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w(0) = 0,w € S" S'te
m m+ 1 , , ]j U(tj71)
m . m U € st
L({/Jr aU= b)vdt = 0, v € Pp_t, U(0) = uo, (2)
I m— 1 Pn-1 . w € Sh, w om- 1 ,
(2) v=w € P,
m st oves I; m 20 .
I U= U(t-0), U = Ui+ 0) UeEs"
[U]= U - U #0 U(o) = 0. uest :
L U m+ 1l , . .
m veEs
L(U+ aU~- b)wdt + [ U-1Jwj-1 = 0, w € She (3)
‘QT: Q x (0, T]
u+ Au = f, Qr , u(x,0)= ¥x), Q (4)
w= 0, F=0Qx(0,T]
Q ,A=- Di(aj(x)Di)+ ao(x) , A t .

A(u,v) = jo(anguDjv+ aow )dx,

(f,v) = J-vadx, N Il = [J-Qmél Ddulzdx] ]/2-
Q

J = (Oa T] ° {XI, X2, -ty xl}
. J {t(), L1, U2, -+ z,,}’ I = (tj—l, tj)

Jk
hi = ti— ti-1, h = maxhj* n St = {m v €EHo(Q)— vl TEP,j= 1,2,
), m "= {vlvEC(]),vl]/_EPm,jz 1,2, ooy mbe

U(t, x) n , m ,
S - Sh= st L U(t) € S" m )
I Ult1)e U I; m ,
U

L((U,,é)+ A(UE) - (£, 8)N(t)dt = 0, nE P, §ESh

U0)= %= RRPESE,  j= L2 .ome
N= (1= t-1),i= 01,2 -sm- 1, U
U Ij m+ 1 ,

j,((Uz, O+ A(UEY - (£.9) N t)dt+ ([ U], T1§) = 0,
nE P, € S,

U0)= %= RRPE S, j= 12, .., me

(6)
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rl: (t_ tj—l)i:i= 0: 1727 °cY m7 U.
1 Schibdinger
SchILdinger ,w = u+ iv, A ,
i‘z—‘;’: Mow 1w, w(0) = wor (7)
L.
(2 m W I;(iW- M WIPW) ¥ di= 0, b E S
b= W W ,
Jlj| witdo witas Lowit s Lowents wioot) = o
- ) H Ut L= 7 0" 4( (i) = W(0)) =
. W(0) = w(0),
| W) 1 5= 1 W) 1" =1 w(0) | * (8)
Sduldinger ,w = u+ iv, A
w+ Mow Pw+ Aw= 0, 0
(9)
wli=0= wo, Q ; wlsae= 0, '= 0QxJ
Q ’Q: Qx_])_]: (O,T)o
- w= A+ )\(u2+ vz)v, v = Au+ )\(u2+ vz)u' (10)
% W= U+ iV,
L 2 2
L(- U, N)di + LA(V, n)d: = L(}»(U% V2 v, n)de, (11)
L(V,, n)de + J:)A(U, N)dt = J:)()\(U2+ V3 U, N)de, ne skt (12)
(11) N= V, (12 n= Uy, ,

0= iJ‘Q)\(U% V2)2dx - %LA(U(O)% V(0)%)2dx -

%J'Qu DVI’+1 DUI7)dx + %Lm DV(0) I°+1 DU(O) 17°)dx*

%L| DW 1%y iJQM Wity = %L' DW(0) | 2dy - ﬂ.QNW(O))“dx, (13)

wo , °

Schildinger
E(w(t)) = %J‘Q| D | 2dx - ﬂ.@' w | 4dx

U, vestt
JuB-ae e N e B (68 =0 EE S
J-,((VL, W+ A(UTN)- M P+ VI U de+ ([Vir], M) = 0, NESH™
g= v, 1= v,
%Jl, 8a_t."§z( U+ V)dude+ ([Ua], U-1)+ ([Vioi]. Vi) = O
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, I ,

n—1

DUNU - U 1% W= 1)+ N 1P+ Ve 2= 110e P+ 11ve 11>
j=0

6], [G]= O(h™ ") :
: : - U= 0K [ Y] =
0(hm+ 1)’ h2m+l’
JQ(U(tn— 0+ V(ta- 0)%)dx = L(U8+ V)da+ O(R™™), (14)
, 0(h2m+1)’
2
SchrLdinger :iwz:lwlzw,wlt:0=1,0<l<8‘
w = cost— 1sint, W= U+ iV . h =
172, h= 1/4, 1e
1 L W(t)1*=1 w(0) I*
t= 2 t= 4 1= 6 t= 8
h= 1/2 - 0.444E- 15 - 0.888E- 15 - 0.111E- 14 - 0. 660E- 15
h= 1/4 0.444 1E- 15 0.441 E- 15 0 0. 88 2E- 15
1
) L Wie) 1 =1 weo)1* 100~ 107" .
2) t 2 8 , .
3
SChILdinger tw = u+ iv, Q s
w0t 1w 1w + Aw = 0, Q= QxJ |
wli=0= wo, Q wlye= 0, = 0Qx]J .
wo= ¢ T Q= [ 66],]= [0T]
.k ,h
: Q(W(1)) = L' W(e) 1%,
- L 2 lJ‘ 4 .
E(W(1)) = 2,‘.9' DW 1 dx— | 1 W Hde
1
1) 2 , h , k s . 3 , k ,
h , .
2) 4 5 b 9 2 °
4

Schibdinger ,
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. (8 :
Schildinger , , (13) .
2 h= 1710, x 3 & k= 1/41
k , IT'=1 h , T =1
Q(W(t))- Q(W(O) E(W(t))- E(W(0)) Q(W(t))- Q(W(O)) E(W(t))- E(W(0))
k= 14 1.244 6E- 5 -3.189 7E- 11 h= V5 1.570 SE- 4 -5.3530E- 11
k= 1/8 1.242 2E- 5 - 5.4872E- 12 h = 1/10 1.244 6E- 5 - 3. 189 7E- 11
k=1/16 1.242 1E- 5 - 1.547E- 12 h = 1720 8301 SE- 7 - 1.308 6E- 11
4 T ,x= (-6,6),h= 15k= 1/4 5 «x k= 1/4 h= 1/5T=1
Q(W(1))~ Q(W(0) E(W(1))~ E(W(0)) Q(W(t))= Q(W(0)) E(W(t))- E(W(0))
t= 4 2.1192E- 4 -7.1599E- 10 x= [- 6,6] 1. 570 SE- 4 - 5.3530E-11
t= 12 1.926 6E- 4 -1.7437E- 9 x = [-12,12] 1.523 6E- 4 - 5.3592E- 11
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Space_Time Finite Element Method for the
Schrodinger Equation and Its Conservation

. 1,2 . 1 2
TANG Qong’", CHEN Chuan_miao, LIU Luo hua
(1. Department of Mathem atics and Com puting Science, Hunan Normal University,
Changsha 410081,P.R .China;

2. Department of Information and Computing Science, Zhuzhou Institue of Technology ,
Zhuzhou 412008,P .R . China)

Abstract: Energy conservation of non linear Schrl-dinger ordinary differential equation was proved
through using ordinary differential equation’ s continuous finite element methods ; Energy integration
conservation was proved through using space time all continuous fully discrete finite element methods
and electron nearly conservaion with higher order error through using time discontinuous only space
continuos finite dement methods of non_linear Schrl-dinger partial equation The numerical results are

in accordance with the theory.

Key words: non linear Sdu- dinger equation; space time finite element method;, energy integration;

conservation



