
until 1998 that mathematicians Thomas Hales and Samuel Ferguson 
claimed to have proved Kepler’s intuition correct. And their formal 
proof was published only this May (T. Hales et al. Forum Math. Pi 5, 
e2; 2017).

Kepler would surely have enjoyed the verification in Nature Physics  
this week of another piece of intuition about geometric packing. In 
the late 1980s, the Welsh physicist Sam Edwards and his student  
R. B. S. Oakeshott suggested that, for granular materials such as  
powders, sand and gravel, all packing arrangements dense enough to 
lock the grains in place through mutual contact — a jammed state, as 
in the case of salt that won’t come out of the cellar unless shaken — are 
equally likely to occur. The assumption became a grounding principle 
for much theoretical work in the area of condensed-matter physics 
now known as granular matter.

Under this assumption, physicists can relate the number of possible 
configurations to a kind of entropy akin to that in thermodynamics. 
This allows them to treat granular media as an analogue of a fluid 
described using conventional Boltzmann–Gibbs statistical mechanics. 
The analogy is far from obvious at face value, because molecules in a 
fluid are in jiggling thermal motion, whereas grains in a heap are static, 
as if at zero temperature. Once a quantity is invoked to play the part 
of entropy, however, it supplies a kind of ‘effective temperature’ — the 
greater the entropy, the higher this ‘temperature’. 

That hypothesis helped to furnish the first theoretical framework 
for describing grainy systems, some time before ‘granular media’ — 
ubiquitous in industrial processing, food science and geomorphol-
ogy — became a fashionable subject for physicists. It represents 
precisely the kind of foresight and imagination for which Edwards 
is now celebrated.

But was his conjecture about granular packing correct? Using  
computer simulations of the configurations of discs in two dimensions, 

researchers have answered in the affirmative — but only for a rather 
special situation (S. Martiniani et al. Nature Phys. http://dx.doi.
org/10.1038/nphys4168; 2017). Mapping all the possible configura-
tional states of such a system is computationally demanding, even for 
the system of just 64 disks studied here, but that number is small enough 
to sample the complete landscape of distinct possible arrangements. 

Here’s the punchline. Edwards’ conjecture about the equiprobability 
of jammed packings holds only at the point at 
which the grains are on the brink of unjam-
ming: that is, at the jamming–unjamming 
transition. It’s possible to pack the grains 
more densely than this, but then not all such 
jammed states are equally likely.

This threshold is a special place in the  
galaxy of granular configurations. It’s the 

point at which the grains start to move: where a jammed powder  
hopper unjams, or a pile of snow slides in an avalanche. That it should 
be only here that Edwards’ conjecture holds is surely no coincidence. 
The conjecture is in effect saying something about the symmetry of 
the system, namely, that no configuration is privileged over the others. 
The implication is that the jamming transition is at root a geometrical 
property of all grains, just as Kepler’s closest packing is a matter of pure 
maths, not cannonballs. 

The possible existence of underlying deep symmetries has long 
been among physicists’ most valued intuitive guidelines for imagin-
ing how the Universe might be. That is what engenders a strong, if not  
universal, conviction in particle physics that a property called super-
symmetry unites hitherto distinct classes of fundamental particles 
beyond the standard model. So Edwards was not just guessing about 
what was needed to create a working approximation of granular  
theory: he was listening to the best kind of intuition. ■

Lab lucre
The highest-earning academics aren’t 
necessarily those who do the most research.

Michelle Pfeiffer once said that she acts for free — “but I 
demand a huge salary as compensation for all the annoyance 
of being a public personality”. Many scientists have a similar 

attitude. They enjoy the process and thrill of research and would prob-
ably do it for free. The monthly wage is there to make up for all the 
stuff that goes with it — the form-filling, meetings, bureaucracy and 
a thousand other distractions.

Still, some scientists get more compensation than others. Why 
shouldn’t one of them be you? For although reports — including 
Nature’s own biennial survey of salaries and attitudes — indicate 
that times are tough, every researcher knows, or at least suspects they 
know, a colleague who earns significantly more than they do but seems 
less dedicated to science. What’s their secret?

An analysis in the journal Science and Public Policy has had a stab 
at finding out (M. Kwiek Sci. Publ. Pol. http://doi.org/b8v8; 2017). It 
is not a recipe for riches. There are caveats galore. And, as we have 
established, most Nature readers aren’t in it for the money anyway. 
Right? Still, it wouldn’t hurt to take a look.

The paper is based on data submitted by thousands of university-
employed academics across ten European countries. And because 
gross salaries vary significantly from nation to nation (Switzerland 
pays the most and Poland and Portugal the least), the salaries were 
compared within, not across, national borders. The researcher 
involved — Marek Kwiek of the Adam Mickiewicz University in 
Poznań, Poland — singled out the top-earning 20% of academics in 

each country. And then he looked for what they had in common, on 
the basis of what they said their typical working week looked like and 
what they produced. To reduce the natural bias that younger and early-
career scientists are paid less, he counted only those researchers who 
were at least 40 years old, with a decade or more of experience. And he 
kept researchers from significantly different fields separate by allocat-
ing them to one of five distinct clusters — from physical sciences and 
maths to humanities and social sciences.

He found that, generally speaking, a high-earning European 
academic is older, does not put in the longest hours at the bench, is 
a frequent co-author and spends more time than others on admin-
istrative duties. In fact, they spend more time than worse-paid 
colleagues on all academic activities — peer-reviewing, student 
supervision and so on — except for research and teaching. That 
differs sharply from what other, similar exercises have found, espe-
cially in the United States, where those academics who say they 
work the most hours and are first author on the most papers tend 
to reap the financial rewards. (The United Kingdom showed the 
most similarity to the United States in these results, with longer 
hours and a research focus more rewarded.) The European study, in 
contrast to some, also found no general link between high salaries 
and gender, except in Poland, where female high earners were rarer 
than male ones.

For a young scientist in Europe working 12 hours a day in the lab, 
the lack of an association between apparent effort and financial reward 
might seem, rightly, a bit depressing. That could be why the allure of 
the United States for the brightest and the best remains so strong. 
(Although many of the well-paid over-40s would no doubt claim 
that they, too, put in more hours in their early days.) For officials and 
policy makers, it shows that cultural and social differences remain 
strong between the Anglo-Saxon nations and continental Europe. 
For everyone else, it offers a little peek at how the other 20% live. And 
what they don’t do for free. ■

“That it should 
be only here 
that Edwards’ 
conjecture holds 
is surely no 
coincidence.” 
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