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Prince Rupert’s (1619-1682) problem: Show that a cube
can be passed through a hole made in another cube of the
same size without splitting the cube into two pieces.

Peter Nieuwland’ extension(1780) : Find the largest cube
which can be passed through a unit cube.
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The square of edge-length 1.06. is the largest
square inside of the cube.



Is it possible to make a hole in every possible
dirrection not parallel to a face so that an identical
cube can be passed through?

Affirmative answer (A.B. , Antal Joós) 2019

Alternative proofs and further similar theorems
(A.B, Antal Joós, Mihály Hujter), 2019

Our question:



Claim:
In the plane if a convex disc
can be moved through a door,
then it can be moved through
by translation.

If something can be ’passed through’, can be passed
through also by translation?

Issue of ’translation’:



Analogous problem in 3D:
This time the ’door’ is a a convex hole on the plane. We want
to manouver through the door a given convex body.

Rotation can be needed:
The body is a twisted prism with equailateral triangular base.
The hole is shown on the right.

The
’door’
on
the
plane.

Top view
of a
twisted
prizm.

A warning example:



Issue of why is Rupert’s problem equivalent to finding the
largest inscribed sqaure in a cube.



If a cube of edge length e can be passed through a
unit cube, then the unit cube contains a square of
side length e.

Corollary:



Conjecure of J. Pach and A. Zalgaller: Disks can cover their
shadows.
Proved by
M. Kovaljov (1984)
H. Debrunner, P. Mani-Levitska (1986)
G. Kós, J. Törőcsik (1990) : short proof

Main ingreedients of the proof:
1. Every projection of a cube contains a unit square
(A.B, A. Joós)
2. Convex discs can cover their shadows, a thm by
of Géza Kós and JenőTörőcsik:
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Open problem: is it true
that every 3D polyhedron
has Rupert’s property.


