environmentally
mediated interactions. Novel phenomena range from
motility-induced phase separation to active turbulence.
In biological systems, the reaction of swarms to exter-
nal signals is crucial, and is often the reason for the
formation of swarms in the first place. Examples range
from the reaction of bird flocks to predators to the col-
lective motion of bottom-heavy swimmer like algae in
gravitational fields. In synthetic systems, light control
allows for a completely new approach, in which individ-
ual or a collection of particles are steered externally to

optimally reach a target or to exhibit emergent novel
collective behaviors.

More information about these aspects can be found
in Refs. [5,7,10,20–22,27,30] of this Topical Issue.
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21. N. Möller, B. Liebchen, T. Palberg, Eur. Phys.
J. E 44(3), 41 (2021). https://doi.org/10.1140/epje/
s10189-021-00026-9

22. P. Arya, M. Umlandt, J. Jelken, D. Feldmann, N.
Lomadze, E.S. Asmolov, O.I. Vinogradova, S. Santer,
Eur. Phys. J. E 44(4), 50 (2021). https://doi.org/10.
1140/epje/s10189-021-00032-x

23. T. Huang, B. Ibarlucea, A. Caspari, A. Synytska,
G. Cuniberti, J. de Graaf, L. Baraban, Eur. Phys.
J. E 44(3), 39 (2021). https://doi.org/10.1140/epje/
s10189-021-00008-x

24. N. Narinder, W.-J. Zhu, C. Bechinger, Eur. Phys.
J. E 44(3), 28 (2021). https://doi.org/10.1140/epje/
s10189-021-00033-w

25. H. Ender, A.-K. Froin, H. Rehage, J. Kierfeld, Eur.
Phys. J. E 44(2), 21 (2021). https://doi.org/10.1140/
epje/s10189-021-00035-8

26. H. Ender, J. Kierfeld, Eur. Phys. J. E 44(1), 4 (2021).
https://doi.org/10.1140/epje/s10189-021-00034-9

27. M. Wittmann, M.N. Popescu, A. Domı́nguez, J. Simm-
chen, Eur. Phys. J. E 44(2), 15 (2021). https://doi.org/
10.1140/epje/s10189-020-00006-5

28. A. Sukhov, M. Hubert, G. Grosjean, O. Trosman, S.
Ziegler, Y. Collard, N. Vandewalle, A.-S. Smith, J. Hart-
ing, Eur. Phys. J. E 44(4), 59 (2021). https://doi.org/
10.1140/epje/s10189-021-00065-2

29. A. Mourran, O. Jung, R. Vinokur, M. Möller, Eur. Phys.
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