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The foldong family & The rotation unfolding @ Versality
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1 The folding family & The rotation unfolding ICDWT

M CR®% 2 = f(r,y) TEZRMI SNLERRIEE T3, (z,y,2) = (v,9%,2) 22D 7 7IZHIR L7
GAG (2, y) v (2,92, f(z,y)) ZHTE M O The folding map &M F: R?2 — R3 2 BL. ZOERIRRE R
BRFOSMIIHIE M OB FEHD vy-FH e —HT 2 E2THD, ZTID cross-cap & D HIELT 2 SRSl
M OFEFAD g A —RT 2 TH2 e PHLNATNS,

Z OB Kl T O FER/NEEWLO R (Infinitesimal reflectional symmetry) %8283 % 72912 Bruce 51
ko THASNL. ([1], [2]) HE OEKTOHFWOSFMEGIIET 2 = f(z,y) LT f(z,y) = f(z, —y) DL
MFBIETHED, ARETRERNFEMTMEE f,(2,y) = 3(f(2,y) — flz, —y)) BEMADET 012
FENC L THBLELED. O fo(n,y) Ey CET3 [ OFEMIEL 25, COL ERDBRTT 5.

o fo(zo,y0) = %fo(xg,yo) = a%fo(xo,yo) =0 &7z 3 8 (v, y0) 1& F(zo,90) = F(xo, —yo) &7
L, (z0,%0), (20, —yo) WCBWVWTD F OBOFFHIE—HT 5. 2D X 5% A% Self-tangency point &

o F 7% Bo-FF R (m,y) — (z,v%,y° —2%y) & A-FAETHZ &, ZOEHED LEHT % & Self-
tangency point 2E T %. (K1)

o F ORERFMZBREIHET 2 E, ZORMNI y OFHROFHDATIREENS. (K.2)

a=20.6

1 Self-tangency point Z#F20E 4 (v,y) — (v,y%, y° — 2%y + a’y — 2a°y*) D%

[2] 12T Bruce & Wilkinson 2V/RL7AZ ¥ %, fifick 3. £3 The folding family DR R iM%
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Mond O47% (£ 1, [8]) TEH L7z, Z LTI D The folding map OFMINEETF 2 EH S5 Z & T The

Germ f(z,y) Ae-codim  Determinacy for A Name

(z, 9%, zy) 0 2 Cross-cap (Sp)
(z,y%,y° £2F1y), k> 1 k k+2 SE
(z, 9%, 2%y £y ), k> 2 k 2% + 1 Bf
(.9 zy® £a*y), k>3 k k+1 cE
(9% 2%y +9°) 4 5 Fy

#* 1 Mond BIDKR A

folding family & FEIZ 2 5 fE%EA$ 3. Z D The folding family 75 M DO HIAAEIRD residual set
T A-versal TH 2 Z ¥, ZOHREDIIGESH M M OFEMID dual ¥ Symmetry set ® dual TREZ Z &
ERL, DIEEEOETAVELG 2. ZOETIUE Cy - MORREOBEPKITITWS. (K2, KI3) 22T,
B 2 BRDERIED A-versal TH 3 L I1ZZDEBRD L D S 2L E TN THRHoTVWS XS RE[RFEOZ %
{63, A-versal TdH 2 5RIEIZZ DEBDOEEBHIFIH LTI XA —XDOABNFLT 5720, DIEEEICD
FRPFHEIND. Ko T A-versal REMGBEOFIKESDET NV ELEZ DI 2T Aversal THHL VWS
ZHER L TV A BERIHETHNIZ DTIKES DM RMHEZM 2 Z e RN TE 5.

S1 =B, So S3

By B;

2 Bruce & Wilkinson 12 & % The folding family O3 UEEADE TV ([2]). HEHHIFIO dual 1Y T
2 DHEWVERS?, The symmetry set @ dual (A4 $ 2 ODHEEITFEDT L > TW0 3.

3 EAM20DC; DEFAT Cf MOKEM, A2H- Tk CF HoRRMONIEESEDET L
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ARTI, The folding family ¥ 7D HARBEKE RO I HED Versality DM 81221 72 50 % AN
T5.

2 FHECHBYIR - BRUSDOWT

The folding map OFFF =% The folding family @ Versality % R 2 0 R 2B 2 B IS H B
H, BREWSDONDHS. ZOFTREZALOMREZHNT 2. FELAR (7] 22 LV, BRTRWY
BrFEZSL. M M OFAGAGFHIBIT 2 EHRE &, MET 2 FEHME v; LiEL.

EE 2.1, BN v-HBW (v;-subparabolic point) TH 2 21X, vik; =0, (1 #j) ZEETRKTHD, 2
DREERD 1 IITTHAUR v-B IR (v;-subparabolic line) ¥ FEXR. F7z, KD v;-ls (v;-ridge point)
ThH22E, vk, =0 ZWLTRTHD D, ZOREED 1 XL THIUL v;-IEHR (v;-ridge line) ¥ MEA.

LRI M oS o, ERNIHERE M OFEHEID cuspidal edge ICHIET % Z & 23S H
TW5. DIEEE DM F 7213 The symmetry set @ dual TH 2 Z L IFEET % &K 2 12215 DR
RNTWDB ZeDHARNS. 2D Z 225 Bruce £ Wilkinson (& The folding map QR R MDSEMFERD
koM LZ. ([2)

Sy R oW SRR LIRS

So FEMTE EORIR 2% (TIES FTRE)

Sy FEHTH EOW S RETH Y RABBRORKRE 85 (HIKEES FTOIEDDRE)
By Bl EoRm 22 (DIHEES ETHEYIA. EFATIEFMICKR>TWD)
By il EORED Symmetry set EOBPI ST OHE EY %3

O3 i E o cuspidal edge ¥ BPIFRROR L 725

3 The folding family & The rotation unfolding @ Versality

SH, A DED AT The folding family & /EH 3 2 EE#E Fuc Z B0 AICHIR L TE 2 /-
The rotation unfolding R 12D\ T D Versality DRAZEFIEEEER T2 DTH 5.

Bruce ¥ Wilkinson (G $EUENCEBIFEZ(EH X 2720 Z OFEME %2 K2 X 5 BEFZER 2 & T The
folding family ZX® X 512 L TI57-.

F: R®xEuc/H — R?
w w

(p, A) — A7loFoA(p)
ZIT, HIFFH y=0Z2R2 L5 REHHOMARL 35, ZATHEMEORED 2 D 5 X —& & F
FBEICL S LD 5 A —ZEHD. [6] TIRZ O & 5 ICHR L 7B % B0 C versality 2HRaI LT 5.
e EERD AIZHIR L7232 % R : R? x S? — R? % The rotation unfolding ¥ FE3.

[5] TlEd 5D LEBEMICHE L2 02 MET LTWa. il M OENZ ML v, SEEFESER L CEEhx
AT BEILE T1, DIERZ MLE v e S?2 L BE, BRI N8HE I, v =v xv, w:=uxv TRLHAT
WVWEERETZE, RROZ7L—242 LT {u,v,w} BB 3. The folding map F IZHIRE : y = 0 DIES
HOES% 2532 e THEOIDIELEHEBRL TV 2D, FARICIDO7L—2IlBT 5 v 0%k 28T
% Z £ T The rotation unfolding 2182 Z 2B TE 5. 7 I DAIET The folding family %15 2 1 I HiML



HZ FATREIS 2 080D 528, 200 bicHhifiz y-#s i FATRE L T (2, y) — (z,y — ¢, f(z,y)) O
%% v HANSHT D ROV, ZOEKINIcEr NG R o THBESICE T 25 R Y 21T o 7.
P EOTETHER I N BEES D versality 2 2 D2 L LI NOEHE1§ 5.

EE 3.1 ([5],[6]). F & F @ The folding family, R % F @ The rotation unfolding £ 3 %.

1.
2.

FW S BORRETHZ &, R,FITHEIC A-versal 1272 5.
FEWSBORRETHZEE, R Aversal TH35 22t M PEETHERTRWI EHARE+FST
HY, FIRFSTHEETRITIE A-versal TH 3.

L F DSy BIORIRATH 2 b &, RITEIT A-versal TR, FIRFEMAZIE L HBIRVIERETHN

X A-versal TH 5.

CFE D By BIORRETHD &, RD Awersal TH23Z 2 b TERHIHEME @y = 0 1M TH 2

2, T Dy B EIGEL L COAIBE TRV Y ) BB TH D, FIIEERIE D IERD IR
BohuL A-versal 12725,

. F 9 By BIORRETH B L &, RIZHIC A-versal TI2L, Fld 6-¥ = v MK 2504 (2), AR

B) &i/l-5t A-versal 127525.

CE ROy RIORRETHZ 2 E, RITEIC A-versal T/, FIZHWIRR & IERRBIHEWIINICZEH - T

WAL A-versal 12725 .

23 i 2 5o & %, Darboux I &K 23 TH X 515 Lemmon, monstar, star LTH X F 25T
BHBODORBRENI q versal X B BT o TW3S. A-versal TH 3 720 DRHE A 535441 Fukui,
Hiramatsu ([6]) ICTEZHNTWEH, WRTH S L ERMDEMTDH 2720 ZTREIET 2.

FERHOMIE . 1. @ The rotation unfolding DIFE D A% BN S. #iH M A Monge X

1 U | .
flz,y) = 5(:7'61962 + kay®) + E —i'j'aijx’y] +0(m+1)
i+j>3 "

THALNTWELT 2. ZOLrE, FORMELAOHESRMFIZLUTTEA6MS ([4]).

Rl (RBDSAM

Sf‘L t+asiags > 0
Sa az1 =0, a3 # 0, az1 #0
S;f as1 =0, az; =0, tapzaq; >0
By as # 0, aps = 0, +(3az1a05 — 5als) >0
Bi ag1 # 0, agz =0, 3azaos — Ha3y = 0,
+(9ag7a3; — 63aisa13a3;, + 105a23a35a01 — 35az1a3s) > 0
(o55 as1 =0, apg =0, *asiayz > 0

# 2 Mond O L FRE DM

H2 C*-EfIF g:R",0— RP,0 DB G: R x R",0 — RP,0 % A-versal TH 5 Z ¥ DEMIF w; &
GOATA—RLFBLRTHS L HBHBNTAS ((9)).

oG

oG
TAeg + < 87111

" Ou,

> =0(g) (1)
R" %0/ p
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Z# % The rotation unfolding R DHETEZ S, KD XD BRITHINFEEEI NS, ZOITFNIHBARITS
FIZHIBRL TN, b, ci5 13406 DTEHDOES, ¢ 306 OIEROHERSY, v BT E T X =2 THI L
TOHIRL S L 2> TW 3. HEFICIE O(F) DERTEALA T 3.

Il boo D10 bo1 bi1boibos | coo cro cor caocricor | @1 g2 gz | riomo

yel -1
rye;
z?ye;
y'er G

ye2
TYyes 2

y3€2 2 493 k2

ves k2
ryes k1 aa ko
asy
2

I ‘ﬁ
S oo
=

2 a a a a
viyes || B[] b an Gk 7

3 ais aiz ap4 ap3 aops
yes 6 2 6 6 ko 2

S1 BORREADYE, MTHENLAREEIRNTO TRVWAEDITHOBEDRAL 2D (1) Ziilz3. O

4 FEIBDHTEREYIICDOWVWT

MEofEE ([5], [6) e TEedohTWwD., ARICHMATWRWEELE LT, Ai# X The rotation
unfolding & The folding family O3 I5E A L TORHRA S %. The rotation unfolding D %7 X — X EAIX
The folding family D %7 X — X Z¢H FO#E L TARE 228, ZO#ED The folding family OIS
WHEWTIICZE B B 2 & B The rotation unfolding 23 versal 12722 Z & OB TH 2. HREFIZDOWT
BRI OV T ORI WD HER By, By TR R A ORI X 2 (OB T 2175 72

The foldong family IZDWTHITH M DOJFEADY =V v 7 KR LD $3iB{L L Twiug versal 12725720
2, ERlbhBZ50I DI THRL versal IR ZGEDPRAINT VWS, F7z By BFFRLADKD The
folding family 2% versal 1272 2 5 EDS AN TH 205, TH DM RMAIFLHIEHRIIKREHTSH 5.

ay3(ka—ki1) a4 ais _ a3 _ az3(k1—ka) ais _ as1 _
arz + RS 4 gt (ke — k) 4 50 (a0a — Baze + SR + G (as0 — 2a12 + g3t (k2 — k)

2 2 2
_ 33 _ @12a13 3ags _ 9a0ak3 _ 3asziajy a1z (__ 2 ajza23 ais _ 2 _ aj2a3
aoy — 3k; o o 5 2 ot e (—a14 + 6a12k] + H2528 + e (a22 — kik3 2taL)

(2
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