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BRTETARAT & plfR & extrinsic flat great circular surface
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(Department of Mathematics, Hokkaido University, Shun’ichi HONDA)

1 @EL®IC

LTI, 2] Lo TEASNE 3 MEHREANDKRR 2R OMi»r SEKIND 4 BED
extrinsic flat great circular surface & % D¥RREDOREEIT 2HE 3 5. Extrinsic flat great
circular surface i¥ [4] KX > THBAINAE R OAEEICHIGT & TH 5. BESERK oM
e UTIIBRERN SHiREE X 5. REREN SHRRBRRERFOHRLBOMTH 2.

2 #fy

3 IR S% & 8% = {(z1,%2,%3,24) €ER* |22+ 22+ 2t +22 =1} T3, SPitBIIB
WL 2 = (21, T2, 3,%4), ¥ = (41,92, ¥3,¥2) € 82 ITHRHLT, R* OEHERHR

4
w"y=zxz‘yi

i=1

2AVS. £ED a; = (a},a?,0¢,a}) eR* (i=1,2,8) TNLT, RZ bV a; xaz x a3 %
a; X as X az = det o @ o

LEHETD. ZIT, {e1, e e3,e4} TR DEREETHS. R* DEHER 3 # (orthonormal
3-frame) X%, R* OFD 3 BEDRZ M VDM (v1,v1,v3) THoT, RO (1) (2) ZHET
HDEWVWD :

@) vi-v;=0 (i#74.47=1,23).

R OHOER 3 BEhORTEEY Vs LB,

EE 2.1 (KA EHIR) TH (v,v1,10) 1 ] — Vig PERED t € TIZHUTRDOZE (1) (2)
BRETLE, (v,v1,v) ZHRERMAEER (spherical framed curve) £\ :

1) A@) -1 =0, (2) () -v2(t) =0.

PREFRAT & BHR (7, 11, 12) IZH LT, p(t) = v(t) xn (t) xea(t) &30, {v(t), v1(2), v2(t), pu(t)}
R OFOFERBEREEL2T.



E-EE 2.2 (LR - ELROAR, [2]) B& (v,v1,10) 1 I - Vi3 2RERMA SHEE T
B, ZDE, UTFTOT7L % - LVEDARDED IO :

() 0 0 0 aft) ~(t)
n | _[ o 0 ) m) n(t)
D (t) 0 ) 0 n@) || w0
A(t) —a(t) -m(t) -n(t) 0 u(t)

TIT, aft), Ut), m(t), n(t) RATTEZENS [ LOBKTHS :
at) =) - pd), £3) = 1(t) - va(t), m(t) =21 (t) - u(t), n(t) = v2(t) - w(t)-
ZDeE, B (a,l,m,n): I — R* ZERERN SR (v, 11, 12) OB LIE,
EE 2.3 (REHNZHBOAR) 2 DORERHE FHIR (v,v1,) & (3,01, 02) HERTHS
23, HBEETH Ac SO4) WEELT, EED te IIHLT
1) 7(@) = A(v(®), (2) wi(t) = Awi(®)) (i=1,2)

EATLEERWVWD.

Bt EHROFERE L —BEEE (3) ORILRBEL LT, UTOFESE L —BEEED
B Y LD,

EIE 2.4 (BRERS EHIROFEER, [2]) F& (o,f,m,n) : ] —» R* iZ0 LT, BREMA g

(v,v1,v2) : I = Vi3 T (a,f,m,n) PEETHEHOBEETS.
EE 2.5 (BREHAT ZHRO—BHEER, [2]) 2 DOREANA ZHIR (v,v1,10) & F,01,0) I
HUT, INODOHERPE—-BTELTE. ZOLE, (y,v,1) & (F,0,00) BERATH 3.
BRI AT & AR (’Y,Vl,l/z) Y ‘/4,3 IZRUT, (bl,bz) €A%
b1(t) = cos0(t)v1 (t) — sin O(t)va(t), be(t) = sin 0(t)vy (¢) + cos O(t)va(t)

EEHTB. TIT, AZA={(v1,v2) € S xS |v;1-v2 =0}, 0(t) BESHLEHTH 5.
ZDLE, (v,b1,bo) : I - V3 WEHURERM SHRL 2D, BAERZ MLEED:

po(t) = y(t) x b(t) X ba(t) = p(t).
{7(8), ba(t), ba(t), w(t)} % O(t) WHBEERE hicke k>, Bz, 0(t) D% 6(t) = 0(t) % ¥
RFrE, {v(t),bi(t),ba(t), p(t)} % 6(t) KEBEYa v TREWS (1]). ¥ av TROK
DHIR AE) EHLT—ETRRL, BOEREEOBHENERETS. Uy ay TRIZLZRA
At EHRR (4,b1,00) 1, UTFO7 VL% - EVEIDARERD !

A(t) 0 0 0 o) ~(t)
) |_ o 0o 0 @® || b
bot) || O 0 0 @) ba(t)
u(2) —aft) —m(t) —#(t) 0 p(t)

T, @), At) &

m(t) = cos 8(t)m(t) — sinO(t)n(t), 7(t) = sind(t)m(t) + cos O(t)n(t)
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THB. —H, m?(t)+n2(t) #0 DREDT, (n,n2) €A %
n(O(©) —m@al) | w00 + nOw)
VMA@t +n2(t) Vm2(t) +n?(t)
LREBETD. ZOLE, (y,n1,n0): ] - V3 WEHUKRERMS SR 2y, BUERI MLE
Bo:

ni(t) =

Bn(t) = (t) X na(t) X na(t) = p(t).

{v(t),n1 (), na(t), p(t)} % 7L XBEOR LILR. 7L REORIT X ZREHA X il (v, n,
ny) W, MFO7LR - L VEOARERKD :

F(t) 0 0 0 a@) ()
m@) | [ o 0 It o n(t)
nyt) | 0 —Zt) 0 @) na(t)
£(t) —a(t) 0 -m@) 0 K(t)

ZZT, U(t), alt) &

7t) = () + m(?n’;((?) ;Z‘z,(g)”(t) A(t) = /2 () + 72 (D) # 0

TH5.

3 MIEE & tangent extrinsic flat great circular surface

AEi T extrinsic flat great circular surface D E&AFIE LT, IRERA EHHiEL» SEREIND
I & tangent extrinsic flat great circular surface 2#H/r3 5. Great circular surface &
O extrinsic flat great circular surface IZ2WTik [4] B L Ao EFRESRBOZ L.

EE 3.1 (HBE) (vy,v1,00) : I — Vi 2HRERN EHRE §5. B DS, : I x[0,27) -
S3 %
DS (t,0) = cos vy (t) + sin v (t)

LEETD. Z0LE, DSy & v ORNME (dual surface) LR,

DSy & (v,v1,—p, 1) : I — SO(4) IZ & 5 great circular surface Th5. ZD&E, BITOH
FRAAB D LD ¢

5(8) 0 0 -of) O v(t)
n@ | 0 0 -m) £ vi(t)
=) | | e@® mi) 0 n() —n(t)
v(t) 0 -t -n) O va(t)

Extrinsic flat TH 554X (1) &9, DS, i3 extrinsic flat great circular surface TH 5.

ZX 8.2 Non-cyclic THBRHERN (2) &b, DS, »* non-cyclic TH57=dDYBEFTHRMEI
m2(t) +n?(t) A0 BRVILDOZ L TH 5. EH 3.1 &V, DSy OB {11(t), v2(t)} DEERIHK
52 WDT, non-cyclic ZNHHEZANDL L SR T VAEOBRPERTH S.

B, m2(t) +n2(t) # 0 2EL, 7VAEOB {v(t),ni(t), na(t), u(t)} 2Ex 5. HEIZ
D, DS, DREHRN (£,0) & (t,7) THH, KEMED tny(t) THB I LbLS.
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8 3.3 ([2]) (£n1,7, 1) : T - Vaz FRERAS EHIRTH 5.
W& 3.3 &V, 1ny(t) ONHHEIATCEASND :
Fr(t,0) = DSn, (t,6) = cos6(t) + sin Ou(t).

ZDEE, Fr % tangent extrinsic flat great circular surface & FER. Fr ld [4] i3} 3 tangent
extrinsic flat great circular surface D—{LTH 2. A-THHE ([4]) kv, UTFOX1T75I 4
ME YLD :

taking singular value
Ds., teking singular value,

A—dualI lA—dual

Ey s Fr

taking singular value

[4] i2B1} % extrinsic flat great circular surface DR REOUEEERAT LI 212Xy, B
ToOwmE%ER/S :

& 3.4 ([2]) (to,00) % DS, DRERLTS. ZOLE, UTFHRHILD:

(i) DS, A (to,60) HBWTHATRIE ce CRFAMIAMETS 37-DDBE+HZRMEZ
a(to)b(te) #0 RV DI L TH 5.
(i) DSy #* (to,00) BWTYNADRE sw KRFBARAMETH 20 DBE+HEMER
B(to) = 0 BT alto)l(te) # 0 BRD LD L TH%.
(iii) DS, B% (to,60) KBWTHATREXIMETF cc ILRFBAFMTH 3 72 O BE+H5M4E
alte) =0 BT alto)l(te) #0 BPRYIDI L TH 5.

Z 2T, A AR ce X ce(u,v) = (u,v?,v%), Y NADRE sw i& sw(u,v) = (3u*+u?v, 4u®+
2uv,v), HATRIENIEF cc i ce(u,v) = (u,uvd,v?) TH 5.

& 8.5 ([2]) (to,60) & Fr OBERLTS. ZOrE, UTHARIILD:

(i) Fr B (to,00) BWTHX S RHME ce KRFMAAMETH2-DDRE+HERMEE
a(to)l(to) #0 PR DD L TH 5.
(i) Fr #* (to,00) KBWTYNADE sw KRFMARETH 2 -dDBE+H M4
a(to) = 0 KT a(to)l(to) #0 BEDIDZ L TH 5.
(iii) Fr 2% (to,00) KBWTHATRERIEF cc KRAFBARETSH 37D DBE+HRMEI
B(to) = 0 KT alto)l(to) #£0 BRYIDZ L TH 5.

EE 3.6 ERIER v: T - S3 it/ LT, HF 3.4-(ii)) KU 3.5-(ii) DREZEE 2\,

4 SRERTE & HERARR

AREICIE, HRERA & EROEHE, BESRUCBEAROISHEEZENTS. U, 7L 38
ORI & BIREEA R (v,n1,m2) 1 T - Vs TNLT, 2t) #0 2KETS. ZDLE, B
TOMEPRD LD :
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BE 41 ([2]) (1,Cm): T - Vys WRERNSHBRTSHS. 22T, () &

a(t)y(t) — a(t)na(t)
Vel (t) + 7’ (t)

¢t) =
TH3.
EE 4.2 p(t) FEAREHETH 3.
EE 4.3 B/ FS:I1x[0,21) > S3 %
FS+(t,0) = DS,u(t,60) = cos O¢(t) + sin Ony (t)
LEHETSE. IDLE, FSy % v OHME (focal surface) LI,
FEIZEY, (to,00) B FS, DRERTH 5 DOMBREFIFMEI

a(to)ni(to) — é(to)R(to)
Va2(to) + 12 (to)
BEDILDIETHB. £oT, FSy DREEEIT

cos 8 + £(to)Ti(to) sinfp = 0

O (t)7() F (at)a(t) - &t)(t)) na () F a()et)a(t)na(?)
VEOR (1) + (altyi(t) — aR()” + 20 OR2(2)
TEXOND. EF % v OfEFHR (evolute) PP

EX(t) =

@ 4.4 ([2]) (EE,np): 1> Vig BRERNAESHRTSHS. 22T, 9t) &

(1) = 20) + DN (?)
VaA(t) +72(t)

Th5.
W44 X9, EE() OMHHEEIATTEASNS ¢

DSz (t,8) = cosOn(t) + sin Hu(t).
FEORBMY TR, R® KBVT DS,z KHIET HHARL S, RESTFE S TROMRTH
BLERD. ABMLD, UTOXATZS LMK IO :

taking singular value
F§., Loking singilar walve, - g

A—dualT lAdual

H)p 4——— DS.x
( )p' taking singular value &

B 0(t), o(t) %

it —s@ae) \ L =_( oWl 4 )
z(t)ﬁ(t)\/a'*’(t)-l-ﬁz(t)) and o0 \/a2(t)+ﬁ§(t)+ )

LEHETSH. DL E, UTFTOEENKYLD :

0(t) = arctan (
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EE 4.5 ([2]) (to,60) & FS, DHERETSE. 0L, UFHFROLD

(i) FSy P (to,60) IZBWVWTHATRME ce LRFMARAETH 22D 0BE+HFEX
o(to) 0 K DIDZI L THS.
(i) FSy 7% (t0,00) BWTYNADOR sw KREFMASEETH 3 -dOBEFHZRME
a(to) =0 B (to) #0 BKV LD L TH 3.
(ii) H A TREEFIEENZ.

ER 4.6 ([2]) (to,00) & DSpz DRRRLTSH. ZOrE, UTFHFRHILD:

(i) DSgzx % (to,00) KEWTHATRHEE ce IRFFMDFAETD 570 DBE+DFRMER
o(to) #0 BRVIDI L TH3B.
(i) DSz #* (to,60) RBWTHATRIRIETF cc RIS AMETS 27D DBE+HFME
X o(te) =0 RV (k) #0 BERVILDI L TH 3.
(iii) Y NRORBEENZW,

Cya v TR {y(t),bi(t),ba(t), p(t)} KA LT, ~(t), bi(t), ba(t) RELTHBDERY ML
po(t) ZRODT, BITHHD LD :

B 4.7 €23 v TR {y(t),b1(2), ba(t), p(t)} WHUTATAERD LD :

(i) FSy(t,0) = FSp,(t,6) = FSu,(t,6),
(i1) &5(t) = &, (1) = &, (2)-

{$8% Extrinsic flat great circular surface

AR T [4] 12 & B great circular surface & extrinsic flat great circular surface DERE E &
Hb. (ao, al,ag,ag) I — 50(4) % C-HKEHBL TS, ZDE, UTOBBRANKLID :

ao(t) 0 al) ) o) ao(t)
ai(t) _ —ci1(t) 0 ca(t)  cs(t) a;(t)
as(t) —co(t) —calt) 0 cs(t) ax(t)
as(t) —c3(t) —cs(t) —cs(t) O as(t)

TIT, at) (=1,2,..,6) &

a(t) = ao(t) - a1(t) = —ao(t) - ar(t), ca(t) = ao(t) - az(t) = —ao(t) - a2(t),
c3(t) = @o(t) - as(t) = —ao(t) - as(t), ca(t) = ai(t)-a2(t) = —a:(t) - az2(t),
cs(t) = ai(t) - as(t) = —aa(t) - as(t), cs(t) = az(t) - as(t) = —aa(t) - as(t)

Thb. B Fa:Ix[0,21m) > S% %
F4(t,0) = cosfay(t) + sin fas(t).

ETBH, ZDLE, Fa % great circular surface, a; % base curve, az % directriz LRI, x
Tz, 5% to e I ZNLTEHZX 63K cosbaq(to) + sinbas(te) % generating great circle &
X, Fy O extrinsic Gaussian curvature 2MEEMICETH S L &, Fu % extrinsic flat great
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circular surface H U <13 E-flat great circular surface EFEXR. F4(t,6) #* E-flat TH D7D
DETRRME
ci(t)es(t) + es(t)ea(t) =0 1)
MBRYIDZLTHDB.
Fyp PEED telizLT

(61 (t)’ C3(t), C4 (t)a Cs(t)) #* (Oa 0,0, 0) (2)

AT L E, Falk non-cyclic TH32\03.
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