
dispel the notion that H. erecars in general, 
and Eastern H. erectus in particular, were 
relatively slow to react to challenges posed 
by the environment," became they not only 
navigated deep-water straits but adapted to 
life on an island, where the environment is 
thought EO have been far different from the 
forest habitat of the mainland. 

The new f h h g s  also fit well with other 
work showing that AsianH. erecars has 'been 
underrated. Contrwmial new dates from 
sites in Java suggest that M. eream pershed 
there from as early as 1.8 million years ago 
until as recently as 30,000 years ago, imply- 
ing that they were able to adapt m h e d  
terrain and climate. Othet new studies sug- 

gest that H. erectzrs left behind sophisticated 
hand axes in southern China (see sidebar on 
page 1636). For those who have worked on 
mores and long believed in H. erecars's pres- 
ence there, the new results are vindication. 
Says Sondaar: *I am happy that the finds of 
Verhoeven are finally recognized." 

-Ann Gibbons 

Polyhedra Can. Bend But Not Breathe the idea that the vblume of any polyhedron 
mighr also solve some version of Heron's 

Anyone who has d e  an origami crane . edges to detour around others. Later* Waus polynomial. If so, then the volume of a poly- 
knows the delight and w-mdmnentdconiur- Steffen of the University of Ihseldoaf d k  hedron with fixed side lengths could only 
ing a moving creature b i n  tELe sts& geom- covered a flexible polyhedron wish only change by jumping from one solution of the 
etry of line and triangles, Althou& the flex- nine vertices and 14 triangular faces, w@ch p~Ipnomial to another, But if the motion of 
ibility of the paper i~ what allows dze crane's is believed to be the simplest one possible che pdyhedron is gradual, the volume can- 
wings to flap, mathematicians h e d  20 years (see illustration). ' , amchange suddenly. "It has no choice bur to 
ago that a geometric equivalent could be con- As soon as k fifir models were built, t w i n  constant," says Cluck. 
strutted: a closed, three-dimensional figure mathematicians began playing around with To prove that such polynomi4s exisr 

for more complex polyhedra, Connelly 
and Sabitov found a way to divide these 

,:id: figures into tetrahedra, eliminate the 
2 '. edges of component tetrahedra that 

,tA>. aren't edges df the 'find figure, 
and merge the known polynomiqb far 
rhe t ~ &  into a a l e  polynomial o 

flexible polyhedra still fxe  constraints: &r the errtire shape. Even for a simple 
They have to keep their volume constant (+ 

I 
' figwe like w wtahdron, the resulting 

as they move. As &h Conneity of plynomial involves 16th powers of the 8 
Cornell University putg it, "You cannot . ) volume. Sabitav, in 1996, was the first 8 
build a mathaticaI bellows." X to produce an algorithm that yieldt a 

The discovery of flexible polyhedra, 2;kG$ polynomial for a general polyhedron, 
with their infinitely changeable angles, =- ,,L.T 

- - - m e -  
t\sl# last year's joint paper by - 

had blown a hole in the long-standing 
J Sabitov, ConneIly, and 

belief that a given set of edge len&s Walz greatly sim- 
can yield only a finite number &shapes. FlexiMe Rgum This weme pat- , plifies the proof. 
But the new result, published j.oint1~" in Em, with the d i m W .  %how, "IlM proaf still 
the German journal Bei t re  @ Ake- y'ekls may be the sl* leaves plnry! of mp- , bra und Gemhie by Gonnellg, Idzhad po@hedton (*@. teW. FOZ w e  thing, 
Sabitov of Moscow State University* and the Bellows Cmjeetvre 
Connelly's student Anke Wah, implies that them. "You could not help ' is surprisingly d t i v e  to 
edge lengths do narrow down m e  ofthe most says Herman Gludr 
important aspects of sha-the volume- of the, University of Pennsylvania, Wits. it does not hoM in 
to a finite number of posibilicies. "that .. . though they might com- '9( two dimensions: A flexible . 

In 1813, the Frenchmathematician Augus- press some portion qfthe space with- - four-sided figure, for example, 
tin Louis Cauchy had proved that cmvex in, there was always mocherpoaion that c&n change its area without chang- 
polyhedm-stsuctures with flat ices, stmight expanded." D m i s  Stllivan of the City ing the side lengrhs. Gamely and WaEz 
edges, and most important, no  ti^ University of New York blew smoke into a . believe they can prove die Bellows Conjec-4 
are always rigid. But that left open the qua- model a d  sbmd that wne came out m e  in four dimensions, but inhigher dimen- 
tion of whether polyhedra with indentatim when the model was ~ v e d  back and sions, Connelly admits, "we're stuck,'" 
could flex. Around the turn ofthe century, a forth--5uggestiw gigah &at it was not act- Sabitov remains qxin&tic &at in threte 
French engineer named Ra~d Briwd found ing as a bellows. dimensions, at 1- trlathematicians will , 
they could, if the faces were alhwed to pass The key to proving what b e l l y  called soon have a complete undemmding dhow 
through each other. However, in the strictest the Bellows Conjecture was a vast snerali- edge lengthsdetenntne &&shape ofpalphe- 
sense Bricard's example, a flexible surface zation of a formula discovered by an ancient dra-not just their volume but whether 
with eight faces, was not a polyhedron, For Greekma&matician,HeronofAlexandria. they can flex, wd by how, much, In the 
example, such a shape cannot be made into a Heron's formula says that the area, x, of a future, he sap, %ere wifi Be a chapter of 
physical object. triangle with side l e d  (a, b, c) must solve geometry Med "The solution of polyhedra' as 

However, Bricard turned out to be on the following polynomial: 16x2 + d + b4 + we now have 'The solurion of triangles.' " 
the right track. In the 19706, Connelly c4 - 2a2b2 - 2a2$ - 2b2c2 = 0. The volume -Dana Mackenzie 
managed to build a true flexible surface by of a tetrahedron has to satisfy a siinilaz-but 
elaborately altering Bricard's example, elimi- more comp~cated-polynomial1 Comdly Drtna is a ma.hemntics mi 
natihg certain faces and allowing cermin d, in-&fitly, &bitov cam&? up'urith wits in Santa Cm, Ch&fomia. 




