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o, x < 0;
V(a:)={0, 0< << alt);
Vo, x> a(t)
W.XE Vo BXTERFEL, o(0) WHERE ¢t MK RS, BER, WA R KA E G
B

21 azﬁm, 0< =< al0);
H= . (2)
ﬁzizﬁmtvo, x> alt)._
M b R B T A E T R
I‘:II ¢n> = Enl ¢n>’
Gl
Hi| 4,0 = EJl b0, 0< a< alt); )
ﬁZI ¢2n> = Enl ¢2n>) e > a( t).
R BEAEERE E, 2 B85
ky .cos( ky,a) = — ky,sin( ky,a). (4)
1/2 _ 1/2
% k1n=(27:2E") k= [Z"‘(+E’} . o B TR0 A B — R U4 3

HHA a( )RS TR ET LI B BE B AMES K

|41 = A @)sin( b 2exp| = 5| Ea())dr],  0< 2< a(0);

| ¢ = .
B | $2,0 = B.(a)exp[— kz,,x]efxpf[—f Lﬁjo E,(a( t'))dj'], x> alt),
)
Horf
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A =[ 2B (6)
2k, |2
B.(e) ={717 akln) sin( ky ,a)exp[ & ,a]. )]
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RS i DAER T (DR, HERY
2 = {[ E,(a)+ikaV,InA, +iha (VoInk ) zV, ]| $,), 0< a<a(t);
ot [E.(a) +ika Vo InB, + iha (Vonk,) 2V, 1| &0, x> a(t).
(8)
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~ H = H +iha[V,lnA, + (V,Ink,)zV,.], 0< a<< a(t);
H ={_ - (9)
H = H,+i% [V,InB, + (V,Ink,)xV,.], x> a(t).
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1+ aky,
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m#n . Em) (1+ akZm)l/z( k2n + kZ'm)2

< <¢,,|(a| b |da, (36)
5 (36) X f £

4ky ke vz
<¢n|( I ¢ >) |:(1 + aan)(l + akZm)i| ¢
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X {— [cos( kina)l a 5a
71, ak?.m

k2n,+, k?.m
k2n,+, k?.m da :|
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(k1n+ klm)2 - k1n+ klm
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T
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By, = n_;r’ Hl It F sin( &y ,a) =0, cos( ky,a) =1. ML ESEHGB6)F(37)FHAI A 0, ik
i} ) Berry A8 %

1 1 T )
Ye = 2_”;(?_2122778){0[_ ada+ a¢a]_ (38)
MAREAEER a( )= ao+ agsing(t) H a= o= const., Wi

1 1 ,
Y. =—,%‘(§'—2n—zﬂz) ag ar.. (39)

REXETINAGR T2 B, M7 LR AL RK — MFRIE L.

4 HEeWMARN=ZEARERFHHHEH
ETFHREKHEE Berry

ZHFRFRRTEBREG A
V) = 0, 0< r<< a(t);
Vo, r> alt)._
XE Vo RRTFENER, r ERUERPNER LR, a() ABERE ¢ RWLRS
B.EKEGD, REN m R TR G E R A

~ Hr1=,2m+, 2mr2 ’ Q< ?‘< a(t)y

H, = . \ (40)
T _ r l(l+1 'h
Hr2 2m+ 2mr2 + V(), r > a.(t).

H|R) = E|R),

Ap
1 df ,dR|, 2mpy I+, _
1‘2dr(r2 dr)+ th 2 ]Rl—(), 0 r<<al(d); »
1 d{ ,dR), 2Pm oy WL+
rzdr(ﬂ dr)+ [th (V- E) 2 ]Rz—(), r> alt),

AR 2k R B R 1), SRR R ER U ZEUR R K G, W R SR B RRUUST BE I 5 Ry BT A O AH

ii(2) = i) - i) i) == o + L), @)
T @ BAAERR E Bl 2 0BT
ici(kia) . RP(ika)

Uikie) ~ "2 m(ika)’ (43)
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1/2 _ 1/2
X k1=(2:;E k= [2"‘”;—3@} o FE T 78 — % U B 4 37 B B T8,

AGHEFRS n ANMAFERBIRE E, (a(t). UANEETH 1 5185,
RD (iky r) BT ¥, 2 1 R A B, B (i r) Hoim ¥, hfa i i, ROV EE L 4@
B HIE O, 4 ik r) = WV Gk r), B¥s by, by HRIEH Ry ko, TR H—
R BB AR N

|Ri) = Ay i krdexp = 4 Eou(a()dr],

| R,(r, a(1))) = 0<< r<<a(t);

H 12
|Ry) = By ahu(ike,exp |- +[ B, (a()dr], > (o),

(44)
Y 14]
(B, + B,)d . w2
A, = [_ #Jl—l( ki na) jis1( Ry a0) , (45)
ki) [ (Bt B, a, . }‘“2
Bl, ” hl(ikzna) |: 2 k%n jl—l( klna) Jl+1( kl na) . (46)

T A (44) 35T 46 th BRI A G5 8 R, HOI 0T BB T 1R 08 BT 0 84
PR ETCOENTE £

[E, (a)+itaV,InA;, ,+ika (V,Inky,)rV, ]| R,
0< r<< a(t);
[E,.(a)+ihaV,InB; ,+ika (V,Ink;,) rV, ]| Ry,
x> alt).
(47)
B ERM AL R, H K EF K S B Schrodinger 78, & &AM HEG@D R, BIHET
1 7 1 0 25 LR

~

. Hjy= Hi+iha[VilnA, , + (Volnk,) rV, ], 0< r<a(1);
H = { _ (48)

H:‘ = I‘:Ir‘Z"'iﬁ‘i [valnBl,n+ (Valnan)rvr]’ r> a( t)-

(43)RFGLAE A, U (42) T (43) T R, T 48

dki, _ i, Bk __ kadki. __ _fika (49)
da  akj.juiji-1’  Oa ky, Oa Qjir1di-1’

XEE §=ji(kia). BH A, B, HIRIEX(45)F1(46), i+ ER

k1 3 |9k, 1 Ok, 1 1),
O 8 e T

_ 3 + 1 __
B, 2k, da ",2,(k1"+ YAV

K, t K, akln(ia@ _i+l
k1R, oa 7 Iy k2 »

ih %I R.(r, a(?))) =

Va lnAl’ n (

V,InB, ,=V,InA, ,+ (51)
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KR b= hiky,0). FUBEROM BERr— r =1, B8 (48)R 18
S~ . 1 akln( ) ( 1 akln)
. H,y = H, 7+'71'hd2k1n da Va.,l,n,lﬁl, n 2k1n da
H =
S~ . 1 aan( ) ( _ 1 aan)
HrZ - HrZ ’+"1"ha2k2n da Va.,l,n,Bl, . '2k2n da
(52)
4
, _ mca Ok, ;. Q( __3 akln).
ngl B qkln da L) P ,_,,l,h q Va,l,n,Al,n, '2k1n da
, _ mca Ok, ;. Q( __3 Ok,
% i qun da L) (/] ,_,,l,h q va,l,n,Bl,n, '2k2n da
RAGDR, 8 Po=—ih o r,
P A2 ;L WL+ 1) #?
A Hr1=727—m(Pr—f‘ﬂ1) +q¢1+27, 0<< r<< a(t);
He = 1 2 KL+ 1) B 53
H’:2i,2_nz(Pf_f‘%') + qp + V0+ZT’ r> a(t).

FEXE, ATk a(DEEZA, HEZBRT a( )R, EXAMERIMMA=4F R
RTHHHENRERENF. AHEFL, EXREMET —MREN m BFAHN ¢ BT
EHREZHERTHRETERR. RBREHE S r<a(DRBRBRES A RS o 74
9, TEE r> a( ¢) BN B R oty MIFRH @7 + %ﬂéﬁkﬂﬁ HTRE o M o tRHER
)25 b B 0 B, T R AEJE R B AF. BAVE 07 B LW BT R0 Lk AR H i — AR
B B6 R ARAE RS, AR5 8 ML A AE A5 10 5 Berry Az, % H; BOWR BT AAE 7572 0

H/|R,) = E; .| R},

iy

{ﬁ;llR{,,» = E ,| R, 0= r<alt);
_ (54)

H)|R;w) = Efwl R3w), r> a(t).
HkE B RO, RIIY ERMER, &
jfr = 6; ﬁ:‘ﬁZ) (5,5)
Oky, ~ .
St Oy = explifa( 0], (1) = &[otidr = 58 SR B ok T, (OMR R e
A RTED B nmeaEATAs. TERITE SR X, BN 68 AT -

e?gr‘l‘@rr) = El,m|@m> (56)

HfiR, T |R,) = U} R . % H, ERRR(SHRAGS, HFHQ2)R, LA (1)K
ZW L R, s AT e
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#y=Hy+ qp, 0<r<alt);

‘%or= -~ -~ lkln"’ k2nak1n|:1 @ . hl_l l

Ko = Hp+ qo| —iha ki k. Oa kznarr,—,,l,aTl:'-, E}’ r> a(t).

(57)
Y a( ) EEBTAR, B LR TR
0, 0 r<< a(t);

Jf’:: g k%n,+ k%nak1n|:1 e} hll l:|

iR T e |k, or % h TR |

r> a(t)
L]
N Hi+ gpi, 0< r<a(t);
5 |
H, + qqi, r> a(t)
B, R T #o R B AMEE N E, ,+ gt MATHEM ES), B5BFEE XM

L 3, 008 A E A TR T 1 — 0 B 4 5 0 G 2 136 7 31 4
i%)

E. .= E9+ EY; |2, =|2") +|aD), (58)

H
E% =E, ,+ qqi, (59)
129 =] X =Ry, (60)

E’ (0) ,
(1) - <Xr nl'yfrl'%(rg)>

. B.t B0k, , {_ ia* | 1a%(21+1)°
Sithe = o e DbnlT 2 T gr, M
_ia4hl_1(h 2z+1h) N [(21+1)a (21—1)(21+1)a}
2hl -1 21k2na ¢ 4 ’ 16 k2n k2n
(21—1)&( _21+1 )2}
+ ,4,k2n hl—l, - 24 kznahl s (6,1)
oy 1 ) hl—l l Ton
A ; A ik SR By v
4 J%EPEI’Jianarr, ey ’+'ikzn’ AL, W
K.+ k3, 0k By (hGiky ) |7 By(iky 1))
(1) - . R 2n 1n I, m 1 2m 1 n
7|Qn > o ha klnan da l,n;ﬂ El,n _ El,m | >1, (,6,2)
(62)x

ikzma _
(B, - kzm)( Pt g0 k2nahl’ g

<hl(1k2mr) |'y€”| hl(lanr)>

4ia* B}, +ia(21+1)2
4k, (K}, — K,)

hl, k hl, k
n m
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Q1-3)K,- QL+ DK, _ ithiy
2k (K3, — K5 )? (K5 — k) by

21+1 21+1
X [kzmazhz, kﬂ( hi1,e — " 2ik, ahz k ) - ky,athy, km( hi1,e, — 2k, ahz, k)] (63)

K by = hy(iky,e). BLA B H BER G2 8 AGERS K

Ry = G|%,) = G,(&0) +]27))._ (64)

R Ak T R e a5 B A 7 RS M0 R B T B — M AR h
E = E,.— a¢i — EfY, (65)
0, )= (al Uf = <<xi°>n|+ DO = (@0)+ @2 UL (66)

M oa()MEEK AT, RS —NAY THEEELS, i B iBEN
J (E, .+ q¢ + EX)d1._ (67)

¥BAR18), FFHG)F(66)FH R, BEEEH (R, R,) = Op,, ARKBHERHNE
Berry HH AL H

= [ (2p) I Ryae+ 2 (R 2190 ac

(1)

+i <xr,.| 1 2Dy a)d, (68)
/\I:Fl
(" Kl ) _ (" [ m_ Ok, ma (Lakln}
[ R 2)I RO dr == [ (R A1 R |5 Ordas ol L Cn) |,
(69)

kln + an akln
klnan da

T 2 <1)) e
210<R,,|(at|gz,,> dz,—,zlh[ B, ,

By, w(h(iky ur) 197 ] Bi(ik2 7)) ( 2
XV,;,‘ El,n,_, El,m <Rn| atIRm> da’
(70)
2 2 \2 2
(1 = (1) i q2 T(kln'i- an) (akln) 2
J <Xr nl t( U2|@n >)dt—lh k%nk%n Sa Bl
B2 (i) || hy(iky,r)) )?
- 7 m((h(iky ) || Bi(iky 7)) ada. (11

 mEa (Ey,,— El,m)2
ERXF B2 T a( ) =XKL ETR. 1 (69) X+

A} na[a“ (2z+1)4—4(2z+1)2+(2z+1)zaz]2
2 (2k1,)* - s#, 7

(R, #|R,) =
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A 4(,-L—(2z+1)22 _atT. 21+ 1.7°2
=5 vt~ 3 gt]

4%, 2 |17 2k 0
ALl [ 2z+1,] 21+ 1) -4@1+1)® o Q21+ 1)%
3k, L1 2,000 (2ky,)" 2 813,
le,,,a 2 Bi,,a ot 4d -1+ 1) 4 21+1, 77
“—g hM-—3 1t 413, [ -1 _2ik2nahl}
B} [ _21+1 ]
* Bk, LM T 2iky MM (72)

ERP =i kina), b= hy(ikya). (T0) X
aaklm{(21+ 1)2a -4k ,0°

<R | IR > Al nAl mh Da 4( k 2 - klm) Ji, kn]l, km
_ _kikind ( _201+1. )( _21+1. )
i k% _ klm J-1,k, ,2,k1n0-Jl’ Bk 2,k1mah’ k

21+ 1.

(kln,_,SkIrn)av2 . .
kiady k| Ji-1, 8, 7 2k, Qi k, — ki na@% g k

C2(K, - K,)?

) 20+1. 2
X ( Ji-1, k, ’—'727k1 a]l, km):| }+ Al mBl n k ia 1
m 20~ R2m
aklm)n k ( akzm)jl,kmhi,km
% T 2w
|:( k1m+ a (5] hl k k2m+ a da jhzl, km

21+1 21+1
X |:k2mhl, kn( hi-1,e, "2k mahl k ) ka2 ohy, km( hi1,e — 2ik 2k gt )]

aakzm{(2l+ 12a+412,4°

+ hy, h

+ BioBim o, B - ) Lehye
k2nk2m ( 21+1 ) ( _ 2,l_+]__ )
k2 .- kz . -1 kn 21 k ah 2k, hl 1, % 72i k2 mahl, km

1(5k2m k2n)a |: ( 21+1 )
2( an kzm) kthl, kn hl—l, k Zlk ahl m

20+1
— kb km( hi1,, — 2ik, ahz 1 )] } (73)

EKRrp i k= (ki ma), hy, k= hi(ikyma).

m( Vo — E, n):| 172

Voo MRBELT, k= [2 Wi TFoo. HLH | Ry, =0,

hz
jl( k1na) ,,,,,,,,,,,,,, Bn l/"\] llblﬁkj”%d\@%lﬂ’]% n, /l\*ﬁ my ki,= B",,’l
SOk N CHERE
3 -1/2
An= (%ﬁ_l) , (74)

®(72) X’
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(R.| P| Ry = B - uﬁ;—tlﬁ} o (75)
MO A (9 Berry #4738 54 '
v =2 (R 21 R[4 - Sda
=ﬁ[%—%%ﬁ}j:(ada— ada). (76)
MBRMEM a( 1) = ap+ agsing( 1), B . = const., | 7T 43
Y = - ﬁ [1 - %%ﬁ} ai? a. (77)

X5 AR 46 R B, R BT (R, 21 R B —H, B8 5 1078 UK — 4.
5 ZEAate

AXHETEMBROTESNNERLFO—ELETRRBABNSRERN=
ERRERTHH(AHDEETH IAREOWETAIIBEREST. XN T RE
N om B MR TERBZNERATHRET AR EREHNE, XHAH S &0
BEABREKERS, NS FRMERRSE. RINHAMR BT EAETETAREE
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HAMILTONIAN OPERATORS CONSTRUCTED FROM TWO

KINDS OF FINITE-DEPTH QUANTUM POTENTIAL WELLS

WITH TIME-DEPENDENT BOUNDARY CONDITIONS AND
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ABSTRACT

In the frame of the basic quantum theory, from the one-dimensional infinite-height half-wall

quantum potential well with time-dependent boundary conditions and from the three-dimensional fi-

nite-depth sphere-square potential well with time-dependent boundary conditions we constructed two

kinds of new Hamiltonian operators separately which describe electric particle interacting with eletro-

magnetic field. In the adiabatic approximation are calculated the complex Berry phases of two kinds

of new systems.
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