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R, E28, XL, BEde
(RAEKR2EE2ERE, S5 PRMH 110819)

B TR RIS R0 U I, O P, AR e Rk 2 1 5%
LA S P2 LR 15 b S 7 555 42 10 £ 9 3R 0 . R 77548 25 ) B0 Miinkowskei. 2 4] e U 281
HEARTLR, W8 4RSI BRI 5 O UK AR IR, 82 RIS i 2200 O S . MR A A4 i
Siifs, SEL AR 8 24 2K RIS LRI s(s) FIEEK 7(s) W2 7(s) = an*(s)(a # 0, €R)
IF, DB P A2 R k43 T 72

KA P79 0E); Minkowski ZE[H); 9K i $i%

MR/(2010) Ef2S: 53A15; 53C50; 34A05 b ESES: 0186.1; 0184
XERARIR AL A XEHS: 0255-7797(2023)05-0459-12
1 5|5

YERHIZE R T LA &, JH IR AR o LRI 78 Th oA 3 B R . 24Kk, AT
TR R A3 () A Minkowski 7% [a] H il 28 (1) 91K S BOR | 22 30EAT 7132 MR AN 78, AR5 5t
25 [8) H AR SSHIE 7L 45 1 ) Bk e 2. 1979 4, Michael Spivak #H N A Cartan & B 5 #8 17 8
AR A RIX 7 B . 2007 4F, Mehdi Nadjafikhah %5 A7 Spivak TAE R 1
SEEEN N BARR) T A R, FRGH TS AR S THEAU A R A B
T TR 231 2014 4, X4 ARG A% 18] A e SCT G 2RI R 7 S IR S B R
O S E R FRAH T — Loy 285 B UL 2016 4, XSO 5 il 28 5 Wk G 2 1) wp i) il 28 i ik
P EI SR, A 1 07 5 it 28 5 )i 7 (8] v gl 2 149 i 22 bR H0ORT 98 26 R B0 TR 1 5K
Z 19,

AR SN, i 3R M8 e S 20 1 7 ) pHh 4 ) S EE EREAE, i AR 0 T SV VR T [ )
LR, PR 2 1t 2 EE DT A A R R — 2k A 2R AR T L 1 k()
PR 7(s) SEaHRE, PR 5 MR WoAAERFH, ek —igd; R S5ihs
(I EE A B Be itk R E i, B 2 9 MU N Ze 55, A S 3= BT 8 — 4 DL Je =4 Minkowski 7¥[A]
H S A RN IR I 5 1 0T et 7 2 2 R SR I il 26 i 9T 5407 S IR A R B, 4
DL = 4R 2 M dh 28 iy O 26, FroC i S e 0 5 i 2R (1) il 25 L Fa3 2 8] (0 R ¢
7, PLRPSR 2R 1 IE AT R AN AR 2R T T LG 2R i — 4 Minkowski 2% [a] HF 2R 7%
B 2 B O IS I ER Ky (s) FIEENZR k(s) ZIAHE K1(s) = (log|k(s)]). RIBS I8
KT, RN 4 5 S i R AP 2 8 R, R IRIERRINEER, Wit 43k

“Wrks B EA: 2022-10-01 W B EA: 2023-03-31
EEUH: EBxERRARE TR (11801065).

fEE T BB (1996-), L, WIFUA, ILT AR, TZMTFLIT [ oy JLAT.
BIRAEE: HREAE (1979-), &, BIHE, WAL 1, FERFFET7 A oy JL.
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T EE R R R k(s) AIERR 7(s) WAL
7(s) = ark™(s)(a # 0, \ € R)

BF, A HUAS [RIELE i 2 0% il 58 B 2 PR ARFIR T 20 T R, i A = 0, BPSR =l 8t 2k B
THERET, 2 2 5 Painlevé /2.

2 FaEEIR

R S B[R 23 A) A Sz Minkowski 2% [A) o il 26 S AR 2 i
2.1 A =iE) R EATEIR

B A S 0+ 1 4RI AR, LABUE SO

n+1

($7 y)5 = Z 5Z$lyz7
1=1

KH x = (21,22, 0, 1) Y = (Y192, 5 Yno Yntr) € AT 0 = LA, 2456, = 1
N, AL BI04 1 4R AT 2 6, i —ANIME A —1 B, AL BT 0+ 1 4 Minkowski
(A

B oa(t) & A PIEE i, W)

| [#(8),27(5), ..., 2™ (5), 2 ()] |7
ds = [:c'(s),:c"(s),...,:c(")(s),:c(s)] dt

R a(t) M— RO RS R, B [, 2R AL IR AR, ¢ S e
perbO i AR, AN 5

138 2.1 ¥ 2(s) &G A PR RIEN L. %

[2"(s), 2" (s)]
[2"(s), z(s)]

WIFR s N x(s) B O3 S%, 4 o (s) #2401 F Frenet A3

x'(s) = e1(s),
2" (8) = ki(s)e1(s) + oz (s),

260::|:1,

X ey (s) B a(s) BISPOOTS 2R, AT DUdR N

[2"(s), z(s)]
[@(s), ()]

SIEE 2.2 B w(s) AT A® FUERE K IENhZ. #

[2"(s), 2" (s), 2" (5)]
[2"(s), 2" (), 2(s)]

ki(s) =

:€0::|:1,
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WIFR s N x(s) B O SIS, 4R x(s) /2 40F Frenet A3
z'(s) = ex(s),
z'’(s) = ea(s),
x’'(8) = k1(s)e1(s) + ka(s)ea(s) + oz (s),
XE Ky (s) BN x(s) B OESTIIER, kao(s) BN x(s) BIF O, BATAT LA AR R

%
[z (s), " (s), z(s)] [’ (s), z""(s), z(s)]
['(s), 2" (s),z(s)] ’ [x'(s), 2" (s), z(s)]

ra(s) =

ri(s) =

2.2 Minkowski Z[8)F = FERTHIZL AR AR IRIL
WEM & n+ 1 4 Minkowski 2% [8], HARE XA
() =daf +daj + -+ daj —daj .

TR R EAER M E v, DR (v, v) >0, FRv RS R E (v, v) =0, FRv R
Jelal R IR (v, v) <0, FRv RIS & R, BE %2R m i

5138 2.3 6 % x(s) /& =4 Minkowski 258 E2 ff DL s gl S 300 16 ih 2%, B
(@' (8), 2" (s))] = 1, WAFAEIEZHREE {a (8), B (s)} Wi/ 2 W T [¥) Frenet A3

z'(s) = a(s),
a'(s) = r(s) B (s),
B’ (s) = r(s)a(s),

KH a(s) M B(s) 7ralRoR x(s) MY) R EME R E, c(s) RN x(s) KEIZE, H2H
(a(s),a(s))=1 B, z(s) BRTHEL; Y (a(s),a(s)) = —1 B, z(s) ERITHhZ.

5138 2.4 6 % x(s) & =4 Minkowski =[] E3 UL s HINKSEIGIE () HhLk,
BI [(x(8), ' (8))| = 1, WAFAEIESZHREE {a (s), B (8),~v(s)} /241 R Frenet 23k

a’'s = r(s) B (s),
B’ (s) = —eér(s)a(s) +7(s)7 (9),
Y () = e7(s) B (s),

B as), B(s), v(s) MBI a(s) IR, THEm R RMEER R, x(s), r(s) 2 HF Y
xz(s) MHIZEMBE. (a(s),a(s)) =e = +1, (B(s),8(s)) = £ = £1, (v(8),7(s)) = —¢&.
Hfe=2c=10, x(s) ZH RETHEL; He=1¢6=-11, x(s) &5 FETL;
Me=-1,6=1H1, x(s) EHHHhZE.

F 2.5 EI POt &RV EEZR. EY HrisE =2 i 2 DO 4L, i T
Yl B LA R (RVEAE) hE AR E, HIRShARI N 2R AR, A0 HA
XPEATEATAISG .
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E 2.6 ASURBLH K (S 38) R LIRSS £k iy rhoc i S it 5 (il ), At
DI Hes (He%) BIAAE. X B Fom i 48] (Minkowski 73 []) HHiRAL & 9C T HO 7 S 9K
K8 (MKSH) B

3 4 Minkowski Z=[8]Fh L5114 R
EIE 3.1 W x(s) & A% FLLs NP O IhZR. ik x(s) FIRER E2 Frrgk
72 (BRI HZk, HUL s MK S, WL x(s) RO R ko (s) FIE2 FHEER k(s)
Z )3 2
r1(s) = (log |k (s)])".
UE EH5IEE 2.1 Fi5 B 2.3, Bk x(s) I OISR ki (s) A

le(s).2(s)]  w(s) [8(s). 2(s)]
)= e w(a) T lals).e(s)] (31

e [@'(s),2"(s)] _ r(s)[a(s), B(s)]
DT W) | eEae)] (3.2)

B (3.1) 300 (3.2) A, BRA PR
K(s) [B(8), 2(s)] = ki(s)[ex(s), z(s)] (3.3)

F
r(s) [a(s), B(s)] = eola(s), z(s)]. (3.4)

1t (3.4) APk T s KT, W15
K'(s) [a(s), B(s)]+(s) [ (s), B(s)]+r(s) [a(s), B'(s)|=eo{[a’ (s), z(s)]+[ax(s), z'(s)]}.

(3.5)
FIF 51 2.3, (3.5) : AT UL A
¥ (5) [a(5). B(8)] = on(s)[B(s). 2(s)] (3.6)
0, AR4E (3.3) M1 (3.4) X, FATH
K (5) [a(5). B(3)] = 1 (s)i(s) x(5), B(s)] (37)
g, O IS () RS () AL
a(9) = S5 = (g () (33)

EIE 3.2 W a(s) & A FLLs HFOIEIUKRII L. W2k o (s) FIR/EN E B
=GR ihee, HUL s NIKSEL, WHHE x(s) 72 ET VI k(s) il 2

K(S) _ C’zef \/52(5)7250 log ‘K(S)“‘FCldS, <€0 = +1, Cla 0 ;ﬁ 02 c R)
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WE MR E 3.1 IER, 7E (3.6) NMu AT s KT, A
K"(s) [a(s), B(s)] + £'(s) [@'(s5), B(s)] + £/ (s) [a(s), B'(s)] (3.9)
= g0k’ (5)[B(8), ()] + £0ri(s)[B' (), z(8)] + cori(s)[B(s), ' (s)].
F5EE 2.3, (3.9) 2T LIALTE A
K" (s) [eu(s), B(s)] = €0/ (5)[B(s), 2 (5)] + cor®(s)[ex(s), 2(5)] + 0k (5)[B(s), x(s)], (3.10)
BEAh, AR (3.3) A (3.4) X, FATH

(+'(s))* [e(s), B(s)]

() +&7(s) [a(s), B(s)] - ori(s)[ex(s), B(s)], (3.11)

K" (s) [e(s), B(s)] =

B (3.11) =, MR k(s) W2

(1'(5))"

() + k%(s) — eok(s),

K]N(S) —

R
(log |r(s)))" = (

fift L A Ss AR, 15

K(S) _ 026_f \/n2(s)—250 log\ﬁ(s)\—i-Clds7 (Cla 0 75 02 c R)

L 3.3 B a(s) 2 A? FLLs NP iR HZE. Wtk x(s) FIRAE BT dise
2GR 2k, HUL s NIKZSAL, WL x(s) KO0 S ARSERT Minkowski 25 [a] o () 1E
ABRIR 1Al A2

(55~ (ot o) (53
(s) —eo(logr(s)])"  £ori(s) B(s)

IE B, O, B ei(s) = a(s). Hk, HTIEE 2.1, FRA1HE

cox(s) = " (s) — r1(s)e1(s),
HsEEE 3.1, %1 k1 (s) = (log |w(s)])'. T4&, TATH
cox(s) = r(s)B(s) — (log|r(s)]) e(s),

HI7S 2% @ (s) AL S ARAEAN Minkowski 25 6] Hf i) IE SR 422 [ 6 2.
4 =4 Minkowski Z5[8]H 275 F1 2R R 2 O 7 5914 R

EIR 4.1 Ba(s) & A PLLs NP OISR IL. IR x(s) FIRERN ES P
R (R ER) R 2, HUL s NS H, WL x(s) Bt = ki (s). &
OIBER ka(s) ATES FPITEIAR k(s) 58 7(s) Z I8l AL
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L 1 (s) = (log [w()7(5)])' (log | o3l )/ — e2k2(s) + er2(s);
2. kals) = (log|K2(s)7(s)])

L % g (s) SEH AT, ¢ = £ = 1; % a(s) I HIAMAN, e = 1,5 = —1;
0 g (s) AR EAR, e = —1,6 = 1.

FIF = 4 Minkowski 217 1h 55— 868 2% | 55 — 26205738 i 2 RIS 1l 22160 7 54 2 R O
B R AM AR, T TR LA 5 — 25253 il R 0 0 S5 P R IRIE B, 57 /8 i ot 2 5 5
AR5 .

WE R, I 2.2 A5IHE 2.4, MLk 2 (s) HAOATE T £ (s) FIACATSEEE ko (s)

%
e ae)] L () r(s). (). w(s)]
)= e s as)] " T T ads). Bls).a(s) 4.1)
A
()2 (s)x(s)] | R(s) | (s) [e(s).v(s).@(s)
") = ey () x| wls) | es).Ble).a(s)] (4.2)
HIRH
C(s), 2" (), a"(s)]  w(s)r(s) [e(s). B(s) v(s)]
SR P 45 e e 3 1 4 TS R S R (43)

M (4.3) X, BRA TSR
r(s)7(s)[ee(s), B(s); v(8)] = eolax(s), B(s), z(s)], (4.4)
£ (4.4) APImRT s KRS, A

(k(s)7(s5)) [a(s), B(8), ¥ (8)H#(s)7(s) ([ (5).B()y () He(5).8' (5) v () He(5).8(s)' (s)])

=co([a’(s),B(s). z(s)] + [ex(s), B'(s), z(s)] + [a(s), B(s). 2 (s)])
(4.5)

Pl
(k(s)7(s))"[a(s), B(8), ¥(8)] + (5(5)7(5)) {[x(s), B(s), 7 (s)]}
= eo7'(s)[(s),7(s), 2(s)]+e07(s) ([ (), Y (5), T(8)]+[x(8) 7' (5) 2 (8)] +[cx(s) v (5). % (3)])-

(4.6)
FIFIEIHE 2.4, (4.5) A (4.6) AT LML R
(k(s)7(s)) [a(s5), B(5),v(8)] = e07(s)[cx(5),7(5), z(5)] (4.7)

F

(k(5)7(5))"[ce(s), B(s),7(s)]

= co7'(s)[a(s),7(5), 2(5)] + eori(s)7(5)[B(5), ¥(s), x(s)] + €07 (5)[ex(s), B(s), w(S()]- |
4.8
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8 (4.4) A (4.7) ZAONE] (4.8) K, TATH

(5(5)7(5)"  7(8) ()T
0lB(5). 7(5), ()] = (L LATE — TR )} as), (), (s)) (49)

8 (4.4),(4.7) A1 (4.9) AN (4.1) A1 (4.2) K, 53]

() = | ETED” (T Ty o)

ISR o)
— (05 (3) (5] g | o Lot 1) = w209+ 7)
$D ! !
pals) = ) T _ 400,200y (4.11)

<) RO
EIE 4.2 Wax(s) & A* P s RO IR Z. 1R x(s) FIAEN ES PR
—R (R KRR hE, HUL s NIUKSH, ML x(s) £ EF FRIHER £(s), Pa5%
7(s) Wi /e
e (5108 (s} () + (05 ()79 o Iy — o(r2(0)) = a0 = 1)
XH, Y x(s) BHFRTIMEN, e =2 =1; Y x(s) B FETWMAN, c=1,6= -1,
M x(s) BERTHLER, e = -1,6=1.
IE HERE 41 IEM, 1 (4.9) APk T s KT, A

oflB'(s), v(s), 2(s)] + [B(s), v (5), z(s)] + [B(s5),7(s), 2" (s)]} =

(7)) SO 2 V) mer s
{ KJ(S)T(S) T(S) K(S)T(S) ()} [ ( )?/8( )’7( )]+ (412)
) (1(s)7(s))’

{(ﬁ(S)T(S)Y’ _T(s
K(s)T(s)  7(s) k(s)Tls)

FIFEIHE 2.4, (4.12) AT LML N

@KJSTS/—T2S/
) e + |

_ 72(3)} {la(s), B(), v(s)]}

(k(s)7(s))" _ 7'(s) oc(s)T(s))']’:gm (4.13)

Hp

K2(s) (log |()7()])’ + [(log #(s)r(s)]) (log |%M’ — () =0, (0= +1).
(4.14)
S 43 8 w(s) A UL s PO UK I, TR 2(s) FREN B
I — (B =R) KT, HUL s NIKZH, WL x(s) O 0h S AR 4E R0
Minkowski 2% [8] /) 1E A2 AR 428 2 [E]3% /2

e1(s) 1 0 0 a(s)
ea(s) | = 0 ko0 8(s) | .
(s) —eo[(log |7(5)]) (log [(s)7(5)])" +e72(s)]  —eo ™2 eor(s)7(s) v(s)
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XH k(s), 7(s) ML x(s) HJHIZRMEEER. Hd, 2 w(s) 25— GEI) KL,
e=1; Y x(s) BEMHMLER, e = 1,60 = £1.
IE ESE, O, B e1(s) = a(s). ik, H5I1# 2.2, 5

ex(s) = 2(s) = K(5)B(s).
BoJa, 5 2.2 FEHE 4.1,
om(s) = 2(s) — m(s)ea(s) — ma(s)eas),
= 2(s) — m(5)a () — mals)2"(5),
= ((TEITON.a(as) - BT g00) 1 (e,

(s
7(s)  k(s)7(s) T(s)

~[(log [r(s)])' (log [s(s)(s)])’ + 72(s)]ex(s) — %ﬂ@) T a(s)r(s)v(s),

B3 2R 2 (s) BIFP OB ARZEFT Minkowski 25 18] o IE A bR 48 2 18] A2 [ 5% 2.
B R E T 4.2 RIS, THE XL x(s) 1R AFER L

7(s) = arx?(s), (a # 0, € R)
I, 55 —38 (B8 —3%) R BRI LR i 3R k(s) i 2 T T 7.

FIE 4.4 K x(s) & A3 HLLs APOOI I IIZ. Wk x(s) FNIEN EY 95
—R (B ) KR, BHLL s HIKSHL 2 7(s) = ar(s), (a # 0, € R) B, ih
2% x(s) MIHhZR k(s) W2 W PEFH

1 BN #£ -1 B, #iR k(s) Wie

2
K"(s) 4+ 62E/€3<S) — i/ﬁ”“(s) - E—Osm(s) =0.

2. M N=—1 W, HIE k(s) WL

235y = &
K°(s) = o
Hrb Y a(s) BB —RRTMAR, e = =1; Ha(s) BERLTMAR, e =1,6=

—1; Y x(s) BRMMLR, e=—-1,6 =1, gg = £1.
WE HUEH 4.2 K, 2 x(s) FENES P26 (BB 3K) ReuEknf iz, HEls Ay
PSS, Hhek x(s) HNER k(s) AIBEER 7(s) WL

cex (s)log (5)7(6)) + [og ()7 (s)) o | =Ty | - cr2e)) =20 (a15)

Hrp g x(s) % RRTHMAN, e = =1; Ha(s) &2 FRTMAN, e =1,6 = -1,
M x(s) BERTHLER, e = -1,6=1,¢9 = £1.
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Y 7(s) = ar*(s) B, (4.15) AT CLE— D3 Ny
A+l ’ 9 2\ ’ HH(S) /_
€, (m (s)) —a’e (H (s)) +(A+1) ( 0s) > = &o. (4.16)
£ (4.16) F\pismR T s By, WIS
—a’ek®(s) + (A + 1) {£§/€22<S) /ZI(S)) } =¢eps+c¢, (c € R).
ZE AR AT BN, B eos + ¢ — os, AU PFEL
L3N # —1 I, #1% k(s) W2
K (s) + %§n3<s) - ;fl 224 (5) — )\E_Elsfi(s) =0 (4.17)
2. M= -1, #% k(s) Wil ,
K (s) = %. (4.18)

HEIL 4.5 B a(s) 2 A% Pl s iz, Wk x(s) RN ES B 15
—R (BB 2R) KA e, HUL s AIKSH. 2 k(s)7(s) = a, (a # 0) I, FUITE5L

1. x(s) ZNUIihZL.
2. x(s) MO IR iy (s) RIHROATHTTEER Ro(s) 735H1N

—eéa? 1
k1(s) = . +es, ka(s) = ~ 5

Hrp, Ha(s) B8 FERBHMELN, e =& =1; Hax(s) £H KT MAN, e =1,¢

W g (s) KM, e = 1,6 = 1.

W HY%E, Hk(s)T(s) = a, (a #0) B, B (4.18) RENHIZ k(s) FIHEE 7(s) T2

(S

K(s) = +as™7,7(s) = +s2.

Lo, AR )
T\S _
W =
22 3R [7,8] FHZL x(s) &MY,
HR, K (4.18) AANFEH 4.1 19RIE A, FATH

7(s)

k1(s) = (log |k(s)7(s)])"(log \W

Al )
ra(s) = (log |[w*(s)7(s)]) = =557,

) — eék?(s) +er?(s) = —eéa’s™* +es

(4.19)

(4.20)

(4.21)
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Hep Y p(s) R —RKESMAN, e =& =1; Y x(s) B BRBMER, c=1,6 = —1;
él x(s) /RIS, e = 1,6 = 1.
g 4.6 B a(s) 2 A° LLs JyrlCOMIIKIGILL DR o(s) FIHEN E? diic
—R (FBR) KT HhZ, HUL s NIKZSEL. Y k(s)7%(s) = a?, (a # 0) B, HIF k(s)
W2 TTRERT LA N 55— Painlev ¢ 7%

= 2
EE€QQ
y'(8) = 20°(6) + ty(t) — —

HE Y k(s)T%(s) = a?, (a # 0) B, (4.17) XEBP A

k" (s) + 62€f£3( s) — 2egsk(s) — 2ea® = 0. (4.22)

XF(4.22) KAEM0 AR
k(s) = —23e08y(t), s =2 3eot.

BRI #325 = Painlev ¢ 7% [9], 2.8.1-1.2, p448, B!

= 2
EEpQ
y"(t) = 20°(1) + ty(t) - ——

Ho, 2 x(s) BRI MBRRM LR, € = 1; H 2 (s) BH ISR, £ = 1,
Eo = +1.

HIR 4.7 Ba(s) £ A° UL s O IUKRIEIZE. WA 2(s) FIRFEN B H 058
R (R KBS HZE, BBl s NIKSHL 2 7(s) = a, (a # 0) B, H& x(s) WL
HI7 FE AT LA N ER — Painlev 672

y'(t) + 263 + ty(t) = 0.

W Y 7(s) =a, (a#0) B, (4.17) KB A

k" (s) + €2€/€3(s) — (a’e + &0s) K(s) = 0. (4.23)

XF (4.23) AAEMNTAE
K(s) =2e8y(t), t=e¢s— a’e.

BP9 25 — Painlev ¢ 572 [9], 2.8.1-1.2, p448, N
y'(t) +2t> + ty(t) = 0.

it 4.8 % a:(s) 2 A3 L s ARSI I ZE. iR x(s) FIBERN E3 s
K (EBER) RTEEIHIZ, HUL s AIKSEL 4 7(s) = ak(s), (a #0) B, B2 k(s)
W) T FETT PLFEAK N EE — Painlev é 7 F2

{ Y (8) =ty (£) £ 203(2),

Yy (t) = —tya(t) £ 2y3(¢).
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HE M 7(s) = ar(s) B, (4.17) HEN

k" (s) + = (E—a®) K*(s) — 8—Os&(s) =0. (4.24)

XF (4.24) FAEMNFAE

BRI 1555 = Painlev ¢ J7#% 9], 2.4.2-103, p357, A

Yy (t) =ty (t) £ 297 (1),
Yy (t) = —tya(t) £ 2y3(¢).
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7(s
HRN L, WA € =1, B4 (4.24) A

2% Bessel P
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SO R B G
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K(s) = i ss s
Cl\/glé (TSQ) +CQ\/_K1 <TS2)
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$ (0], 2.1.2-7, p237.
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AFFINE PROPERTIES OF SPACELIKE AND TIMELIKE CURVES

ZHAO Xin-ming, WANG Yi-meng, LIU Hui-li, QIAN Jin-hua
(College of Sciences, Northeastern University, Shenyang 110819, China)

Abstract: In this paper, we mainly study the problem of the centroaffine curvature, the
centroaffine torsion, the curvature and torsion of the curve and the relationship between the
orthogonal frame and affine frame of two classes of curves. Based on the fundamental curve
theories in affine space and Minkowski space, the affine properties of spacelike and timelike curves
are discussed when the arclength of spacelike and timelike curves are same as the affine arclength.
According to the obtained conclusions, the special differential equations which are satisfied by the
curvature of spacelike and timelike curves are discussed through variable substitution when the
curvature x(s) and torsion 7(s) satisfying 7(s) = ar™(s), (a # 0, X € R).

Keywords: affine space; Minkowski space; arclength; curvature; torsion
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