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Conves and Digorete Geometry Prelim, May 7, 2012

Work only on 7 of the guestions. Circle the one which you would
like to disregard.

1. A) Siate she one and the two dimensional versions of Helly's theorem.
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B} A finite family of convex sets in B, having at least two members, is
such that given any two of Its sets, there is some Yne parallél to the x
s which meets them both, Prove the existence of » True parallel to the
x axis which meets all members of the fomily. Suggest generalizations
of this result so BY

A) Biate the definition of the Minkowski sam of twn comvey sess. Hus-
wrate the definition by drawing the Minkowski sum of & regulsr hexagon
and & regular triangle of the smme vdge langth

B Prove or disprove: Auy regular polygon is the Minkowski sum of a
finete puonber of live segments in the plane? Beside giving o ves or no
answer try to classify the vegnlar polygons.

3. Aj State the defindtion of Steingr symmetrisation and its basic proper-
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ties,

B) Prove that if every line through a given polnt cuts the sres of a
paivgon into two egual parts, then the polygon is centrally symumetria,

A) Btate the definition of the Delone triangulation and deseribe how fo
obtain the Delone friangulation of a planar point set using & parabeloid.

B) Prove that the smellast angle of any triangulotion of & convex poly-
gon whese vertices lie on a.clrcle is the same for each triangalation (the
solution invelves some elementary geometric kuowledge of the circle,
chords, and angles).

. A) Brate Sperner lemma,

B Start with a trienegulaiion of & sphere. Label all the versices with
one of three letters A, B, C. The claim is that there is an even number
of ABC! triangles.

Finish the following proof (Do not look for an argument where you
say that mow you use Sperner lemme and you are done. In fact by
.cémp.l-et-ing the proof with a cominon sense argument you are essentisily
raaking an alsernate proof for the Sperner Lemma.}.

We may zssmme thers iz at least onie ABC triangle. Place doors on
AB etlges and, starting with an ABC triangle form a path through the
doord. The number of triangles is finkie, meaning that somewhere, Le.,
in one of the triangles, she path will have to tepminate....” What can
vou say about the last triangle? Why does it hawve to be different from
the original triangls?
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A Brate Jensen's inesguality,

Bj Prove that dmong all n-gows circumseribed 1o & circle the reslop,

one has the sraallest araa.

. A) Swage the defiuition of the Gaussian curvaiure B [{p} at B point p of

& polyhedral surface. State the polyhedrel Ganss-Bonnet theorem.

13} Bhow that every simple connected polyvhedra has at least three ver-
tices with positive curvature. Tostrate with examples that a simple
cmnected polvhedra can bave es fow as 3 vartices with positive curve.
fure. :

8. :’é}fﬁt&te the definifion of the Dehn invarisne and the definition of

stissor congruence. Fxplain how can it be used to show that, the regular

wetraledron canmot be scissor congruent with a cube.

y . v 9 N # .
B) How can the concept of suissor congruence be wwmed 30 prove the
Pythagorean theorem?




