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turning 9 + 6 into 10 + 5) (1/0). The au-
thors note that problems with larger num-
bers are more likely to be transformed in
this way using, what they call, “quantity-
based strategies™ that “cause activation in
the bilateral intraparietal circuits in re-
gions identical to those active during ap-
proximation” (6).

Even the simplest arithmetic is more
than just fact retrieval. Indeed, there is evi-
dence that children learning multiplication
tables are not simply passive recorders of
the verbal form, but reorganize the facts to
make them easier to retrieve—for example,
by using a single preferred form for com-
muted pairs such as 6 x 2 and 2 X 6 (11).

Dehaene et al. identify the key role of
the parietal lobes as representing approxi-
mate magnitude, but this region may serve
other mathematical functions as well. It
has long been known that brain lesions in
the left parietal lobe severely impair many
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kinds of exact number tasks (/2). Howev-
er, the Dehaene results are unable to pro-
vide evidence for the involvement of the
parietal lobes in exact calculations because
this would require the comparison of both
approximation and exact calculations with
a common baseline condition.

The parietal lobes have been implicated
in conceptualizing space, and hence make
a plausible locus for a “mental number
line” along which approximate magnitudes
are arrayed. However, it is worth noting
that the parietal lobes, and particularly the
intraparietal sulci (/3)—identified by De-
haene and colleagues as the crucial region
for approximate calculations—are part of
the neural circuit that controls handshapes
and finger movements. This raises the pos-
sibility that these brain regions contribute
to finger counting and finger calculation—
an almost universal stage in the learning of
exact arithmetic. This connection between

fingers and arithmetic prompts the suspi-
cion that the parietal lobes, in the course of
development and learning, come to support
the digital representation of numbers (5).
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Catching Sprites by Radio

ed with lightning (/, 2). They have been implicated in

electrochemical processes in the upper atmosphere (3)
and transfer large amounts of charge between different atmo-
spheric regions (4). Further interest comes from a growing
body of evidence for perturbation of natural lightning by pollu-
tants, with a recent study showing that smoke advected from
southern Mexico into the United States led to large amounts of
lightning with positive polarity, as
well as an unusually high number of
sprites (3).

The first images of sprites were
serendipitously recorded only in
1990 (2), although anecdotal re-
ports preceded this discovery.
Sprites are barely detectable by the
human eye because they are short-
lived, faint compared with cloud-to-
ground and intracloud lightning,
and often obstructed by clouds. As-
sociated with about one in every
100 lightning strikes—usually strong
strikes with positive polarity—
sprites occur at altitudes of about
40 to 90 kilometers above thunderstorms and reveal complex
structures when viewed with an intensified television camera
(see the figure).

Many aspects of sprite formation and their effect on the
global atmospheric environment remain poorly understood.
Purely visual observations of sprites are now complemented by
other techniques, such as detailed optical spectra (6). A recent
paper (7) shows that radio atmospherics or sferics, which are
impulsive electromagnetic signals produced by lightning dis-
charges, may enable determination of the global rate of sprite
occurrence and the characteristics of sprite-producing storms by
remote sensing. Sferics recorded for lightning associated with

Spritcs are upper atmospheric optical phenomena associat-
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sprites have a long-lived tail (see the figure, right panel), where-
as a normal lightning strike does not (&). Reising ef al. (7) now
demonstrate that a longer lasting current exists in lightning
strikes that lead to sprites and that sprites themselves radiate
low-frequency waves of similar strength to those emitted by the
lightning. These features can be used over distances of up to
12,000 kilometers for sprite detection and characterization inde-
pendently from optical measurements. The method potentially
allows low-cost global detection and monitoring of sprites from
just a few monitoring stations, and may help to quantify the
amount of global ionization and heating in the middle and upper
atmosphere due to sprites.

E - . . . -

% :g | Sprite-associated sferic 15 Jul 95 07:04:19 UT |
'; 5t ill R 4
8 51 ‘ | VLF Peak: 22.5 mV/m |
S 10} ELF Mag: 1.95 mV/m

15L N . NLDN: +49 kA
5 0 2 4 6 8 10
Time (ms)

Now you see it.... Sprites above thunderstorms reach Earth’s ionosphere. This false-color low-light-
level television image was taken from a ground observatory near Fort Collins, CO, in the course of a
Stanford University/Lockheed-Martin joint experiment aimed at studying sprites and related phe-
nomena. (Right) A sprite-associated sferic shows a characteristic slow tail after the initial excitation.
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