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3woa—L vy - Iva T AF—%E R2 = (R3,da? + dal — d2d) THHDT.
R MIZBWTHEFEN) — < VitERB X e —L Y YEEE 5 2 2l % Th T hiE
M & & ORI ET & W 5. & 50z, 2R, FERK e E 2 F s B W TE
PR APEFRIZTH A T WS & &, EHIIEA M S & R MBIR/NHE & W, R2 7
HBWT, 20 &S gihi R Z i & X Tn 5. RS OB/ & E M
EARD DT ENRHMOoNTWEA, BHEIZR L LMED 1 DL UTHERDFEELRH S.
FYIRH RN EZ BN DR E D 1 DI ) HRF RS D 5. i1 AR AT 12 AT 54
F:R2OU - RVNN- T F(a,y) = F(x,—y) 2l HDTHObIND L EZIZHVH
REAZDHE L VS, T42b5, R2 WOH b B RS L, BESESEZ 2T RO
MEPZERIZERS>TLES>TWSREDOEDEZFT. 2HERTH LI 5, KIEAIX
BT IAEMEIC L > TRT Z AR TE D, I4E, 10 HRFRAD null B SLREik+
U TR EFME OB Z I DWW THERA LD ED ST wa ([13], [12], [7], [3],
[4], [5], [6], [9], [20], [1], etc.). ARG TRIMBASEK (KIKTZRE) & QIR 8] DAZA
WD E SRR BT OB ZIZ DWW T O, BERIERE R U 2B RIZ DOV TIRR S,

PV R B AN D TN TEEERD 1 D2 LT, Weierstrass B O REIA X
[13], [19] 215N T WS,
20 FE A4 K HH T
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X@)=Re/(1+fﬂﬂ—9%r0wm ds® = (1 —|g[*)?Inl?

By FE] FOA%R /)N B T

X(2) = Re/ (29,51 —§°), =1+ g*)n,  ds>=(1—[gP)*ql
R21 P2 B A BRI (2 B U TIEES 1 AR ds? = (1 — [g*)?|n]? TRENZDT
BRI {2 e M| |g(2)lc = 1) THZ. 7, BEWBUNHTTICB LTI 2 = 1 24



TeTRIGEER 2 =+ jy 2HVTEIND. Lizd->T, g (ZIERIBEET » XER 1K

BATHY, g IZXFERBET 7 I EM1IXERATHS. ZO5E, B 1 EARAN

ds? = (1—[g|»)?)if]? TREINBZDOTRHESESE {(2e M | [gZ)p =1} TH5.
—REHUT, g, g€ R THREEZFEOLIICHMOVER S L, R Iz W TRHARIZ

2 BB AE A B X@pﬂ%/{1—fﬂ%1+fﬁ@

B RS X@):Re/"a—@%2@1+g%ﬁ%

Y ENTWEEE, STHBENEN R VB ESMAL I NTES. & 510, FRAE
AHEYOERBIC BB RATHERE S T 2 g, 70 BRRAE RO D 0L Zh
zh,

(ZfAE) B0 HERA e { (@) =9() {9®>CR

~—

Z)=g(z
fG)=f(2)
LEZRHTRINSZLIZRD. SSITEMETg=g, f=f &35 &, Eif L TEMEH
DR ERDND. ZO70, Hir b HREAR, T k> THES NS RS
MOFIEOIEEFRT 2720120, FHELAEAN g, e R ERINDBOARD D3,
EDELTWBEEEbND.

IDZXIE, 4 WiE= 2 — b FIVZER R22 FIZBWTH R EENTETH D,

g(R R
(BEREY) B0 ERRA e { — {€(>C

fR)CR

z
X(z) = Re/ (1 —gr911,91 + 911, 1 + 91911, 91 — 911) fd=z

EHWS &, b HR RS2 R D72 D5

91(2) = 91(2),  911(2) = g11(2),  f(2) = f(2)

LRINDG. KT ZORIZ, BUEMEBONT Y HRRAADBILOBEE2EHIZFLHI LT
LEHTHS.

INSDFHBIZENT, BHEOHBMEREZIZEHVWSLNTE ST, kb —ficilgomi
WBHRHZIRELUZRW N ADBHIZOWT, BEEELTHAD L, IRD LI 5.

P (2), -, 0™ (2)
7%, Sl 2 JGEERA & KD C PO CIER B U,

B(2) := (@ (2), ..., 9N (2)), F(z2) :==Re ¢(2)
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CEDD. ZDOLXEHRF X
901(2) = (lpl(z),”,?(pN(Z) = SON(Z)

EHR-TEE FMECH)HRESEZRD. ZOFRINTEBBUIESHRATE, T0F
WAL, #T 0 AR RN B X e EETRPER O %7, o X2 HnTRI N5,

2 WERE

EFE AT EFRI T 2 5Bk S =10, B R T IR ST
Y UTHEEREE R 5. WEFI (bicomplex) 2ADEA B 21 R LORZ R L%

B:={Z =1 +i122 + iox3 + jxg | T1,22,23,24 € R}
THY, iy, i9, j 1L TROBHRN
@ =3 =1, iy =1siy =74, (j*=1)
MK D ML OIS RETH S, ZoL |

C(i1) :={( =21 + Q122 | 21,22 € R},
(C('LQ) = {Z =x + i2x3 ‘ xr1,x3 € R},
D:={2=u1+ joyg | x1,24 € R}

L3252, C(iy), Cliz), D 1 B OHHZEME 70, C(iy), C(iz) DLIFERBTHY D O
LN TR LiEND. B=C(i2) ®r C(i1) £721 X Der C(i1) THD. WEHEHIZH
UTIERD 3 DLE» e 5.

M=y — e 4 daxs — jzg = G +iala,
22 =y biyme —dgxs — jzg = G —idale,
2= wy —dwy —dews +jrs = ( —iaGe = 20T

X 51, FEOIEAME L B 2] 2RO L5 TR B
2" =zzhztl = {(21 — 24)® + (22 + 23)*H(z1 + 24)* + (22 — 23)°},
WEZRHLEZRNTOHEE S #H D

S={z][z] =0}
={Z|ax1 —xg=z2+ax3=00r 21 + 24 = 2 — 23 =0}
={(14j)(z1 +i122) | z1,22 € R}U{(1 — j)(z1 +i122) | z1,22 € R}
— (14 /)Cin) U(1 - j)C(ir) = (1+)BU(1— j)B.
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BRB 0y, 1o, NTHEBE j L THEBEEIRDA A 7 —DRRERTHNTEZS.

Z = relthitialetils (74 S r =z,
e = cosfy + iy sinby, €22 = cosfy + igsin by, e/ = cosh @3 + j sinh 05

ZDLE ZNTNOAEDOFHRIZILLEHANTRTIHELTE 5!

r2e2iift = Zpta  p2e20202 — T 2208 — FETs
(01,02) € 22 )((m, 7)Z+(m, —7)Z) TH Y, j = irip = er™MNiF1/2+ier(Nat+1/2) (N N, €
Z,Ny + Ny : even) 2 A7-9. WEHEBAKREZRO LS 1B L
W(Z) = ui (21,22, 3, T4) + t1us(T1, T2, T3, 4) + ious(x1, To, T3, 4) + jua(x1, T2, T3, T4)
FIARICER 2B AT 52 BN TE, 2, w(2) ONEZEBD ITEZEBEROER M D H

RIGIRE UTEE D, Wz = Wy, = Wy, /11 = Way/la = Way/j. T DEHEEDREREUK
Cauchy-Riemann /I3 %E A7 7

(W)zy = (W2)ay = (U3)ey = (Ua)ay,
(u2)e, = —(W)e, = (Ua)uy = —(U3)ay,
(uz3)z, =  (Ud)zy, = —(U1)zy = —(u2)as,
(Ut)zy = —(Us)ay = —(U2)zy = (Ul)ay-

BEHRERIBER e UTIRB D 32D,

(ul)ﬂhﬂh + (ul)wzﬂﬂz = (ul)E3Z3 =+ (ul)w4$4 = (ul)ﬂhxg + (ul)I2I4 (l =1, 27374)

= (ul)mlﬂu - (ul)l’zl’s = (ul)mlll + (ul)1313 = (ul)mlwl - (ul)$4304 = 0.
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Pl (217) = ' (D)2, .., N (1) = N (3)T2
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max{rank(Ck, (Prol)z2(q)), rank(Cr, (Pno1)z(9))} =2 (K =1)
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— M, BRSNS BV T, NI EBROBRTAEEL, TO i
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3.4 BXf{l
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X|C(i2)(z) = (—%wi’ +z125 — ﬁ, 221, 371 173 %ilmg)
BB
Ko@) = (~get -t = 2 2, Jad e - 5 )
3 Ty — ] 3 L1 — Ty

BUZ BT B, KWEREHT D HRRQIZHIE L TWS. 7z, YN HIZ R Z 5 EfITEHER
ZHISLTE D, ERIZELR > TWD.



4

it

=i

HERIB I 2HHOKE, BLUAROAEOKRRE2 5 A T KT o LRI KY

DAL O & D LB L BT ET.

S 3k

1]

2]

(8]

[9]

[10]

S. Akamine: Behavior of the Gaussian Curvature of Timelike Minimal Surfaces
with Singularities, arXiv:1701.00238, 2017.

J. Cockle: On Certain Functions Resembling Quaternions and on a New Imagi-
nary in Algebra, London-Dublin-Edinburgh Philosophical Magazine, series 3, v. 33
(1848), 435-439.

S. Fujimori, Y. W. Kim, S.-E. Koh, W. Rossman, H. Shin, M. Umehara, K. Yamada,
S.-D. Yang: Zero mean curvature surfaces in Lorentz-Minkowski 3-space and 2-
dimensional fluid mechanics, Math. J. Okayama Univ. 57 (2015), 173-200.

S. Fujimori, Y. W. Kim, S.-E. Koh, W. Rossman, H. Shin, M. Umehara, K. Yamada,
S.-D. Yang: Zero mean curvature surfaces in Lorentz-Minkowski 3-space which
change type across a light-like line, Osaka J. Math. 52 (2015), no. 1, 285-297;
erratum in Osaka J. Math. 53 (2016), no. 1, 289-292.

S. Fujimori, Y. Kawakami, M. Kokubu, W. Rossman, M. Umehara, K. Yamada:
Entire zero-mean curvature graphs of mized type in Lorentz-Minkowski 3-space, Q.
J. Math. 67 (2016), no. 4, 801-837.

S. Fujimori, Y. Kawakami, M. Kokubu, W. Rossman, M. Umehara, K. Yamada:
Analytic extension of Jorge-Meeks type maximal surfaces in Lorentz-Minkowski 3-
space, Osaka J. Math. 54 (2017), no. 2, 249-272.

S. Fujimori, W. Rossman, M. Umehara, K. Yamada, S.-D. Yang: Embedded triply
periodic zero mean curvature surfaces of mized type in Lorentz-Minkowski 3-space,
Michigan Math. J. 63 (2014), no. 1, 189-207.

K. Hashimoto, S. Kato: Bicomplex extensions of zero mean curvature surfaces in
R*! and R?2, J. Geom. Phys. 138 (2019), 223-240.

A. Honda, M. Koiso, M. Kokubu, M. Umehara, K. Yamada: Mized type sur-
faces with bounded mean curvature in 3-dimensional space-times, Differential Geom.
Appl. 52 (2017), 64-77.

T. Imaizumi: Mazimal surfaces with simple ends, Kyushu J. Math. 58 (2004), no.

217



28

[11]

[12]

[13]

[14]

[15]

[16]

1, 59-70.

T. Imaizumi, S. Kato: Fluz of simple ends of maximal surfaces in R*', Hokkaido
Math. J. 37 (2008), no. 3, 561-610.

V. A. Klyachin: Surfaces of zero mean curvature of mized type in Minkowski space
(in Russian), Izv. Ross. Akad. Nauk Ser. Mat. 67 (2003), no. 2, 5-20; translation
in Izv. Math. 67 (2003), no. 2, 209-224.

O. Kobayashi: Mazimal surfaces in the 3-dimensional Minkowski space L3, Tokyo
J. Math. 6 (1983), no. 2, 297-309.

J. J. Konderak: A Weierstrass representation theorem for Lorentz surfaces, Com-
plex Var. Theory Appl. 50 (2005), no. 5, 319-332.

H. B. Lawson Jr., M.-L. Michelsohn: Spin geometry, Princeton Mathematical Se-
ries, 38. Princeton University Press, Princeton, NJ, 1989. xii4+427 pp.

M. E. Luna-Elizarraras, M. Shapiro, D. C. Struppa, A. Vajiac: Bicomplex holomor-
phic functions. The algebra, geometry and analysis of bicomplex numbers, Frontiers
in Mathematics. Birkhauser/Springer, Cham, 2015. viii+231 pp.

Z. Olszak: A note about the torsion of null curves in the 3-dimensional Minkowski
spacetime and the Schwarzian derivative, Filomat 29 (2015), no. 3, 553-561.

C. Segre: Le rappresentazioni reali delle forme complesse e gli enti iperalgebrici (in
Ttalian), Math. Ann. 40 (1892), no. 3, 413-467.

H. Takahashi: Timelike minimal surfaces with singularities in three-dimensional
spacetime (in Japanese), Master thesis, Osaka University (2012).

M. Umehara, K. Yamada: Surfaces with light-like points in Lorentz-Minkowski
3-space with applications, Lorentzian Geometry and Related Topics, (eds.
M. A. Canadas-Pineto et al.), Springer (2017).





