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leads to polarized light emission. The spin
aligner works well at low temperatures and
provides a new technique for probing spin
transport in semiconductors. But it has been
known for some time that this material is
only semimagnetic at temperatures much
below liquid nitrogen (a few kelvin). It is
probably not possible to improve this tem-
perature range by increasing the magnetic
Mn concentration, because Mn ions usually
couple antiferromagnetically in this system
at high concentrations. A ferromagnetic II–
VI semiconductor working as a spin aligner
at room temperature would therefore be a
great surprise.

Ohno et al.4 take a different approach.
They use GaMnAs (a group III–V semicon-
ductor) as a spin aligner for positively
charged holes (rather than electrons). Spin-
polarized holes are electrically injected from
the GaMnAs, through a GaAs spacer, into a
quantum well configured as a light-emitting
device. At the same time unpolarized elec-
trons are injected into the quantum well,
where they recombine with the holes, emit-
ting polarized light. GaMnAs has a huge
advantage over II–VI semiconductors
because it can be ferromagnetic at moderate
temperatures and perhaps even at room
temperature if the Mn concentration can be
increased. Moreover, spin injection in such
ferromagnetic semiconductors does not
require an external magnetic field.

The polarization of the holes in the
GaMnAs spin aligner is probably close to

100%, similar to the electron spin polariza-
tion seen by Fiederling et al.. But the polar-
ization of the emitted light, which is used to
probe the spin of the injected carrier, is more
than ten times lower in Ohno and colleagues’
device. The reasons are not yet clear but two
explanations should be considered. First, the
optical selection rules for heavy-hole transi-
tions in ideal quantum wells prohibit circu-
larly polarized light emission in certain
directions (normal to the growth direction),
even if all the hole spins are polarized. The
correlation between carrier spin and polar-
ization of the emitted light is therefore not
as straightforward as in Fiederling and col-
leagues’ device. Second, the orientation of
the hole spin in bulk GaAs is, unlike the
orientation of the electron spin, extremely
unstable, and even in quantum wells the
hole-spin orientation disappears incredibly
quickly at moderate hole temperatures9,10.
Therefore, hole-spin injection will probably
not be important for future spin electronics.

Despite these limitations, the two experi-
ments represent real progress in spin elec-
tronics and they directly point the way to
commercial spin-sensitive semiconductor
devices. Any ferromagnetic semiconductor
that injects electrons and can operate at
room temperature will solve the problem,
and so the search goes on. n
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Differences in the size of males
and females are common in
nature, and the simple shape of
snakes makes them excellent
subjects for studies of the
phenomenon. In many species,
males have longer tails than
females, and this dimorphism
seems to have arisen early in
snake evolution. But why? From
studies in Manitoba, Canada, R.
Shine and colleagues provide
evidence that long-tailed 
males make better lovers than
their shorter rivals (Proc. R. Soc.
Lond. B 266, 2147–2151;
1999).

Mating of red-sided
gartersnakes (Thamnophis
sirtalis parietalis) takes place
just after they emerge from
over-wintering, when they form
mating balls (see picture).
Shine et al. found, first, that
longer-tailed males tended to

be more successful in
copulating. Second, they took
advantage of an event in which,
due to the enthusiasm of males
to get in on the act, over 100
had suffocated at the bottom of
a huge ball. From these dead
specimens, the authors found
that the length of the tail and
the size of a male’s
reproductive organ, the
hemipenis, are correlated.
Finally, snakes with shortened
tails, due to predation or

misadventure, obtained far
fewer matings than their intact
compatriots.

These results are only
correlations, and it is unclear
how natural selection has
influenced the evolution of this
trait. Females may select
mates using tail length as an
indicator of sexual potency, 
or perhaps a longer tail makes
it easier for males to hold 
their partner in a loving
embrace. Jeff Harvey 
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100 YEARS AGO
The recent researches of bacteriologists
into the rôle played by insects as carriers of
infection, and the hunt after microbes to
locate their natural habitat, is a necessary
procedure before it becomes possible to
enter on a scientific crusade against them.
In those diseases which may be caused by
infection carried by insects, it is a more
hopeful task to deal with the insects which
we can see, than to deal with the microbe
which lurks unseen and unheeded. … The
filariae, according to Manson, go through
changes in the stomach of the mosquito,
and finally make their way out into the
water in which the insects have died, and
man becomes infected by drinking the
water. In this case and in Malaria the insect
seems to act as an intermediary host to
man. The mosquito — of which one species,
the anopheles, seems to be mostly
concerned — takes up the organism in the
blood of the malarious subject, and,
according to Manson, infects soil or water
by dying in it; Ross and others, however, say
it infects healthy persons by biting them
after biting a malarious patient. It is
interesting to note that most of our previous
notions as to the localities and time of year
that malaria occurs, and the precautions
adopted to prevent being attacked still hold
good, mutatis mutandis, for the mosquito
theory.
From Nature 14 December 1899.

50 YEARS AGO
There are certain sections of organic
chemistry of such a specialized nature that
only a few persons have a real mastery of
their intricacies. Examples are the chemistry
and technology of azo-dyes, or of
anthraquinone derivatives and related
polycyclics. Certainly the chemistry,
biochemistry and physiology of the
sterinoids cannot be comprehended fully
except by those who devote undivided
attention to these subjects. … Although
cholesterol is a constituent of all animal
cells, there was no inkling of its
physiological importance when Windaus
began his investigations in 1903, and this
was also true in 1912, the approximate date
of commencement of Wieland's work on
related bile acids. The molecular structures
were studied as interesting organic chemical
problems, curiosities attractive because of
their difficulty and the unique character of
the group.
From Nature 17 December 1949.
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