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The 2018 Nobel prize in physics was awarded for 
two inventions that revolutionised laser physics 
(w w w.nobelprize.org/prizes/physics/2018). 

Arthur Ashkin received half the prize for optical 
tweezers. Donna Strickland and Gérard Mourou shared 
the other half for chirped pulse amplification.

Optical tweezers
When light strikes a surface it exerts a pressure. 
This radiation pressure arises because photons have 
momentum. When photons are absorbed or reflected, 
their momentum changes (Figure 1). They experience 
a force equal to their rate of change of momentum and, 

by Newton’s third law, they exert an equal and opposite 
force (similar to gas molecules hitting a surface). The 
force per unit surface area is the radiation pressure.

Radiation pressure makes the tails of comets point 
away from the Sun, but usually the pressure is so small 
that we are not aware of it. However, laser beams are very 
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Tools made from 
laser light Carol Tear explains the science behind 

the 2018 Nobel prize in physics
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Question
Calculate the acceleration of a bacterium of mass 
10–16 kg when the force is 1 pN.

enormously over the years, but reached a maximum 
because the high intensities were damaging the lasers 
themselves (intensity is power per unit area).

Laser is an acronym for ‘light amplification by 
stimulated emission of radiation’. A laser has an 
amplification medium containing excited atoms or 
molecules. When an electron drops down from the 
excited state, a photon is emitted. Mirrors at either end 
reflect the light backwards and forwards to stimulate 
more photon emission. The amplification can be 
increased by increasing the number of excited atoms 
or molecules, but the intense reflected pulse causes 
damage.

In the 1980s CPA was developed to amplify laser 
pulses. The resulting high-intensity lasers have many 
uses, including corrective eye surgery.

CPA works by stretching out the pulse in time. The 
beam is split into different frequencies by diffraction 
gratings (see www.tinyurl.com/cpa-pulse). Usually 
they are arranged so that the higher frequencies have 
a longer path length. A signal in which the high 
frequencies lag behind the low frequencies is positively 
chirped (like a ‘chirp’ sound where frequency rises 
rapidly). The energy transferred by the pulse is the 
same as before, but the power is reduced because it is 
over a longer time. The pulse can be safely amplified 
then compressed back to its original duration by 
another pair of gratings. This increases the power and 
the intensity. With this technique very powerful lasers 
can be produced, with powers of terawatts (1012 W) and 
even petawatts (1015 W).

intense, so the radiation pressure exerted is significant. 
The total force on an object is usually measured in 
piconewtons (1 pN = 10–12 N). This is tiny, but a virus 
has a mass of about 10–20 kg, and a bacterium is about 
10–16 kg, so a piconewton force has a large effect.

The intensity of a laser beam decreases with distance 
from its centre. When a small object is not in the centre 
of the beam, the light is refracted differently on its two 
sides (Figure 2). The resultant change of momentum 
of the photons, and therefore the resultant force on 
the photons, is directed out of the beam, so there is 
an equal and opposite resultant inward force on the 
particle.

Small objects such as bacteria move with Brownian 
motion (caused by collisions with air molecules), but 
can be held at rest by a laser beam focused to an intense 
spot. If the object moves slightly away from the point 
of maximum intensity, a restoring force pushes it back. 
The further it moves from the centre, the greater that 
force (a bit like a spring). By moving the laser focus, 
you can move the object. These optical tweezers are 
used to manipulate cells, viruses, bacteria and large 
molecules such as DNA. This has had a major impact 
on biological research and treatments. 

Chirped pulse amplification
Chirped pulse amplification (CPA) is a method of 
producing very short high-intensity laser pulses. 
The power of the most powerful lasers has increased 
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