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50 YEARS AGO
Phoenix Re-born. By Dr. Maurice 

Burton — For many years anting 

in birds has held considerable 

fascination for students of bird 

behaviour. So, too, has the myth 

of the Phoenix, and when Maurice 

Burton saw a tame rook disporting 

himself on a heap of burning 

straw it led to an association 

of ideas which was ultimately 

responsible for the production 

of this book ... Burton carried out 

experiments with his tame rooks 

and a pet jay to determine their 

reactions to certain substances 

and to heat ... Eventually [he] 

reached certain conclusions 

which show a clear connexion 

between Herodotus’s account 

of the Phoenix and the anting of 

birds. One thing is common to 

all the substances which cause 

the anting posture: this is heat or 

the impression of heat ... Burton 

comes to the conclusion that 

anting must be regarded as a 

posture adopted in moments of 

unusually intense excitement ... 

Ant-bathing and thermophily are 

also shown to be closely related 

to anting proper and all these 

are related to such habits as the 

self-anointing of hedgehogs, 

the effects of catmint and other 

odorants on carnivores, as well 

as numerous idiosyncrasies of 

behaviour among individual birds 

and mammals. 

From Nature 29 August 1959.

100 YEARS AGO
Inaugural address by Prof. Sir 

J. J. Thomson [to the British 

Association] — The constant 

need for thought and action 

gives to original research in any 

branch of experimental science 

great educational value even 

for those who will not become 

professional men of science ... I 

have always been struck by the 

quite remarkable improvement 

in judgement, independence of 

thought and maturity produced 

by a year’s research. Research 

develops qualities which are apt 

to atrophy when the student is 

preparing for examinations, and 

... is of the greatest importance as 

a means of education.

From Nature 26 August 1909.

Recent progress in solid-state physics has con-
sisted in large part of revelations about the 
remarkable behaviour of electrons confined 
to a plane. Every material known to become 
superconducting above 77 kelvin, the tem-
perature at which nitrogen becomes liquid, 
contains planes of copper and oxygen atoms 
from which the superconductivity is believed 
to originate. The ‘quantum dance’ of planar 
electrons in a strong magnetic field underlies 
their liquid-like behaviour in the quantum Hall 
effect. Graphene, a single layer of carbon atoms, 
is arguably the first truly two-dimensional 
material, and the electrons moving through 
this layer behave for many purposes as mass-
less. Two papers in this issue1,2 add to this list 
of surprises by showing that the surface of a 
‘topological insulator’ is a novel planar metal. 
Roushan et al.1 (page 1106) find that, unlike 
conventional planar metals, the material’s sur-
face shows a perfect robustness to impurities. 
Meanwhile, Hsieh et al.2 (page 1101) show 
that its electronic structure can be tuned to a 
semi-metallic state by chemical manipulation.

According to recent theoretical work3,4, all 
non-magnetic insulators can be classified as 
ordinary or topological depending on whether 
their surfaces are generically insulating or 
metallic. This classification uses ideas from 
the branch of mathematics known as topol-
ogy, which studies properties of objects that are 
unchanged by smooth modifications to their 
geometry; smooth changes to a bulk insulator, 
such as structural modification under strain, 
cannot shift its topological class except by driv-
ing it through a metallic or magnetic state. The 
metallic surfaces of several topological insula-
tors have been observed previously by using 
X-rays to knock out their electrons5,6, but this 
approach alone cannot reveal all of the unusual 
properties predicted to exist at these surfaces.

Roushan and colleagues1 observe perhaps 
the most remarkable such property: topolog-
ical-insulator surfaces are exceptions to the 
rule that all planar metals become insulators 
at low temperature in the presence of impuri-
ties or defects. The wave nature of electrons in 

quantum mechanics tends to amplify the effects 
of impurity scattering: an electron bouncing 
off many impurities often becomes trapped 
or ‘localized’, even when a classical particle 
would continue to diffuse, as first worked out 
by Philip Anderson 50 years ago7. His theory 
of localization famously predicts that at suffi-
ciently low temperature, and beyond a critical 
amount of impurity scattering, one- and two-
dimensional metals will become insulators — 
the diffusion of electrons that characterizes the 
material’s conductivity will come to a halt.

However, there is a loophole. In most mate-
rials composed of heavy elements, the motion 
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An insulator’s metallic side
Joel Moore

Certain insulators have conducting surfaces that arise from subtle chemical 
properties of the bulk material. The latest experiments suggest that such 
surfaces may compete with graphene in electronic applications.

Figure 1 | Electron reflection, or not. a, Electrons 
(blue) in an ordinary planar metal scatter off 
an impurity (gold) in all directions with equal 
probability. b, At the surface of a topological 
insulator — one that has a metallic rather 
than an insulating surface — electrons are 
preferentially scattered at small angles and have 
zero probability of being reflected 180° back in 
the direction of incidence. In reality, electrons 
scatter as waves rather than as particles at 
atomic distances, and Roushan et al.1 observe an 
interference pattern of such waves that indicates 
the absence of 180° scattering.
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