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Science Center, yesterday 5/4/26
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ca 1900, Grimm I\/Iarchgp_..‘-,

Otto waeF


https://www.meisterdrucke.com/k%C3%BCnstler/Otto-Kubel.html

"Theorems are the backbone of
mathematics. A theory is
rich, if it produces lots of nice

theorems.

But what is "nice?"







Mix different categories ‘s Deep




Simplicity and Complexity




THEORENMS
ARE NOT
AL ONE










PART 77
EXAMPLES




The choice of the following four
theorems is pretty random. | just took
the theorems related to projects,
teaching, social media exposure ano
retferee work. All from this spring.







A ITRST
BEAUUTTFLL/
THEOREN




ABC arbitrary triangle
Draw the altitudes

DEF pedal triangle




Theorem

C

Quan Hung Tran: Math Magazine 96, 2023
Alexander Bogomolny: Cut the Knot, 2023




right angle
triangle case

q c=a”

o c=bh"







of the
Oncfssible
©

first
roofs
p > as’?
Pythagor




An other possible first proof.

e
C \ 4 .

Cut into Rearrange Join and

5 pieces py translation cut into two
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Two nice consequences of
Pythagoras

The Lunes of Hippocrates 3D Pythagoras




Why is this theorem Caveats
beautitul?

Applicability?

We gave

a proof

using

Pythagoras

Geometry Gem




A SECOND
BEAUTTFUL
(HEOREN




Polarization ldentity

Given n variables x;, ..., x, in commutative ring R with 1.
Detine § = {—1,1}" the set ot all 0-1-strings ot length n.

n!f[ = |S| Z(HS)(ZS

SES




Take n=2, variables x,y. Symmetry set S={ {1,1},{-1,1},{1,-1},{-1,-1}}

1 ,
2xy = Z[(x T )7)2 — (x — y)2 — (—x + y)2 + (—x — y)z]

-~

- Inner products are determined from lengths

- Length measurements determine angles

- Covariance can be determined from Variances

- Ricci(v,v) determines the Ricci tensor



Why is this theorem Caveats
peautiful?

Simple proof -o0ks 2 bit

B— messy at first

Application context Not so well
Known

—
_




A THIRD
BEAUUTTFUL/
THEOREN




All binary operations xy, x/y, x+y, x-y, x” can be
reduced to one single binary operation

eml(x,y)= exp(x)-log(y)

eml(1,x) = e-log(x)

eml(x,1) = exp(x)

eml(1,eml(eml(1,x),1)) = e-(e-log(x)) = log(x)
eml(log(x),exp(y))= x-y

eml(log(x),exp(-y)) = x+y

eml(log(x) + log(y),1) =xvy

eml(log(x) - log(y),1) = x/y

Proof:

Andrzej Odrzywotek 2026


https://arxiv.org/search/cs?searchtype=author&query=Odrzywo%C5%82ek,+A

All elementary functions from a single operator

Andrzej Odrzywotek
Institute of Theoretical Physics, Jagiellonian University, 30-348 Krakow, Poland
E-mail: andrzej.odrzywolek@uj.edu.pl

April 7, 2026

Abstract

A single two-input gate suffices for all of Boolean logic in digital hardware. No com-
parable primitive has been known for continuous mathematics: computing elementary

functions such as sin, cos, v/ , and log has always required multiple distinct operations.
Here we show that a single binary operator,

eml(z,y) = exp(z) — In(y),

together with the constant 1, generates the standard repertoire of a scientific calcula-
tor. This includes constants such as e, m, and 7; arithmetic operations including —+,
—, X, /, and exponentiation as well as the usual transcendental and algebraic func-
tions. For example, e* = eml(x,1), Inx = eml(1,eml(eml(1,z),1)), and likewise for
all other operations. That such an operator exists was not anticipated; I found it
by systematic exhaustive search and established constructively that it suffices for the
concrete scientific-calculator basis. In EML (Exp-Minus-Log) form, every such ex-
pression becomes a binary tree of identical nodes, yielding a grammar as simple as
S — 1 | eml(S,S). This uniform structure also enables gradient-based symbolic re-
gression: using EML trees as trainable circuits with standard optimizers (Adam), I
demonstrate the feasibility of exact recovery of closed-form elementary functions from
numerical data at shallow tree depths up to 4. The same architecture can fit arbitrary
data, but when the generating law is elementary, it may recover the exact formula.

@
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Mathematician Collapses All Functions to One




UBERRASCHEND WENIG

Die Mathematik lasst sich auf
eine einzige Grundrechnungsart
reduzieren

Eine einzelne Funktion und die Zahl Eins genugen, um daraus die wichtigsten
Konstanten und Funktionen auf jedem Taschenrechner zu gewinnen

Mathematik ist, in all ihrer Komplexitit, eigentlich erstaunlich simpel. Aus einer \( p;:'; o oot NGDOY ; el 3'}’;‘, W’};

. : : : = . G wsc Hlvp= Lw?um) g 250\ S A AR ”"'
Reihe von Zahlen, die sich an Fingern abzahlen lassen, und wenigen ‘;&‘}Wﬁ, - 0 & Yoo N‘” :"‘1 ;\g/--
Rechenoperationen, die Kinder bereits in ihren ersten Lebensjahren in der Schule sl //”‘ Y |

< (Bl.???‘;m / v(*) -’

lernen, lasst sich Schritt fur Schritt die Mathematik aufbauen — inklusive
komplexer Zahlen, unendlichdimensionaler Funktionenraume und allem, was
man sonst so an Handwerkszeug braucht, um etwa mittels Physik die Welt bis ins

™ g | 1 ] * ] \ A7J o [ - ] o 7~ 11 - ] ¢ " L . 1

In der Schule lernen wir Grundrechenarten
und darauf aufbauend immer komplexere

Willkommen bei DER STANDARD e datei ausreichend, wenn auch ncht

einfacher.

o o é@ . . - Getty Images
Sie entscheiden dartber, wie Sie unsere Inhalte nutzen wollen. lhr Gerat

erlaubt uns derzeit leider nicht, die entsprechenden Optionen anzuzeigen.

Bitte deaktivieren Sie samtliche Hard- und Software-Komponenten, die in
der Lage sind Teile unserer Website zu blockieren. Z.B. Browser-AddOns wie
Adblocker oder auch netzwerktechnische Filter.

Sie haben ein PUR-Abo? Hier anmelden.




Why is this theorem Caveats
beautitul? Use high level

stuft to get
basic stuft.

Over-hyped

oy media




A FOURTH
BEAUUTTFUL/
THEOREN




Von Neumann's Mini-Max Theorem

P" set of probability vectors in dimension n. A

any m X n matrix

max minx’ Ay = min max x’ Ay
xeP™" yeP" yeP" xeP™




Payoff to
Player A

f(z,y)

For each fixed x,
Player B chooses y
to MINIMIZE f(x,y).

(solid blue curve)

Player B’s
strategy (v)

[ von Neumann Minimax Theorem J

[ max;min, f(r,y) = min, max, flz,y) ]

z = f(z,y)

(solid red curve)

----------- >
Player A’s strategy (x)

The value of the game = height of the saddle.
No player can unilaterally improve it.

Y s jé?i@‘e "%‘\ For each fixed y,
e .”‘ Player A chooses x
: / to MAXIMIZE f(x,y).
N 7

| At the saddle point (z*, y*):

* in the x-direction: minimum
(no player B can do better)

« in the y-direction: maximum
(no player A can do better)

 both values are equal:

max, min, f(z,y) = min, max f(x,y)
v Y x

1. FINITE GAME (Payoff Matrix)

Payoff to Player A

Player B (columns) For each row (A’s pure strategy):
B, B, B, , take the MIN in that row
speeen
A, @11 @12 Q1n ';'"f
Player A Az a21 a2 Q2n T2
(rows) : @ «— maximin = max;
b L ¥’ R

2. MIXED STRATEGIES (Geometric View)

The payoff is bilinear on

A,, X A, and the value

v is attained at a saddle

point (x*, y*):

« for fixed x*, y* minimizes
the payoff;

« for fixed y*, x* maximizes
the payoff.

—

¢ * mins I
! -y
For each column (B's pure strategy): l g . Y A [ Value of the game = v ]
take the MAX in that column minimax = min c. / =
Ci €y oo @ 1 j J €1 €m, (Player B’s
A,, (Player A's mixed strategies) mixed strategies)

[ von Neumann theorem: maximin = minimax ]

Interpretation: Player A wants to lift th~ payoff up; Player B wants to push it down. ‘
At the saddle (x*, y*), both are optimally balanced.

GPT 5.4



max min x’ Ay = min max x’ Ay
xeP™ yeP" yeP" xeP™

dx* dy* dc

min(x*)’ Ay > ¢ > max x’ Ay*
yeP" xeP™

minx’ Ay < max x’ Ay
yeP" xeP™



Beautiful Proot by Beautiful mind:

X XY =P"'XP"is compact, contractible.
(x,y) € XXY gives pay-off f= xTAy

a; = max{0,(Ay), — f}, i=1,....,m positive it row strategy >than payoft
p; = max{0,(x"A),—f}, j=1,..n positive if column strategy >than payoff

Brouwer fixed point theorem: exists (x,y) = T(x,y) . This implies a; = (),,Bj = ()



Why is this theorem beautitul?

RUSSELL CROWE ED HARRIS

|¥l
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PART 3: HOW 7O
IWE DEF/NE
BEALUT Y ?




~_ loannis Keppleri
HARMONICES
MVNDI

LIBRI V. Qvorvwm

Primus G eoMETRICVS, DeFigurarum Regularium, quz Proportié-
» nes Harmonicas confticuunt, ortu & demonftrationibus.

Secundus ARCHITECTONICVS, feu ex GEOMETRIA FIGVRATA » De Fi-
gurarum Regularium Congruentia in plano vel folido :

Tertius proprie HARMONICYS, DePro f'?orti'onum Harmonicarum or-
tuex Figuris; deque Natura & Differentiis rerum ad cantum per-
tinentium, contra Veteres:

Quartus METAPHYSICYS, PsycHoLogiCys & AsTRoLocicys, De Har-
moniarum mentali Effentia earumque generibus in Mundo; prafer.
timde Harmoniaradiorum, ex corporibuscacleftibusin Terram de-
fcendentibus; eiufque effetu in Natura feu Anima fublunari &
Humana: : ,,

Quintus AsTRONoMICYS & METAPHYsICYS s De Harmoniis abfolutiffi-

" mis motuum cceleftium, orcuque Eccentricitatum ex proportioni-
bus Harmonicis. | i ,

Appendix habet comparationem huius Operis cuni Harmonices Cl.
Prolemzi libroI11.cumque Roberti de Flu&ibus;di&i Flud. Medici
Oxonienfis fpeculationibus Harmonicis; operi de Macrocofino &
Microcofmo mfertis. |




Culer’s g/%//w Swavitatsy

G(a/b) — 1+Z (p-1)
pina*b

G(5/12) =1+2(2-1)+1 (3-D+1 (5-1)=9

n(p) is multiplicity with
which prime p appears in
a/b after factoring out
common divisors

4 Gla_,b_]:=Module|[{s=FactorInteger| LCM|[a,b]/GCD|[a,b]l]},
: 1+Sum|s|[k,2]]1*(sl[k,1]]-1),{k,Length[s]}]]
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Wiy 12 2

The distance
to small

rational
numbers IS
measured using
Euler Gradus
Suavitats

http://www.mathematik.com/Piano/




Gian-Carlo Rota (1932-1999)

"Beauty is a rather
objective property
which depends on

A
f

historic-social
contexts.’




Godfrey Harold Hardy (1877-1947)

be

‘«ﬁ»--

-~

"Beauty is the first test.
There is no permanent
place in the world for
ugly mathematics”




CHARLES HARTSHORNE WAS BORN in the nineteenth century and
lived to philosophize in the twenty-first. Perhaps the most neglected
aspect of his extensive and highly nuanced thought is his aesthetics, a
discipline within philosophy to which he contributed as early as the
1920s in his Harvard doctoral dissertation (he minored in English
literature at Harvard). His efforts in aesthetics quite incredibly lasted
into the 1990s, over half a century after he cofounded the American
Society for Aesthetics (and its associated journal, 7he Journal of Aes-
thetics and Art Criticism) in 1942 (HL, 49).

DIVINE
BEAUTY
za

~

AESTHETICS
OF CHARLES
HARTSHORNE

DANIEL A. DOMBROWSKI

Charles Hartshorne

2.8
complex

symmetric

hopelessly
profound,
ultracomplex,

too complex
to grasp

chaotic

Diz‘ine Beauty

mere unity, absolute order,

magnificent
or superb

sublime

tragic or

macabre

hopeless monotony

tidy, neat

ugly

mere diversity, absolute
disorder, hopeless chaos

common-
place

pretty

comic

hopelessly
superficial,
ultrasimple,
too trivial
to notice

trivial

[t should also be noted that there is an imaginary horizontal axis. A
musical chord or a little flower is a superficial harmony, in contrast to
a Mahler symphony or an old-growth forest. Deviations from beauty,
however, when seen in a Hartshornian way as the central aesthetic
value and as a double mean between vertical and horizontal extremes,




Umberto Eco:

Notions of Beauty shift
with time
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Proportion and Harmony

l1l. BEAUTY AS PROPORTION AND HARMONY
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AESTHETIC
MEASUR E

BY

GEORGE D. BIRKHOFF

CAMBRIDGE, MASSACHUSETTS
HARVARD UNIVERSITY PRESS
1933

Birkhoff. 1933

Beauty = Order / Complexity
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1 2 3
1.50 1.2¢ .55
4 5 19
I 0.50
1.00 1.00
24
7 8 l l
0.00 0.90 0.7§ 27
10 11 '
. A 0.42
0.71 0.63 0.62 B
13 14 15 30
o.62 0.58 0.58 0.40 0.40 ©.39

AesTHETIC MEASURES OF go PoLyconaL Forwms, Nos. 16-30
Brought to you by | University of Arizona

A i+tbhhAarntiacnt~A

AEesTHETIC MEASURES OF go PoryconaL Forms, Nos. 1-15



SOC/AL
CONTEXT
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De Brange theorem Napoleon's theorem
Biberbach conjecture Most rediscovered



PRETTY
PICTURES




Ga”erg of Singular Algebraic: Surfaces

Herwig Hauser, Universities of Innsbruck & Vienna, Austria

Calgpso ColumPius

W= X = — y
Pa Y L L

Distel

x“+v<+z<+1000
|

Durcl'!bllck i - Eistlite

Z

x> y+xz°+y’z+2°+52 g (x“+y<)° = : x?-x3+y?+yt+z3-
s ESys b 0. Byt =g |
= 0 4x7y” (z7+1) | 10z*=0
s SO
) Harlekin
Geisha , Herz
x3z + 10x%y + f1€3h)(
IXNZT B AT . 7= mgizs =
Xy + yvz.= 6x° ~ 2x* = y°z°
z + 7
Himmel und Kolxbn Octclong
LeoPolcl
HE)"C X . + S X }._-_1; - §;7,7* + T
100 x“y z“+3x“+3y“+z“=1
X ~y-z =i 2=0




Mabius

Whitneg — Zgllndcr

Z —_—

Dlabo|o

Ncpah

Pilzchen : Aot PolstcrziPF
_ ‘ _ Subwag - _ _‘ |
(xy-z°-1)° + (z = 1)= + S ; : (x°-1)% + (y°-
N . A x2y? + (z%-1)3=0 el e
(x2+y?=1)3 = 0 x2+y?-1) 3= ‘ 1)3 =0

Kreuz Spindel Ufo



AN JMPORTANT
INGREDIENT /S
STRUCTURE




Algebraic field group monoid

Topological manifold  metricspace  topology
Order total order DOSET quasiorder

\Vleasure Lebesgue Sigma algebra dynkin set

Simplex Whitneysimplicial complex delta set

Sheave Principal - fiber bundle  pre sheaf
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Modern math
A perverse scheme of sheaves
chews on a stalk of stacks.
s it etale or crystal?
We are all chained to a ringed
topos in Serres saga of gaga.



APROPOS
POETRY




| will have to touch upon
that most elusive of

philosophical questions -

.'.‘ ' "/I"‘
\ \\
\_ N

Mathematics, Poetry
dBa RoAharoni

what is beauty?

There is one word that

captures Its essence:

'|
‘ v g
\ .'
' _
i

Magic




PARL +: HOW
DOES THE
WORLD JUDGE?




LET'S GOOGLE

India Soale, Medium, 2023
Medium Q seacr

Top 10 Most Beautiful Mathematical
Equations

J" India Soale (Follow) 6 minread - Mar 9, 2023




India Soale, Medium, 2023

E = mc?
F = ma e"+1=0 —
— —  Ng=|N]
axx = x*(1 + Inx) —— .
J G=(x,E)

N=1{1,2,3,...}
|

P

1+1=2 Xzelnx l:\/—l

B




Lionel Salem
Frederic Testard

Coralie Salem
1992

49 formulas

THE Most Beauliful
MATHEMATICAL
FORMULAS

15.

16.
17,
18.

19.
20.

21.

22.
23.
24.
25.

26.

27.
28.

29.

30.

31.

32.

Quadratic Equations
The Roots of a Quadratic Equation

1 + V5
2

Imaginary Numbers: : = V —1

The Golden Ratio:

Logarithms and Exponentials
The Discovery of Logarithms
The Wonderful Law of Logarithms:
log (ab) = log a + log b
1

1 + 5 +...+ = — log n converges to 0.577...
n

log (1+x) = x (x small)
The Number e
The Number ¢ Raised to a Real Power

Derivatives and Integrals: Areas Viewed
from Two Different Perspectives

The Number ¢ Raised to an Imaginary Power:
€% = cos a + 1sin o

ez’ﬂ — _1

cos 20 = cos® a — sin? a; sin 2a = 2 sin @ cos «

S

Series of Numbers
n(n+1)

2
The Fibonacci Sequence: ¥, = F,_, + F,__,

The Number of Ways of Arranging n Objects is
nl=nXnr—-1) X n-2) X..x 3 X 2 x1

T N S
24T gt T

1 +2 4.+ n =

38

42
44
48

68

70
72
74

78
80

82
84

33.
34.

35.
36.

37.
38.

39.

40.

41.
42.
43.

44,

1
l —x

1 + x +x2 + 2 +... = (for | x| < 1)

A Few Other Sums

Objects in Space

Fuler's Theorem: f — ¢ + v = 2
The Surface Area of a Sphere Equals 4mR*

4
The Volume of a Sphere Equals 5 mR>

The Angle at the Center of a Regular Tetrahedron
Equals 109° 28’

The Bridges of Koénigsherg

Whole Numbers, Prime Numbers

Lagrange’s Theorem: Every Whole Number
Is the Sum of Four Squares

Fermat’s Last Theorem
Prime Numbers Are Indivisible

Goldbach’s Conjecture: Every Even Number
Is the Sum of Two Primes

The Prime Number Theorem

Chance

45. The Chance of Winning the Lottery
46. Roulette and d’Alembert’s Martingale

47. Pascal’s Triangle

Today and Tomorrow...

48. The Binary System: 1 + 1 = 10
49. Toward Infimity

Annex

Biographical Index
Index

86
38

92
94

96

98
100

104
106
108

110
112

116
1138
120

124
128

131
133
139



The 11 most beautiful mathematical o= - WO 55— iu0r
equations Gy = 81G(Tyy + PaG o) s Ay
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. Fundamental theorem of arithmetic

. Pythagorean theorem in geometry

. Incompleteness theorem of Goedel

. The rule of product in topology

. Fundamental theorem of computation
. Fundamental theorem of calculus

. Pigeonhole principle in combinatorics
. Spectral theorem in analysis
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. Fundamental theorem of algebra
10. Central limit theorem in probability
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. Euler' sidentity e”+1 =0

. The Pythagorean theorem a® + b* = c*
. The fundamental theorem of calculus

. The fundamental theorem of arithmetic
. The Gauss-Bonnet theorem

. The spectral theorem

. The central limit theorem
. The prime number theorem
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. Godel's incompleteness theorem
10. Cantor' s theorem
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Ordinary People Can See Beauty in Ordinary people see beauty in complex math-

Complex Math, New Research Reveals

s e ematical arguments in the same way they can

According to a series of experiments by Yale University and University of

Bath researchers, ordinary people see beauty in complex mathematical

I e s e appreciate a beautiful landscape painting or a
| piano sonata -- and you don't need to be a
i N mathematician to get it, a new study by Yale

| ' University and the University of Bath has re-

> . -0 Tt o l;ac . . .
b2 Vi ac vealed Science Daily, 1919:

.
Plausible Cipher Mathematicians often describe arguments as beautiful or dull, and famaus scientists have claimed that
Recreates mathematical beauty is a guide toward the truth. Do laypeopl %  hematicians and scientists,
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Can an idea be beautiful? Mathematicians often describe arguments as “beautiful” or “dull,” and famous sci-
entists have claimed that mathematical beauty is a guide toward the truth. Do laypeople, like mathematicians
and scientists, experience mathematics aesthetically? Three studies suggest that they do. When people rated the
similarity of simple mathematical arguments to landscape paintings (Study 1) or pieces of classical piano music
(Study 2), their similarity rankings were internally consistent across participants. Moreover, when participants

rated beauty and various other potentially aesthetic dimensions for artworks and mathematical arguments, they
relied mainly on the same three dimensions for judging beauty—elegance, profundity, and clarity (Study 3).
These aesthetic judgments, made separately for artworks and arguments, could be used to predict similarity
judgments out-of-sample. These studies also suggest a role for expertise in sharpening aesthetic intuitions about
mathematics. We argue that these results shed light on broader issues in how and why humans have aesthetic

experiences of abstract ideas.

1. Introduction

“Beauty is the first test. There is no permanent place in the world for
ugly mathematics.”
G.H. Hardy

“Mathematics is the music of reason.”
James Joseph Sylvester

Can an idea be beautiful? Scientists and mathematicians seem to
think so—they often imbue explanations with aesthetic qualities. Proofs
can be “elegant” or “beautiful”; they can be “dull” or “trivial.” Albert
Einstein “was quite convinced that beauty was a guiding principle in
the search for important results in theoretical physics” (Zee, 1999),
while physicist Paul Dirac (1963) even claimed that “it is more im-
portant to have beauty in one’s equations than to have them fit ex-
periment.”

In this paper, we explore the aesthetics of ideas by testing lay-
people’s aesthetic experiences of mathematical arguments. In parti-
cular, we test whether laypeople have nonrandom degrees of consensus
in their judgments of aesthetic similarity between mathematical proofs
and art objects such as paintings and music (Studies 1 and 2), whether
there is consensus about which proofs are most beautiful (Study 3), and
what properties contribute to these judgments of aesthetic similarity

and pleasure (Study 3). Overall, these findings reveal a degree of con-
sensus about the aesthetics of even the most abstract kind of ideas. We
argue that these findings contribute to our understanding of how and
why ideas can evoke aesthetic experiences.

1.1. Aesthetics: the true, the adaptive, and the ugly

To judge by the practitioners quoted above, aesthetic experiences
not only imbue their interactions with scientific and mathematical
ideas, but guide them toward the truth. On the face of it, this is quite a
strange (if not ugly) idea. When we seek knowledge, we strive to em-
ploy tools, such as deductive logic and the scientific method, that re-
liably lead to justified true beliefs. Aesthetic experiences, such as
beauty, could hardly be more different. Indeed, beauty is commonly
said to be in the eye of the beholder. David Hume (1985/1757) put this
point (how else but) elegantly:

Beauty is no quality in things themselves: It exists merely in the
mind which contemplates them; and each mind perceives a different
beauty. One person may even perceive deformity, where another is
sensible of beauty; and every individual ought to acquiesce in his
own sentiment, without pretending to regulate those of others.

* Corresponding author at: University of Bath School of Management, The Avenue, Bath BA2 7AY, United Kingdom.
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Pigeonhole: Pigeonhole principle

In any group of 5 people, there are two who have the same number of friends
within the group.

We can see this as follows: suppose there exist somebody who is friends with
everybody else. Then every person in the group has either 1,2,3 or 4 friends. Since
there are 5 people, one number has to appear twice. If nobody is friends with
everybody else, then everybody has either 0,1,2 or 3 friends; again, since there are
5 people, one number has to appear twice.

Faulhaber: Geometric proof of a Faulhaber formula

The reason is explained in the picture below: adding the next odd number creates

The sum of consecutive odd numbers always adds up to a square number:

1=1%
1+3=22
1+3+5=3

1+3+5+7=4°%

a suitable layer for the next square.

Appendix B. Study 1 results by subgroup

See Tables B1-B3.

Cognition 189 (2019) 242-259

Table B1
Similarity judgments in Study 1 — Mechanical Turk sample without higher mathematics training.

Yosemite Rockies Suffolk Andes
Raw means
Geometric 3.41 2.88 3.08 2.88
Gauss 2.31 2.15 2.28 1.88
Pigeonhole 2.23 1.99 2.09 2.37
Faulhaber 2.77 2.64 3.06 2.35
Ranks
Geometric 16 12,5 15 12.5
Gauss 4 1
Pigeonhole 2 9
Faulhaber 11 10 14 8
Z-scored means
Geometric 0.48 0.23 0.33 0.20
Gauss —-0.12 —-0.24 -0.12 —-0.38
Pigeonhole —0.10 —0.38 —0.31 —0.02
Faulhaber 0.19 0.09 0.33 -0.17
Frequency top-ranked
Geometric 39% 18% 23% 20%

(continued on next page)
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judgments about a domain as abstract as mathematics, it is likely that
aesthetic experiences in less abstract domains of ideas would be even
more powerful. Scientists often invoke aesthetic considerations in jus-
tifying their preference for one theory over another, which perhaps
helps to guide scientists toward truth (if we believe Dirac, Einstein, and
Keats). Social engineers may experience aesthetic pleasure at con-
templating particularly beautiful social arrangements, and such con-
siderations may play a role in political decision-making, particularly in
regimes unconstrained by democratically expressed preferences.
Consumers may be attracted to particular ideas expressed in the mar-
ketplace, especially in the less tangible domain of services, com-
plementing insights about physical products in consumer behavior and
product design (e.g., Desmet & Hekkert, 2007; Hoyer & Stokburger-
Sauer, 2012). Understanding the aesthetics of ideas could prove to be a

Appendix A. Text of arguments

Geometric: Sum of an infinite geometric series

1 1 1

1
titsT et

2 4 8
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critical link between the affective and cognitive sciences.
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We can see this by cutting a square with total area 1 into little pieces.
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Gauss: Gauss’s summation trick for positive integers®

A quick way of computing

14+243+4+- 498+ 99+ 100 = 5050
is as follows: write the total sum twice and add the columns
1+ 2+ 3+ 44+ 98+99+ 100
1004+99+98+98+ -+ 34+ 2+ 1

101 101 101 101

101 101 101

This yields a total of 100 times 101 (giving 10100) and half of that is exactly 5050.

3 The minor typo in this item (can you spot it?) was present in the experimental materials. However, it is unlikely that this substantially influenced the results of the
study, as (a) it scores as well as or better than the other proofs on the dimensions measured in Study 3, and (b) Study 1 participants had the opportunity to write

comments at debriefing, and no participant mentioned the typo.
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10) Write down the names of 10 theorems we have proven in this course, but order
according to your personal preferences! This is a little competition for the theorems.
Oliver will announce which theorem is the winner.

Theorem Give the precise name and if possible the person/persons

Number 1

Number 2

Number 3

Number 4

Number 5




Student Response

Central Limit Theorem

von Neumann mean ergodic theorem

Kolmogorov 0-1 law

Strong Law of Large Numbers
Golden Theorem of Bernoulli

De Moivre-Laplace theorem

Polya’s random walk theorem

Poincaré recurrence theorem
Perron-Frobeniitic theorem



(THE END




