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A Golden Ellipsoid

Brief Remarks about The Golden Mean

Some Properties of the PhiTOP:
Dynamic, Magnetic, Artistic, Visual, Aesthetic



L.ord Kelvin’s Pebbles



(John H.) Jellett’s Eggs

How can you tell a raw egg from a hard-boiled
egg? Hint: spin it!



(“Real” Lord) Shiva’s
Lingam Stones

Lingam stones from the Narmada River in western India



Questions:

What do these objects have in common?

When did the study of the rise of the center of
mass (COM) of spinning objects acting under
friction and gravity actually begin?

Who has actively worked on this topic?

Has there been any real progress in the
analytic treatment and human understanding
of such “non-holonomic” systems?



Tippe Top Patent 1891

Original patent for “Wenderkreisel”, expired 6 months later for non-payment.
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Modern Tippe Tops



Felix Klein (1.) and Arnold Sommerfeld (r.)
“The Theory of the Top”, published between
1896 - 1910, 4 Volumes, ~1000 pages.

They made no attempt to treat problems like the tippe top.
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Sommerfeld (1.) and Bohr (r.) in 1919
Reaching for a Tippe Top?
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Sommerfeld (1.) and Pauli (r.) in 1934
Reaching for a Tippe Top?
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Tippe Top Re-invented ~ 1950

A Danish engineer named Werner Ostberg re-invented and patented
it, naming the device the “tippe top” (“tippetoppen” in Danish), 1950
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Tippe Tops Sweep the World!



Bohr and Pauli in 1951 (in Lund, Sweden)
Playing with a Tippe Top (Yes!)
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Bohr Discussing Tippe Top With
Swedish King Gustav VI (1951)
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Some Questons:
What happened to the tippe top after 1891?

Was it ever made and sold widely?
Was any theory done and published on it?

Did studies of the problem of the rise of the
center of mass (COM) for spinning tops start
with the invention of the tippe top as often
implied in mechanics textbooks?
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First Known Discussion of the Rise
of the COM of Spinning Top, 1844

William Thompson (later Lord Kelvin), age 22



In a letter to his father written while studying for the Tripos
exam to be held at Cambridge University in 1844, he wrote
that he had spent a great deal of time spinning pebbles and
trying to understand the rise of their COM:

“I have been investigating, as far as I have been able in the
time I have been able to spare, the theory of spinning tops
and rolling hoops, which is very curious and difficult.
[Hugh] Blackburn [later Professor of Mathematics in
Glasgow] and 1 have been making a great many
experiments on the subject, and have collected a cabinet of
ellipsoids of various proportions, which we find on the
beach, besides having gotten a teetotum, humming top, and
peesy. Some of the results we have obtained are very
curious.”
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In the subsequent Tripos Exam, he came out Second
Wrangler because of these activities. He later told his
biographer Silvanus P. Thompson:

“I might have made up on the last two days but for my bad
generalship. One paper was really a paper that I ought to
have walked through, but 1 did very badly by my bad
generalship, and must have got hardly any marks. I spent
nearly all the time on one particular problem that interested
me, about a spinning top being let fall on to a rigid plane; a
very simple problem if I had tackled it in the right way, but
I got involved and lost time on it and wrote something that
was not good, and there was no time left for the other
questions.”
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J. H. Jellett “Theory of Kriction” 1872
Includes a New Adiabatic Invariant
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Theory of Tops with Friction
Over the Next 140 years

Many theoretical papers written.

No complete analytic solutions found for tippe-
tops, spinning eggs (ovoids) or related objects
(nor for the related problem of rattlebacks).

Lots of numerical simulations.

Difficulty: no analytic theory of friction: these
spinning tops are “non-holonomic” systems.
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Tippe Top Torture (KB Problem Set)
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Other Non-Holonomic Dynamical Objects

Bronze Rattleback (top), “Euler’s Disk” (bottom)
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Theory of Rising COM of Tops

The theoretical study of the rise of the COM of
spinning tops began at least as early as 1844.

There is still no complete theory of the motion.

The modern mathematical approach has
moved from physical “top-ology” to topology.

Only experimental studies adequately probe
the parameter space for the behavior of tops
under the forces of gravity and friction.
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Experiments with Various Objects

From left to right: (a) natural pebble; (b) polished agate stone egg;
(¢) classic Lingam stone; (d) ruby/fuschite Lingam stone;
(e) black Lingam stone. Each is about 5 cm tall.

KB experiments with a range of objects indicate that only a finite
range of prolate ellipsoidal shaped objects will raise their COM when
spun on a horizontal surface and stand erect (2 > ¢/a>1, a=b) where

x'/a’ +y*b* + Z2°/c’ = 1.
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Introducing the @ TOP

Experimental studies of the rise of the COM
using natural rocks, and a wide array of
prolate ellipsoids made with rapid prototyping
showed that objects with c¢/a in the range ~1.5

— 1.7 had the most appealing dynamics.
Choosing ¢c/a =P ~1.618.. one has the ®TOP:
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Why ®?

® or Phi is the solution to the equation:
1/P=P -1, sod ~ 1.618.., 1/® ~ .618..

The golden mean, section, ratio or cut has
been purported to have been built into works
of art and architecture; to be found 1n natural
biological objects such as shells and flowers;
and is supposed to be preferred by humans
when, for example, dividing a line into 2 parts.
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PhiTOP in Action

Spun rapidly in a horizontal plane, it quickly
stands erect, and can continue to spin in a
vertical orientation for up to 3 minutes.
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Some @ TOP Properties

The PhiTOP includes the following properties:
Spun rapidly enough, it rises and stands erect
Spun slowly, it provides a novel visual illusion
Magnets can stop its spin, or spin it up

It has a visual and tactile aesthetic appeal
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The DTOP and Its Cousins

(L) P. Hein “Super-egg”, fiberglass, ~ 4 m tall, 1999
(C) R. Rhine and KB, “Golden Ellipsoid”, wood, ~ 13 ¢m tall, 2015
(R) Gord Smith,*“Superall”, brass, ~18 cm tall, 1982
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OTOP Summary

A new type of “philosophical toy” has been
“devised” (or “designed” or “discovered”, in
any case optimized for its behavior and
fabricated in various materials) which has
novel dynamical, mathematical, visual and
aesthetic properties.

As soon as they arrive, rush out to a museum
or store near you, get one and play with it!
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Postscript
Teslas’s “Egg of Columbus™
Demonstration Using a ®TOP

Kenneth Brecher
Departments of Astronomy and Physics
Boston University
Boston, MA 02215
E-mail: brecher@bu.edu
Telephone: 617-353-3423
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Hogarth’s “Egg of Columbus”



Tesla’s “Egg of Columbus™
Demonstration with ®TOP



Spinning ®TOP With Magnet

Tesla’s “Egg of Columbus” demonstration uses AC power to create a
rotating magnetic field by using several windings which can then spin
up a conducting (but non-magnetic) object such as a copper egg. A
static magnet held next to a spinning @ TOP has the opposite effect.

Left: Spinning Aluminum ®TOP Right: Spin Damped by Magnet
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