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Abstract

In this paper, we study the asymptotics of the solutions and eigenvalues of Dirac operators defined
on [0,x] with jump conditions at point a e(0,n). The asymptotics of the solutions and eigenva-

lues were obtained, and the results to the case of n jump points were extended.
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1. &R
% B AE [0, n] L1 Dirac 43 /5 7%

- 0 1)dy [-p(x 0
L(Y)=(_1 0)&{ po() _r(x)]v=,w, (1)
WAL DT AT
T.(Y)=y,(0)sina+y,(0)cosa =0, (2)
T,(Y) =y, (n)sinB+y,(m)cos S =0 (3)
ANBEER %A

{yl(a+0)=yl(a—0), @

yz(a+0)=yz(a—0)+by1(a—0),

Ay ()= (v, (), ¥, (x) 5 p(x),r(x)e L, [0,1] LM ELLEE, a,pe[0,2], ae(0,n), beR.

Dirac 7 X Bk AKNS 51, BABREARES:, 1£i6)51FHAEES: Dirac 1418 i e SV
F1%. BT RN AL AR BRI S B T N, G S RS B R IR A S T A A R
B ARG YT RE P R E R B A BREL 5. F Dirac iSRS, AR B S 1 =
FEARM R, SCHER[LA B E SO EA T Dirac E T RIS, SCER[2IARIEFR 40 5 #2731 18 7 Dirac
BRI ERHE R, SCER[3]fE BN Prifer ZB#e45 H T Dirac 18 @0 FRHEE R AGHHE. SCER[4)FI 5 5h
FIJ7 R 78 T AEZESE Sturm-Liouville 5 FHRFEMERIEIE . SCHR[S] [6] [7] [8]WF7L T Dirac & RFE{E R
PE

ASCK R Dirac J5 FEAR B FE A B R BU(D)~ @) rdne =X, A BcER41h EEsh Tk, A
q(x) = 0 iF BABEER S 1) Dirac ﬁ%ﬂ‘]ﬁ?ﬂﬁ{ﬂf}; ZIE ()~ (D FEE. FRE St 2
JRARAFZEE n ML S BE .
2. EELR

<U (x):(ul(x),uz(x))T v (x):(vl(x),vz(x))T (73 8 uy (x).v; (%) (5 =1.2) 739l /2 [0,a] il [a, 7]
ERPESAIER A (U, V) =uy, —uv, o AU (X) TV (x) 32 BEER SR F4), U

<U’V>><:a+0 :<U'V>x:a—0’ (5)
BUER (U, V) 7E [0, 7] LS. #5U (x,2) FIV (x,2) 3 BINTAE LU = A0 1LV = v HOf#, T
%(U,V)=(l—,u){u1(x)vl(x)+uz(x)vz(x)}. (6)

< 5"()‘*’1):(%(X’l)’%(xv’l))T ’ y/(x,ﬁ)=(y/1(x,/1),y/2(x,/1))T ’ N(x,/l):(nl(x,l),nz(x,ﬁ))T ’
N (%, 4) = (ny (%, 2),1, (%, 2)) SRR IR, 395 AL BRBR A 1 (4) R T WG 46
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¢ (0,4)=cosa,,(0,1)=-sina, @)
w, (m,A)=cos By, (n, 1) =—sin S, (8)
m, (0,4)=1,m,(0,4)=0, (9)
n(0,4)=0,n,(0,2)=1 (10)
)”'JT( ) 2(w)=0o
(%,2) = (i, (%, 2), 7, (%, 2)) NG (%, 2) = (i, (%, A), Ry (x,4)) RITRQIIE, 52T A
m, (0,4)=1,(0,2)=1 m,(0,2)="1,(0,2)=0. (12)
TEANG 2 BEER SR 2
A(A)=(p(x2).w (X 2)). (12)
HSCHRI2IATAT, A(2) FIRAE S x oK, LA (A) WALT L IRFAERT L. )
A(4)=-T(v)=T. (o), (13)
HF NS L AR, iﬂ?’\]a(ﬁ) , a(E) ={A ) -
FIEL[1) o(x4,).w(x A, ) NET LERRExE, A
v (% 4,)=Cop(x 4,), C=0. (14)
(2 i
a, = [{e* (x4,)+v* (x.4,)}d (15)
NFHIEAE A, X R AL B
Ca, =A,(4,) (16)
ﬁ:EPAl(ﬂn):%A(ﬂ)o
(3) FFAEMH 4, R LH, FFIERE o(x,4,) My (x,4,) WEMERE, A(L) KT RZE AR, &)
Ay (A,)#0 o FEL, BRI, AN FIRFIEAE X R AL o K2 1R AT o
R BR (@) TS L x<atf, B
M (x,4)=Mg(x,4), N(x,4)=Ny(x,2), (17)
Hx>alf, f
s ?:c?nh:f(xx ))+ iNZ(x i 4o
H
A =1 (2,4) 1 (,4) -1, (2,2) i (2,2) b (2,2)1 (2, 2),
B, =bfi (a, 1), 19)
C, = -bii?(a,2),
D, =m,(a,4)f,(a,4)-m,(a,1)A (a,1)+bm (a,1)f (a,1).
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G2

HISCHRIZI T 51, BRI M (%, 2) = (M, (%, 2), 1, (%, 2)) R NG (%, 2) = (A, (%, A), 8, (x,2)) A2 F 3RS

JTHE:
My (x,4) = 005 Ax~ [/ (£,2) p(£)sin &(x ~7)dr— [/, (7, 4)r(7) 005 (X~ 2)dl, 20)
M, (x,4) =sin Ax— [, (z, 2)r (z)sin A(x—z)dz + [ i, (r,2) p(r)cos A(x-7)dr, (21)
L (2) = -sin Ax- 18, (7.2) p(e)sin 4 (x ) de - 1, (¢, 2) (<) cos 2 (x ), @)
(% 4) = 082X~ [} (£, 2)r (e)sin A(x—)de + [ (7, 2) p()c0s 2 (x ). 23)
51| > o fit, My (% 2) Fl Ny (%, 2) BT
cos{lx—%.[:[p(r)Jrr(r)]dr}+0 e|7|
M, (x,4)= | L " (24)
SIn{lx—EJO[p(r)+r(r):|dr}+0 TT|
—sin{ﬂx—%_[:[p(r)Jrr(r)]dr}+0 e|7|
Ny (x,2) = , 25)
cos{u_%j;[p(f)+r(f)]df}m(%]
Hipi=o+ir, HoreR. HI(20)~(23)73
My (x.2) =008 [ 1x~ ¢ (x)} - {P(0) - (0)} cos {2x - £(x)}
+ o {p(X)-r(x)}cos{2x— £ (x)} (29)
L 0l0)-r(o) dssinfax- () oo 7 |
M, (x,2) =sin{2x ¢ (x)} = {p(X)~r(x)}sin {2x-& ()}
— = {p(0)-r (O)}sin {2x-(x)} @)
L pte) e et oo |
A (04) =-sin{Ax - £(x)} == {p(0)~r (O)}sin {2x - £(x)}
— = {p(x)-r(x)fsin{2x-£(x)} 28)
L 1p(e) () aseofac-c(0) 0 S |
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, (X, 4) = cos{ﬂx—g(x)}—ﬁ{ p(X)—r (x)}cos{Ax— & (x)]}

+—{p(0)-r(0)}eos{2x-£(x)} (29)

1 (x

‘ol 0{p(Z’)—r(Z')}ZdTSin{ﬂX—f(X)}-i-O{elr: J

Jerf &(x) = % J,[p(e)+r(z)]dr - HI(19)FI(26)~(29) I 5

A1=1+gsin2{/la—§(a)}+0[£}

" (30)
C, =—(cos2{ra-¢(a)} —1)+O[TT|J
[z]x
D, =1-—sin 2{1a—§(a)}+OﬁT|J
W]
p(x,4)=cosaM (x,4)-sinaN(x,1), (31)
@ (17)~(18)A11(26)~(30) i 55 Al 75
Jelx
cos{ﬂx—é(x)—a}+o{77|], xe(0,a),
@ (X A)= cos{lx—f(x)—a}—gsin{ﬂx—f(x)—a} (32)
b . [7]x
_Esm{/Ix—é(x)—z[/la—g(a)}a}+O{TT|J, xe(a,m),
[z|x
sin{/lx—g(x)—a}JrO{TT'J, xe(0,a),
@, (X, A)= sin{ﬂx—f(x)—a}+%cos{/‘tx—§(x)—a} (33)
b Jelx
+Ecos{/1x—§(x)—2[/1a—§(a)]+a}+O[TT|J, xe(a,m).
Dirac 571-(1)~(4) A4S AEAE B ECh
A(2) =@ (m,A)sin B+, (m, A)cos B (34)
H1(32)~(34) AT 15
A(l)=sin{/m—cf(n)—a+ﬁ}+Ecos{}m—§(n)—a+ﬂ}
2 (35)

+%cos{/1n—§(n)—Z[Aa—g(a)}rwrﬂ}+O(e\z\X)_
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TR 4, OHRER. 4 A0 B
0

A°(A)=sin{in—&(n)—-a+ B} (36)
RSl
20 = n+£+0(£], @37)
T n

it 9=a- ﬂ+% [[p(z)+r(r)]dr - Dirac 5-7-(1)~(4) AL ML R A 1 T A AT Y
Ay=27+0(1), n>x. (38)
H(32) F1(B3)ARNARTE W H (15) T 45

a, =ay+0(1), n— o, (39)

ﬁu¢a3=n+o(1j,auan=oay@%yl=oa)ogaamnw%

n

A (4,)|<C. (40)

B[, (4, ) 260 FRAC
RS (T AR OSTE . A(38)RA(4,)=0, WfE

sin{ﬂnn—g(n)—aJrﬂ}:O[%]. (41)
R4 (38) R Al 5
A=A +&,,€, —0. (42)
KN
A (A3)=sin{A)m—¢&(m)-a+p} =0, (43)
i (41) AT 75
0 1 2
enncos{/lnn—f(n)—a+ﬁ}=O{7:j+0(gn). (44)
H1(36) AT 15
0 0 d 0 0
A (A7) = (ﬁA (z))w =ncos{Ain—¢(n)-a+ B}. (45)
(Al 1
0 0 1 2
0 (A7) = o(l—:}o(gn )- (46)
H(40) AT #3|A) (47 ) < C » #K
1
%‘OKEJ' @)
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K BB A(4,)=0, HRIE@AT)IF

0[1 Kn
A, =1§+F+F. (48)

n n

Horfix, =o(1), H

6, = (gcos{ifn—é(N)—aJrﬂ}+gCOS{ﬂfTC—5(“)—2[/133—5(3)]+“+ﬂ}j(Af (Ar?))il' (49)

3. AF n BRI Dirac 572
FI& B (1)~3), K@)BHR R EAREZA, a €(0,1),i=12,3,-,n(n<+o0), BIiLBEERF
{yl(ai +0): yl(ai _0)'

(50)
Y, (ai +O) =Y, (ai _O)+biy1(ai _0)1

b,
/7"\50()(*’1):((01()('/1)'4"2(X"l))T ’ '/’(XJ‘):(V’l(x”i)ﬂ/’z(xvl))T > M (x,ﬁ):(ml(x,ﬂ),mz(x,/l))T ’
N (%, 4) = (ny (%, 2),1, (%, 2)) R IR (L) BT At

¢ (0,4)=cosa,p,(0,1) =—sine, (51)
w, (m,A)=cos By, (n,A)=—sin B, (52)
m, (0,4)=1,m, (0,2) =0, (53)
n(0,4)=0,n,(0,4)=1, (54)

FIBEIER 5% 1+ (50) I o
A My (x,2) = (M (%, 2), My (x,2)) F1 NG (%, 2) = (A, (%, 2), Ry (x,2)) R TR B, RIS 2 bk 4%
SRRV IR
M (0,4)=f,(0,4)=1m,(0,2)=f,(0,4)=0. (55)
R BEER 2% 1 (50) I 15
M (x,4)=My(x,2),N(x,4)=N;(x,4), xe(0,a), (56)
M (x,4)=M(x,4,8,)=AM,(x,4)+BNy(x,2),
N(x,2)=N(x,4,a)=CM,(x,2)+DNy(x,2), xe(a,a,), (57)
M(x,4)=M(x,4,8)=AM(x,4,a_,)+BN(x,1,a_),
N(x,2)=N(x,24,8)=CM (x,4,a8_,)+DN(x,4,a,), Xxe(a,a,), (58)

M(x,2)=M(x,4,a,)=AM(x,4,a,_)+BN(x41a,,),

N(x,4)=N(x,4,8,)=C,M(x,4,a,,)+D,N(x,4,a,,), xe(a, n). (59)
FE(B8) (B, 1=2,3,---,n-1, H(59) AR /RUITF:
M(xA4a)) (A B (A B (A B Mg(x4) (60)
N(x.4,a,)) \C, D,C., D,,) (C D J{Ny(x2))
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B XBREL A1), B(i),C(i),D(i)(i=12,3-,n) N

m, (&, A)f, (&, 4)-m, (a;, A1), (a,4)-bm, (a, 2)f, (&, 4),
b’ (a;,4),

—b,A? (8, 4),
(a,

D(i)=m,(a,1)f,(a,1)-m,(a,4)0 (a,1)+bm (a,4)h (a,4).
HIBEER 261 (B0) TS T &1, A = A(1),B, =B(1),C,=C(1),D,=D(1), *i=2.3,,nl:

(61)

A7)
B(i)
c(i)
)

-1

A, C, 0 0

(62)

OO0 w>
o
O
o
o

Mi=123--,ni, WFH

(63)

FH(26)~(29) F(61) AT £3

B(i)=

(64)

C(i)=

r\.>|U N|C7

(cos2{2a - £(a)} - )0[7'}

ESpS)
p(x,4)=cosaM (x,4)-sinaN(x,1), (65)

0 ER (56)~(61) F1(64) T 7T 453
[7]x
cos{/lx—cf(x)—a}JrOﬁT'J, xe(0,a,),
cos{lx—é(x)—a}—%sin {Ax=¢&(x)-af
|7]x
o, (x,2)= —b—2‘sin{/1x—§(x)—2[/1ai—§(ai)1+a}+o(77|], xe(a,a,), (66)

cos{/lx—f(x)—a}—b?”sin{/lx—f(x)—a}

ol
—%sm{/lx E(x 2[/1a -&(a ]+a}+0(|/1|} xe(a,,n),
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. ohix
sm{/lx—f(x)—a}JrO{Wj, xe(0,a,),
sin{ﬂx—é(x)—a}+b—2‘cos{/1x—§(x)—a}

9,(x,A)= %cos{/lx £(x)-2[a,-£(a ]+a}+o[|;|x} c(a.a,), (67)

sin{/lx—f(x)—a}+b?”cos{/lx—§(x)—a}

+b?”cos{/1x—§(x)—2[/1an -&(a, )}+a}+oﬁ;|x J x e (a,,n).

Dirac %7 (1)~(3) A1(50) 45 Al Af 6 BN

A(A) =@ (m,A)sin B+, (m,2)c0s B. (68)

H1(66)~(68) 7] 75

A(ﬂ,)=Sin{ﬂn—f(n)—a—i—ﬂ}+b?"COS{ZTC—§(TC)—a+ﬂ}

(69)
b
+?”Cos{ﬂn—§(n)— 2[ 2a,-¢(a,) | +a+ B},
HA n ANBER S 1 Dirac J7 FEFFIEAEHTL 2N ARG 558 — 5L, AT 15
A, =A° O E (70)

2220

Hehx =o(1), H

an:(b?”cos{/lfn—é() a+ﬂ} cos{/lon E(n)- [/10 —§(aH)J+a+ﬂ}j(Af(/ﬁJ))l- (71)
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