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I
t’s a time-honored practice among 
medical residents, cramming under-
grads, and anyone else burning the can-
dle at both ends: get very little sleep for 

days, maybe even pull an all-nighter, and 
then crash for an extra-long night of shut-
eye to catch up. 

Ten hours of sleep at once may indeed 
recharge us, and allow us to perform well 
for several hours after waking, accord-
ing to research recently published in Sci-
ence Translational Medicine. But “the brain 
literally keeps track of how long we’ve 
been asleep and awake—for weeks,” says 
Harvard Medical School (HMS) neurol-
ogy instructor Daniel A. Cohen, M.D., lead 
author of the study. And that means that 
the bigger our aggregate sleep deficit, the 

faster our performance 
deteriorates, even after a 
good night’s rest.

Cohen and his coau-
thors monitored nine 
young men and women 
who spent three weeks 
on a challenging sched-
ule: awake for 33 hours, 
asleep for 10—the equiv-
alent of 5.6 hours of sleep 
a day. (This approxi-
mates the schedule of 
a medical resident, but 
many of us live under 
similar conditions; the 
National Sleep Founda-
tion reports that 16 per-
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cent of Americans sleep six or fewer hours 
a night.) When the study participants 
were awake, they took a computer-based 
test of reaction time and sustained atten-
tion every four hours. 

The researchers were surprised to dis-
cover just how much an extended rest 
boosted test performance. “Even though 
people were staying awake for almost 33 
hours, when they had the opportunity 

to sleep for 10 hours, their performance 
shortly after waking was back to nor-
mal,” Cohen says. “The really interesting 
finding here is that there’s a short-term 
aspect of sleep loss that can be made up 

G
lassblowers can pull super-
heated glass fresh from a fur-
nace just like taffy, blow bub-
bles in it, and fashion beautiful 

objects by manipulating it while it flows. 
But there is something curious about 
glass. Molten glass, as it cools and vitri-
fies, never actually becomes a solid in 
the classic sense: glass molecules never 
lock themselves into a crystalline struc-
ture the way a true solid would. Instead, 
they just stop flowing, like honey in the 
freezer. (In fact, when honey is very cold, 
it behaves like glass.) 

When scientists want to understand 
the properties of glass—what makes 
it flow at one temperature and jam up 
at another, for example—they use as a 
model a colloidal fluid: a liquid filled 
with tiny particles, or colloids, suspend-
ed evenly in it (milk is a familiar exam-
ple). By packing in more and more colloi-
dal particles, they make the suspension 

denser and slower to mimic glass 
cooling.

“The behavior of single mol-
ecules in glass can’t be observed,” 
says Mallinckrodt professor of 
physics David Weitz, an expert in 
experimental soft condensed mat-
ter. “But the colloidal particles, 
which are a thousand times larger, 
can be seen under a microscope,” 
allowing researchers to visualize 
the behavior of glass at the molec-
ular level under different condi-
tions of temperature or stress.

But traditional colloidal models fail to 
mimic actual behavior at a certain point
—solidifying or locking up rapidly in a 
way that true glass, which flows ever 
more slowly as it cools, does not. Weitz 
has therefore figured out how to create 
a colloid that behaves more like glass un-
der near-solid, low-flow conditions by 
using soft, compressible particles made 

of gelatin in the fluid. The deformability 
of these Jell-O-like particles, says Weitz, 
is analogous to the vibrations and inter-
nal motions of real glass molecules, which 
are made of many atoms that allow them 
to fluctuate in size and shape.

Even without understanding the phys-
ics, experienced glassblowers know that 
once they start pulling glass in one di-
rection, they can keep stretching it as it 
cools, but only by applying greater and 
greater force. The colloidal model, in its 
faithfulness to the way real glass flows, 
has allowed researchers to visualize the 
way individual molecules behave—to 
“see” how they deform as they literally 
slide past each other under pressure. This 
is a “huge insight,” says Weitz: that “a lot 
of what dominates” glass’s fascinating 
behavior depends “on the way squishy 
spheres pack together.”

� vjonathan shaw

david weitz e-mail address:
weitz@seas.harvard.edu
david weitz website:
www.seas.harvard.edu/projects/ 
weitzlab/research.html#colloids
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The Solid Fluid

The swirls in this hand-blown glass are a visual reminder of its latent fluidity.

The behavior of tiny, deformable spheres 
packed together has helped scientists 
understand how glass flows.
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relatively quickly, within a long night.”
But the days and weeks of lost sleep 

eventually took their toll. The investigators 
knew from previous research that people 
awake for 24 hours straight display reac-
tion times comparable to those of people 
who are legally drunk. Cohen’s new study 
reveals that those who pull an all-nighter 
on top of two or three weeks of chronic 
sleep loss reach that level of severe impair-
ment faster—after just 18 hours awake. 

Sleep researchers sometimes use the 
analogy of an hourglass to illustrate how 
we lose our ability to function as the day 
wears on. A good night’s sleep gives us a 
full ration of sand at the top of the glass; 
the grains begin to fall when we wake up, 
and “with each grain that drops, there’s 
an increasing level of impairment,” Cohen 
explains. The new study’s findings led its 

senior author, associate professor of medi-
cine Elizabeth Klerman, to refine the anal-
ogy: “She says chronic sleep loss essential-
ly enlarges the hole between the halves of 
the hourglass, so the sand falls a lot faster. 
That means you can be fully restored [by a 
long night’s sleep], but you peter out very 
quickly.” 

Cohen’s study also revealed valuable in-
formation about how circadian rhythms 
influence our responses to sleep depriva-
tion. The researchers determined that hit-
ting the body’s circadian high (from about 
3 p.m. to 7 p.m. for most people, when lev-
els of the hormone melatonin are lowest 
in the bloodstream) can effectively mask 
the effects of sleep loss on performance—
suggesting why chronically sleep-deprived 
individuals may not feel very sleepy for 
much of the day and think they’re suf-

ficiently rested. To make matters worse, 
Cohen says, “Prior research shows that 
people start to overrate how they perform 
when they’re chronically sleep deprived.” 
But the inevitable circadian low (roughly 
3 a.m. to 7 a.m., when melatonin levels are 
highest) magnifies the effects of sleep loss, 
slowing reaction times by a factor of 10—
one reason overnight drivers, for example, 
are especially prone to errors.

Scientists don’t yet know how long 
it takes to overcome a long-term sleep 
debt. “It certainly takes longer than three 
days,” Cohen says. “It could even take up 
to a couple of weeks of a normal sleep 
schedule before people are fully caught 
up”—an important fact for people with 
safety-sensitive jobs to know, so they can 
make adequate sleep a priority. He admits 
some trouble with this himself, especially 
during his medical training. “But since 
I’ve been in the sleep field,” he says, “I’ve 
tried to shoot for closer to eight hours per 
night.”� verin o’donnell

daniel cohen e-mail address:
dcohen1@partners.org

The bigger our aggregate sleep deficit, 
the faster our performance deteriorates, 
even after a good night’s rest.

JEREMY FENG ’12 OF SAN JOSÉ, CALIFORNIA, AND RESIDENT OF LEVERETT HOUSE, CONDUCTING STEM CELL          
RESEARCH AS A MOLECULAR AND CELLULAR BIOLOGY CONCENTRATOR.
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