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known Eocene artiodactyls 
(8, 10, 11). Loss of these 
features was long consid- 
ered diagnostic of Artio- 
dactyla  Some of them 
could represent character 
reversals or independent 
losses, but taken together 
they suggest very early di- 
vergence of cetaceans 
from artiodactyls. 

Despite this evidence 
that cetaceans evolved 
from artiodactyls, substan- 
tial discrepancies remain. 
If cetaceans belong to ar- 
tiodactyls, then similarities 
in the cranial and dental 
morphologies of mesony- 
chians and cetaceans (2, 3) 
must be a result of conver- 
gent evolution or must 
have been lost in artio- 
dactyls. Furthermore, 
molecular data favor a sis- 

.P a  
c",- 5a 

8 c $ 2 
2 8 .a F a v  

Whales and their rela- 
tions. (Top) Current hy- 
pothesis of relationships 
based on morphology (3, 

4). (Bottom) Possible rela- 
tionships compatible with 
fossil and molecular data, 
based on the new fossil 
data (6). A, ankle special- 
izations of ancient whales 
and artiodactyls; 0, other 
artiodadyl specializations. 

more primitive ankle 
than any known artio- 
dactyl, including Dia-
codexis (the oldest artio- 
dactyl) and anthracothe- 
rioids. The latter may be 
ancestral to hippopotami 
(13, 14). 

It is thus conceiv- 
able that hippopotami 
and cetaceans are the 
only living members of 

slightly older whales from Pakistan that 
have ankle bones similar to those illustrated 
here, providing further evidence that this 
ankle morphology, shared with artiodactyls, 
was primitive for whales. Two other evolu- 
tionary transitions vital to our understand- 
ing of the relationship between whales and 
artiodactyls beg for elucidation: the precise 
ancestry of hippopotami and the origin of 
artiodactyls themselves. The answers seem 
likely to come only from an improved fossil 
record-perhaps from the same region that 
has yielded fossils showing that whales 
evolved from artiodactyls. 
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The localization of the light waves results 
in the formation of evanescent waves, 
which have an imaginary wave number and 
decay exponentially in space (in contrast to 
conventional light waves, which propagate 
freely). The intensity of an evanescent 
wave thus decays rapidly as the distance 
from the aperture increases. Therefore, the 
aperture has to be close to the object, often 
only a fraction of the wavelength away. 
This is the regime of near-field optics. 

NSOM techniques have many applica- 
tions in solid state physics, where substan- 
tial efforts are made to design electronic 
devices with features on the nanometer 
scale. Electrons can be confined in 
nanometer-scale structures, called quantum 
dots (4). In these structures, the matter- 
wave properties of the electrons are 
changed drastically because the spatial 
confinement of the electrons approaches 
the deBroglie wavelength. Their electronic 
and optical properties therefore differ qual- 
itatively from those of the bulk material. 

The atomic landscape encountered by 
electrons in a quantum dot can be mapped 
and analyzed with tunneling spectroscopy 
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ter-group relationship between whales and 
hippopotami (5). This conflicts with the 
conventional view based on morphology 
that hippopotami are closer to other artio- 
dactyls than they are to whales (12). 

Can a special affinity between whales 
and hippopotami be reconciled with the 
fossil record? The existing evidence sug- 
gests that cetaceans branched very early 
from artiodactyls, emerging from an un- 
known basal artiodactyl that had a slightly 

a clade that has been separate from other 
artiodactyls since before the Eocene (see 
the second figure). Such a scenario im- 
plies that some advanced artiodactyl fea- 
tures evolved more than once: in the an- 
thracotherioid-hippopotamid clade (after 
the cetaceans diverged) and indepen- 
dently in other artiodactyls. 

We are rapidly filling the gaps in the 
cetacean transition from land to water. Also 
this week, Thewissen et al. (15) report 
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Optics in the Nano-World 
S. W. Koch and A. Knorr 

Applications of optical microscopy 
are generally limited by the standard 
resolution limit set by the wave- 

length of visible light. The invention of 
near-field scanning optical microscopy 
(NSOM) first enabled this limit to be over- 
come, opening up many systems, from 
physics to biology, to investigation by opti- 
cal microscopy. NSOM offered greatly im- 
proved spatial resolution compared with 
conventional optical microscopy, and the 
use of tunable excitation sources allowed 
basic spectroscopic information to be ob- 
tained. On page 2224 of this issue, Guest et 
al. (I) report the next major step forward in 
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this field. The authors describe a technique 
that combines the high spatial resolution of 
NSOM with the high spectral resolution of 
coherent nonlinear optical spectroscopy. 

Optical measurements at the nanometer 
scale require a light source with an illumi- 
nation spot in the nanometer range. For 
visible-light frequencies, where the wave- 
length is a few hundred nanometers, con- 
ventional optical microscopy fails because 
the resolution is restricted to half the 
wavelength of the used light (2). To over- 
come this problem, the light must be local- 
ized in a spot with a diameter much small- 
er than the wavelength of the light. Ideally, 
the spot should have nanometer-scale di- 
mensions. This can be done by applying 
small apertures (3). 

The price for this high resolution is that 
the character of the light changes drastical- 
ly when it pr~~agates~throughthe aperture. 
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(5). Optical transitions between electronic through an aluminum-coated fiber tip. 
states in a quantum dot are much harder to The measurements yield the dipole 
map and address with current techniques. strength, decay times of the emission, and 
Optical addressing of individual electronic lifetimes of the electronic excitation as the 
quantum states localized on a quantum dot probe is scanned over the film. These results 
is a particularly challenging task. are obtained using the nonlinear interaction 

To excite a single electronic quantum of two incident light waves in the semicon- 
state, the light source must overlap in ductor. The nonlinear optical response leads 
space with this state. However, spatial to wave mixing between the incident waves, 
overlap is not sufficient because several which can be detected in the fresuency do- 
states often coexist in 
a given structure. The 
incident light must ;\i 
therefore also overlap 
spectrally with the 
quantum state. o r t u  & nately, these states are 
different in energy 
and can therefore be 
excited selectively by 
changing the frequen- 

I 
cy of the incident 
light-but only if the 
spatial resolution is 
high enough to re- 
solve single quantum 
dots and the spectral 

is sufficient Optical near-field spectroscopy. The light of one or more light 
the line sources (lasers) is coupled into an optical fiber with a tapered, metal- 

width of a single opti- coated tip.The evanescent field of the fiber tip acts as local excitation 
cal transition. source that is scanned over the structure under investigation (magni- 

Guest et a). have fied in the figure). The transmitted light is collected and processed to 
now succeeded in ex- yield optical spedra.The spectral information depends on the exact po- 
citing and detecting sition of the excitation source (different curves on the display) and on 
single optical transi- the frequency of the laser sources. 
tions on a nanometer 
scale in a solid material. In their experi- main. The experiment combines subwave- 
ment, spectrally and spatially well-re- length spatial resolution with an energy res- 
solved laser pulses are used to generate olution in the nano-electron volt range, en- 
electronic excitations in quantum dots abling single electronic states in the quan- 
defined by thickness fluctuations of a tum dot to be addressed. By detecting the 
GaAs semiconductor film. The nanome- light behind the sample (see the figure), the 
ter-scale light source is obtained by the authors show that single quantum states lo- 
propagation of conventional laser light calized on a nanometer scale and their opti- 

P E R S P E C T I V E S :  A T M O S P H E R I C  S C I E N C E  

Bridging the 
Atmospheric Divide 

Martin J. Jarvis 

0 
ne of the least explored regions of 
Earth's atmosphere is finally 
emerging from obscurity. The 

mesosphere and lower thermosphere 
(MLT), between 50 and 150 km altitude 
(see the first figure), has long suffered 
from its inaccessibility to the highest re- 
search balloons and the lowest orbiting 
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satellites. Several international initiatives 
now aim to plug this knowledge gap. 

The new initiatives take advantage of 
recent technological developments to 
study the MLT from the ground and from 
space. They are particularly timely be- 
cause of the growing realization that the 
MLT is an important link in the vertical 
transfer of energy and material in the at- 
mosphere, that mesospheric phenomena 
may be the most sensitive indicator of 

cal properties can be detected over an array 
of several micrometers. 

When light excites an optical transition, 
the material excitation has the same phase 
and angular momentum as the light source. 
This quantum coherence decays, sometimes 
very fast, due to interactions with other ex- 
citations and vibrations in the material. 
Guest et al.'s technique enables them to map 
dynamical information associated with the 
excitation decay of single quantum dots and 
to determine the decay of optical polariza- 
tion (dephasing) due to loss of quantum co- 
herence. The work also points the way to the 
next inevitable advance: the development of 
nonlocal spectroscopy, which may be based 
on two NSOM probes and should enable the 
detection and characterization, for example, 
of transport of quantum coherence. 

Optical techniques such as that report- 
ed by Guest et al. will allow us to resolve 
spatial properties on small scales, comple- 
menting the progress achieved by ultra- 
fast-pulse optics in the time domain. These 
high temporal and spatial resolution tech- 
niques will facilitate the investigation of 
quantum mechanical questions concerning 
excitations in a complex solid state envi- 
ronment such as a quantum dot immersed 
in a semiconductor film. This work will 
not be restricted to pure research but may 
even lead to the development of a wide 
range of practical diagnostic tools and de- 
vice applications. 
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global temperature change, and that this 
region is becoming increasingly relevant 
to aerospace technology (1). 

In summer, the polar mesopause, 
which defines the boundary between the 
mesosphere and the thermosphere, is the 
coldest place anywhere in Earth's atmo- 
s~here. At 130 K. it is some 70 K colder 
tian would be expected under simple ra- 
diative equilibrium. The cooling is driven 
by gravity waves, which can be caused by 
the impact of weather on mountain ranges 
or by shear in the atmosphere. Gravity 
waves propagate upward from the tropo- 
sphere and break in the mesosphere. 

A slightly warmer summer mesopause 
is expected in the Antarctic than in the Arc- 
tic because the different land-ocean config- 
uration in the Antarctic leads to a weaker 
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