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Upbeat — the coupling between respiration
and jocomotion in the dog dictates that the
bark synchronizes with stride and is emitted
when the forelimbs come to the ground.

in dogs or horses (although it might apply to
hopping wallabies). He proposed two alter-
native mechanisms which might explain the
coupling, namely bending of the back, and
loading of the fore-limbs on the thorax; the
first of these seemed the most appropriate
explanation for the horse.

In flight the situation is rather different. It
is unlikely that the visceral piston or back-
bending mechanisms might drive respiration
because both are axial movements of the
body, whereas the main movements of the
body and wings in flight are lateral. Some
authors have argued that there is little or no
coupling between respiration and flight in
birds, and that such coupling cannot be ex-
pected owing to the through-flow structure
of the bird lung and the anatomy of the avian
chest skeleton®. The experimental evidence
is equivocal — although some observations
have shown very poor coupling between in-
halation and wingbeat (usually for very short
anaerobic flights), the few observations of
sustained flights show that coupling is tightly
3:1 or 2:1, or in extreme exertion even 1:1
(ref. 7). It is known that deformation of the
thorax and pectoral girdle under the large
mechanical loadings from the wings in flight
can drive air flows into and out of the air
sacs®. In other words, the third of Alexan-
der’s three mechanisms could apply to birds.

The aerodynamics of bird and bat flight
are very similar®, and the thorax will deform
under comparable loads from flapping wings
which, as in birds, could drive phase locking
between the wingbeat and respiration. In fact
the argument comes full circle, and it is echo-
location which provides the best evidence of
this coupling. Flying microbats emit echolo-
cation pulses once on each wingbeat, invari-
ably starting in the latter phase of the up-
stroke, coinciding with exhalation!'®!!. At
first sight this would appear to be the wrong
phase of the wingbeat, because aerodynamic
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lift is greatest in mid-downstroke, so this
should be the phase when the thorax is com-
pressed by the flight muscles'!. However, as
usual, things are not so simple because forces
at the wing root are dominated by wing iner-
tia, not by lift: the greatest force to pull the
wing downwards occurs at the end of the up-
stroke®, It is at this phase that air is expelled
from the lungs, and the bat emits its echolo-
cation pulse ‘on the back’ of breathing out.

This is the mechanism by which echoloca-
tion, respiration and flight in microbats are
related, and it explains why echolocation in
flightis relatively economic. The bat must re-
spire to obtain oxygen for flight, and can use
the exhaled air pulses to carry its ultrasonic
cries with minimal extra physiological or en-
ergetic cost. This also fits with the scarcity of
echolocation in non-flying tetrapods: ex-
haled airflows are not sufficiently concen-
trated to carry enough sound energy to make
echolocation worthwhile. Echolocation is
not found in most birds because — in com-
parison with vision — it is of little use to a
daytime flier'; there is much stiil to tell
about its absence in birds such as owls and
nightjars.

More puzzling is the lack of ultrasonic
echolocation in the megabats, where it is
confined to a crude form in the cave-dwell-
ing Rousettus. As nocturnal fliers, megabats
would undoubtedly benefit from it for orien-
tation, even if it cannot help much in finding
fruit or nectar. In this context the absence (or
loss?) of echolocation in this group is surpris-
ing: microbats have a much older fossil rec-
ord, and the earliest known Palaeocene
microbats were already echolocating aerial
insectivores. This apparent discrepancy is
however fully consistent with the belief that
bats are diphyletic'?, that megabats evolved
from primates sometime after microbats had
become established; primates already pos-
sessed well-developed vision, and the evol-
utionary pressures surrounding the develop-
ment of echolocation in the visually acute
proto-megabats may not have been suffi-
cient to favour the extreme specialization it
would have involved. O
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DAEDALUS
Diamond mill

THE distant dream of controlled nuclear fu-
sion continues to absorb billions of pounds
of taxpayers’ money. Laser fusion is prob-
ably the current front runner. This requires
a tiny fuel pellet containing tritivm and
deuterium to be dropped through an opti-
cal focus on which a number of powerful
pulsed lasers are aimed. As the pellet
reaches the focal point, the lasers all fire at
once, hitting the pellet from all directions
with hundreds of Kilojoules of energy
packed into a few nanoseconds. Its surface
is vaporized. Such is the inertia of material
on this short time scale that the expanding
vapour cannot simply boil away. It
squeezes and heats the inside of the pellet
to nuclear fusion point, releasing a sudden
flare of energy. In a working power station,
fuel pellets will be dropped into the fusion
chamber as fast as the lasers can recycle —
maybe twenty times a second. Gigawatts
of power will result.

Well, that’s the dream, the crock of gold
at the laser’s end. Daedalus now proposes
that the vastly expensive fusion labora-
tories should earn some honest money in
the meantime. They study other matters as
well, of course; this journal recently carried
a letter from one of them concerning the
transformation of graphite into diamond
(Erskine, D. J. and Nellis, W. J. Nasure 349,
317; 1991). It seems that this is a fast, mar-
tensitic process. It takes only ten nanosec-
onds, just about the length of a fusion-laser
pulse, and needs — a mere 300,000 atmos-
pheres — far below what can be achieved
by laser-compression. So Daedalus now
suggests that the laser-fusion workers
abandon their silly little pellets of deute-
rium-tritium mixture, and start dropping
spheres of graphite into their laser-focus.

Crude calculations suggest that existing
inertial-confinement laser systems might
well be able to transform a 20-gram gra-
phite pellet into a 50-carat diameond at
every pulse. At an output rate of 20 Hz,
even aliowing for the expense of cutting
and polishing the gems, this could bring in
well over a million pounds a second. If used
to generate fusion electricity, the same
equipment would be lucky to bring in a mil-
lion pounds a week.

Fusion lasers on the drawing board are
ten times more powerful still, making pos-
ible the mass-production of diamonds up
to 500 carats or so. World prices will un-
doubtedly tumble, and de Beers will be apo-
plectic, but even so the operation should
turn in a tidy profit. Mass-produced bulk
diamonds will be wonderfully useful for
spectroscopic windows and prisms, heat-
sinks, cutting-tools, chemical flasks and
crucibles, and cheap jewellery of all kinds.
Elegant socialites will attend glittering re-
ceptions in their diamond tiaras, while
[eaving the real paste ones carefully locked
in the safe. David Jones
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