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INTRODUCTION 10

. GENERAL  CONSIDERATIONS

INTEF

Tiof  THEORY 18 A BRANCH  OF ALGEBRAIC

THE CGENERALIGATION AND APPLICATIONS OF THE cONceRT OF INTERGQECTION BETVWEELA
TWO  CURVES OFR rMARIEOLDS

GEOMETRY  WHICH STUDIES

o]

* THE APPLICATION OF  INTERQECTION THEORY TO PARTICLE PHYSILS,  AnD 8

PARTICDLAR O TTHE FEYAMAN INTEGRALS  RELLDCTION PROBLE M, HAS PRODUCED tATNEW LINE
CF RESEARCH, BOTH AN FORMAL &RD ALGORITHMIC AL FIELD S, ApD 15 ROOTED  OR THE

POSLIBILITY  To DEF/ME A VSCALAR PRODUCT" AMONG ELEMENTS OF THE SET OF FEYNMARN

INTEGRALS,  gXPLOITING "DIRECTLY  ITSH STRUCTDRE  OF VECTOR FIELD,

Z.GAL}%%%AM’ INTEGRALS rvm 12342

\WE CORSBABER THE ST 0% INTE GRALS
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THIG cLAassS  OF RELATIONSG 16 EMNOwd AS INTEGRATION =By ~PFART \QENWT\E&,% (\BP&B),

SR G IBPS WE AN BESTATLISH A CHAW  OF  LINTAR RELATIONS aMONM & w-EvER
A Ouh IWTEERALS, MAPPING BACK EBYERY INTEGRAL  TO

Ly ()= e 7% de ase To(a)= % € % doe




THESE  Two  INTEGRALS  ARE CALLED  MASTER INTEGRALS FOR THE CLASS  OF INTEGRALS

UMDER  STUDY.

CNOTICE  THAT THERE 16 FREEDOM 1N CHOOGING THE MASTER WTEGRALS [MIS)  AS LONG
 AG THEY ARE WDEPENDENT UNDER BPS.

CTHANKS TO " THE & LINEARITYCOF - INTEGRATION, THED SET OF INTEGRALS TSUNATURALLY EQUIPRED
WITH CA ECTO®R: - SPRCE  STRUCTURE., THE WMPLEMENTATION OF BPS  ENRICMES  SLUCH 2 UDCTORE
WITH  FURTHER RELATIONS.

SMIG CAN BE EVALLDATED  BY  SOLVING DIFFLRENTIAL  EQDATIONS (,D,Ef?),

THEM WL, R_T, ONINTEGRATED

S5YSTEM

APPLYIN & 1BPS  TO CONSTRUCT A CLOSED
OF  (PARTIALY DIFFERENTIAL EQUATIONS
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S THE  INTEGRATION  CONSTANTS  CAN BE DETERMINED  EITHER  BY IMPOSING oM G
FEING CONSTANTS  SUCK  THAT MOM-PHY SICAL SN OGLLARITIES VARISH) OB BV MATCHING  THE
SOLDTION AT SPECIFIC  POINTS TO BOURNDARY  FURNCTIONS
L2 15 AN ODD WTEGRAND  ON AN EVEN DOMAIN, 50 Vae R  C,=0  [8y
REMOVIN G GINGULARITIES 1IN o OR BY MATLHING T (x=0) =0 —> C,=0)
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cBPS PROVIDE  LADDERS  OF RELATIONS TO REDUOCE  INTEGRALS WO MIS. A 20T TLENECK
OF G0CY PROCEDURE 16 THE GROOMY OF  =UCH RELATIONSG  (WHGSE DR A MATIVCALLY
FAST WITH  THE NUMBER  OF PARAMTILRS n) N CRDER  TO FIND A FPATH  FRGM  ONE
WTEGRAL  TO T8 EXPRESSION 1M TE RS QF A LINEAR S COMBINATION  OF piS.
c A FEATURT OF VMECTOR SPACESDS 1S THE POSSIBILITY  TO DEFINE A SCALAR PRODUCT,
SO IRMEDIATE LY EXTRACTS THE PROJECTION OF A VECTOR OWNTO EACH ONE OF THE NEdTORS
OF  TRY  BAGIG
WOULD 1T BE POSSIBLE To  BYPASS  THE REDUNDARNCY OF 1BPL  AND  DIRECTLY EXTRACT
THE PROJECTIONS ONTO A5 ELEMENTS T

VARIABLES AND THEN  APP

GRBTAINED  BY

DIFFERENTIATING




5 FORMS, CONTOURS, CONTRACTIONS

AJE COMNSIDER THE  INTEGRAL
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S MANIFOLD  OF DIMENSION k

- A k-FORM  ON A VECTOR  &pacE N (OF "DIMENSION diV =n) 15 A FUNCTION VE R

SUCH  THAT

cop (o, vxrby L) = ae(e, %, ) v b @, y,)  (UNEAR W EACH
T N T Y G R ("aNTISYMHETRIC )
k-FoRM on =B 8 LsSLALLY  WRITTEN A%

ETRY)
A

- WEDGE  PRODUCT
i o
AND, BY DEFINITION, BELONGS TO THE bUAL SPACE OF {R™)" | 1g. VT 1S AN OBJECT THAT
APPLIED  TO AR ELEMENT OF (R™)¥ (1.LE. A K-TUPLE OF VECTORS OF DIMENSION n) RETURNS A

SChALAR.
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CWE SEE THAT:
e kwn ALL  K-FOBMS  ARE ZERO
- -FORMS  ARE  CO-VECTORS
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CO-FORMS ARE PAIRED To O-DIMLMNSIONAL MANIFOLRE  (POINTS) : THEY ARE  SCALAR

frmt — R

*n-FORMS  ARE  PAIRED  TO  N-DIMENSIONAL  MARNIFOLBS * THEY  ARD  (ORIENTLD, WEITGHTENED)

NOLBME  ELEMERNTS
“{n-1) ~FORMS ARE  ORTMOGOMAL TD A 1-DIMENSIONAL  SUB-VECTOR SPACE  AND  ARE  PAIRED TO

(0= 1) - MANIFOLD S (HYPERGURFACESY s EY  ARE AREA  ELEMENTS  AND  ARE
S THE LINE  INTEGRAL FORMULA 18 A CONCEPTUAL  CORNERSTONET TO UNDERSTAND

AND  CURVES  INTERACT  DURWG INTEGRATION
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WITH THE k-UPLe oOF

CA L keFORM 19 ALWAYS  INTERTALED
THE  INTE GRATION

ThE k- {TANGENT BOUNDLE) OF
ouwt By Lol IWTEGRATWORL
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- THE DIMEMSION OF THE VECTOR  SPACE (OF K-FORMS ws RY 15 Glven BY THE NUMBER OF
COMBINATIONS  WITHOUT REPETITIONS OF 0 WDICES W k L0Ts, tE. (m’};"t‘*[‘(”?‘}”i’

L in-de} t
CSINCE  THE | k-vectoR FIELD” 15 DUAL TO THE k-FORMS FIELDS {LE. THERE EXISTS A FUNCTION

VSR OTHAT APPLIES A Kk-FORM  TO A 'k-FIELD") IT HAS THE SAME DIMENSION,

CALFORM  cp 15 TCLOSED WF dep =0

) -

“ARFORM p V& EXACT IFF cg = d% where £ 1 A (k-4)-FORM

. - B"(p rf) ({’ v ,J i f o

cence dde 0 ((ecHWARZ  BAYS = e BT dx;ador, = =duy Adxr ) AL EXACT FORMS
LENCE 2x 0% ’

ARE  ALSO CLOSED . THE VICE VERSA 1% I ::U\)U N MOT TRUL AND TRIS FACT CAN BE  EMPLOYERD TO STubBY

THE SPACE THE FORMS  pRL DEPKRED  OR,

SEXAMPLES - 4-FORM  OF THE CENTRAL FIELD: p = %{;
- CTMIG FORM 16 CLOSED: d@= éyﬁé‘v :%‘7 + A ady 0 =0
j TS FORM W ALSO EX ALY o
[
1= dv
ELECTRIC df =d ( ‘“’“:,{:;‘“"““) = e
FROM 4
CHARGE
, 1 1
- A-FORM  CARGUMENT : ¢§>= e |-y dx v ox dy |
P Yz”,},q wley? , i
CTHES FORM 16 c19%8n r de= LI d,cAd«( tdy Adw ] =0
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MAGNETIC FIlELD {2:11\ wmn ~ein & Tan
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THE INTEGRAL OF Ak EXACT FORPF  DEPERND ONLY ©ON  TRE  EXTREMA, NOT ON
THE PATH (A% FOR  THE FUNDAMENTAL THEOREM OF CALCULLG) SO “THIS FORM 1% NOT EXACT.
C2-FORM  GALSS: o = oin @ du@ﬂd.{g
¢
<THIS  FORM 15 cLostb: de = O dy Ad@ady =0

STHIG FORM 16 m0T  ENACTS ITS INTEGRAL  OVER A CLOSED  SURBACE AROLRD  THE  ORIGIM
& DIFFEREMT FROM  ZERO (1T \$ THe FLUX OF £ GENERATED BY A CRHARGE W) THE

ORAGINY

ML OABGVE S XAMPLES SHOW  RBOW  TRE  SHAPE  OF  THE bOMAW  OF THE FORM  CAM PLAY

A OBOLE  IN THE  QUTCOME  OF INTEGRATION ORI TRE  PROPERTIES OF & FORM, AND ALHD anow
MOW  FORMS  CAM BT USED  TO WNESTIGATE  [WHIN  INTEGRATED)  THE PROPERTIES OF

THE DOMAIA.

MOT ALL  FORKS  ARE  APPROPRIATE  FOR  STUDYING  THE PROFERTIES OF THE DOMAW:

FTHE O MWITE BRATIOR OF AN EXALY FORM oveEnr A MAMFOLD DEPEMDE ONLY OX THE  EXTREMA

OF WrséraTion  (BINCG A PRIMTIVE  EX18TS bW DEFIMITION ), 20 WE CANNOT USE T To INSPECY
THE DOMAem;

P WE CTAKE A MOKR-CLOGED  FORM  wE  TSPREADRT  INFORMATION
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CONGIDER  THE FOUWOWING 1-Forme on R
w= y de + (%r2y)dy F= (ery) doce Bdy

TREY  BO  NOT WANE  ARY  WEIRD STRUCTURE I THEIR DOMAN  aAROUND  (0,0) , ¢ WE
WOULL  LIWE TO SEE THES  WHER  INTE GRATIN 6 THEM,
St 1S EMALT  [aND THEREFORE CLOSED)

w * d(%\{v‘r\{l)

LU N LARMNOT  BE USED  TO USTUDY CTHE L ROMAIN.
S e NOT Exact, BUT T 18 meT EVEn cLoseb : dd v~ dee Ady. Twe PRODLLES SOME WEIRD

BEWMAVIGH *
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CwEE S NEED BOTH YHE  BEHAVIOR OF  THE FORM  AND ©OF 1TS DERVATIVE TOC 9S4 SOMTTHING
ON " THE DOMAR, WITH LLOSED  PORMS  WE  RATURALLY CONBLMGATE THE WFORMATION OM A

SINGLE INTEGRATION.,

FWE RESTRICT CQURGELVES TO THE 9PACE OF 10%¥n Forms  (dep =0} Moburus  THE
oPACE OF EXACT FoRMS {p=dB}. THic OPACE OF k-FORMS oN R" 15 cALLED  k-TW
DE KWAM  CO-WOMOLOGY  GROUP H'g (=", +).

c WE  SEE TRHATY (H\) CR B

OF VALILITY]

. i 1 it - L
cdim MO (B SHYEAT ALL VOLUME FORMS  ARE CLOSED AND EXACT - Ao, %, dwyA L Adac, 4o )
<

B LU
* dive WoLRT, ﬂto POALL 5CALAR FURCTIONS ARE HNOT EXACT (wwn 1 MOTHIAL G ABSVE  TO LUSE
o A dTz=F) AND ONWE TWE conmSTANT FURLTION 1% CLOSED
¥ie
“H, (B ) # ¢ aud contams au Tt "pemscmors’
N 4 4 a .
« dim HO{W\X, *')?0 TINCE AL QUWSED -FORRKS ARE O EXACT  IN GIMPLY CONRNESTEDR  SPACES
(ALL PATRS THAT ARE eLO%E%  Cany BE SHeomx To 1’0!?\3?‘4})

CWE S SAW THAT S FORMS  AND  INTE GRATION  DOMAINS ARE  DEEPLY INTERTWINED, 19 THERE A
DUAL WAY TO GeT INFORMATION OM  THE DOMAIN VSt 6 INTE GRAL PROPERTIES ¢

- THE DLAL THEORY 15 CARRIED OOT BY (WYPER-} SURFACES AND  (HYPER-) NOLUMES.

A k'MAN!‘,,QED, WATH CBOREBER 15 A k-MANKOLD EQUIPPED  wWITH A BORDER, WHICH 15 A k-1

DIMENSIONAL SET OF POINTS  SUCH THAT  THE  k-MANFOLD WITH BORDER 15 LOCALLY DOUIFFEOMORPHIC TO

AE
[O,*oo[ X~~->(‘:0, *0"[ - ?
N - N

S i
l
T
[

2i-y?<4 A £ =0 DOES NOT coNTAIN BORDERS

BORDER : 3¢%+y? =4 2 =0
“ExAMPLE: Dlsk w  R® R vy "

K LOCALLY DIFFEOMORPHIC TQ

[Ol*mi‘- x [01“"’[

Diste s xPiyléd A =0

CEXAMPLE : SPHERICAL SURFACE v R
A SPMERICAL  SURFACE HAS DIMENSION
k=2  AND NO BORDER (W YOU WALK
OM 1T, T NEVER ©RDS)

T 1S5 ALTHOUGH THE BORDER OF THE 2-BALL
xey b= RE

= (c&nm} d'xh,f\h .




- THE BORDER OPERATOR 9 ACTS ON  MARIFOLDS  AND RETURRS THEIR BORDER.

S A WMANIFOLD M 15 A BORDER  IF THERE EXV2TS A G (k+4)-MANIFOLD wWITH BORDER SUCH THAT
A6 =M e F=dg

<A MpmFotn M oO1S PORDERLESS IF
oM = ¢ ooy dE =0

CALL O THE  MAMIFOLDS WE  CAN  CONSIDER  WHENM  STODYWING THE DOMAIN MDST BE ENTIRELY
CORTAIMED N THE DOMAIN, OGIVEN THIS CONGTRAINT BORDERS DO MOT  BEALLY ADD ANY INFORMATION
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ABOLUT THE FORM OF THE DOMAIN, G0 WE CaN DISCARD THEM (A4S WE DID FOR EXACT Foﬁmg‘}

«NON -BOBDERLESS DOMAING  CAN ALGDO BE TRICKY * WECAR L SHOOTHLY DEFORM THEM  MOVIN G THE
EXTREMA  ARCUND UNTIL WE FREE  THE SINGLLARITIES  ARND  THEN LOOSE INFORMATION.

MARMIFOLDS  (OM =0} HMODLLLS RORDER MANIFOLDS

CWE C,OM%\U‘E&&, THEN, ONWY THE SPALE OF RBORDGERL
(M:f()(},(;’ OBTAINING A SPaLE oF X-MANIFOLDS THAT cAN BE CALLED THE k-tH by RHAM HOMOLOGY
orour  HT (R", L) , WHERE U 1S THE COMPOSITION OPERATION.

CALSO HERE  WE HAVE (N ORDER OF  VALIBITY)
vdim HR (R 0) =7 © THE 'WHOLE w-VOLUME HAS NO BOFBER MND IT 15 NOT THE BORDER OF ANVIRING I THE DOMAIN ;
- diva u?}{w,v\; =0 f4T1S THE CRORDER. OF A &TRING FROM IBEINITY 70 TRE POIRT AND WAS HNO
BORDER.
CWY (e, VYt @ RYPERSURFALES  THAT ENCAPSULATE POINT-LIKE DEFECTS
- dien HY ((gﬂ, u}:O ALl BOKDYRLESS CURVES ARE BOPRNDARIES  OF SOME  OTHER MANIFOLD

THE CIRCLE 18 THE BORWDER
OF SOME SUREALE {u&rs@

s
Examries - RO {o}
FOR SORP BUBBLES)

N THE SPUERICAL SURFALE CAN BE

¢ useEb Yo reprisEnT KT [MNel, v):
THE VOLUME  "WRARPS APOLNDY  THE
SN GLLARITY

TRE SPACE S ANALOGOULE TO A

3 ¢ a )
SR & - BORDERLESS ) ’ .
' T amere wiien DIBK  WATH A MO w RS, oR
2
16 not A woperz TO REN{ol
// V g
%
4
& A PO % TRE RORDEE DF
,,//A CURYE 6O G TO ITNFWIITY
2
S {od

>
e MERE TRE CWRCUMEBERER CE REFRESE RTS

\;\“;(ﬁ%z\%&g'u) DOTHE VOLUME 15 AR

OPEN WEIRYTE DISY  ARGURNTD  TRE CRYGIR




CAINTEGRATION OF k-
k=t
CEXACT FORMS ¥

CONTRIBUTION  TO THY

FNON -LOSED . FORME

MANIFOLDS DWLTE IMFORMATION (1.E. FURTHER IMTEGRALS
ARE  WEEDED.
CAWE T CARY UAWRAP U UTHE CLONSIDERATIONS CUNTIL CTRIS T POINT. 1N THE FOLLOWIN G - CHAIN
SCALAR
FURCTIONS
O-FORMH & A-FORMS (h-) = FORMS W FORMS
. d 4 d o
DE fise ° o . | o @ o d
N S S SR YN SO " PR n ') RN
conomoroey O Ho (RY, ) WS (R, +) Hap (B7, +) o (R, x 0
k L {a [
F:VA!,L)ATfoQf) LINE INTEGRALS B FLUXES VOLUME&
AT A POWNT
.} A
&
W y 4 n v !
SE Bl AN V= . ( o
DE RBAM . 0 «— WY (BT ) ¢ H; (n", u‘) N L Ho ((gn) U) e Wy (® , 0 i (]
HOMOLO 6y 2 N ? 3 ° 2
POINTS LINES HYPER - SURFALES SGPacE s
CTHE "CAMONICAL  MAP"  THAT  PAWS ETACH COF S TREL k-FORMS OF THE  BAsS GF k-FORMS 1O YHE
ke Tuple -OF VECTORS OF THE BASI  ©F K-TANGERT  BOMDIES THROUGH THE "DETERMINANT  MAPY TeLLs us
THAT “THE Two  SPACES ARE PAIRED THROLDGH AR \3OMORPUMIGH, 50 THEY WAVE THE SAME  ©RIENSION.
C THE REULATIOR ABOVE 1% ALRO  VALIRD AMONG  DE BRAM  k-HOROLEGY AND
RELATIN G GELECTED FORMS To  wWAYS OF CBTTING

IMTERFACING  THE
HOMOLOGY  GROUP H"k(I‘,u) WITH THE le-TH €O-HOMOLOGY  OROUP H‘g(;‘ﬁ,»).

FORMS  OVER  k-MAMIFOLDS 1S THEN DOPTIMISED BY

BORDER MAMIFOLDS
INTEGRAL ;

ARE INSENSIBLE TO DEFELYS (\.E,- EITHER OGIYES O

% MNON-BORDERLESS

DE RBRAM W= CONOHOLO 6Y
K= MARNIFOLDS

REMOVING  K-DIMEMNSIONAL PARTS AND
OBTAINIR S DIFEERLIT  YOrOWD &ICAL  GBIECTS,
A TWISTED  PERIOD W,T,,E‘CLPLALSA
SWE  CONSIDER  MOW  THE CLASS OF IMYTEGRALE ON ﬁtf/n
we
TWIGTED
i ~ COCNCLE
TWASTED
CYCLE TWIST




STHE  TWIST  u 1& A MULTIVALUED  FUNCTION , WHICH GOES TO O FAST ENOUGH ON THE BOUNMDARY

9" TO KEEP uqa[,w FG. 1TSS EFFECT 1S TO “PSMEAR" THE NOTION OF BOURDARY AND TO APAPT FOR
MORE GENERAL  CONDITIGNS ORN (. MOREOVER, THE TwWiST DMAKES THE PROPERTY OF [(CO)HOMOLOGY
STRLCTURES  LOCALLY DEPENDING ON . THE POINTS OF THE DOMAIN.

P THE  PRESENCE " OF THE TwWisT INTRODDCES - THE "CONDITION

| f ’
Om(u%)E = | d{ug) = IC\UA%'PLJC‘% = E‘A[é—&‘——ﬁ +di|§
& EBP '"“T'» I‘\ ™ ] k1
- - L ——
Voo
{ a1} -FORM
on €N
Vo=d+war =d+ d\ogui\
THEREFORE INTEGRALS  ARE  DEFIMNED  UP TQ ThE EQUINALEMCE
@~ gt VM% {MODIIED EXACTNESS RELATION)

(MOTIVATED BY THE RELATION ABGVE, WE CAN DEFINE THE TWISTED DE RHAM COMOMOLOGY AS THE SET

OF to- CLOSED FORMS MODULUS  w-EXACT Forms H T (T).

CANALO GOUSLY, TWISTED CYCLES THAT AKE -~BORDERLESS AND MODULUS W -BORDERS GENERATE THE
TWISTED DE RMAM HoMolosy R (D). HERE WE USE D INGTEAD OF @ AS A BORDER OPERATOR, ALLOWING

LS TO INCLUDES IN THE HBORDER HEGIONS WHERE U &g s ZERO.

CTHE PASDAGE TG TWIST  (LE. LOCAL) DERINITIONS 'SMEARS' — THE  CONSTRAINTS, POSSIBLY RESULTING
EVEN N THE MODIFICATION  OF THE DIMENSION OF THE SPACES. Iy PARTICULAR, 1T 19 POSSIBLL 7O
DETERMINE THE DiMEnsion  OF WY (T @ €V} USING MORSE THEORY, WHICH 5AYS THAT THE
MHMENSION  OF SUCH  SPACE 'S EQUAL  TO THE MNUMBER OF SOLUTIDNS OF

9, togu =0 Ve

CTHE  1SOMORPHIGM  BETWEEN  HOMOLOGY AND COMOMOLOGY  GROUPS 1S VALID HERE AS wiELl, 50
dim H"VZ (1) = dim HL:‘ {1y,

SIN GENERAL  WE KEEP  T0 FIXED  ANB VARY G . WITH  THIS  APFROACH  dim HSJ(I“) 1% ALBO
THE NUMBER ©F INDEPENDENT n-FORMS, 50 THE NUDHBIR OF MASTER INTEGRALS.

SWEARE NOW  WORKING &1 wmen 16 A R®OSPACE  wiITH HORE  CONSTRAINTS . WE ARE STILL
CONGIDERING  THE N-FORMS ANG n-COMTOURG THAT wE Hab e TRT | 0 WE STl "MIss! HALE OF THE

COORDINATES. TO SOWE  THIS PROBLEM  WE DEFINE  DUAL OBJELTS, TO GET WGPEATION  On
HOW TG DO VO, CONSIDER  THE TwisT INTEGRAL

-t w
€ x dx

"

TS WNTEGRAL  "LINESY  compreTtriry N UL To wvestieate IR WE CAN TAKE  CTHE  INVERSE
OF THE TWIST, WRIGH FORGES US  To  MOVE TRE PATH  ONTO THE IMAGINARY AXIS TO Wiik

THE  VARMEGIIK & — AT wTHE « BOUNBARY COMNMVTION YALID

2, " do =
R

f anct
J

$O  WE DEFINE  THE  DUAL INTEGRAL  AS AN WTEGRAL  WITH A TwisT O wiite 15 Tae
WVERSE OF THE ORIGINGL ONE.

©A HANDY NOTATION FOR (DUALY TWISTED (€6} CYLLlESs 1S THE FOLLOWING

BURFACE e

- I m GtnERAL I Anp ¢ CHANGE
FROM  BITEGRALS T bust  WTUGRALS

DAL .\ pual B
SURFACE FORM




*DUAL  FORMS  AND  DUAL CYCLES  OBEY  CONSTRAINED  BASED ON -, SINCE  THE VANBHING AT

THE BODNDARY WPLIE S

A°§+a—c\

<=
wp

(!

] =[gm.8

T

V.., = d-dlogu A

© Jep> 1s AN ELEMENT  OF  THE DUAL TWISTED COHOMOLOGY OROUP thw(l")’ WHILE [I‘“} 1S AN
FLEMENT OF THE DUAL TWISTED HoMoLoey GRoup MW (1°).

"S- INTERSECTION  NUMBERS

CINTERSECTION  NUMBER®  ARE  GINEN By THE  "CONTRACTION" OF TwO ELEMENTS, ONE DUAL OF THE OTHER:
“[rl]  mTERsECTION MUMBER OF TWISTED CYCLES TN Anp b
- @ly>  INTERSECTIONM MUMBER OF TWISTED COCYCLES tp AND

* THE  INTERSECTION NUMBER  OF  TWIBTED  CYCLES CAN BE  IMMEDIATELY VISUALIZED &S THE SLUM OF THe
WEIGHTED  ORIENTLD INTERSECTICNS BETWEEN TwWOo MANIFOLDS

NG i ¥
ORIENTATION
= =z -4
CHINCE ayeles  ONLY  INTERSECT  "Mon TRIVIALLYY 1N SINGDLAR POINTS, THE REGDLARITATION PRESCRIFTION

TO  OBTAN AN UNAHMBIGDOUS BESULT IS TO COUNTERCLOCEWISE (POSYTIVELY) DEFORM ONE OF YHE

CYCLES
'l{/ CLEAR HOW ave]
INTERSECT
e T _.,AE?,.(,, s omrsrssasiay
CTHE  INTERSECTION  NUMBER OF TWISTED COCYCLES IS GIVEN BY
< N 1 E R & %e SINGULAR POINTS OF w
wlwh & Ay = es (- })
{ET/! (eri}” ¢ / 7 *o ¥ $ PRIMITINE ©F ¢ (AT LERGT LoCALuy)
T
o L ° SATISEYING
Voo d e

THIS RESULT comMEs FROM
THE REGULARIZATION PROCEDURE
NECESSARY TO ADRDRESS  SINGULARITIES
AT THE BORDER OF I', DINCE

L 18 NO MORE PRESENT

STHIS 1§ ORE OF THE  MOST  IMPOMTEAMT  KESULTS FOR PRACTICAL  LSE N INTERSECTION  TRHEORY, AND
Cany ROLD FOB  THE MULTIVARIATE CASE AS WEWLL THROUGH THE GENMERALIZED HESIDUE THEOREM.
“A PICTORIAL  WAY  TO UNDERSTAME THE FORMULLA 18 TO 60 BAK T0 K7 HERE buALs ARE o~

OBIECTS  (SINCE  THERE ARE ne EXTRA  DIMENSIONS) AND WE CAN  SAY




.
t
4 ny A A
Lep oDy = S (d%M_..A dx, . 9"a..a%") & %
AR T |
FoRM VELTOR THESE ARE THE wo PLAYS TRE ROLL OF
FIELD COEFFICIENTS OF o> /e pRERIVATIVEY N THE
] THE VOLUME FORM INTE GRAL
2 A e d 2
- A Ta 5 d ’ % = Res @ 1
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