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« If you learn to code, and then become a

professional programmer, you will be yet another

coder among thousands.

But if you do anything else : psychology, physics,
history, medecine, art... and know how to code,

all your peers will think you’re a wizard. »
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Definition 5 (Chain-mail invariant) The chain-mail invariant is defined as the sum
over representations labels (colors). of the evaluation of the colored link.

CM(M,AT,T") = (H Z t/_,,,> ( H / dh,- A%(0,- )) eval[La 77+ (0, 7.)]  (25)
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D. Main theorem

So far we did not prove that CM (M, A, T,T") is independent of all the ingredients and is
actually an invariant of M. This is proved by the fact that it is equal to the Ponzano-Regge
invariant. This is the main result of this paper which gives rise to the following theorem

Theorem 2 The Ponzano-Regge amplitude we defined for a colored triangulation is equal
to the Reshetikhin-Turaev evaluation of the colored chain-mazil link

Zarr-({Je}: {0 }) = eval(La 7p-({7c}. {0 })) (26)
It then follows from (16) and (25) that

CM(M, AT, T") = PR(Mj,). (27)

CM(M,A,T,T*) is thus an invariant of M that can be denoted CM(M). It is equal to the
gauge fired Ponzano-Regge invariant.










Project Euler

About Project Euler

What is Project Euler?

Project Euler is a series of challenging mathematical/computer programming problems that will require more than just

mathematical insights to solve. Although mathematics will help you arrive at elegant and efficient methods, the use of

a computer and programming skills will be required to solve most problems.

The motivation for starting Project Euler, and its continuation, is to provide a platform for the inquiring mind to delve

into unfamiliar areas and learn new concepts in a fun and recreational context.

Who are the problems aimed at?

The intended audience include students for whom the basic curriculum is not feeding their hunger to learn, adults

whose background was not primarily mathematics but had an interest in things mathematical, and professionals who

want to keep their problem solving and mathematics on the cutting edge.

Can anyone solve the problems

The problems range in difficulty and for many the experience is inductive chain learning. That is, by solving one problem it will ex ou to a new
concept that allows you to undertake a previously inaccessible problem. So the determined participant will slowly but surely work his/her way through
every problem.

What next?

In order to track your progress it is necessary to setup an account and have Cookies enabled. If you already have an account then Login, otherwise please
R it's completely free!

However, as the problems are challenging then you may wish to view the Problems before registering.

scikit-ima

Image processing in python




Abrasive article including ohaped abrasive })8ITIL|€o
CA CN EP JP KR US WO -« Aj 1+ David

A shaped abrasive particle having a major surface-to-side surface grinding orientation percent difference
(MSGPD) of not greater than about 35%.

Abrasive article including shaped abrasive particle
C A1 « Kristin BREDER

15 . A shaped abrasive particle comprising: a body comprising a first major surface, a second major surface,
and a side surface extending between the first major surface and the second major surface, wherein the
body comprises an oblique, truncated shape. 16 . The shaped abrasive particle of claim 15

Shaped abrasive particles and methods of fomnng same
C |EPJPKRAYBUS W Al - Adam S son * Saint-Gobain Cerami

A shaped abrasive particle comprising a body having at least one major surface having a self-similar
feature . The shaped abrasive particle of claim 1, wherein the body comprises a corner roundness of not
greater than about not greater than about 100 microns. 3 . The shaped abrasive particle of

Abrasive amcle mcludmg shaped abrasive paltlcles

A shaped abrasive particle comprising a body comprising a first major surface, a second major surface, and
a side surface extending between the first major surface and the second major surface, wherein a first
portion of the side surface has a partially-concave shape. 11 . The shaped abrasive ..

Abrasive article mcludmg %haped abrasive pamcles
C * Kristin BREDER - Saint-Gobain

A shaped abrasive particle including a body comprising a first major surface, a second major surface, and a
side surface extending between the first major surfare and the second major surface, the body having a
Shape Index within a range between at least about 0.48 and not greater than about 0.52 ...

Abraswe amcle including ohaped abraswe particles
2 . Louapre

A shaped abrasive particle having a major surface-to-side surface grinding orientation percent difference (MSGPD) of at
least about 40%.
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Deriving the geodesic equation via an action [edit)

We can (and this is the most common technique) derive the geadesic equation via the action principle. Consider the case of trying to find a geodesic between t

Let the action be

S /ds

where ds — \‘;‘ —gu(x)dz" dx" is the line element. There is a negative sign inside the square root because the curve must be timelike. To get the geodesic

) / dz" dz¥
S = | — @y —— ——d A
/ V9N A

We can now go ahead and vary this action with respect to the curve x:*'. By the principle of least action we get:

cf . de* de®
0=45= /A ( v —y,;..——) d\ = /—— dA
. \ b 4

d\ d\ v

de@ dx

4 T T A
Using the product rule we get:

0 / ‘dz* dz* 5 déz* dz" dx* déz" ) I\ /’ [ dz* dx* 9 S22 1 9 déz* dz" ) I\
- — — y +Quy———— + e — A = - o G OF T &Y
, ( dx dr e T e s Tan ) ( dx dr e Yo =an dr )

ntegrating by-parts the last term and dropping the total denvative (which equals to zero at the boundaries) we get that:

( da? dx' i [ ir" " (dx¥ dx’ 1z" dx” ' P
0 /( oo 8 900" — 282 = (q},.,'r . ) ) dr /( g o ~ O Gy bz — 252" 3, fl,u-v'r = ‘-’ﬁ-f‘";fl..-»’ - ')lfr
J \dr dr ; dr \' dr | . dr : N

. dr dr dr U odrt
Simpifying a bit we see that:

0 /’ ( o dz” dx™ dz” 9 o dz® dx" 3 ) 5t d
2G,.. Dy Qo — 2- & Qe | 02" dT
. { Ju dr? ' dr dr ' g dr dr 9

p L2"  de® de” dr® da® P \
0 /( ‘M,uwr = 4 R Dy Gas B — - Guen ) sz dr
J N T dr? dr dr " dr dr ' dr dr 777,

multiplying this equation by l, we get:
0 / (vlif: t ,;'f;f 'f;f (PaGps + FoGuo — FuGor Zl') sz’ dr
So by Hamilton's prnciple we find that the Euler—Lagrange equation is
déz , lrlr" dz”
Cdr? 2 dr dr
Multiplying by the inverse metric tensor g‘"" we get that
d*x? 1 ... . - dz® dz*
ar T g9 ot Octun = Ouinr)
Thus we get the geodesic equation:
d*z" g dx™ dx'
dr? | " dr dr

with the Christoffel symbol defined in terms of the metric tensor as

Y |:6-n.‘];.:- t ’3,-‘9.... (),,l],l =0

=0

Mo = é.tf“ (Oague + Ou9ua — Ougor)
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Emergent gameplay in systemic open-world games
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