
the individual subparallel faults remain un- 
clear. According to one hypothesis, a horizon- 
tal detachment fault exists under the San 
Francisco Bay region at a depth of 10 km or 
more, connecting the major faults and effec- 
tively transfaring stress between them (11). 
Such a connection could play a major role in 
enhancing fault interactions. For example, a 
large earthquake on the San Andreas fault 
could delay the timing of future earthquakes 
on the Hayward fault, perhaps by decades 
(12). Alternatively, plate tectonic stresses 
might be transferred to locked patches by 
aseisrnic slip on vertical continuations of the 
faults at depth (13). Geodetic data collected 
in the right locations may help distinguish be- 
tween these different loading scenarios (14). 

S C I E N C E ' S  C O M P A S S  

A better understanding of the driving 
mechanism behind earthquakes in the San 
Francisco Bay region is essential. Unlike 
the nearby San Andreas fault, the Hayward 
fault does not sleep silently between major 
earthquakes. As a result, it offers re- 
searchers a valuable natural laboratory for 
observing the earthquake machinery at 
work and for testing hypotheses. The use of 
powerful new techniques, such as those of 
Biirgmann et al., offers hope that the Hay- 
ward fault may reveal some of its secrets in 
the coming years. 
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P E R S P E C T I V E S :  N E U R O S C f E N C E  
stimuli that are likely to be endowed with 

More to Seeing Than hard-wired neural pathways in the brain. 
When it comes to packaging individual sen- 
sory stimuli together into a single event (see 

Meets the Eye the is likely figure), to the ask brain, "when" like a (time), good playwright, "where" 

Beatrice de Gelder (space), %hat" (identity), and "why" (why 
does the stimulus matter to the organism). 

T he outer layer of the cerebral cortex is with another (cross-modal impact), and Integration of different but related senso- 
divided into different areas specialized how general is the underlying neural mech- ry stimuli does not require the gIue of atten- 
for detecting and processing sensory anism? Cross-modal information exchange tion or awareness (5, 6). Recently, multisen- 

signals from the eyes and ears and from re- between the auditory and visual cortex has 
ceptors for touch, taste, and smell. Differ- been found in speech perception arid in a 
ences between these sensory areas may re- few other cases. In ventriloquism (2), the 
flect variations in the rate of evolution of the apparent direction of sound is attracted to- 
five senses and the special information pro- ward the displaced location of a simultane- 
cessing requirements for each type of senso- ous visual stimulus-the sight of the 
ry signal. Everyday experience illustrates speaker's lip movements influences the 
that, despite their differences, the sensory re- hearing of speech (3). Similarly, a facial 
gions of the cortex must be cooperating with expression, even if not consciously per- 
each other by integrating the sensory stimuli ceived, modifies the perception of emotion 
they receive fiom the outside world. Now, on in the voice of the speaker (4). 
page 1206 of this issue (I), Macaluso et al. Our experience tells us that in nature, si- 

and provide empirical justification for the organs are the rule rather than the ex- 

1 
report an elegant example of this cooperation multaneous signals fiom different sensory :::::- 

I ?X 

aphorism that there is more to seeing than ception. But, in fact, most con- k 
meets the eye. They show that the adminis- nections between difFerent sen- ad ‘" kb% 

J 
tration of a tactile (touch) stimulus and a vi- sory signals are irrelevant, 
sual stimulus to human volunteers at the such as hearing the call of a 
same time and on the same side of the body seagull as we watch the 

A! 
enhanced neural activity in the lingual gyrus waves crashing against the 
of the visual cortex, above that achieved with rocks. So, how does the 
the visual stimulus alone. The authors pro- brain discern what sounds 
pose that neurons in the somatosensory go with what sights? The 
Itouch) area of the cortex vroiect back to the cross-modal interactions 

Visual 
cortex 

asual'cortex, keephi 'e 'visual 'Ortpx that produce the unified Peeling is seeing. Two independent sensory stimuli, light and 
informed about touch that are re- objects and events we touch, are processed in the visual cortex and somatosensory cortex, 
ceived simultaneously with visual stimuli. perceive us require respectively. Each sensory signal carries the information of where, 

How widespread is the interaction of a very degree of selec- when, what, and why to the brain. An event-detection system in the 
One Sensory area of the cerebral Cortex tion. To0 many interactions brain alerts the organism to the co-occurrence of the two stimuli 

in the brain would create an and to the fact that they may be connected. Confirmation that the 
internal booming, buzzing signals are indeed connected is provided by the event-detection 

The author is at the Cognitive Neuroscience Labo- confusion to match the one system when it receives two simultaneous sensory signals. In this 
ratory, Tilburg University, 5000 LE Tilburg. Nether- 
lands, and Laboratory of Neurophysiology, Faculty surrounding US. But it is case, the event-detection system is the bundle of neurons that pro- 
of plediciner UCL, ~ ~ ~ ~ ~ ~ l ~ ,  ~ ~ l ~ i ~ ~ ,  ~ - ~ ~ i l :  only biologically important jects from the parietal areas of the somatosensory cortex back to 
b.degelder@kub.nl combinations of sensory the visual cortex and provides the cross-modal effect. 
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sory neurons that receive more than one type 
of sensory signal have been found in different 
areas of human and monkey brains, for ex- 
ample, in the parietal areas (vision, hearing, 
and touch) and in the superior colliculus (vi- 
sion and hearing) (7).This has led to the pop- 
ular notion that cross-modal connections 
simply reflect the existence of multisensory 
neurons. Macaluso et al. go beyond this ex- 
planation, proposing that cross-modal effects 
are the result of signals--carried by multi- 
sensory neurons projecting from the parietal 
areas of the somatosensory cortex back to the 
primary visual cortex-that modulate the ac- 
tivity of visual neurons. Their proposal is 
similar to that put forward to explain the 
modulation of auditory cortical activity by vi- 
sual signals from moving lips (8) or from fa- 
cial expressions (4) during speech perception. 

It is unlikely that multisensory neurons by 
themselves could account for all cross-modal 
effects without some feedback from the visu- 
al (or in some cases the auditory) cortex. In 

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

the sensory cortical architecture proposed by 
Macaluso et al., multisensory neurons and 
their back-projections each have their own 
distinct functions. Multisensory neurons--or 
structures that establish connections between 
different sensory signals, such as the amyg- 
dala (9-lert the organism to possible coin- 
cidences among sensory stimuli (by detecting 
similarities among the when, where, what, 
and why for each stimulus) and so behave as 
possible event detectors (see the figure). Pre- 
sumably, simultaneous administration of vi- 
sual and tactile stimuli to human volunteers 
by Macaluso et al. was crucial to their find- 
ing that the lingual gyrus was activated by the 
integration of both sensory signals. If the two 
stimuli had been administered at slightly dif- 
ferent times, it is possible that activation of 
the lingual gyms would not have been ob- 
served. Also, the human volunteers were only 
shown very simple objects. It would be inter- 
esting to know whether more complex visual 
stimuli would have resulted in lingual gyrus 

The Distance to the Large 

Magellanic Cloud 


Andrew A. Cole 

activation. Synchrony between visual and au- 
ditory stimuli (4, 8, 10) as well as object 
identity (moving lips, facial expressions) is 
crucial for the cross-modal integration of dif- 
ferent sensory signals. 

At last, we are beginning to understand 
how the brain detects only the biologically 
important combinations of sensory stimuli 
that emanate from our complex world. 
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The true value of dl,, has remained 
enigmatic because measurements show no 
tendency to cluster about a well-defined 
mean value but rather show a broad scat- 
ter with an apparently bimodal shape. This 
shows that systematic errors resulting 
from experimental bias are dominant over 
random uncertainties in the measurement. 
The value of dl,, can be derived with a 
multiplicity of techniques, most of which 
are relative to local calibration objects and 
each of which is susceptible to different 
sources of error. As a result, some authors 

derive distances up to 20% shorter 
than others using nearly identical 
methods. Most published estimates 
of dl,, cluster around "short" val- 
ues, near 46 kpc, or "long" values, 
near 54 kpc (2). 

For the vast majority of stars, 
the only direct distance measure- 
ments are made with trigonometric 
parallax. This method measures the 
apparent displacement of a star rel- 
ative to a background field of 
much more distant objects (such as 
quasars) as Earth moves in its orbit 
around the sun. Modern charge- 

A fter nearly a century of argument, 
astronomers may soon be able to 
agree on the distance to the most 

important cosmic milepost, the Large 
Magellanic Cloud (LMC). This larger of 
two nearby galaxies is gravitationally 
bound to the Milky Way and visible to ob- 
servers in the Southern Hemisphere. 

The LMC gained-its cosmological im- 
portance because it is a convenient 
benchmark for extragalactic distances; 
nearly all extragalactic distances mea- 
sured to date are only known relative to 
the distance from Earth to the LMC. De- 
spite its importance in observational cos- 
mology, however, the distance to the 
LMC (dl,,) remains uncertain to within 
roughly *lo%. This uncertainty in dl,, 
propagates directly into an uncertainty in 
the expansion rate of the universe, which 
in turn confounds attempts to reconstruct 

scope (HsT) Key Project onAthe Extra- 
E galactic Distance Scale, whose goal was 
2 to determine the Hubble constant to 
B 
5 
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within 10%. A mean value of dl,, = 50 
kiloparsecs (1 kpc = 3260 light years = 

3.09 x 1016km) was adopted in the pro- 
ject, but the relevance of this value re- 
mains a matter of dispute (1). 

-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 
Orbital phase 	 coupled device detectors have 

Relative stellar positions dard candles" for the determina- 

~~~~~d an accurate estimate of cosmo~og~ca~  tion of relative distances had to be 
dis-

tance. The radial velocity and light curves of an eclipsing developed. 

binary star system allow the determination of their rela- One of the best studied standard 

tive masses and radii; spectroscopy allows determination candles is a class of variable stars 

of their temperatures. The absolute distance from Earth known as Cepheids. The pulsation 

then follows from a simple formula. period of a Cepheid variable is 


~ h ~ ~ ~ ~ ~ ~ h, ~ ~ ~ ~ ~ 
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