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From birds to photons: collective phenomena in materials science

Collective phenomena
examples answers

What are the practical differences between how a light bulb and a laser are used? In what
situations is one more useful than the other?

A light bulb is used to illuminate large spaces, but its reach does not extend far, while a laser can
send light over very long distances and even detect its return, for example, when tracking the
Moon's position (see lunar laser ranging experiments). More common examples are laser distance
meters used in construction, something a light bulb is not suitable for.

What could be the purpose or benefit of synchronized clapping, starling collective motion, or
firefly flashing in nature or society?

Clapping expresses appreciation, and when synchronized, it arguably amplifies the effect,
contributing to a sense of community. In birds, collective flight is a strategy to avoid predators. In
fireflies, synchronized flashing is believed to be a mating selection mechanism.

Can you think of other examples of collective behaviour or emergent properties in the natural
world: on land, in the sea, in the sky?

Schools of fish in the sea, pacemaker cells in the human heart (their collective motions are what
keep the heart beating), runners running in sync, or people walking in step.

Why might scientists want to study and recreate collective behaviour in non-living systems like
light-emitting materials? What advantages could this bring?

To understand how feedback and coupling lead to synchronization, scientists might build a
system of ‘artificial fireflies” using simple flashing LEDs connected to light sensors. Each unit flashes
in response to the signals it receives from its neighbours, mimicking natural synchronization.
Studying such systems helps researchers explore how collective behaviour responds to changes in
the environment. This can be useful for designing networks of sensors, adaptive lighting systems,
or even communication protocols for robots or self-driving cars.
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