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Riemann’s Rearrangement Theorem
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1,1 _ 1,1 _1,.1_1
1—§+§ Z+g—g+7—§..:/n(2)
However, if (1—3) -2+ (3 —%)— 32 +..=In(2)
=>i—i+s—g+..=In(2)

* Riemann’s rearrangement theorem : manipulating the order in a given
infinite series, we can end up with any desirable results.
= infinite series hold true only when considered for a given particular
order and for any other order their prediction stops making sense.
= the commutative property doesn’t work for infinite series.
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Reference

From the Simpsons to Riemann's paradox: discussing Riemann's
rearrangement theorem.

https://medium.com /geekculture/from-the-simpsons-to-riemanns-

paradox-discussing-riemann-s-rearrangement-theorem-ed2a3bfe707f
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Feynman's Integration Trick
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Procedure :

R A2 A 69 T2 S0 B A 6 S O
A B AL t )R AHF X

FRRGH tHHS  FRAS RATHS
TARFE 8 R B BBV R R R A AL 2 R
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How to calculate the factorial integral : fooo x"e *dx?

QO KAEMLeeTF: [T dx=1

Q BMEMATS N RBE AL FRRI: 7 te Xdx =1

Q MHFXMGAYER t 9 RF: [T e dx=1

O WigH t #o: [[C L Pdx= 21 = [ —xe Pdx=—%

. . _ !
— Generalization : [[° x"e™™dx =

— # t X1 BPTRE [ x"e Xdx = n!
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How to calculate the Dirichlet integral : [ £2Xdx?

O EREAMNS AN HBE AL EHA EE (1) = [7° e

R A h\,m@igf t T VA B8 x /ﬁ]’f—'i';-
Q #t o [(t) = [ —sinxe” txdx

Q THEA \;M%é]\ﬁ-ﬂipfﬁ aEERI(t fo —sinxe Ydx = — 51—

— TALF BRI AT t éﬁuﬁiﬁﬁ ;\

Q WigH t EREMY: (1) = [;° 2Xe ™dx = —arctan(t) + C

X

0}1’\C'tﬁoo—>0:—§+C—>C_g

Q [° e dx =T — arctan(t) — t R 0> THF [ <dx =
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How to calculate the Gaussian integral : | = ffooo e dx = 2fooo e dx?

00 e~ (1) d

© MAEAH MBS AL GBI ER G(0) = [ T dx
= R By AREHE t MY BT AT | AaBleg LR
Q Ht#H: G(t)=—2te® I e (27 gyx = —2¢ I e du
= G(t) = —le " — B MiLAE t 09 %869 %F K
Q@ MiH t A [°G()dt= [ —lePdt = [ G (t)dt=—
= Jim G(b) — G(0) = — [~ iz dx = -L

. ?
= — [im arctan(x) = -2 = — &5
X—00 ( ) 2 2

= 1= [% e*¥dx= 7

P
2
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Reference

Mastering The Amazing Feynman Trick

https://www.cantorsparadise.com/mastering-the-amazing-feynman-
trick-d896c9a494e6
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The Implicit Information Hypothesis
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Information = (bits, gates)

@ Data is communicated between a transmitter and a receiver with the
bit being its basic unit

o Gates(plus a clock and some wiring) compose a machine that
processes or transforms the bits

@ For any particular piece of information there may exist multiple
configurations of bits and gates that perform the same computation
and therefore represent the same information
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@ Axiom : The fundamental laws of physics of our universe can in
theory be approximated by digital simulation to such a degree that it
produces the same phenomena as we are familiar with in our universe

@ Explicit information : a non-redundant description of the states of all
elementary particles, plus a non-redundant description of the machine
that repeatedly applies the laws of physics to these states.

— Explicit information is a complete and non-redundant description
of our universe.
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@ Explicit circuit : it mimics the fundamental laws of physics and runs
simulation of our universe

@ Explicit matrix : it represents all the bits of the explicit information of
the simulated universe, i.e. the complete state of the simulated
universe

However, we cannot see macroscopic phenomena like stars or planets
by looking only at the changing bits of explicit information because from
the explicit information point of view, the information of macroscopic

phenomena is not necessary in the non-redundant description
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@ Implicit information : the set of all instances of implicit information

@ Instance of implicit information : a sequence of transformations of
explicit information

e Transformation : a machine which accepts explicit information (or an
instance of implicit information) as input, and produces an instance of
implicit information as output.

@ Implicit machine : an instance of implicit information that reads the

bits of the explicit matrix, performs some transformation of these bits,
and outputs its result to its own implicit matrix.
» Living organisms are implicit machines that replicate, feed and survive
in an entropic environment.
» Views of galaxies, stars, planets and clouds are also examples of
implicit matrices.
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Stories told by implicit machines

@ the fluctuating stock market price of a company
@ the collective behavior of cells in a multi-cellular organism

@ a burning flame behaves as if it wants to survive, wandering around in
search for fuel

@ the process of evolution : a breadth-first search for survival machines,
with the tree of life being the ongoing result of that search
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@ Mathematics : the set of all possible information, i.e., the set of all
configurations of bits and gates. It is a fixed set that never changes.
Implicit information is the subset of mathematics. When the bits of
explicit information change, so does its implicit information, which
instantly becomes the newly selected subset of mathematics

@ Implicit Information Hypothesis : Implicit information is as true and
real as the explicit information it derives from. Our reality is that
perspective and space, the mathematical space where all
transformations of explicit information actually exists.
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@ Implicit Consciousness Hypothesis : Consciousness is an instance of
implicit information that is written or read by an implicit machine.
Being conscious is the same as being the implicit machine.

» Given just the explicit information of our universe, it would take
transformations to bring into view what a brain is thinking, therefore
the information of conscious thought exists only in the mathematical

space
» Joscha Bach : We exist inside the story that the brain tells itself.
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@ This hypothesis is not a theory of everything. It does not explain the
origin of explicit information, and its philosophical claims and
interpretations are not testable, so it cannot be called a theory

@ Mathematics, which never changes, exhibits dynamic phenomena and

behavior in the presence of explicit information, and we are living
proof of that.
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Reference

The Implicit Information Hypothesis

https://timsamshuijzen.medium.com/the-implicit-information-
hypothesis-5768341a68e3
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Proof by diagonalization

= prove things in a self-referential way

Interesting Medium’s Articles 1 22 /56



Cantor's diagonal argument

There exists no bijection between infinite sequences of 0's and 1's
(binary sequences) and natural numbers. In other words, there is
no way for us to enumerate all infinite binary sequences.

51 =00000000000-...
so=11111111111...
s3 =01010101010...
s4 =10101010101...
55 =11010110101...
s¢ =00110110110...
s7 =10001000100-...
s =00110011001...
59 =11001100110...
s10=11011100101...

if s = 10111010011... = s;, then si[if =1 or 0 ?
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For any set X, there exists no bijection between X
and the set of all subsets of X.

© Assume such bijection exsits, and name it e

@ Define S= {xe X|x & e(x)}.
S is obviously a subset of X. Hence, there exists some u € X such that
e(uy=S

Q@ IfueS=ude(u
Ifug S= uceu)

Q uecSorugS?

S
S
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Russell's paradox

R={S set|S ¢ S}

Q If R€ R = by definition R, R¢Z R
Q@ IfRZ&R=ReR

Solution : R cannot be a set
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Halting Problem

No algorithm exists to decide whether a given program
terminates

@ Assume there is such an algorithm A that takes an input (X, Y) and
determines whether algorithm X ran on its input Y terminates

@ Define another algorithm B that takes an input W and does the
following

» if A ran on (W, W) returns True, then execute an infinite loop
» if A ran on (W, W) returns False, then terminate the execution

Consider running A on input (B, B)

e if A ran on (B, B) returns True = B halts on B = A ran on (B, B)
should return False

e if A ran on (B, B) returns False = B doesn't halt on B = A ran on
(B, B) should return True
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Godel's first incompleteness theorem

In non-contradictory mathematics, based on a reasonably
large amount of axioms, there will always be a sentence
that cannot be proved or disproved.

Ex : (A) The sentence A cannot be proved true
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Reference

The diagonalization argument

https://nseverkar.medium.com/the-diagonalization-argument-
53dcab29570e
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Fermat’s Little Theorem
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Theorem

aP~1—1

If p is a prime and a is any integer not divisible by p, then p divides
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Proof using Multinomial Expansion.
;P=014+1+14+..+1,)P= > (kl’k;“ka)

17k2>--'$ a
For those terms whose ki, ks, ...k, are all not p, they are multiples of p

There are exactly a terms that have one of k; being p and those terms are
all 1

We can conclude that aP — a is a multiple of p.

Since a is not divisible by p, a?~! — 1 is a multiple of p O
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Proof using Modular Arithmetic.

Consider a set of integer {a,2a,3a, ..., (p — 1)a}. None of these numbers
are congruent modulo p to any other, nor is any congruent to zero, i.e.,
rxazsxa(modp),l1<r<s<(p-—1)
rxaz0(modp), 1<r<(p—1)
After dividing all integers in the set by p, we can get remainders exactly
1,2,...,(p-1). Hence, by modular arithmetic,
ax2ax..x(p—1la=1x2x..x(p—1) (mod p)
= aPY(p—1)=(p—1)! (mod p)
Since (p-1)! is not divisible by p, a?~! =1 (mod p) O
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Reference

Fermat’s Little Theorem

https://www.cantorsparadise.com /fermats-little-theorem-
fbc88498db4e
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The three 3s problem
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x REEA ()+*/1 AIHAEE R,
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o1 3 9MAHESH
» (31-3)/3=1
» (343)/3=2
> 3/3*%3=3
3+(3/3)=4
(3!/3)+3=5
31%3/3=6
31+(3/3)=7
31431/3=8
3+3+3=9

o 12 10 EBEEAR? — 13413431=10
what is 13 ? — the subfactorial function

vy VvV VY VY VY
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@ The subfactorial function gives the number of derangements possible
for a given set. (a derangement is a permutation of the elements of a
set, such that no element appears in its original position.)

» In=n!— () (n—1 '+( )( 2)!—(g)(n—?))!—l—...—i—(—1)"(2)(n—n)!

= 3 (D(-DHn— K
k=0
=n (_kl,)k = lim 34 = lim (_kl,)k =e!
k:0 : n n—>OCk 0 :
n
»In=nl—Y (YUn—-1)

1
» In=(n—-1((n—1)+!(n-2))
e 10 = I3+!1343! = 2+2+6
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Reference

How To Really Solve The Three 3s Problem?
https://medium.com /street-science/how-to-really-solve-the-three-3s-
problem-96d9246690bc

Derangement
https://en.wikipedia.org/wiki/Derangement
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AM-GM Inequality
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Theorem (AM-GM Inequality)
atb > \/ab, with equality if and only if a=b J

axb=x*x..x=+/ab

_— Mictp @ B4 > HAMERESTENFX
a+b
* 7]
O Il
(0]
a b
x
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Reference

Visual Proof of Inequality of Arithmetic and Geometric Means (AM—
GM Inequality): (a + b)/2 > v/ab
https://medium.com/@satoshihgsn /visual-proof-of-inequality-of-

arithmetic-and-geometric-means-am-gm-inequality-a-b-2-ab-
d7ec78e05292
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o TR 22/7
@ 7 is a transcendental number

> A rational number is one that can be expressed as the ratio of two
integers
An algebraic number is one that is the root of a finite polynomial with
integer coefficients
* Every rational number is algebraic because it is the root of the
equation gx— p =10
= every transcendental number is irrational
* There are algebraic numbers that are not rational. Ex : /2
» Countries can show off their technology to other countries by

calculating as many digits of 7 as possible because this task requires a
powerful computer.
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ARE 6 A 5 HEIMEE § 58 > FAFRE R K6 ETR o %
i % e BAARAK - BTG ARAIEL - Bl > Tidkig
VH AR > EmES T
Borwein Integrals

> foo sm(x)d :%

o0 sin(x) sin(x/3

.
o0 sin(x) sin(x/3) sin(x/5) dx —
0 X x/3 x/5
00 sin(x) sin(x/3) sm(x/13)d _
0 X x/3 " x/13
o0 sin(x) sin(x/3 in(x/15
o R

jus

>

=T
2

>

(NI wl:\

° tan_l(x)zx—xg3+xg5—7+...:>%zl—

Yo, k==
n=1np2 = 6

Lol
_|_
U=
|
==
_'_
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[o@)
1 _ f (4n)! 26390n+1103
° &= g%r o (n)Z 39647
n:O
@ e 2 =it
@ Monte Carlo method to find 7 :

» A8 1x1 G EFHA > MAKEELARR > FRIERES VLT AJE
BERAS 1o A3t Lo R RN > ARLIEHEFH AT A 7
$5 1 6B AEPTA B e IABE B /4

» M EFEA 1 ZH > B AELSMME—ER 2 EFH o AEF AR
A EAREE > F BRI R ALK f ] A 6 B AL TR BRI B /4

o Buffon's Needle :
PR3 — 7Rk 5 MR 09 A84 45 > VAR — B JE SLAR 43 24, T 18 B, AR ) 649 41 o
MHEEE RGBSR L A n B ZGHER - @ c BAS BT

—E4 e SHAS - 5 n AR > 2n/c FMUS T
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o — M MITAZMKA L BB ETREIER KA (- sinuosity & &
B b — 8 & T 8 e AL 8 1542
* It has been proved that the average sinuosity of rivers around the
world is 7
e The Piday : #%1 3/14
> % Edrie 4 1879 4 3/14
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Reference

20+ Fascinating Beauties That Makes Pi(7) Unique

https://medium.com/however-mathematics/20-fascinating-beauties-
that-makes-pi-%CF%80-unique-e78283260596
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e lim(1+ %)" =e= e RETAAfot @ 1ikZ

n—o0
o N _ o o ftfTEbay AL R B A I B UL
o [T efdx=e" = & it ARG R IULITI ) @15 A 12350 0 AL
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Reference

e —The Euler Number

https://medium.com/geekculture/e-the-euler-number-ef6éd114dald9
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the most beautiful number in mathematics

the golden ratio, the divine proportion
p=125—168.

Fibonacci sequence : 1, 1, 2, 3, 5, 8, 13, 21, ...
— WE—IBRVAR —E » AR Z AR
BT > B AR AN AR

REEFHRGRERATH AT HRMORES ¢
BLAR BRI RE R 69 REFR AR 5 BB R 89 R E B
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(a) sunflower

(c) Milky Way galaxy
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Reference

(Farbl 2): X ARG FELHIRS
https://www.taiwannews.com.tw/ch/news/3472903

The Most Beautiful Number in Mathematics

https://medium.com/nerd-for-tech /the-most-beautiful-number-in-
mathematics-ff10cc424faa

=] 5

Interesting Medium's Articles 1



