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Lateral Thoughts: Karen Yates

Coffee breaks are central events in the working lives 
of many physicists. Successful research projects often 
owe a significant debt to conversations that occur over 
steaming cups of coffee in departmental common 
rooms. Yet what if coffee itself played a central role in 
physics? What if, rather than just talking to each other 
over a cup of the stuff, we could use coffee as a lens 
through which to see the world differently and under-
stand it more? It has been said that “A mathematician 
is a device for turning coffee into theorems,” but physi-
cists should not let the mathematicians lay sole claim 
to the drink. A coffee is simultaneously a microscope 
and a telescope that we can use to explore the universe. 
Perhaps it is time that we used this tool a bit more. 

Physicists have often gained the key to solving a par-
ticularly tricky problem by pondering their brew. Sidney 
Nagel’s highly cited 1997 Nature paper (>2000 citations 
as of March 2015) about the cause of coffee rings, for 
example, was the result of time spent contemplating his 
coffee-stained kitchen worktops. Understanding how 
to control the “coffee ring effect” has become criti-
cal for modern printed electronic circuits. Moreover, 
a full theoretical understanding of coffee ring forma-
tion, including the role of the shape of the suspended 
particles within the drop, has led to the development of 
mathematics that can be used to understand how ciga-
rette paper burns and how bacterial colonies grow. 

Biologists, too, have jumped in on Nagel’s coffee-stain 
thoughts. The bacterium Pseudomonas aeruginosa lives 
in droplets of liquid. To maximize its survival chances, 
it secretes a surfactant that allows it to counteract the 
coffee ring effect. Dried liquid droplets that have con-
tained P. aeruginosa are far more uniform than dried 
coffee. So although bacteria have discovered the secret 
to overcoming coffee stains through evolution, it took 
physicists many coffees to understand how they do it.

Then there was Lord Kelvin, whose inspirational 
drink of choice was hot chocolate. Kelvin was doing 
what many of us have done with coffee – playing with 
the vortices induced by stirring it – when he observed 
that as the eddies induced by the spoon gradually dis-
appeared, they “gave rise to several oscillations so 
that before the liquid began to move as a rigid body, 
it performed oscillations like an elastic (incompress-
ible) solid”. Kelvin was using his hot chocolate as an 
investigative tool in an attempt to understand elasticity 
and fluid dynamics. And tea drinkers should not feel 
left out: Kelvin’s friend and colleague George Gabriel 
Stokes used his favourite cuppa in a complementary 
way, writing “The subsidence of the motion in a cup 
of tea which has been stirred may be mentioned as a 
familiar instance of friction, or, which is the same, of a 
deviation from the law of normal pressure.” 

Other physicists have fun with coffee and then use 
their observations to develop new approaches to famil-
iar problems. The US physicist Frank S Crawford, for 
example, investigated the “hot chocolate effect” (also 
known as the “instant coffee effect”) in 1982. The 
effect occurs when boiling water is poured onto pow-
dered hot chocolate (or instant coffee) and stirred, 
releasing air bubbles into the liquid. If you then repeat-
edly tap the bottom of the mug with your knuckle, you 

should hear an increase in the pitch of the sound over 
the course of about a minute (perhaps by as much as 
three octaves). What is happening here? Well, the hot 
chocolate/instant coffee liquid acts as a resonator. As 
it has one free surface (the top) and a bound surface at 
the bottom of the mug, the lowest longitudinal mode 
of the mug-resonator is a quarter of a wavelength. But 
the speed of sound is greater in bubble-free water, and 
so the frequency of the sound increases as the bubbles 
leave the liquid. 

Of course, the hot chocolate/instant coffee effect 
is not confined to merely these two drinks. Crawford 
himself wrote “I had earlier obtained the hot choco-
late effect in beer by stirring. But I quit experimenting 
because of...the deadening absorption of sound by the 
head that quickly forms at the top, and stays there.” 

The effect of this foam head on another property of 
liquids – spillage probability – was recently investigated 
by the Complex Fluids group at Princeton University. 
In a video submitted to the “Gallery of Fluid Motion” 
at the 2014 meeting of the American Physical Socie-
ty’s Division of Fluid Dynamics, the group compared 
the likelihood of spillage for three types of fluid, typi-
fied by Guinness, Heineken and coffee. By oscillating 
the glasses containing these drinks from side to side, 
they found that beer was easier to carry than coffee. 
The researchers explained their results in terms of the 
damping effect (no pun intended) of the foam on the 
surface of the drink. Drinks with more foam (Guin-
ness) were less likely to spill over the sides of the glass. 
The fact that coffee spills more easily than Guinness 
takes us back to the story of Nagel and his coffee stains. 

These few short stories serve as an introduction. Per-
haps they should be viewed as a set of “tasting notes” 
for the emerging field of coffee physics. Many more 
examples exist of scientists gaining inspiration from a 
mug full of coffee (or hot chocolate, tea or beer). So, 
next time someone accuses you of spending too long in 
the common room “just” drinking coffee you can retort: 
“Stand back! Serious science is being done as we drink.”
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