,_/\\//
“NOT”

4 INVARlANTS
++ aaaaaaaaaaa

llllllllllllllllllllllllllll




wWhot ove Invarionts ¢

Dwt'ma some kind of pYOCSS3 |, some eob)yeck

YCMans Constont.

ﬂn, Hn'i'\a Can be Kg‘abjuh Soua : pmﬂ\, of sum of e
numbers , ete . . ...

H s uad a.\o\' whun wt womt 4o Show
n not  possible Yo abhieve s




Example 4 Dominoes in Chess

An gx8 chess Loord is colowved in he usuok

wesy but¥  that 's boﬁha . Youw con o ke oWy

%2 Sausre 8 Teverse e color
vyow, colwnm O g 1

insi&e it , sw'\\'o\n'\y\a block o white 3 auwite 4o

?'wvc. '“m-‘\‘ WS '1mp03$“o\< ‘o enc! LP with 63 white
ord 4 plack Sqont.



Wovking :  Dominoes in Chess
oI — il
3 while 5 whitke

Cwmte 2 whike

H &



Owl mvey io.vﬂ' objec.’f woul& be :

pmr'n\-j of nwmbey of whike Squaxel
in e boovd .




Solubien '  Dominoes in Chess

Note +‘hat ony of Hhese opevations chamges
e +oh)l number of winte Squores by on even
number.

ln case of Yow £ columm operadion , 1t goes

Q’loWI k — g -k

So e thange 1S 8-2% = 2( y-k).



In case of 2x2 , we qo from

k = u-k

So e c\nomﬁt 'S y-2k< 2 (1“"‘).

Since, we stoyt with on even numbey of

impossibie 10 end Witk

white squoves , W s

€2 Co&aj wh'\\'t S‘V"""" _



Exomple & : Putnam 2004

Stoxt With & Sequenc @,,8, .- 2n o positive

inteqcrs . IF possible, chosse o indices <l

sudh ek QX oy and  weplace ajomd &y
%ca C0.3 :0-.,_) un& \ew C'&j :Qk). onvg

vy

Wal i Wais  pyocess s vepeated % mush

eventuolly stop.



Working / \deas

N\\d‘ s 'mvuxiav\‘\'? We lnow M "“'OL

P'rotbl-d’ of ol WMe numbers is inveviank ap

G (o) -LIM (ao) = oY%

We CGn wse 'H'I;S ’ of even bQ.H‘Ur cm.s'icl.w Haw

pyimes O\'N;d-ina .



Solution 2 : Pytmam 2009
Lk p\oo.acﬁm'l such thed d i s wch f\qi'

o , pe“ be e \oia\ﬂes* PowWtrs

of p War divide a,,... ,aqn.

| o
Thewn Yc.p\a.cina a. omdh Q. by herwr LoD
GT'A LC“ meowns YCP\& d“g Pe‘s and peK
bY Pm-m €5, elt?! | p Mo 3 3, e.,_?s .



So ench Shp \caves the P- rowﬂr .SCWO..
w\nc:}'ua-vt\«'-'faL o move odsged . Buk Yhe latrur

CON Mppm QV\\A‘ ‘Rh“'{’.la MNIMj '“M ,
And Wwre one ov-.tb Sin"\'dv rruma pYiMud

&Zvio‘;ha somg  Q; .
So onla Limre aumoudt ‘56 Skeps possible .




\/\/C will not* be  dealin 8 with

invovionts o Aoy -

S h






Woops!
| meont &W@%S’

(--n,.e3 ave ac\-“a,“)a MOMQOMWP\'JLC‘ :)






n  Simple TEsM3,; W can Wink knotr as o lenotred
\oop of s'Fring (whih has ho Pridknesd ) .

B is o olosed Curve in spoce Huk does net
inrevgect  wath irsdt




knot proje.c\'ions

\// pefsee °f a3d
K’lo"‘.
@ N."G A Knot Cean
have ‘o_yﬁg -nwmbtt

0% ditfevent proJedions.







Whot is ToPo\ogg ?

Topo\oa‘a (s he ovea of mA'anm ahces
concexned  with ¥e pYoperkes of a qeorevic

objeck Y ave presevved under condinyous

detormations . Thus ,WR allow Shekrching,
tm\fat'.“'\a ’ -}NKS\M& » out nO'l’ quh»\\'u N



¢ ob)eck A com be Transfoymed 4o object
B Us‘lﬂa CO“F‘“\M Mmahm 2

QB.SQ.J' & con be 'hﬁy;acofm{& Yo bhfc"" A
““"2 Conhvupud J_.#m,}i‘om KT
A & ove dopolseicelly indistinguishakle .

Exo.m‘)\'( : PTA & 3 AP wrt noemal
R - topelony .




WM i ‘ .
]

spaced 1
13 howmeo m.oyp\n'
P sm b
_ o b'njtr-\'\'m
is conhiN L owd

. ‘F-' .
is  continupus
CSo £is
open )




ExamP\CS of kvots :

7YY the an Knot

1+ is known as e Ivivial

Knot and s ‘he .S.\MP\‘-S"'
knot oF all. it s S.‘MP\V . 10op

Cmne.c\' +wo @MAS OQ' 7} s\-v'\“a -‘-Dae\-\qcff
without cvossing or knotting .



—~ The “refoil -

I+s s'mP\cs’r pickure  has 3

C'OSSQ“SS .1+ is the clesed
end version oF ne simplest

& s'\’nna

knot most pgeocple  wst o h

Q5o






Ecvu\'\ Va\en* Kn oTS

H OW U\)O\Lla S?@QD l'.ke, }o odefine

the Cov\c)'l"ioﬂs when -hpo Knots

Qe eqﬂvm\en# /






0
() .







Evﬁ'\v«\e nt knots

Two kho\'s aYe Consifleﬂ.a “'0 be '\'\N some , ov,

equivaleny +o one oanother, if you tan ‘deform

one into another without \weai-i\'\a_ Whe knots
0pAN .



Questions

(D How do wt P-rove. Yhat two k“O'\'S

ave the same ¢

@ How do wWe  prvoWe '“Md‘ +wo km\'s are
diCfevent?



Spo'\\c* .

Ahswu'mg @ (S muc}\ \Mmltr



A few tetminologies

c,voss'ina': The place wheve two pietes
of 4 Kno¥r mak.

3“7&“&: A f?b:\tﬁsfiﬂﬂ '« o Pi&ce 0" %Q_
knot cutteff on bo¥n ends \o.j a

CYOosSH V\a




A of  dhe Aifferent
S\

<‘/ q Colowred pi eces of Yne
knot *(t.wum’f s lconds




A tnk s & colechion (or a wnion)

of mu.\'ﬁf“ knots

CJQ - 2 hink







An  ambint 's.sohpz of o projcton

S 0 menipuafin 'j LOER
Gk it shedd WF bR ok anywhere




The Reidemeisteyr Theovem

1+ stales that +Hwo ¢rojechions ave ot

-H\e_ Same, kno\- i'(- a.y.& o'n\AJ NS e,"\hex of‘
the propdhims can be kron s formed into

series of f\a‘ﬂa’Y

M obhey uuna o~
iso“OPieS and Reiciemcis\-w movesS .



Turns oub ¥hat Yheve ove Yhyee Hypes
ot moved -‘Mai‘ e.ncompo.ss '“’I«P. V’”a& we

Can m““upi\ac\'e. 0. kwot.

K‘K-V ‘P'rov{ae.& You do not cuk



1. The Twist (RM V)
¥ you have o s\-u'iﬂh’r picce & the Kror,










Lin kin g Numbers

N°"°,w-L come 4o the -Firs\- itwa:tian’l‘ \

The \'mk'w\a numbey @ e agive +1 3-

Yo c.‘lossina 'myo\v'nna both knds and odd
Wem up (e wuad oviented link)



To ovient o \wmk ,add a divechm ‘o
SHing.

-+







heovem . Lmk\"la numbey 1S an

mveviont of oot dc'mavam
P-(o o(': ﬂgiwﬂw 3 ouz ‘“VO\VQ

One “no¥.

No¥ o Haak for Rudamarstr W\ , ¥
CY 038 ™9} Oreaked  ond  daloyed are












Tvricolov o.b'i\'l"(\j

So )y WU Cany do 'H‘ -FQY ')nk(* Kno¥s.

Whok obowk am Myaxiand ek ,L;si—inﬂu;s)uo
kwot ¢

W<e heve D colowr's.



De F'in'r\'ian DA lken o‘\‘ diaoj’tam 1S
‘h';C AOUY u‘o\Q 3‘ e ado ofC cann YL C o\bWCA
wWith one of thvee colowrs sudn Yok

C" ot Jeost 4wo Colours ave wad N He
o\id-b'rm

('i) ot c.vd% Cvo-'os"\nﬁ T ol Mayes w\oux,s oN¢

ustd  O¥ md-\o one. .



Se On
N\,kno\' \
o S wot h'\c.o\owrobh and
1S ) colowvoh

A



Theovem: Ty (o\mmdoﬂ'\\a tS on invwrian\'

of  knoY o\'io.abmms

Puo‘c oW wt -\1013‘\‘ oY uw\-w'{s\- AT S
kaat ™M Reidomeptoy I meve , Wwe Com

leave O W shomds Mas Sems Colox.



Redomotd IL | ey iR Shomdh ave dwe
Somt  colowr oy Ly Ovossm Cyeked o
dabl-n’ul WQ_ 23 Colowy's. Tﬁco\owtob'l\'l\-\J I

$13 colowsalo 1B "‘;j .












So , Yvefoil is difFerent Yon unknot

do 413(_0&00&0193\3\-3 13 uu,}ul nvaxiomk |

J



Ave ‘the o\l ow'ina 1wo
Kn oTS C‘VL-\VG-\Q“'\- ?




























Rryackel po\ajmmial
Forx o link di“%ﬂm D in Rz) the
brackd <D> & Z [ A ;k"] .




We considey e fllowing 4 fovmula :
NS = 8D C> TRy
C X3 ARy T MO0
ZOUD> = (-~ -Ad) ¢ DD

O >=1






4 Con be Shown ek
R, bRy AreS wot dno.v\aa DY

bk R, does.









How gshowld wt salvaol
Wis 7



De finition °

For an oriented diagiam D
we daa'im. Wxithe

wip) = # posikive cossing  of D
- # Mﬁ&ﬂ 07&5» of D




oiented  diaagom o) L.

- w (D)
< D> 'S  invaywnt




Pk A . 4 M

Define TOVU.'S ?o\jmndal VLU‘\ Oj




(Auj QuesHons ?')



