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The Most Interesting Man in the World: on Careers
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“Find out what 1t 1s 1n life you don’t do well,
and then don’t do that thing.”



Problem: Can 5 test tubes be spun simultaneously in a
12-hole centrifuge in a balanced way?

s are identical / equally-s
es are identical in size / sh
five test tubes simultaneously
Therelafe’no “tricks” involved heré—

CAN MY BOYFRIEND
COME ALONG?

\

IM NOT YoUR
BOYFRIEND!

[ You TOTALY ARE.

TM CAsvALLY
DATING A NUMBER

OF PEOPLE.
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BUT YOU SPEND TWICE A6 MUCH
TIME WITH ME AS WITH ANYONE.
ELSE. IM ACLEAR OUTUER.
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e [weight / density

YOUR MATH 1S
IRREFUTABLE.

FACE IT—=IM
YoUR STATISNCALLY
SIGNIFICANT OTHER.
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0: 1@2@3+4+ (1) +n =2
0 (1/4)'4€‘1w4)2+(1/4)3+ (/4 + ... = 7

Q: Solve for X: o ‘A&“
XX = 2$%£\‘K€&M

(o

Q: How can a new guest be
accommodated in a full
Infinite hotel?

M 05born ma'ylbe excused? My brain is full.”




This Talk Gives Meta-Advice!
* Focus on the analogies

» Abstract and generalize the advice

* Don’t take things too literally

* Find the metaphors
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The Dating Analogy
Job searching and dating have a lot in common!

“Political correctness is tyranny with manners.”

- Charlton Heston (1924-2008)
What makes you a more attractive job candidate?

How can you generate more employer interest? o
Cultivate your confidence and humor Q\% A
Leverage the underlying psychology %Q«Q (Q%Q
Develop meta-strategies: A\
Q: Why also apply for jobs ya#txdon’t want?

Q: How to start a “bidding war’ G?f{ ou?

Q: How can you bootstrap new intef@sﬁ

Q: How to easily get a pay raise or prom@iﬁn?




More Career Advice

Make it a “life calling”, not just a job
Job search in not an application — it’s a campaign!

WAX O

Use meta-strategies! e
SCIENTIFIC M"‘* b %
Watch lots of TER talks  AMERICAN =2

WHAT MAKES
US HUMAN?

Read Suen\f@&merlcan S oy
and- §g@nce News, etc. == U
I\/Iuﬁ;a‘sk & leverage




Take the Initiative

Why not as a grad student / postdoc:
Teach courses?
* \Write grant proposals?
« Mentor students? ‘
e Serve on committees? \

Doing what you don’t have t Xis much more
Impressive than just doi at you must!

<
The “Duck Test”: \)
If it looks like a duck,
swims like a duck,
and quacks like a duck,
then it probaply is a duck.

Start behaving In line with your goals!




Subliminal Impressions

« Subtle but powerful!
* Know more about other people’s field
than they know about your field!

| VE HEARD YOURE. ONE OF THE IF YOU DONT MIND MY ASKING, WHAT

BEST IN THE MARKETING BUSINESS GAVE YOU THE IDEA | WAS ONE OF

BUT I'VF GOT YOUR. FORTRLIO THE BEST IN THE BUSINESS?

HERE AND IT LOCKS LIKE YOUVE HM? | poN'T REMEMBER. JUST
NEVER. RUN A MAJOK CAMPAIGN. WEORD OF MOUTH OR SOMETH --

WHY SHOULD | HIRE YoU TO HEAD

NEW INITIAT IVE ? THANK yoO.
OUR IN) HTUE\. MHEHEAHI

it

. OH, YOU'RE GooP.




Prepare and Train!

fhaking Everything Easier”

wto
“A gnmpnm2'°""° W Job." s

Job Searching
Onlme

monster
Careers

Resume and
job-search tools Learn to:
A Rfeofe”l"ence on CD-ROM R T’ o ey
r e ! -Il_&mu‘o-w::.hhdw
Rest of Us! R SR
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Pam Dixon
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' e “Essential preparation for cven the most difficult interviews.”
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TONY BESHARA

Are You
Smart Enough
to Work at

INTERVIEW REatad

How to Ask and Answer ko i
the Questions

THE ULTIMATE 2011
T JOB SEARCH GUIDE
That Wil Get You the Job! S PEM MARTIN YATE, CPC

WILLIAM POUNDSTONE b New York Times bestselling author

interview

g uestlons
T




Prepare and Train!

- fens of thousands sold

HOW TO ACE

Featurl

L2z ing
Brilfiant Answers
to over 150 of the
Toughest Interview
Questions

101 SMART QUESTIONS

to ask on

Your
Interview

TEASER
INTERVIEW

Master the Tough New Interview
Style and Give Them the Answers

STEP-BY-STEP INSIDER TIPS ALL THE TOOLS
That Will Win You the Job techniques o solve from hiring monagers you need o lond 0
- > s = the most chollenging on what mokes iob ot todoy’s top
I’.V RON FRY « THIRD EDITION DAVID R.EYLER puzzles quickly o greof interview companies

Robin Kessler
Author of
Competency-Based Resumes

JOHN KADOR

Author of 201 Best Questions to Ask on Your Interview

Capgalgeoo e

THE
QUESTIONS| EREReS.

. AND ANSWERS
you’ll most likely be asked... FOR SUCCESS

..and the answers that will get you hired!

101 GREAT ANSWERS

— to the —

Toughest Interview
Questions

EOWARD GUINESS

work 'etyo-b
job search o

by RON FRY « SIXTH EDITION

PETER VERUKI




Prepare and Train!

REV L uRuARAT 1ON ¢
~

STAND OUT AND GET HIRED! //“ ) ' %ok Bl
Best Answers WINNING [} [l [] [; L [ _HOW WOULD

+201 Most
Frequently Asked

& Interview

JOB YOU MOVE =

[ [ MOUNT FUJI?
INTERVIEWS g REQUME ( Bpares
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How the World’s S\martest Companies,
_Select the Most Creative Thinkers
X A8

-
Questions::: D & ,
ition
D ®
HOW TO HANDLE How to Prepare for a Career e e o
* Awkward or Personal Questions and Land a Job at Apple, Microsoft. Google, "’
* Trick Questions Winning o hiteroiesos or Any Top Tech Company .
* Gaps on your Résumé
and Still Get the Job! felf Taylor, foundar and chict et of Momstoront (P RN L
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to a Careerin
Bioinformatics
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Prepare and Train!

REVISED, UPDATED! REVISED AND EXPANDED SECOND EDITION
HEADHUNTER  BOOST | B2yl

HIRING SECRETS YOUR
EVER!

,n/ o .
RETHINK YOUR CAREER,

e INTERVIEW

INTERVIEWING
BONUS INCLUDED! 37 WAYS TO HAVE UNSTOPPABLE

HOW TO FIRE UP YOUR CAREER
AND LAND YOUR IDEAL JOB! Proven
—_ Techniques
That Will Get
You the Job

,.\t >
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REVOLUTIONIZE YOUR LIFE
DR. C.K. BRAY
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_ "~ JACK GRAY

WILEY

The

UNWRITTEN RULES ‘\'\Mmsen*sm

fed INTERVIEW

Highly Effective LIKE A B OSS
Joh Search ot el bk

r CRACKING 1 WHAT TO SAY

the

IN EVERY
TECH CAREER | PLlRLLLAI3

INSIDER ADVICE ON LANDING A JOB AT " A
GOOGLE, MICROSOFT, APPLE, OR ) J

ANY TOP TECH COMPANY
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The Proven Program Used
by the World’s Leading

& ' =2 HOW TO UNDERSTAND WHAT MANAGERS ARE REALLY Career Services Company
i ASKING AND GIVE THE ANSWERS THAT LAND THE JOB

GAYLE lMKMANN MCDOWELL

THOR OF CRACKING THE CooiNe inTerview. YV 1L




Prepare and Train!

A street-smart, practical and proven approach to
Landing Your Ideal Job
and Landing It Faster
b/y A-‘-Wa.\‘imi/ing Re._’t.l.zrn

On lnrcs{cd Time"

Ll

INTERVIEW
SHOULD

WE HIRE

STEVE WILLIAMS

i/ 133A. RUNDE

TIPS FOR BUILDING A
SUCCESSFUL CAREER

THROUGH

WILEY

THE POWERFUL TOOL USED BY, MI} OIS, OF SUCCESSFUL JOB HUNTERS

HIGHLY EFFEGTIVE

NETWORKING

MEET THE RIGHT PEOPLE no GET A GREAT JOB
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08 OF PROGRAM DESIGN, L

OMLLERERSIY

Melanie V. Sinche

Next Gen PhD

A GUIDE TO
Career Paths
in Science

| —

Winning Answers
to 500 Interview
Questions

the
I'l Interview

‘T'he Best Interviewing

Strategies for I'l Professionals

Paula Moreira



Prepare and Train!

— INTERVIEW — F
QUESIIONS Codmg Ir?trerviews INTERVIEWS

Interviews

Questions, Analysis & Solutions

, : Adnan Aziz ADNAN AZIZ ,
S ' — : : TSUNG-HSIEN LEE
Narasimha Karumanchi, wrecn s someey ApPIess Amit Prakash AMIT PRAKASH

Founcer. CareerMonk com

CRACKING THI Tl Join the discucsslon @ plparraccom

CODING
NOYRARENBNINGE [N TERVIEW

Interview Questions 150 Programming Questions and Solutions

@l Java Programming | Programming
38 Interviews Exposed | Interviews Exposed

Secrets to Landing Your Next Job

Noel Markham John Mongan, Eric Giguere, Noah Kindler




SURVIVING

=Y U=
ACADEMIC
JOB HUNT

KATHRYN HUME_V#L

Cooyiheot Mater Lk

THE
PROFESSOR
IS IN

THE ESSENTIAL GUIDE TO
TURNING YOUR PH.D INTO A JOB

Copprrpens Matans

Prepare and TralnI

TOMQRKOW’S
PROFESSOR

f Preparing For

Academic Careers in

Science and Engineering
|

| Richard M. Reis

JOB SEARCH
IN ACADEME

Strategic Rhetorics for
Faculty Job Candidates

Dawn M. Formo a d Cheryl Reed
W. Ross Wir

Fourch ESIECH

B Julia Millcr Vick S
& Jennifer S. Furlong S

the market

surviving the academic job search

sdited by Christina Boufis & Vietoria C. Olsen

with afterwords by Louis Menand arid Michael Bérubé
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A Succxnct Gu1de to a
Happier Academic Job Search

A Scholar of No Distinction

for the
Academic

Job Search

An owner’s manual
for finding jobs.

Will Coghill-Behrends & Rebecca Anthony



Prepare and Train!

Joun A. GorpsmiTH, Joun KomLos,
AND Penny Scaine GoLp
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Alternative
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ademic
Career

A Portable Mentor for Scholars
from Graduate School
through Tenure

ROBERT BOICE

STEVEN M. CAHN
REWORD BY CATHARINE R

e The Black
LANDING A Academic’s

_ Guideto
Joe | [
P02 @ Tenure
ACADEMIC —Without

The %
‘_Comp/eat ,
L osing Academic

A Caredr Guide
Your Sccond Edition

STUDENT

lo

SCHOLAR

C. RAY CHANDLER
LORNE M. WOLFE
DANIEL E. L. PROMISLOW

2 SE - >
A CANDID GUIDE TO John M. Darley, Mark P. Zarinay enﬂ
BECOMING A PROFESSOR Henry L. Roediger 111 f /




7 ESSENTIAL
COLLEGE
PROFESSOR

I Guide to an Acc

JEFFREY L. BULLER

HANUBUUA

THIRD EDITION

eevoed and expanded

EDITED BY A. LEIGH DENEEF AND CRAUFURD D. GOODWIN

Prepare and Train!

of teaching

Peter Filene

Foruwend, by Ken Bairy

GRADUATE

STUDY
FOR THE
215T CENTURY

GREGORY COLON SEMENZA ¢

A brutally Machiavellian

ormdebook for the current or
aspiring assistant professor

Tenure

The 12 Sécrets of
Making Tenure

Russell James, J.D., Ph.D.

Kase Laymen,

WRITTEN Mo

tttttttt

You’ve Earned
Your Doctorate
in Psychology...

Now What?

Elizabeth M. Morgan and
R. Eric Landrum

NAVIGATING
e PATH %

INDUSTRY ¥

| A Hiring Manager’s Advice I
| for Academics Looking for
| @ Job in Industry

| By M.R. Nelson |
O g e e




Prepare and Train!
These books are available at:
www.cs.virginia.edu/robins/CS_readings.html
Q: How can you identify the best books?
Cultivate intellectual curiosity! A&Jﬁggtic%}dpiggz
Acquire broad knowledge

Become a deep thinker

Impress your X\, |
colleagues! W -y

L




“Stand on the Shoulders of Giants”

 Aristotle, Plato, Socrates, Euclid, Archimedes
 al-Hasan, Fibonaccl, da Vinci, Galileo
 Newton, Descartes, Fermat, Pascal R~
« Euler, Gauss, Hamilton, Darwin = .
* Boole, De Morgan, Babbage, Lovelace |
 \enn, Carroll, Cantor \
* Einstein, Tesla, Edison

©O
~
-~
—
o
~
o
o
Y
o
Ln
-
=3
B
=]
o
Il
=y °




“Stand on the Shoulders of Giants”

 Hilbert, Russell, Shakespeare
* Bohr, Curie, Ramanujan

» (odel, Church, Turing
 von Neumann, Shannon

« Kleene, Feynman, Chomsky
* McCarthy, Erdos, Sagan

» Knuth, Dijkstra, Hawking
 (Gates, Jobs, Musk

And many others...




RADIO TIMES

‘BENEDICT CUMBERBATCH IS OUTSTANDING"

B ——

“THE BEST BRITISH FILM OF THE YEAR";V =

1 0.0.0 0 =

THE INDEPENDENT
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“AN INSTANT CLASSIC” |
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“A SUPERB THRILLER”
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Know your Science Superstars!

Broadly explore lots of cool ideas & technologies!






An Ancient Computer: The Antlkythera

* Oldest known mechanical computer

* Built around 150-100 BCE !

e Calculates eclipses and astronomical ==&
positions of sun, moon, and planets

* \ery sophisticated for its era

» Contains dozens of intricate gears

» Comparable to 1700’s Swiss clocks

« Has an attached “instructions manual”

. StlII the subject of ongomg research
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New explorations have revealed how the Antikythera

DECODING AN
Ancient Computer

mechanism modeled lunar motion and predicted
eclipses, among other sophisticated tricks

KEY CONCEPTS

= The Antikythera mecha-
nism is a unique mechani-
cal calculator from sec-
ond-century B.C. Greece.
Its sophistication sur-
prised archaeologists
when it was discovered in
1901. But no one had an-
ticipated its true power.

Advanced imaging tools
have finally enabled re-
searchers to reconstruct
how the device predicted
lunar and solar eclipses
and the motion of the
moon in the sky.

Inscriptions on the mecha-
nism suggest that it might
have been built in the
Greek city of Syracuse
(now in modern Sicily),
perhaps in a tradition

that originated with
Archimedes.

—The Editors

7() SCIENTIFIC AMERICAN

fit had not been for two storms 2,000 years

apart in the same area of the Mediterra-

nean, the most important technological ar-
tifact from the ancient world could have been
lost forever.

The first storm, in the middle of the 1st cen-
tury B.C., sank a Roman merchant vessel laden
with Greek treasures. The second storm, in A.D.
1900, drove a party of sponge divers to shelter
off the tiny island of Antikythera, between Crete
and the mainland of Greece. When the storm
subsided, the divers tried their luck for sponges
in the local waters and chanced on the wreck.
Months later the divers returned, with backing
from the Greek government. Over nine months
they recovered a hoard of beautiful ancient
Greek objects—rare bronzes, stunning glass-
ware, amphorae, pottery and jewelry—in one of
the first major underwater archaeological exca-
vations in history.

One item attracted little attention at first: an
undistinguished, heavily calcified lump the size
of a phone book. Some months later it fell apart,
revealing the remains of corroded bronze gear-
wheels—all sandwiched together and with teeth
just one and a half millimeters long—along with

plates covered in scientific scales and Greek in-

scriptions. The discovery was a shock: until
then, the ancients were thought to have made
gears only for crude mechanical tasks.

Three of the main fragments of the Anti-
kythera mechanism, as the device has come to be
known, are now on display at the Greek Nation-
al Archaeological Museum in Athens. They look
small and fragile, surrounded by imposing
bronze statues and other artistic glories of an-
cient Greece. But their subtle power is even more
shocking than anyone had imagined at first.

I first heard about the mechanism in 2000. I
was a filmmaker, and astronomer Mike Ed-
munds of Cardiff University in Wales contacted
me because he thought the mechanism would
make a great subject for a TV documentary. I
learned that over many decades researchers
studying the mechanism had made considerable
progress, suggesting that it calculated astronom-
ical data, but they still had not been able to fully
grasp how it worked. As a former mathemati-
cian, I became intensely interested in under-
standing the mechanism myself.

Edmunds and I gathered an international col-
laboration that eventually included historians,
astronomers and two teams of imaging experts.

In the past few years our group has reconstruct-

December 2009

© 2009 SCIENTIFIC AMERICAN, INC.

By Tony Freeth

ed how nearly all the surviving parts worked and
what functions they performed. The mechanism
calculated the dates of lunar and solar eclipses,
modeled the moon’s subtle apparent motions
through the sky to the best of the available knowl-
edge, and kept track of the dates of events of so-
cial significance, such as the Olympic Games.
Nothing of comparable technological sophistica-
tion is known anywhere in the world for at least
a millennium afterward. Had this unique speci-
men not survived, historians would have thought

that it could not have existed at that time.

German philologist Albert Rehm was the first
person to understand, around 1905, that the
Antikythera mechanism was an astronomical
calculator. Half a century later, when science
historian Derek J. de Solla Price, then at the
Institute for Advanced Study in Princeton, N.J.,
described the device in a Scientific American
article, it still had revealed few of its secrets.
T'he device, Price suggested, was operated by
turning a crank on its side, and it displayed its
output by moving pointers on dials located on its
front and back. By turning the crank, the user

could set the machine on a certain date as indi-

www.ScientificAmerican.com

cated on a 365-day calendar dial in the front.
(The dial could be rotated to adjust for an extra
day every four years, as in today’s leap years.) At
the same time, the crank powered all the other
gears in the mechanism to yield the information
corresponding to the set date.

A second front dial, concentric with the cal-
endar, was marked out with 360 degrees and
with the 12 signs representing the constellations
of the zodiac [see box on pages 80 and 81). These
are the constellations crossed by the sun in its ap-
parent motion with respect to the “fixed” stars
“motion” that in fact results from Earth’s orbit-
ing the sun—along the path called the ecliptic.
Price surmised that the front of the mechanism
probably had a pointer showing where along the
ecliptic the sun would be at the desired date.

In the surviving fragments, Price identified
the remains of a dozen gears that had been part
of the mechanism’s innards. He also estimated
their tooth counts—which is all one can do given
that nearly all the gears are damaged and incom-
plete. Later, in a landmark 1974 study, Price de-
scribed 27 gears in the main fragment and pro-
vided improved tooth counts based on the first
x-rays of the mechanism, by Greek radiologist
Charalambos Karakalos.

© 2009 SCIENTIFIC AMERICAN, INC.

ANCIENT GREEKS knew how to
calculate the recurring patterns
of lunar eclipses thanks to obser-
vations made for centuries by
the Babylonians. The Antiky-
thera mechanism would have
done those calculations

for them—or perhaps for the
wealthy Romans who could
afford to own it. The depiction
here is based on a theoretical
reconstruction by the author
and his collaborators.

ry
SCIENTIFIC AMERICAN / /



[THE PLACES]

SICILY

THE AUTHOR]

academic back-
ground is in mathematics and
mathematical logic (in which he
holds a Ph.D.). His award-winning
career as a filmmaker culminated
in a series of documentaries about
increasing crop yields in sub-Saha-
ran Africa, featuring the late Nobel
Peace Prize Laureate Norman
Borlaug. Since 2000 Freeth has
returned to an academic focus with
research on the Antikythera mech-
anism. He is managing director
of the film and television produc-
tion company Images First, and
he is now developing a film on
the mechanism.

78 scIENTIFIC AMERICAN

£l
Anhky!hera* I

PTOLEMIC KINGDOM

" KINGDOM L
iy i

————— Babylon

/z' ‘s--“~

The Greek and Roman
worlds, circa 145 B.C.

The Antikythera mechanism was built around the middle of the 2nd century B.C., a time when Rome was
expanding at the expense of the Greek-dominated Hellenistic kingdoms (green). Divers recovered its
corroded remnants (including fragment at left) in A.D. 1901 from a shipwreck near the island of Anti-
kythera. The ship sank around 65 B.C. while carrying Greek artistic treasures, perhaps from Pergamon to
Rome. Rhodes had one of the major traditions of Greek astronomy, but the latest evidence points to a
Corinthian origin. Syracuse, which had been a Corinthian colony in Sicily, is a possibility: the great
Greek inventor Archimedes had lived there and may have left behind a technological tradition.

Tooth counts indicate what the mechanism
calculated. For example, turning the crank to
give a full turn to a primary 64-tooth gear rep-
resented the passage of a year, as shown by a
pointer on the calendar dial. That primary gear
was also paired to two 38-tooth secondary
gears, each of which consequently turned by

64/38 times for every year. Similarly, the motion

relayed from gear to gear throughout the mech-
anism; at each step, the ratio of the numbers of
gear teeth represents a different fraction. The
motion eventually transmitted to the pointers,
which thus turned at rates corresponding to dif-
ferent astronomical cycles. Price discovered that
the ratios of one of these gear trains embodied
an ancient Babylonian cycle of the moon.

Price, like Rehm before him, suggested that
the mechanism also contained epicyclic gear-
ing—gears spinning on bearings that are them-

selves attached to other gears, like the cups on a
Mad Hatter teacup ride. Epicyclic gears extend
the range of formulas gears can calculate beyond
multiplications of fractions to additions and sub-
tractions. No other example of epicyclic gearing
is known to have existed in Western technology
for another 1,500 years.

Several other researchers studied the mecha-
nism, most notably Michael Wright, a curator at
the Science Museum in London, in collaboration

with computer scientist Allan Bromley of the
University of Sydney. They took the first three-
dimensional x:

ays of the mechanism and showed
that Price’s model of the mechanism had to be
wrong. Bromley died in 2002, but Wright per-
sisted and made significant advances. For exam-
ple, he found evidence that the back dials, which
at first look lik
rals and discovered an epicyclic mechanismat the
front that calculated the phase of the moon.
Wright also adopted one of Price’s insights,
namely that the dial on the upper back might be

oncentric rings, are in fact spi-

a lunar calendar, based on the 19-year, 2

lunar-month cycle called the Metonic cycle. This
calendar is named after fifth-century B.C. as-
tronomer Meton of Athens—although it had
been discovered earlier by the Babylonians—and
is still used today to determine the | sh festi-
val of Rosh Hashanah and the Christian festiv.
of Easter. Later, we would discover that the

al

pointer was extensible, so that a pin on its end
could follow a groove around each successive
turn of the spiral.

As our group began its efforts, we were ham-
pered by a frustrating lack of data. We had no
access to the previous x-ray studies, and we did
not even have a good set of still photographs.

December 2009

Two images in a science magazine—x-rays of a
zoldfish and an enhanced photograph of a Bab-
ylonian clay tablet—suggested to me new ways
r0 get better data.

We asked Hewlett-Packard in California to
perform state-of-the-art photographic imaging
and X-Tek Systems in the U.K. to do three-di-
mensional x-ray imaging. After four years of
:areful diplomacy, John Seiradakis of the Aris-
rotle University of Thessaloniki and Xenophon
Moussas of the University of Athens obtained
the required permissions, and we arranged for
the imaging teams to bring their tools to Athens,
anecessary step because the Antikythera mech-
anism is too fragile to travel.

Meanwhile we had a totally unexpected call
from Mary Zafeiropoulou at the museum. She
had been to the basement storage and found box-
2s of bits labeled “Antikythera.” Might we be in-
rerested? Of course we were interested. We now
had a total of 82 fragments, up from about 20.

The HP team, led by Tom Malzbender, as-
sembled a mysterious-looking dome about five
feet across and covered in electronic flashbulbs
that provided lighting from a range of different
angles. The team exploited a technique from the
computer gaming industry, called polynomial
rexture mapping, to enhance surface details. In-

[THE RECONSTRUCTION]

Anatomy of a Relic

scriptions Price had found difficult to read were
now clearly legible, and fine details could be en-
hanced on the computer screen by controlling
the reflectance of the surface and the angle of the
lighting. The inscriptions are essentially an in-
S[ruCtiUn m;]mm] \’Vl'il’t(’n on thc outer P]ﬂtcﬁ‘

A month later local police had to clear the
streets in central Athens so that a truck carrying
the BladeRunner, X-Tek’s eight-ton x-ray ma-
chine, could gain access to the museum. The
BladeRunner performs computed tomography
similar to a hospital’s CT scan, but with finer de-
tail. X-Tek’s Roger Hadland and his group had
specially modified it with enough x-ray power to
penetrate the fragments of the Antikythera mech-
anism. The resulting 3-D reconstruction was
wonderful: whereas Price could see only a puzzle
of overlapping gears, we could now isolate layers
inside the fragment and see all the fine details of
the gear teeth.

Unexpectedly, the x-rays revealed more than
2,000 new text characters that had been hidden
deep inside the fragments. (We have now identi-
fied and interpreted a total of 3,000 characters
out of perhaps 15,000 that existed originally.) In
Athens, Moussas and Yanis Bitsakis, also at the
University of Athens, and Agamemnon Tselikas
of the Center for History and Palacography be-

Computed tomography—a 3-D mapping obtained from multiple x-ray shots—enabled the author and

his colleagues to get inside

ws of the Antikythera mechanism’s remnants. For example, a CT scan

can be used to virtually slice up an object (below, slices of main fragment). The information helped the
team see how the surviving gears connected and estimate their tooth counts, which determined what
calculations they performed. The team could then reconstruct most of the device [see mode! at right

and box on next two pages].

www.ScientificAmerican.com

Historians
would have
thought that

could not
have existed
at the time.
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[INSIDE THE ANTIKYTHERA MECHANISM]

to discover inscriptions that had been invis- This exploded view of the mechanism shows all but one of the dar on the back and then read the astronomical predictions for that
iblesto humanzeves-formore than 2000 vears: A .t H I 30 known gears, plus a few that have been hypothesized. Turning time—such as the position and phases of the moon—from the other
Oiie: tratislated s .. spiral subdivisions stronomica a crank on the side activated all the gears in the mechanism and dials. Alternatively, one could turn the crank to set a particular event
235, confirmine th n ‘[h’c upper back dial “_‘]; c I ocC kW or k moved pointers on the front and back dials: the arrows colored blue, on an astronomical dial and then see on what date it would occur.
- 11 Jescribi : b -‘\l o 1} P_“l _‘] lar o red and yellow explain how the motion transmitted from one gear to Other gears, now lost, may have calculated the positions of the sun

B the next. The user would choose a date on the Egyptian, 365-day and of some or all of the five planets known in antiquity and displayed

calendar dial on the front or on the Metonic, 235-lunar-month calen- them via pointers on the zodiac dial.
EGYPTIAN
athome in London, I began to examine the ZODIAC DIAL CALENDAR DIAL
ns as well. Certain fragments were clear- Showed the 12 Displayed 365 days

ly all part of a spiral dial in the lower back. An constellations along ofayear. METONIC GEAR TRAIN

X ; O S the ecliptic, the Calculated the month in the Metonic calendar, made of 235 lunar months,
TIEs of the “"_“I number of div sions in the sun’s path in the sky. and displayed it via a pointer @ on the Metonic calendar dial on the back.
dial’s four-turn spiral suggested 220 to 225. Apin ‘at the pointer’s tip followed the spiral groove, and the pointer
The prime number 223 was the obvious con- extended in length as it reached months marked on successive, outer twists.
 Thennsent Babvlonianshiad dissoverad Auxiliary gears @ turned a pointer @ on a smaller dial indicating four-year
TethGancic T Da gy OIS CISOVEree cycles of Olympiads and other games. Other gears moved a pointer on
lunar eclipse is observed—something another small dial @, which may have indicated a 76-year cycle.
n happen only during a full moon—usu-
ally a similar lunar eclipse will take place 223 PRIMARY GEAR METONIC
full moons later. Similarly, if the Babylonians When spun by the crank, it activat- ® Py CALENDAR DIAL
. . ed all other gears. It also directly " Displayed the
aw 4 a SC—WwW. o o aKe place / & : " Al
saw a solar eclipse—which can nl\(.pl ace nn]: moved a pointer that indicated the 7 mentions
during a new moon—they could predict that 223 date on the Egyptian calendar dial. 235-lunar-month
new moons later there would be a similar one Afull turn of this gear represented cycle arranged
(although they could not always see it: solar the passage of one year. 1 onasplral.
eclipses are visible only from specific locations,
and i Stro could not predict t OLYMPIAD DIAL
reliably). Eclipses repeat this way because every Date pointer Indicated the years
223 lunar months the sun, Earth and the moon Solar pointer of the ancient
, : Olympics and
return to approximately the same alignment other games.
with respect to one another, a periodicity known
as the Saros cycle.
Between the scale divisions were blocks of
symbols, nearly all containing X (sigma) or H
(eta), or both. I soon realized that X stands for
Sehnvn (selene), Greek for “moon,” indicating a
lunar eclipse; H stands for H\woo (belios), Greek
for “sun,” indicating a solar eclipse. The Babylo-
nians also knew that within the 223-month pe- PLANETARY
riod, eclipses can take place only in particular POINTERS
: ey (HYPOTHETICAL)
months, arranged in a predictable pattern and
e . May have shown
ated by gaps of five or six months; the dis- the positions of SAROS LUNAR
tribution of symbols around the dial exactly the planets on ECLIPSE DIAL
the zodiac dial. e .
matched that pattern. Inscriptions on this
I now needed to follow the trail of clues into spiral indicated the
he he £ the mechanis liscove et i et months in which
the l.aar.t of the mec hllll?l-l] m,k 1scover where I:us U RAIR lunar and solar
new insight would lead. The first step was to find A system that included epicyclic gears simulated eclipses can occur.
with 223 teeth to drive this new Saros di variations in the moon’s motion now know to stem

from its changing orbital velocity. The epicyclic
gears were attached to a larger gear (A’ like the cups
on a Mad Hatter teacup ride. One gear turned the
other via a pin-and-slot mechanism (B). The motion
was then transmitted through the other gears and to
the front of the mechanism. There, another epicyclic

Karakalos had estimated that a large gear vi

at the back of the main fragment had 222 te

But Wright had revised this estimate to 223, and

Edmunds confirmed this. With plausible tooth

counts for other s and with the addition of a = |ESIESEEEINE system (© turned a half-black, half-white sphere D

small, hypothetical gear, this 223-tooth gear Z - to show the lunar phases, and a pointer (E' showed

ould i : he “L‘ . lnlati e fil;zv::.:l:tsn?:r: the position of the moon on the zodiac dial. ECLIPSE GEAR TRAIN

could perform the requi : calcu ‘.mnn. with respect to the FRONT-PLATE INSCRIPTIONS Calculated the month in the 223-lunar-month Saros cycle
But a huge problem still remained unsolved constellations on Described the rising and setting times of recurring eclipses. It displayed the month on the Saros

and proved to be the hardest part of the gearing the zodiac dial. of important stars throughout the year. dial with an extensible pointer O similar to the one on
sr s szl i E the Metonic dial. Auxiliary gears moved a pointer

to crack. In addition to calculating the Saros cy- asmaller dial. That pointer made one third of a turn for

each 223-month cycle to indicate that the corresponding
eclipse time would be offset by eight hours.




[A USER’'S MANUAL]

cle, the large 223-tooth gear also carried the ep-

How to Predict
an Eclipse

Operating the Antikythera mechanism may have
required only a small amount of practice and astro-
nomical knowledge. After an initial calibration by an
expert, the mechanism could provide fairly accurate
predictions of events several decades in the past or
future. The inscriptions on the Saros dial, coming

at intervals of five or six months, corresponded to
months when Earth, the sun and the moon come to

a near alignment (and so represented potential solar
and lunar eclipses) in a 223-lunar-month cycle. Once
the month of an eclipse was known, the actual day
could be calculated on the front dials using the fact
that solar eclipses always happen during new moons
and lunar eclipses during full moons.

icyclic system noticed by Price: a sandwich of
two small gears attached to the larger gear in
teacup-ride fashion. Each epicyclic gear also
connected to another small gear. Confusingly, all Date pointer
four small gears appeared to have the same tooth
count—S50—which seemed nonsensical because Solar pointer
the output would then be the same as the input.

After months of frustration, I remembered
that Wright had observed that one of the two ep-
icyclic gears has a pin on its face that engages
with a slot on the other. His key idea was that the
two gears turned on slightly different axes, sepa-
rated by about a millimeter. As a consequence, RESET DATE

Begin by turning the crank to set the
current month and year on the Metonic
calendar. The lower pointer will turn
to the corresponding month on the
Saros (eclipse)

FIND ECLIPSE MONTH

Turn the crank to move time forward until the
pointer on the Saros dial points to an eclipse
inscription. The inscription will indicate month
and time of the day (but not the day) of an
eclipse and whether it will be solar or lunar.

CALCULATE DAY

Adjust the crank until the lunar and solar
pointers are aligned (for a solar eclipse) or

at 180 degrees (for a lunar eclipse). The
Egyptian calendar pointer will move corre-
spondingly and indicate the day of the eclipse.

the angle turned by one gear alternated between
being slightly wider and being slightly narrower
than the angle turned by the other gear. Thus, if

one gear turned at a constant rate, the other
gear’s rate kept varying between slightly faster
and slightly slower.

Although Wright rejected his own observation, I
realized that the varying rotation rate is precisely
what is needed to calculate the moon’s motion
according to the most advanced astronomical
theory of the second century B.C., the one often
attributed to Hipparchos of Rhodes. Before
Kepler (A.D. 1605), no one understood that orbits
are elliptical and that the moon accelerates
toward the perigee—its closest point to Earth—
and slows down toward the apogee, the opposite
point. But the ancients did know that the moon’s
motion against the zodiac appears to periodical-
ly slow down and speed up. In Hipparchos’s
model, the moon moved at a constant rate around
a circle whose center itself moved around a circle
at a constant rate—a fairly good approximation
of the moon’s apparent motion. These circles on
circles, themselves called epicycles, dominated
astronomical thinking for the next 1,800 years.

There was one further complication: the apo-
gee and perigee are not fixed, because the ellipse
of the moon’s orbit rotates by a full turn about ev-
ery nine years. The time it takes for the body to
get back to the perigee is thus a bit longer than
the time it takes it to come back to the same
point in the zodiac. The difference was just
0.112579655 turns a year. With the input gear
having 27 teeth, the rotation of the large gear was
slightly too big; with 26 teeth, it was slightly too
small. The right result seemed to be about half-
way in between. So I tried the impossible idea
that the input gear had 26 2 teeth. I pressed the
key onmy calculator,and it gave 0.112579655—

exactly the right answer. It could not be a
coincidence to nine places of decimals! But
gears cannot have fractional numbers of teeth.
Then I realized that 26 > X 2 = 53. In fact,
Wright had estimated a crucial gear to have 53
teeth, and I now saw that that count made every-
thing work out. The designer had mounted the
pin and slot epicyclically to subtly slow down the
period of its variation while keeping the basic ro-
tation the same, a conception of pure genius.
Thanks to Edmunds, we also realized that the
epicyclic gearing system, which is in the back of
the mechanism, moved a shaft that turned inside
another, hollow shaft through the rest of the
mechanism and to the front, so that the lunar
motion could be represented on the zodiac dial
and on the lunar phase display. All gear counts
were now explained, with the exception of one
small gear that remains a mystery to this day.
Further research has caused us to make some
modifications to our model. One was about a
small subsidiary dial that is positioned in the
back, inside the Metonic dial, and is divided into
four quadrants. The first clue came when I read
the word “NEMEA” under one of the quad-
rants. Alexander Jones, a New York University
historian, explained that it refers to the Nemean
Games, one of the major athletic events in an-
cient Greece. Eventually we found, engraved
round the four sectors of the dial, most of
“ISTHMIA,” for games at Corinth, “PYTHIA,”
for games at Delphi, “NAA,” for minor games at
Dodona,and “OLYMPIA,” for the most impor-
tant games of the Greek world, the Olympics. All
games took place every two or four years. Previ-
ously we had considered the mechanism to be

December 2009
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purely an instrument of mathematical astrono-
my, but the Olympiad dial—as we named it—
gave it an entirely unexpected social function.

Twenty-nine of the 30 surviving gears calcu-
late cycles of the sun and the moon. But our stud-
ies of the inscriptions at the front of the mecha-
nism have also yielded a trove of information on
the risings and settings of significant stars and of
the planets. Moreover, on the “primary” gear-
wheel at the front of the mechanism remnants of
bearings stand witness to a lost epicyclic system
that could well have modeled the back-and-forth
motions of the planets along the ecliptic (as well
as the anomalies in the sun’s own motion). All
these clues strongly support the inclusion of the
sun and of at least some of the five planets known
in ancient times—Mercury, Venus, Mars, Jupi-
ter and Saturn.

Wright built a model of the mechanism with
epicyclic systems for all five planets. But his in-
genious layout does not agree with all the evi-
dence. With its 40 extra gears, it may also be too
complex to match the brilliant simplicity of the
rest of the mechanism. The ultimate answer may
still lie 50 meters down on the ocean floor.

The question of where the mechanism came from
and who created it is still open. Most of the car-
go in the wrecked ship came from the eastern
Greek world, from places such as Pergamon, Kos
and Rhodes. It was a natural guess that Hippar-
chos or another Rhodian astronomer built the
mechanism. But text hidden between the 235
monthly scale divisions of the Metonic calendar
contradicts this view. Some of the month names

www.ScientificAmerican.com

were used only in specific locations in the ancient
Greek world and suggest a Corinthian origin. If
the mechanism was from Corinth itself, it was
almost certainly made before Corinth was com-
pletely devastated by the Romans in 146 B.C. Per-
haps more likely is that it was made to be used in

one of the Corinthian colonies in northwestern
Greece or Sicily.

Sicily suggests a remarkable possibility. The
island’s city of Syracuse was home to Archime-
des, the greatest scientist of antiquity. In the first
century B.C. Roman statesman Cicero tells how
in 212 Archimedes was killed at the siege of Syr-
acuse and how the victorious Roman general,
Marcellus, took away with him only one piece of
plunder—an astronomical instrument made by
Archimedes. Was that the Antikythera mecha-
nism? We believe not, because it appears to have
been made many decades after Archimedes died.
But it could have been constructed in a tradition
of instrument making that originated with the
eureka man himself.

Many questions about the Antikythera mech-
anism remain unanswered—perhaps the great-
est being why this powerful technology seems to
have been so little exploited in its own era and in
succeeding centuries.

In Scientific American, Price wrote:

It is a bit frightening to know that just before
the fall of their great civilization the ancient Greeks
had come so close to our age, not only in their
thought, but also in their scientific technology.

Our discoveries have shown that the Anti-
kythera mechanism was even closer to our world
than Price had conceived. [

© 2009 SCIENTIFIC AMERICAN, INC.

MORE TO
EXPLORE

An Ancient Greek Computer.
Derek J. de Solla Price in Suentific
American, Vol. 200, No. 6,

pages 60-67; June 1959.

Gears from the Greeks:

The Antikythera Mechanism—

A Calendar Computer from

ca. 80 B.. Derek de Solla Price in
Transactionsof the American Fhilo-
sophical Sdety, New Series, Vol. 64,
No. 7, pages 1-70; 1974.

Decoding the Ancient Greek
Astronomical Calculator Known
as the Antikythera Mechanism.
Tony Freeth et al. in Nature, Vol. 444,
pages 587-591; November 30, 2006.

Calendars with Olympiad Display
and Eclipse Prediction on the Anti-
kythera Mechanism. Tony Freeth,
Alexander Jones, John M. Steele and
Yanis Bitsakis in Nature, Vol. 454,
pages 614-617; July 31, 2008.

The Antikythera Mechanism

Research Project: www.
antikythera-mechanism.gr
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Good Insights

“Try to learn something about everything and everything about something.”

- Thomas Huxley (1825-1895) L\
“It's kind of fun to do the impossible. Q@ °

- Walt Disney (1901-1966) ‘)Q
“Talent does what it can; genius does what it must.” QJ‘

- Edward George Bulwer-Lytton (1803- 1873)

“I have not failed. I've just found 10,000 ways t &'t work.”
- Thomas Edison (1847-1931) Q

“If you are going through hell, keep going.
- Sir Winston Churchill (1874-1965)

"First they ignore you, then they laugh at you, then they fight you,
then you win." - Mahatma Gandhi (1869-1948)

“Ninety percent of success is just showing up.”
- Woody Allen (1935-)



Good Insights

“Argue for your limitations, and sure enough they're yours.”
- Richard Bach (1936- )

“We all agree that your theory is crazy, but is it crazy enough?”
- Niels Bohr (1885-1962)

“You can avoid reality, but you cannot avoid the consequences of
avoiding reality.” - Ayn Rand (1905-1982)

“Make everything as simple as possible, but not simpler.”
- Albert Einstein (1879-1955) Oﬁ\.

"Moral indignation is jealousy with a halo."
- H. G. Wells (1866-1946)

“Wit is educated insolence.”
- Aristotle (384-322 BC)

More guotes: www.cs.virginia.edu/robins/quotes.html




Watch these Videos

www.cs.virginia.edu/robins/CS_readings.html

= Last Lecture, Randy Pausch, 2007
= Time Management, Randy Pausch, 2007
= Powers of Ten, Charles and Ray Eames, 1977


http://www.cs.virginia.edu/~robins/Randy/Randy_TM_jow0247.jpg
http://www.cs.virginia.edu/~robins/Randy/Randy_TM_jow0247.jpg

Understand the “Big Picture”
» “Scale of the Universe”, Cary and Michael Huang, 2012

JdQ

Giant Earthworm
o

o
Dodo Bird

(>

Beach ball

L)

H uman Rafflesia

100.0

« 1024 to 10%° meters = 50 orders of magnitude!


http://htwins.net/scale2/

More Great Reads

www.cs.virginia.edu/robins/CS_readings.html

— You and Your Research, Richard Hamming, 1986
— “How to Solve It”, Polya, 1957

— “The Demon-Haunted World”, Sagan, 2009

— “What If”, Munroe, 2014
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Cool Fact: Generalized Numbers
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Theorem: some real numbers are not finitely describable!
Theorem: some finitely describable real numbers are not computable!



Aperiodic Tilings

Cool Fact

Goal: tile the entire plane without overlaps, non-periodically

tiling i1s not equal to any translation of itself

ic
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1 asingle-tile 2D
aperiodic tiling?

Open question:
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Aperiodic Tilings in Real Life

Aperiodic tilings also occur in nature (e.g., quasi-crystals)



“Ammann A3”

Robert Ammann,
1977
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Aperiodic Tilings

“Nautilus (volume
hierarchic”

P. Arnoux,
M. Furukado,
E. Harriss,
and S. Ito
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Tiles occur in infinitely \

many orientations!
Despite irrational edge

John Conway
and C. Radin
lengths and

angles, all vertices of
tiles have rational

Incommensurable
coordinates!

“Pinwheel”



~Aperiodic Tilings in Real Life
“Pinwheel tiling”, John Conway and Charles Radin, 1992

NEwW SCIENTIST

lan Stewart
mathematician has come up

ever of covering a floor or wall with tiles.

‘The set of tiles which has been devised

by Charles Radin of the University of
mummﬁnmmﬂyheasembh;dh\!

Radin notes that: “All published exam-
pls‘..ha\!ﬂ:emmathImﬁhm
each prototile appears in finitely many
orientations.” For instance, dominos can be
laid down horizontally or vertically but
not criented at any other angle; and
Penrose tiles rotate only through multiples
of an angle of 36° This means that if the

‘highly complex way (Annals of set of is expanded so that it
ics, vol 109, p 661). ineludes a copy of each prototile in each
'l'hg}wnalwnynfuumblmgtiksislna i ion, then the new iles can tile

periodic pattern, one that starts with a
basic unit, which is repeated at regularly
spaced intervals. However, more complex
mnfﬂhgmperfetﬂypmsﬂﬂenﬂ
the subject of aperiodic tilings was created
by the philosopher Hao Wang in 1961

the exi: other-

L or

the whole plane without being rotated.
Only translations of these “oriented
prototiles™ are then needed.

Radin’s new discovery is a set of

World's most complex
tiling? Surround a
d

studying
= wise of certain “decision res” in
mathematical logic—ways of working out
in advance whether certain problems have
solutions—when he came to the surprising
conelusion that the problem could be refor-
mulated in terms of tiles.

Choose a finite collection of shapes
and call them prototiles. A tiling is
then a way to assemble perfect
copies of those iles so that
they cover the entire infinite plane
without any gaps or overlaps.
‘Wang discovered that he could design
prototiles that eorresponded to vari-
ous logical statements, in such a
way that the rules for fimting
prototiles together corresponded

pattern corresponded to a logical proof.
This new viewpoint led Wang to ask
whether there existed a set of prototiles
that could tile the plane, but could not tile

it periodically:

Tiling a plane aperiodically tumns out to
be easy. It can be done with a single
domino-shaped prototile. First, however, it
is necessary to tile the plane with squares.
Then each square is divided into two
dominos by splitting it in half in either the
vertical or horizontal direction. If the pat-
tern of verticals and horizontals is
aperiodic, 5o too is the tiling: the easiest
method is to vary the directions ra
However, dominos can also tile the plane

i ing all

only ic tilings. Such a set of tiles was
found in 1966 by his student Robert Berger,
“The best known of such sets are the Penrose
tilings, introduced by Roger Penrose of the
University of Oxford in 1977; these produce
tilings with fivefold “almost” symmetries.

14

prototiles that are forced to appear in an
infinite number of orientations. Because
periodic tilings involve only a finite num-
ber of directions—the ones in the basic
repeating unit—Radin’s tilings are neces-
sarily aperiodic.

His starting point is an idea thought up
by John Horton Conway of Princeton Uni-
versity in New,Jersey. Begin with a “half-
domino” prototile, a right wriangle of sides
1 and 2 units (whose hypotenuse is 5
units). This can be surrounded by four
copies of itself in order to create a triangle
of the same shape, but larger and rotated
through an angle (see Figure). The process
can be thought of as defining a “level"

ok

o
Hid
afi
RHE

bel, we can convert labelled prototiles
ordinary ones of more complicated shapes.
It is, of course, easier to think about

as the Conway tiling.

1t is astonishing that such a simple shape
as half a domino have such curious
implications, and it shows that even in
today’s complex world mathematics can
still advanee by looking at a simple idea in
a new way., o

24 September 1984




Cool Fact: Generalized Rock-Paper-Scissors

e.0. Rock-Paper-Scissors-Lizard-Spock
Its Simple

Rules: Scissors cuts Paper covers Rock crushes Lizard
noisons Spock smashes Scissors decapitates Lizard eats
Japer disproves Spock vaporizes Rock crushes Scissors




Scissors cuts paper.

Paper covers rock.

Rock crushes lizard.

Lizard poisons Spock.
Spock zaps wizard,

Wizard stuns Batman.
Batman scares Spider-Man.
Spider-Man disarms glock.
Glock breaks rock.

Rock interrupts wizard.
Wizard burns paper.

Paper disproves Spock.
Spock befuddles Spider-Man.
Spider-Man defeats lizard.
Lizard confuses Batman
(because he looks like Killer Croc).
Batman dismantles scissors.
Scissors cut wizard.

Wizard transforms lizard.
Lizard eats paper.

Paper jams glock.

Glock kills Batman's mom,
Batman explodes rock.
Rock crushes scissors.
Scissors decapitates lizard.
Lizard is too small for glock.
Glock shoots Spock.

ROCK PAPER SCISSORS s
L I Z A R D S P O C K Ponis el
Batman hangs Spc:)ck.
SPIDER-MAN BATMAN it Sk
w l z A R D G L O Spider-Man annoys wizard.
CK Vil




sy

CAL X X
SR BN SR
Lol -2y oy

X %ﬁ»“ L AP e D s
A T AKX ¥
o g

N J.!"\‘,r WX X
Va4l ";A,‘ (St

S “;‘_"‘:‘ o
Y .". i
- "v'~ S 7 Aé"p$«;/A 7 '
RORUIRE KK XE
. ":““ 2 “ag'l" % : v Water

%

AX X %?&01'0:.“
OIS
‘43{.';;:.&;:»

)
NS
\

Y







GUN

TARGETS ROCK
SHOOTS AT SUN

‘TARGETS TREE
SHOOTS COCKROACH
'SHOOTS WOLF

- COMMANDS DEVIL
F BREATHES LIGHTNING
+ LIVED BEFORE NUKES

L IMMUNE TO GUN

L RESTS UPON ROCK

- BLOTS OUT SUN

- BREATHES FIRE

L IMMUNE TO SCISSORS
HIMMUNE TO AXE

L SPAWNS SNAKE
LCHARS MONKEY

MOON

HAS NO AIR
SHAPED LIKE BOWL
HAS NO WATER
HOUSES ALIEN
SHINES ON DRAGON
TERRIFIES DEVIL
- FAR ABOVE LIGHTNING
TOO FAR FOR NUKE
- SUFFOCATES DYNAMITE
~ MOONSHINE GUNFIGHT
SHINES ON ROCK
ES SUN

TREE

+ SHELTERS COCKROACH
I SHELTERS WOLF

r OUTLIVES SPONGE

I CREATES PAPER

I BLOCKS MOON

+ PRODUCES AIR

[ WOOD CREATES BOWL
[ DRINKS WATER

I ENSNARES ALIEN SHIP
 SHELTERS DRAGON

I IMPRISONS DEVIL

= ATTRACTS LIGHTNING

AXE

‘i

L CHOPS SNAKE
HCLEAVES MONKEY

L CLEAVES WOMAN

- CHOPS DOWN TREE
HCHOPS COCKROACH
F CLEAVES WOLF
HCHOPS SPONGE

- SLICES PAPER
HREFLECTS MOON

F FLIES THROUGH AIR
HCHOPS BOWL

- FLOSSES WITH DYNAMITE

DYNAMITE

L OUTCLASSES GUN
H EXPLODES ROCK
L SMOKE BLOTS OUT SUN
- STARTS FIRE
L EXPLODES SCISSORS
- EXPLODES AXE
I EXPLODES SNAKE
- EXPLODES MONKEY
- EXPLODES WOMAN
H EXPLODES MAN
I EXPLODES TREE
“ EXPLODES COCKROACH

 ALIEN

VAPORIZES DRAGON

NON-BELIEVER IN DEVIL
SHOOTS LIGHTNING

- \DEFUSES NUKE

- DEFUSES DYNAMITE
FORCE-FIELDS GUN

- VAPORIZES ROCK
DESTROYS SUN

- FUSES FIRE

- [FORCE-FIELDS SCISSORS
FORCE-FIELDS AXE

" MUTATES SNAKE

PAPER

- (PAPER) MOON
- FANS AIR

- MACHE BOWL

- FLOATS ON WATER

+ DISPROVES ALIEN

- REBUKES DRAGON

- REBUKES DEVIL

- DEFINES LIGHTNING
~ DEFINES NUKE

~ ENCASES DYNAMITE
- OUTLAWS GUN
~COVERS ROCK

& B8

L PLANTS TREE
L STEPS ON COCKROACH
- TAMES WOLF
H CLEANS WITH SPONGE
- WRITES PAPER
HTRAVELS TO MOON
I BREATHES AIR
[ EATS FROM BOWL
L DRINKS WATER
F DISPROVES ALIEN
F SLAYS DRAGON
“ EXORCISES DEVIL

SCISSORS

- SHARPER THAN AXE
- STAB SNAKE

L STAB MONKEY

- CUT WOMEN'S HAIR

- CUT MAN'S HAIR

- CARVE TREE

- STAB COCKROACH
FCUT WOLF'S HAIR

- CUT UP SPONGE

- CUT PAPER

- REFLECT MOON
~SWISH THROUGH AIR

NUKE

- OUTCLASSES DYNAMITE
~ OUTCLASSES GUN
ICINERATES ROCK

~ HAS POWER OF SUN

~ STARTS MASSIVE FIRE

~ INCINERATES SCISSORS
~ INCINERATES SNAKE

~ INCINERATES AXE

- INCINERATES MONKEY
- INCINERATES WOMAN

-~ INCINERATES MAN

“ INCINERATES TREE

WATER

L TOXIC TO ALIEN
L DROWNS DRAGON

L BLESSES DEVIL
LCONDUCTS LIGHTNING
L SHORT-CIRCUITS NUKE
L DOUSES DYNAMITE

L RUSTS GUN

- ERODES ROCK

L REFLECTS SUN

HPUTS OUT FIRE

L RUSTS SCISSORS

LRUSTS AXE

SPONGE

L SOAKS PAPER

HLOOKS LIKE MOON

- USES AIR POCKETS
HCLEANS BOWL

- ABSORBS WATER
HINTRIGUES ALIEN

- CLEANSES DRAGON
HCLEANSES DEVIL

- CONDUCTS LIGHTNING

HCLEANS NUKE

- SOAKS DYNAMITE

LCLEANS GUN

WOMAN

- TEMPTS MAN
-PLANTS TREE

- STEPS ON COCKROACH
- TAMES WOLF

- CLEANS WITH SPONGE
- WRITES PAPER

- ALIGNS WITH MOON

" BREATHES AIR

- EATS FROM BOWL

- DRINKS WATER

- DISPROVES ALIEN
~SUBDUES DRAGON

FIRE

- MELTS SCISSORS
- FORGES AXE

- BURNS SNAKE
-/BURNS MONKEY

- BURNS WOMAN

- BURNS MAN

- BURNS DOWN TREE
- BURNS COCKROACH
- BURNS WOLF
-BURNS SPONGE

 BURNS PAPER
~ CAMPFIRE BY MOONLIGHT

LIGHTNING

- DEFUSES NUKE
HIGNITES DYNAMITE
- MELTS GUN
HSPLITS ROCK

- STORM BLOCKS SUN
HSTARTS FIRE

- MELTS SCISSORS

H MELTS AXE

- STRIKES SNAKE
HSTRIKES MONKEY

- STRIKES WOMAN

= STRIKES MAN

BOWL

- CONTAINS WATER
- SHAPES CRAFT OF ALIEN
-~ DROWNS DRAGON
LBLESSES DEVIL,
- FOCUSES LIGHTNING

- ENCASES CORE OF NUKE
- SPLASHES DYNAMITE
~ SPLASHES GUN
- ONCE MADF. OF ROCK

- FOCUSES SUN
- SNUFFS OUT FIRE

COVERS SCISSORS

WOLF

 CHEWS UP SPONGE

I CHEWS UP PAPER

r HOWLS AT MOON

I BREATHES AIR

I DRINKS FROM BOWL

I DRINKS WATER

[ CHASES ALIEN

OUTRUNS DRAGON

I BITES HEINY OF DEVIL

I OUTRU'NS LIGHTNING
I "WOLF-2" LAUNCHES NUKE

“ OUTRUNS DYNAMITE

MONKEY

L FLINGS POOP AT WOMAN

HFLINGS POOP AT MAN

- LIVES IN TREE

- EATS COCKROACH

- ENRAGES WOLF

- RIPS UP SPONGE

- RIPS UP PAPER
FSCREECHES AT MOON

- BREATHES AIR
FSMASHES BOWL

- DRINKS WATER

“INFURIATES ALIEN

SUN

- MADE OF FIRE

~ MELTS SCISSORS

- MELTS AXE

- WARMS SNAKE

- WARMS MONKEY

-~ WARMS WOMAN

~ WARMS MAN

" FEEDS TREE

- WARMS COCKROACH
- WARMS W

- DRIES UP ?PONGE
= SHINES THROUGH PAPER

DEVIL

F CASTS LIGHTNING

+ INSPIRES NUKE

r INSPIRES DYNAMITE
- INSPIRES GUN
 HURLS ROCK

r CURSES SUN

I BREATHES FIRE
 IMMUNE TO SCISSORS
F IMMUNE TO AXE

I EATS SNAKES

I ENRAGES MONKEY

= TEMPTS WOMAN

AIR

+ TIPS OVER BOWL

+ EVAPORATES WATER
+ CHOKES ALIEN

- FREEZES DRAGON

+~ CHOKES DEVIL

- CREATES LIGHTNING
- BLOWS ASTRAY NUKE
" BLOWS OUT DYNAMITE
~ TARNISHES GUN

~ ERODES ROCK

- COOLS HEAT OF SUN

-~ BLOWS OUT FIRE

COCKROACH

r SLEEPS IN FUR OF WOLF

- NESTS IN SPONGE

I NESTS BETWEEN PAPERS
 NOCTURNAL WITH MOON
r BREATHES AIR

- HIDES UNDER BOWL

[ DRINKS WATER

[ STOWS AWAY WITH ALIEN
I EATS EGGS OF DRAGON

[ MAKES MEN DEVILS

r HIDES FROM LIGHTNING
-~ SURVIVES NUKE

SNAKE

L BITES MONKEY

H BITES WOMAN

k BITES MAN

HLIVES IN TREE

b EATS COCKROACH

H BITES WOLF

- SWALLOWS SPONGE
FNESTS IN PAPER

L NOCTURNAL WITH MOON
H BREATHES AIR

- SLEEPS IN BOWL

= DRINKS WATER

L SHADES SUN
HPOUNDS OUT FIRE

L SMASHES SCISSORS

H CHIPS AXE

k CRUSHES SNAKE
HCRUSHES MONKEY

F CRUSHES WOMAN
FCRUSHES MAN

L BLOCKS TREE ROOTS

F SQUISHES COCKROACH
b CRUSHES WOLF

- CRUSHES SPONGE



Cool Fact: Cantor Set

Start with unit segment

« Remove (open) middle third

« Repeat recursively on all remaining segments
o Cantor set is all the remaining points

Georg Cantor (1845-1918)

Total length removed: 1/3 +2/9 +4/27 + 8/81 + ... =1

Cantor set does not contain any intervals

Cantor set Is not empty (since, e.g. interval endpoints remain)

An uncountable number of non-endpoints remain as well (e.g., 1/4)

Cantor set is totally disconnected (no nontrivial connected subsets)

Cantor set Is self-similar with Hausdorff dimension of log,2=1.585

Cantor set is a closed, totally bounded, compact, complete metric
space, with uncountable cardinality and lebesque measure zero



Cantor dust (2D generalization): Cantor set crossed with itself
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Explore lots of cool ideas!
Goal: Become a more effective problem solver!
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Problem: Can 5 test tubes be spun simultaneously in a

e O

 What does “balanced” mean? = 3 \ N
- Why are 3 test tubes balanced? R ot
'Symmetry! P05 b 5
-rge solutions? S0 | & D '\1»6\ \

Superposition 3 N 6(5\&\%°
e Linearity! f(x4y) = f(X) + £(y) \'©

° I ? '
Can you spin 7 test tubes" o o

ccomplemenays S (8¢
» Empirical testing. .. W




Problem:1+2+3+4+ .. +100="7

= (100*101)/2
Proof: = 5050

1 +2 + 3 +...+9 + 100
100+ 99 + 98 +...+ 2 + 1

101+101+101+...+101+ 101 = 100*101

—~. n(n+1)
2.1=75




Problem: (1/4) + (1/4)? + (1/4)3+ (1/4)* + ... =7
Find a short, geometric, induction-free proof.




Problem: (1/8) + (1/8)? + (1/8)3+ (1/8)* + ...=7?
Find a short, geometric, induction-free proof.




Problem: Solve the following equation for X:

— 2\
=2 = X2=2 =X=\?2

where the stack of exponentiated x’s extends forever.

This “power tower” converges for:
0.065988 ~ e ¢ < X < elex=1.444668
i y(x)=n"’x"=|!gxﬂn

Generalization to ..
complex numbers: -

1/e
©00) g

»X



gle sqrt(2)*sqrt(2)*sqrt(2)*sqrt(2)*sqrt(2)*sqrt(2)*sqrt(2)*sqrt(2)*sqrt(2)*sqrt(2) .!, n

All Videos Maps News Images More » Search tools

About 5,680,000 results (0.81 seconds)
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1.99820347 751

Rad x! ( % AC
Inv sin In [ 8 5 +
m cos log 4 5 6 X
e tan \ 1 2 3 -

Ans EXP xY 0 ) H +



Problem: How can a new guest be accommodated
in a full infinite hotel? f(n) =n+1




Problem: How can an infinity of new guests be
accommodated in a full infinite hotel?

f(n)=2n p—

(c),
<
-u\\

11
=




Problem: How can an infinity of infinities of new
guests be accommodated in a full infinite hotel?
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GEORG CANTOR

His Mathematics and
Philosophy of the Infinite

EVERYTHING
AND MORI

George Gamow

"
C FORD A. PICKOVER

David Foster Wallace
GEORG CANTOR
Dzr Jahek = tmathematiker und
die En ren

USES
' OF

| INFINITY

1
LEO

! ZIPPIN

david foster wallace

-

. |

evérything
and more

PLAYING
WITH INFINITY.

MATHEMATICAL EXPLORATIONS
AND EXCURSIONS

Rozsa Péter

_—

-

pfinceton science fbrary

|ﬂﬂﬂlt)/and #’Mjstelyoffg Aleph | Philosophical ©°

the 4) Perspectives
& ol 2} onlInfinity

Q Elf"lﬁ%@’ Graham Oppy
P

RUCKER

ELI MAOR

A Cultural History
of the
Infinite

THE PLEASURES OF MATHEMATICS

ROBERT
KAPLAN

ELLEN
KAPLAN

N.Ya. Vilenkin
‘‘‘‘‘ lated by Abe Shenitzer

Cantor
&Infinity

Mind-Boggling Puzzles

in-search of

infinity




Stay / be proactive!
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