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Analysis of variational problems in topological geometry using Sobolev manifolds
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We study the Moebius energy for knots and kinks taking the topology of knot
type and link type into consideration, The linking number of a link is the mapping degree of the
Gauss map. Here, generalizing the definition of the Gauss map to knots, we investigate relations
the Gauss map and the Moebius energy and its decomposition. As s result, we derive the direct
expression using the Gauss map of the Moebius energy and its decomposed energies, and the indirect
expression of the second decomposed energy. The decomposition can be interpreted as the
parallelogram low for the energy from the indirect expression, The direct expression suggests
relevance of the second decomposed energy to the wave map.



B X C—19, F-19—-1 (4@

1. #FEBELH OE =

HOHOIZ XV —E, SXoNEEOHBICBIFAEOHD [EHER) %
52 2HPHWT, OHara iZ& > TEAIN, O’'Hara TR F— LIS,
FOFHD—=DONRAELTA - TXNVF—THH, AVIALHIZL > THEZE R
WZ & (B, ACVTARENLE VWD) BEDOHUTOHKEL>TWVWE, ALY
AN RATE AN I RRIENEE TH D05, R FRIZIE = 2L F —FuMb
FIDa Xy MEOHLZZRL., WEHEOHETIIRNTOFLEEZRT Z LD
K, FEOHBPHBERES L ZOLEEIZDOWTIK, BUNTOFEIRH SN T
Wz, AEFECHBUZ DO WTIEER/INCOIFE - FEFEIRH S T Wy, Bl
AEIZE D, BELRVWETHRINTWS (B RF— - H U ANV TH) DRI
H5, T, FEOCHB L WS MAE#REZ T3V —HuMEEIZ D & 5 I1ZH
DAL DM (IDRADZDH) BWRPTH 57280 Thb, £/, AVTRA - TR
F—l, TR VF—2lifgo2o BE52H2E—Tx V¥ -2, RUNES%E
HWEHE T XN X — IR, UhrEDREO T ANV - ALY ARETH
LZENHSNT W, NREZILF—DIXLF—HEIZ, Hiige L ToER
Z MVERAWTREING, ZTORBEIIBEEEPT SN TWED, TheEOH
R Y ORI & DEEBE TS - 72, DERTE I REO T XV X —HE%
REFHNG R 2 TR 4 B AR 2 H WA REAKRD s NT W, HBAHIZOWTH
ACIARBERIZINVF —PELET D, TH5IZD0WTIEA YT ARESMBITHA
S5NTWER-> T,

2. WEOEW

AT A - ZTRXINVX—DR/MEMEZZBET 512H7- 0, MAEHRZED A
ARNT U 72\ AT 2T D < FIEICAIMIE R &2 BX 0 JA T2 IR, AR ZE &R
NRETERHTE2ED0 e H/MUMED D VWIZ AV F - DEEEZFHARSL, 2D
DFEOCHD S 7 5 5EAHITIE, A EIEENBMHAEEPIELT 5, Z1UT
A AGHBDEMRETHBD, BOIZE > TRIHTE S, #EOH % KA H DR
YEZBHILT., TNFNDALI A - TRINLNX—%FE—WZH>S, K—95%H
T, RO TFREEZMHSIT2H2HNE T35,

(i) HOHDOZ RN F —DA Y ARERREEIEAHD T IVF—IZHRRT 5,
(ii) #AHDOHRT N X — & /7 AGROMEE TR,
(iii) (i) OFEREFBOHOZ RV X —ITEILT D,

3. WMEDHE
(1) ZxVF—DHE—1b

MOHOIZALVF R _EHELOTHOLINID, BEOAEIIZT R
F-BENMFEME 2D, T2 T, FTHUOHZ 2 o EAHOMIR & X, #&
AHIZATEAE A - TRANF = HECHIZRNTEIAE A - TR IVF -2

(2) AT ARETZILE—D—k
R ONTWERECBEIZHTAA YT A - TRLF—I45%E, #H—1bL
T RNVF—IZEHAL, —BibT 5,

(3) PRT AT =B L T ABEHDER



FROHIZN T 28 DT ANF - DI XN F —FEIZZOIRI NH Y
AEBRENT VD, ZORBEEZEET DL LBIT, BRI ANV —HES
i@ﬁ%%@liw¥—%ﬁﬂﬁw1%@M@%ﬁ%%*?éo

4., g AR
SEOH £ 2 2MBARE (f), f) KT ALY A - TRLE—3ZNEN
1 1
& = — dsid
() //<R/Lz>z (If(sl)—f(Sz)II%n @(f(su,f(szw) o1

1
EulFr £) — dsyd
1k (f1: f2) /IMMmﬂMMZ”h@Qfﬂ@M@/ﬁS2

TEHZINDG, TI T, MR Imf, Imf,, Imf, DEILIMENRTA—-X%2 %
M%ﬂ L, Ll7 L2 & S, 81, S2 & [/711_0

1

g =
o(f1 f2) //(R/le)x(R/L2Z) ( 1F1(s1) = Fa(s2)llg.

32
g el (51) = oo ) dsrde
&< ZET,
Gl -4 (BUH(f, = £) OB)
So(fufz)—{g:(f £y) (%&&50)1 )2
512

it b TEBHEZRLZ, ITNHITHL, AT ARE

go(.flv.fQ) :gl(f17f2) +g2(f1a.f2>

PO DFEERLUZ, ORI OHDZ R LF—IZ oW TIEH ST\
LEDTHD, AUDTHILF—IZ

|7'1 T2||Rn
st = [f s = Tollen 44,4,
bz ®R/L:1Z)x R/ Ls7) 2 F1 — Falljn
2
efid) = [ -
bz ®R/L:Z)x R/ Loz) | F1 = Fallfn

fi-fa ofa )
<(renn g e o S5

TEHEZ6N5E0T, & Billifgoh»? v BE&Z2HI0. & PR UNEEZ2H5 &7
RTEE, ZNSDZRINF—2HIAELEE2ANTET, RABIZNTEHY
ABHIE, BN I AN F—DIRLX —EEIZEHNS

fl(sl) — f2(32)

1 F1(s1) — fa(s2)|rn

Thb, FOHIZHLTIE, EORD f, & f, 2 fFICEEBAZHDL L TE

#9 5, HU, DR #£0 L RDHEMPERIKEL 05, 7, & f, DBAHERZ PV
< UN

9(817 82)

0 0
(881||f1 - lel) oI5 - £l 22

*
T

0
- (asznfl - lel) g+ f - fal 22

T3



LBk,

71— T2||]R”

f 7f // d 1d82
b2 (R/L1Z)x (R/ L27) 2||f1 f2||R“
|77 — T2||]R

= — = ds1dso,
//]R/L 7Z) % (R/L27Z) 2|lfy — .f2||]R"
|71 — TQHRn

f 7f // d 1d82
vz (R/L1Z)x (R/ L27) 2||f1 .f2||]R"

_ // |77 — T2||R" dsydss,
®R/L1Z)x®/Lo7) 2 F1 = Falln

(r1—73) (T2 — 73)
E(f1, f2) // dsidss
bz ®R/Z)x®/Lezy 20 F1 = Fallgn

WO D, 77 WAV AGEREHANTERINDHDTH DN, EORBUTIE
WY ABBREDEDIFFHITITE N, 2D I g T T A B E T EE
KRB ELIEZ, & ZDOWTIEH Y AEGZEZEHWT

dg Og
Ea(f1. f :_2// 99 99 ys.ds
2(f1, F2) &2 L) D51 D52 1ds2

LREIND (EERR) $H 50Uk,

ﬁ%ﬁﬁKiO\XEWXTﬁﬁ%ilzw# T AHRRERTH B &
R TE 5, F72, HERIZNMATOT XL F— owfﬂ%hfmk%%ﬁﬁu
KDL DM TINF—IZOVWTEFHET DI DD o7z, EoNRT %
N —DEHEERBIZ. BT RILF = b —F A SEREA~DOWEN G4 GH
MEGD—FE) LBETIEIEIN, RIVE DT RV F— 130 BE
PG & DL T BEID > TWH, ARSI & DT 320X — & F0H
By O—J@OBEMMEN R X 72, TG IIALFER % T Wbﬁhﬁﬁ&
WHAHREWLL TWDE, RIFEDSHBDEORE FEADPHL LR
57259,




4 3 1

Blatt Simon Ishizeki Aya Nagasawa Takeyuki 31

A Mobius invariant discretization of 0' Hara’ s Mobius energy 2022

Journal of Knot Theory and Its Ramifications -
DOI

10.1142/5021821652250016X

Aya Ishizeki, Takeyuki Nagasawa 31

Upper and lower bounds and modulus of continuity of decomposed Mobius energies 2021

J. Geom. Anal. 5659-5686
DOI

10.1007/s12220-020-00496-x

Aya Ishizeki, Takeyuki Nagasawa 298

Decomposition of generalized O"Hara"s energies 2021

Math. Z. 1049-1076
DOI

10.1007/s00209-020-02601-w

T. Nagasawa -

Relevances of the Mobius energy to harmonic maps 2024

Surikaisekikenkyusho Kokyoroku

DOl




13

64

2022

RIMS

2022

2022

37

2022




A. Ishizeki, T. Nagasawa

Mobius energy for knots and links, and wave maps

The 13th MSJ-SI "Differential Geometry and Integrable Systems": The 5th International Workshop Geometry of Submanifolds and
Integrable Systems

2022
Mobius
2023
2023
T. Nagasawa

Decomposition of the O"Hara energy

"Energies of Knots, Residues of Manifolds and Related Topics

2023

T. Nagasawa

The Mobius energy for knots as a limit of that for links

Workshop Critical Exponent and Nonlinear Partial Differential Equations

2023




Takeyuki Nagasawa

The Mobius energies of knots and links: Decomposition, the cosine formula, and their Mobius invariance

The 13th Nagoya Workshop on Differential Equations

2022
Mobius : Mobius

2022

2022
Mobius Mobius

2022
2022
T. Nagasawa

The relevance of the Mobius energy to harmonic maps

RINS ( ) - ;

2023




T. Nagasawa

A new formulation of the variational problem of the Mobius energy

International Workshop - Regularity and Singularity for Geometric PDE and related Topics

2024

2022

63

http://www.saitama-u.ac.jp/sci/math/lab/nagasawa/seika.html

http://s-read.saitama-u.ac. jp/researchers/pages/researcher/TeBukxhV

(Shimikawa Koya)

(60312633) (12611)




(Ishizeki Aya)




