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On the Front Cover

Commodoroe J.C. Gillmore and copilot in a Curtiss Headless
dual-control pusher plane, 1912. Photo: Library of Congress.

On the Back Cover
Images from a thoracic spine
examination by Christopher
Vittore and Kevin Tribble,
radiologists in Rockford, Ilinois
and clinical assistant professors at
University of Illinois College of
Medicine. MRI technologist, Deb
Savala assisted with the technical
data. This was performed on an
open MRI machine, a General
Electric Signa 0.35 Tesla MRI scanner. (Details: 40 x 40 cm
field of view, sagital plane, frequency 256, phase 128, image
slice thickness 5 mm with 2mm skip interval, no phase wrap.)

Coming Events
February 19, 2010	AAAS Annual Meeting, San Diego
March 2010
Ig Nobel Tour of the UK
April/May 2010
Ig Nobel Europe Tour
September 30, 2010 Ig Nobel Prize Ceremony
October 2, 2010
Ig Informal Lectures
See WWW.IMPROBABLE.COM for details of these and other events.
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Every Day
Read something new and improbable
every day on the Improbable Research
blog, on our web site:
www.improbable.com
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Mathematically Correct
Breakfast: How to
Slice a Bagel into
Two Linked Halves
by George W. Hart
Stony Brook, New York, USA
www.georgehart.com

It is not hard to cut a bagel into two equal
halves which are linked like two links of a chain.

To start, you must visualize four key points. Center the bagel
at the origin, circling the Z axis. A is the highest point above
the +X axis. B is where the +Y axis enters the bagel. C is the
lowest point below the -X axis. D is where the -Y axis exits
the bagel.

These markings on the bagel are just to help
visualize the geometry and the points. You
don’t need to actually write on the bagel to
cut it properly.
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The line ABCDA, which goes smoothly through all
four key points, is the cut line. As it goes 360 degrees
around the Z axis, it also goes 360 degrees around
the bagel.

The red line is like the black line but is rotated
180 degrees (around Z or through the hole). An
ideal knife could enter on the black line and come
out exactly opposite, on the red line. But in practice,
it is easier to cut in halfway on both the black line
and the red line. The cutting surface is a two-twist
Möbius strip: it has two sides, one for each half.
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After being cut, the two halves can be moved but are
still linked together, each passing through the hole of
the other. (So when you buy your bagels, pick ones
with the widest holes.)

It is much more fun to put cream cheese on these bagels
than on an ordinary bagel. In additional to the intellectual
stimulation, you get more cream cheese, because there is
slightly more surface area.

If you visualize the key points and a smooth curve
connecting them, you do not need to draw on the
bagel. Here the two parts are pulled slightly apart.

Exercises for Students
Topology problem: Modify the cut so the cutting surface is
a one-twist Möbius strip. (You can still get cream cheese into
the cut, but it doesn’t separate into two parts.)
Calculus problem: What is the ratio of the surface area
of this linked cut to the surface area of the usual planar
bagel slice?
For future research: This image shows
August Ferdinand Möbius, who
invented the Möbius strip. Another
mathematician, Johann Benedict
Listing, is credited with inventing
it independently at about the same
time. There is no known record of
either Möbius or Listing slicing a
bagel in the manner described in
this paper.

If your cut is neat,
the two halves are
congruent. They
are of the same
handedness. (You
can make both be the
opposite handedness
if you follow these
instructions in a mirror.)
You can toast them in a
toaster oven while linked together,
but move them around every minute or so, or some parts will
cook much more than others, as shown in this half.
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Note: I have had my students
do this activity in my
Computers and Sculpture
class. It is very successful if the
students work in pairs, with two bagels per team.
For the first bagel, I have them draw the indicated
lines with a permanent marker. Then they can do
the second bagel without the lines. (We omit the
schmear of cream cheese.) After doing this, one can
better appreciate the stone-carving of Keizo Ushio,
who makes analogous cuts in granite to produce
monumental sculptures.
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