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BTunENTIINA [Fanuiln source code NME1ITIIT WBNIATADUBDIANNITHELTDA
& oS o J
a4 wuy 1 87 el

Tusunas 4.1 Schrodinger1D.java

1: =

2: * Title: Schrodinger1D

3: * Description: compute energy, eigen state and Wave function
4: *

5: * @author: Wach R

6: *@ version 0.1

7: * Date : April 23, 2011

8: * Last updated: May 2, 2011

9: ¥mmmo-m=sosssssssossszssso==

10: * Schrodinger Eq @ dA2psi/dxn2 = 2*mAhbar)A2(E-V)*psi
1 * define kA2 = 2*mf(hbar}r2(E-V}

12: * in atomic unit: hbar =1, m =1

13: * ~
14: package classes.SE1D;

15:

16: import static classes.MathTools.Common.CommonConstants.*;
17: import classes.MathTools.Common.Function;

18:

19: public class  SchrodingertD

20: {

21

22: public static final int NO_ERROR = O;

23: public static final int MAXIMUM_NODE=20;

24: int errorCode = 0;

25:

26: double energy;

27 double potentialMin;

28: double potentialMax;

29: double(} psi; // wave function of the particle.

30: double[] x; // positions on x axis

31 double xmin, xmax; // min and max values of x

32:

33: double tolerance = 1.0e-3;

34: /I double tolerance =DEFAULT_TOLERANCE;

35: double maxAmplitude; // maximum amplitude of psi
36: int firstPoint, lastPoint;

37: double dx;

38: Function potential;

39:

40: double psiState ; // keep current psi

41: double slopeState; // keep d psi / dx

42: double xState; // keep x value



43:
44;

45:
46:
47:
48:
48:
50:
51
52:
53:
54:
55:
56:
57
58:
59:
60:

61

62:
63:
64:

65:

66:
67:
68:
69:
70:

71

72:
73:
74:
75:
76:

78:
79:
80:
a1

82:
83:
84:
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public Schrodinger1D (Function potential, double xmin,
double xmax, int numberOfPoints) {

this.potential = potential;

psi = new double[numberOfPoints];

x= new double[numberOfPoints};

this.xmin = xmin;

this. xmax = xmax;

dx = (xmax -xmin)}/(numberOfPoints -1);

firstPoint = O;

lastPoint = numberOfPoints;

findMinAndMaxPotentiail();

!

private void findMinAndMaxPotential() |
double xValue = xmin;
double newPotential;
potentialMin = potential.Of(xValue);
potentialMax = potentialMin;
for(int i = 0; i < psilength; i++) {
x[i] = xValue;
newPotential = potential.Of(xValue);
if(potentialMin > newPotential)
potentialMin = newPotential;
if(potenticlMax < newPotential)
potentialMax = newPotential;

xVdlue += dx;

J
o
* finds the area where the wave function is non-zero.
*and bounded by the firstPoint and lastPoint.
* @param energy
*/
protected void findFirstAndLastPoint(double energy) (
double current_x = xmin;

double startX=0, stopX=0;

if(( energy <= potentialMin) Il (energy >= potentialMax)) {
System.out.printin "it's not a bound state,
check your Potential and Energy again");

return;
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85: // find the first point where E>V

86:

87: for(int i = O; i< psilength; i++){

88: if((energy - potentiol.Of(current_x))>0) {
89: firstPoint = i;

90: startX = current_x;

ot break;

Q2: }

93: current_x += dx;

94: }

95: current_X = Xmax;

96: ‘

97: // find the last point where E>V

98: for(int i = psi.length; i>firstPoint; i--) {

99: if((energy - potential.Of(current_x)) > 0} {
100: lastPoint = i;

101 stopX= current_x;

102: break;

103: )

104: current_x —~= dx;

105: }

106:

107: /I Actually, wave function value is not zero immediately

108: /I it still decay at the both sides

109: /I Left side :

110: double decay = 1;

11: current_x = xmin+firstPoint*dx;

112: while(decay > tolerance && firstPoint > 0) |

13: firstPoint-—~;

14: current_x ~-= dx;

115: /I this region E < V the result shoud be minus sign
116: double k = Math.sqrt(2*Math.abs(energy-potential.Of(current_x)));
" decay *= Math.exp(-k*dx);

18: JISystem.out.print(* left side: k = " + k + " decay =" +decay);
119:

120: }

121 /I Right side:

122: decay = 1;

123: current_x = xmin+lastPoint*dx;

124: /I assume exponential decay on right hand side

125: while(decay > tolerance && lastPoint < psi.length) |

126: lastPoint++;

127 current_x += dx;

128: double k = Math.sqgrt(2*Math.abs(energy-potential. Of(current_xh);
129:
130: decay *= Math.exp(-k*dx);
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/**

* Solves the Schroedinger Equation with the given energy.

* @param energy double the energy

* @return int node ( number of zero crossing of wave function

i
public int solveWaveFunction(double energy) {
int node = 0; // count the number of zero crossings.
boolean slopeChanged = false;
maxAmplitude = O;
double integral = 0;
double lastPsiState, lastSlopeState, lastXState;
double k2; // kA2 = 2%(E-V)
double k2LastState, k2State;
double slope;

this.energy = energy;
findFirstAndLastPoint{energy);
if(lastPoint - firstPoint <3) {

Jfif number of point in range < 3 cannot use with Numerov method

retum O;
]
/I set wave function to zero outside the bound region
for(int = Osi<firstPoint;i++)

psill] = 0;

x[i} = xmin+i*dx;

/i state of the firstPoint
lastPsiState=0;

lastSlopeState = O;

lastXState =xmin+firstPoint*dx;
psilfirstPoint]=lastPsiState;
x{firstPoint] = lastXState;

k2LostState = 2.0*(energy - potential. Of(lastXState));

/I state of the firstPoint +1
psiState = dx;
slopeState = 1.0; // initial derivative of psi by dx
XState = xmin + (firstPoint+1)*dx; // initial value of x
psilfirstPoint+1]=psiState;
xlfirstPoint+1} = xState;
k2State = 2.0*(energy - potential.Of(xState));
slopeState = (psiState - lastPsiState)/dx;

Jf find wave function (psi) with Numberov method
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/I the differential eq must be in a form

I dn2 psi [dxA2 = -kA2 (psi)
I define kA2 = 2*m/(hbar)r2(E-V)
I -

double ¢ = dx*dx/12.0; // coeficient for Numerov Algorithm
for(int i = firstPoint+2; i<lastPoint; i++) {
x[il= xmin+i*dx;
k2 = 2.0*{energy - potential.Of(x[il});

"

// System.out.print ("i= " +i+ kinloop = " +k2);

psilil = (2.0 -10.0*c*k2State)*psiState —
(1+ c*k2LostState)*lastPsiState)/(1+c*k2);
slope = (psili] - psiState)/dx;

1/ keep previous values for next step
lastPsiState=psiState;
lastSlopeState = slopeState;
lastXState =xState;
k2LastState = k2State;

// Now store current values
psiState = psilil;
k2State = k2;

xState = x[i] ;

slopeState = slope;

iftmaxAmplitude<Math.abs(psiState)} {
maxAmplitude = Math.abs(psiState);
]
// Normalize wave function with trapezoidal rule

/I Integrate f(x) dx = deltaX ( summation fi - fO/2 —fn/2)

integral += psiState*psiState;

if(slopeState*lastSlopeState < 0)

slopeChanged = true;

if(psiState*lastPsiState < 0) |
node++;
slopeChanged = false;
}
if(Math.abs(psiState)>1.0e12) [ /jprevent diverging so much
for(int m = i+1;m<lastPoint; m++)
psilm} = psiState;

xIm] = xmin + m*dx;
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break;
]

} I end of ~-—-> for(int = firstPoint+2

integral *= dx;
integral = integral ~{ psilfirstPoint}/2.0 +
psillastPoint-1)/2.0)*dx;
/1 find the magnitude of wave function

double sqrtintegral = Math.sqgrt(integral);

/1 fill the rest point at the right side
for(int i = lastPoint; i < psidength; i++) {
psifil = psillostPoint-1};

x[i] = xmin+i*dx;

/*

/I check to see if last value is close enough to a crossing

238:if(slopeChanged&&(Math.abs(philphi.length-1))<=tolerance*moxAmp)) |

239:
240:

241:

242:
243:
244:
245:
246:
247:
248:
249:
250:
251
252:
253:
254:
255:
256:
257
258:
259:
260:

261

262:
263:
264:
265:
266:

Crossing++;

]

*

il
il
il
i
1

i

normalize(sgrtintegral);

JI check normalize it shoulld equals 1
double sumOfPsi2 =0;
for(int i = firstPoint; i <lastPoint; i++) {
sumOfPsi2 += psili]*psilil;
)
Systemn.out.printin(® sum of Psi A2 =" + sumOfPsi2*dx );
return node;
}

Normalize wave function

private void normalize(double magnitude) {

if(magnitude==0) {
return;
]
forlint | = 0; i< psi.length; i++) {
psilil /= magnitude;
psiState /= magnitude;
slopeState /= magnitude;
]
maxAmplitude /= magnitude;

}

/**
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* Solves the eigen energy with the given energy level
* @param int quantumNumber
* @return ith node ( number of zero crossing of wave function
*/
public double] | solveEigenEnergy( int quantumNumber)
{
double eMin;
double eMax;
int nodeCount=0;

int counter = 0;

iflquantumNumber > MAXIMUM_NODE) |{
System.out.printin("Quantum  Number must not greater
than * + MAXIMUM_NODE);

return new doublelpsi.lengthl;

eMin = potentialMin;
eMax = eMin +1;
while (counter < 20 && nodeCount <= quantumNumber) {

nodeCount = solveWaveFunction(eMax);

/fincrease energy until the number of node is greater
than guantum number
eMax = eMax +( eMax-eMin);
counter++;
J

counter = 0;

dof
double tempEnergy = (eMax + eMiny/2.0;
int crossing = solveWaveFunction(tempEnergy);
System.out.printin( counter + * energy = " +

tempEnergy + * and crossing zero = * + crossing);

if({crossing == quantumNumber) &&
(Math.abs(psifpsi.length-1]) <= tolerance*maxAmplitude)) {
errorCode = 0;
JISystem.out.printin("in IF #1: psilpsilenth-1] =" +
psilpsi.length-1] + *  tolerance*maxAmp ="
+ tolerance*maxAmplitude );
return psi;
]
if((crossing > quantumNumber) Il {(crossing == quantumNumber)
&&(checkEvenNumber(crossing)*psilpsi.length~1] > 0)) ) {

eMax = tempEnergy;
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else {

eMin = tempEnergy;

}
counter ++;

System.out.printin();
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} while (counter < 32 && (eMax-eMin )> ZERO_APPROACH);

errorCode = 1;
return new double(psi.lengthl;
J
o
* Gets the x coordinates
*
public double]] getXCoordinates() {
return x;
]
public double{] getWaveFunction() {
return psi;
]
public double getEnergy() (
return energy;
J
o
* Gets the error code from computation.
* @return int
*
public int getError() |
return errorCode;
}
private int checkEvenNumber(int number) {
iftnumber%2==0)
return 1; // Even
else

return ~1; //0dd



- B% -

TU5unsn 4.1 SchrodingeriD.java  fdanfiiiinuntsfaridunan (Tu flowchart 7 1) uas
doufimaunanassuiiaaraoudnlag (T flowchart 71 2)

[ %4

Us9Af 140 ¢ 264  Liiu method sovewaveruncion FigLLILINNT TGS

public int solveWaveFunction{double energy)

-:3/ kA LA di = o/ ] o ¥ o o/ o
wsaaillEnisidunRuoaseynIARInaIIN Winfusn energy 1ALINTSYINIHLEY
A’ i 9/ i ] b4 i s !
wsanfiiinlunnfiBenlih Fowchart 71 1 #sneazBuauandoalfun ussvinf 180 - 224
funramen v, InetAinnaimassasanniseyiussuduaedzas ynasaw  (Numerov)
usevaft 213-215 inn1anaaeaeudn v, daunu x vial drdnisdaunu x aziudmam
asafigaunm x (AludauLafidndn node  wssiafl 217 -223 iumsnemauniageanaag
Y 4 L] PRI 9 ' ' 12 ¢ e 4
Wafdundiny, 1A w, A maaldfidimanndt 107 arsausaumeiduaiuaznyn
Auaarudl us9sTa 205 -208 iun1sUsWufansRefFuRan BTN (Tdmsy
. of el P | & & & o o oAy
normalize TnaanAEABsaunAAnAanamIdn o Namne anuuinaansf Fannama
UBugTvinns normalize TneT#insan normalize Tuusvindl 254 -264
\n58A solveWaveFunction aeAnAnnauindwangadnasilsidunauiisimunm x

[

usiad 271 @ 318 i method soveigentnersy HUULUANT AT

public double( ] solveEigenEnergy( int quantumNumber)

DA EMNIUIAIBINA TS T AUNAINUATBIATANENSH N 1A 7 AIALNIT
vinamaiinluans Flowchart 2 Snnsident¥ method solveWaveFunction THus9¥iafl 295 113
auspUvaiFuAANazaiulUEey 7 aundnar e iundufizanndosdenlzzauian
LB HEAARBITUIATAIENAN n IHIATBINATNAlEaniuAEIsas wsanildernfungy
Fnananaiaisuniuiizenndatudenlasueauaniuifedduazas

un9nAEeUNITRIeHEaIAaIE SchrodingerD vl lmasdelsunsnBanTem
 ARIAAINETT FansnasaluUiifiunnsasae Application %8 NSEAppjava  (Application  for
Schrodinger equation with quantum number n) T&wasnudngidlu Harmonic oscillator i

3
A o

finpsing TneaPunuadlisunaniisl

TU5unaw 4.2 NSEApp.java

/-)('*
* Title: NSEApp.java (Schrodinger Application)

—

* Description : test for Schrodinger App
* @author: Wach R

*@ version 0.1
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* Date : Aprif 28, 2011
*
package JApp.SE1D;

import java.util.*;
import java.io.*;

import classes.SE1D.*;

public class NSEApp (

I
* Starts the Java application.
* @parom args]] the input parameters
*
public static void main(Stringf] args) throws Exception {
int numberQOfPoints = 300;
double xmin = -5, xmax = +5;
int n; // quantum number
double en;
String fileName = "NPsi";

int crossing=0;

System.out.printin(\nThis program finding eigen energy of
a particle\n in harmonic oscillator”);

System.out.print(" You must input n (quantum no. (from 1 to 30))

Scanner console = new Scanner(System.in);

n = console.nextint();

SchrodingeriD se = new Schrodinger1D(new Quadratic(),
xmin, xmax, numberOfPoints);
/I SchrodingeriD se = new Schrodinger1D{new SquareWell(2.0,

-10.0), xmin, xmax, numberOfPoints);

doublef}] psi = se.solveEigenEnergy(n);

double]] x = se.getXCoordinates();

if (se.getError(}==se.NO_ERROR) {
System.out.println(“energy:"+se.getEnergy());
PrintWriter w = new PrintWriter (new
FileOutputStream(fileName-+n), true);
for(int i = 0; i < x.length ; i++)

w.printing x[il+"t"+psilil);

} else |
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47: System.out.printin ("There must be some errors");
48: ]

49: ]

50: |
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-3.92977
-3.89632
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-3.82943
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-359532
356187
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w & o 1 ar { o . . _
Nz’m‘wﬁ’?’]ﬂﬂﬁi‘v"mmﬁ‘iéﬂﬂﬂ?‘kmﬂﬂﬂﬂLmuﬁmaﬂu (1 dimensional finite rectangular well)
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Ce-Y=1

4 A H g b4 1 o 1 & o/ ¥
auAANIR m LARBuT hladndilaundawingy 20 mnAnessednd v ffl

- -V, if—a<x<a
1 0 if lx'Za

infddulusunan Wedentdlsdtuaasdadndsiad

Tusunsu 4.3 SquareWell.java

1 m

2 * Title: SquareWell java

3: * Description Square well potential.

4; *

5: * @author: Wach R

6: *@ version 0.1

7 * Date : April 24, 2011

8: * ==

9: *

10: package classes.SE1D;

11:

12: import classes.MathTools.Common.Function;

13:

14: public class SquareWell extends Function {

15: double halfwidth; / halfWidth of potential well( ~a <=x <=a)
16: double dept;/ithe depth of well must be minus sign
17: public SquareWell( double width, double dept) {
18: halfWidth = width;

19: this.dept = dept;

20: }

21

22 public double Of(double x) {

23: ift Math.abs(x) >= halfWidth)

24: return O;

25: else

26: return dept;
27: ]

28:

29: }

30:

A1TAIINASI ( E) 2p9aynialuisAndiisyaunasnu n T q laeddiimens

ANITON N FNNIT (2.32)

2m E
2a,,—.—_—- V. —E)=(n-Dz+2tan™
h2 ( 0 ) ( ) VO'—E
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bambeazaon aun1sargnanguiniofies

2a\2(V, —E) =(n-1)z +2tan™ ” 2 (4.1)

o —E

Tufttlast¥anng 4.1) Tunnswanmangssu £ darvuarin =1, 2, 3 .., 6 T
ANHNA9YEILe Winfiu 4 wiae (g = 2) wazAtEAnTasUaAndWiniy 10 e ewaan
aung (4.1)  fiuauniUssnn transcendental  function T N30 EAFALATA TR 9
ATHIDIMNTINANNT Qe ) 18 a=dn Bt A unudesiaadinuntos ganduisias Ty
AruanulieyAdniife MathematicA 4% 5.1 wazl¥nnanianannislnedsudendetog
(Bisection method) TaeiBemiiulusunsunenfiamesudniondayafidmunly welitins
Amans (gaeasidonnisriumniesllaunas MathematicA  wazlusunsudiuaiy (source

code) AMATULNAF VI NEHNNS Tumanan 3) wafiliusangdstunnsnedt 4.1 fail

n E E E
(SEAUNANY) | 97N MathematicA | AInABULNATIZA FINULUIVEB Y

1 -9.7507 -9.750697 -9.752279
2 -9.00542 -9.005423 -9.011693
3 -7.77297 =-7.772970 -7.786852
4 -6.07186 -6.071860 ~-6.095848
5 -3.94146 -3.941455 -3.977063
6 ~-1.49125 -1.491250 ~-1.536339

AN 4.1 IW3BUeUNAIINIBIaYNIA (E) 1 n Asinee (U 2asdadnduuufimass

HaANET [Fa1nnnsnansaynauiadnduuudmasnfifiaonudn -10 wiee uaz
AnEndng 4 ming ez lEndsmAdudezas An = 1, 2, .. 5, 6 HantndiAneiuead(F

=

arnnsAandlee Ml sunandii3egu MathematicA uazABAwanuBesniaalneisuienss

i 9/ i =% o 1 A
%9 NFIBITINATNAUNINT 1
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o L] ' v 3, o
Nﬂawémﬂmsmﬂfmmgmﬂ?ﬂ.‘sUﬂﬂﬂémuaﬁuﬂun DDAARLALADS

(1 dimensional harmonic oscillator)

o/

aynandauiihuandsminduuandueiin aasdaanes Suilguannienil
15,
V(x)=—ma’x
2
=] 4 ) 3 .
o FannuEaBaEednIIRIaIeynIA e radion/sec
L § }:7 os T o (%4 J
vinfdudulusunan Wadun s fuasniadndasi

TUsunss 4.4 Quadratic.java

A

1

2: * Title: Quadratic.java

3: * Description Simple harmonic oscillator potential.
4: *

5: * @author: Wach R

6: *@ version 0.1

7 * Date : April 23, 2011

8: *

9: *

10: package classes.SE1D;

1

12: import classes.MathTools.Common.Function;

13:

14: public class Quadratic extends Function {

15: public double Of(double x) {

16: return (x*x)/2;

17: }

18: public double DerivativeOf(double x) { return 0.0; }

wiwmzasayniatuadng fenliseies e n =1, 2, 3, .. mlien

E, _ =ho(n —% (4.2)

g Ao

nadNETtHannnnssassayntatulsAnduuuandneiin sas@ainad Aidmunli
h=w=1 azl@ndnmiiudnerzas fin =1, 2, ... 5, 6 WasuleuiuAnflieinnng
-] ot 1 cr i at 87 o 1 1 o/ v
ATUATATHENANS (4.2) AIANT1988 (LT WU’J’]N@NWﬁﬁTﬂ@’]ﬂLLUU‘V’]ﬂ’ﬂ\ﬂﬁﬂﬂm’mUNﬂﬁTﬂ

arnnsAnlneAtinssinnlazng
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n E E
(FLAUNANIN) INABINATIZA FAINULLFIRDY 4
1 0.50 0.50
2 1.50 1.50
3 2.50 2.50
4 3.50 3.50
5 4.50 4.50
6 5.50 5.50

AN 4.2 WRWHYBIERATA (E) 1 n Asig o dleesladnduuuaniueiin asaBaiainad

HAANEIINNNSI1ADIBATA INLBANTULLEY

NANITAMUIINANINIBNBHANATIRD L N (Fous 1 Ty 10) sendadndusiazuuy

Tnadmuarasfisandsmdnd alinisuansnanisnaineg ueauinnaasaanin A

AR AR HARNE AT Ao ldanTUsunsH asnsadaiiunnsolEsen

ADUY Square well Parabolic Triangular Square Square
n tangent hyperbolic
cosine
VV::—(I)O{l—);ZjSZ V=~;—x2 ] V=S Vzco_;)g)x
)
1 -9.752 280 +0.500 001 | +1.283 745 +0.397 526 -7.999 999
2 -9.011 696 +1.500 001 | +2.945 831 +1.578 424 -4.999 999
3 -7.786 852 +2.500 001 | +4.092 519 +3.507 880 -2.000 000
4 -6.095 848 +3.500 002 | +5.150 50 +6.107 141 -0.498 165
5 -3.977 063 +4.500 014 | +6.073 163 +9.112 893 +0.136 219
6 -1.536 339 +5.500 102 | +6.957 181 | +10.363 892 | +0.488 270
7 +0.369 385 +6.500 613 | +7.775 388 | +10.466 563 | +0.997 425
8 +0.567 383 +7.502 947 | +8.593 503 | +11.360 108 +1.639 515
9 +1.154 297 +8.511 492 +9.418 333 +11.729 493 +2.402 942
10 +2.072 021 +9.536 639 | +10.318 601 | +12.688 721 +3.281 116
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Auamen nnaRnzasLafnduarariduadn auansaguu Plot Panel  aH1AEN
FuftwaaplotPanel andsuasinuonnessaenmitililiom qalaoaifmnensszuy
Wﬁ'mmﬁ?%?ummﬂmwﬂumﬂmww:LLmﬂvmmﬂqﬂTmﬂ%ﬁLummfizuuﬁﬁmmﬂﬁ(’fﬁu
nsndanns nnuadaaand asaingUnsaAinuL PlotPanel  Aefiasiinsulasqn

P o a 5 ¢ ; A
Treasinnannranissmanmnadamaniiiiugalanasfnuneanimieriouiiaia
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qalABnSALALEY PlotPanel UNABATWAENFN 97 (0,0) Fiypundng x faduuon
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dnauiiasunamnsgudag wazidnduuan dlavulunnednuenn daudny fanduuan
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xMin : xMax
(0,00

yMin

SUft 4.6 wansgalanasAmanuadineansindonadiunszaengin

kTl

fianausaumis (x, y) e g amnsaudaaiiu duvs (x, y) UNAA PlotPanel 784

o

. 4 4
san (alusrBemdin x_,, waz y,.., ) A9f

%k = (x+ 2 AT panelWidth
i (xMax — xMin)

panelHeight
(yMax — yMin)

Yscreen = (yMax R y) X

FIITITTIAUNY X ( xAxisRow) WAT WAK y ( yAxisCol) nn(ann

xAxisRow = round (———Q)—MCDC—.) x panelHeight
- yMax — yMin
yAxisCol = round (———xMZE——_—) x panelWidth
xMax — xMin
NNFIAUNY X WATHNN Y Wendasia Ui
WA x: bg.drawLine(0, xAxisRow, panelWidth, xAxisRow);

WK e bg.drawLine(yAxisCol,0, yAxisCol, panelHeight);
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vadnduuy Square tangent well
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U7 4.10 FHerfduaanlutadngduuy Square tangent

|




- 68 -

UaAnLUY inverse square hyperbolic cosine
-10

V=
cosh” x

A ast 4 ] 8/ H
U7 4.11 Merddundanliiodnduuuanmans
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4.3 Tusunsudiuaiiy (Source code)
dlornniadnansoyniatuisAndunusne o wasswaidungifin uazannnsarinam

e tneduasditn 9 lETUsunTuduaIL(Source code) A uau 17 d uanidulsznm

e
he

1. douiitdtuntemiuans anntsrsefvwed wuu 1 8& (Hur Schrodinger1D.java
1 a’ ti' 1 d ¢ o d‘ o’ o/
AR5 e AR AT IzIanzes wasilerfunfnasannin daduialaens
R TuamAdunsan
UaungH (NI ATIH
0. doufiiiuiertuastadng [Hun SquareWelljova (UadAnduuumuassmaudn

o

§1ffm)  Parabolicjava (Uadntiuasaniuailn ass@aminad) Triongulorjova (UaAnduuy
AHMALNTNHIAS)  TonSquare.jova (Uadnduuuuwuandindiasd) uaz InveseCosh.java
wadnduuulawauedn AauiidInes) Lﬁ@ééf%;ﬁ@ﬂﬁﬂmﬁ@é‘r’ﬂétmu% Waridueasadng
wanrazgnidantiflay Schrodinger1D.java wazinaftuneadineans Undanuuaanin

5. daufdiucontainer wanaslsunss Tae SWING GUI uazdaufiufin nput 289
Tusunss Thur  BasePaneljova  (funssumiidnmaniussquiinsaadu 4 Wimun
LeftPanel.java % n15uaAINA ComboBox @13 uLAanuUadng InputPaneljova
EnergyPaneljava ~ QuantumStatePanel.java T"’ﬁﬁﬁﬂ%’ﬁﬁﬂuﬁﬂuﬁLf‘%ﬂqﬁuwﬁwflul,tm AN
ANBUAH ﬁy'\amufﬁiuﬂﬁm‘fgﬂiwﬁ“fu FooterPaneljava  WAY HeaderPanel jova THuans
sdEnsdenAeulumneiinUadndgiidan

4 daufusaanansa@in i 2 4 e PlotPaneljova axifiuntidinamaniunisuaes
awns AN fauddanguiadndifusnnnas deuun x uaz y FANTIHIAINFINTEN
A5 L%‘ﬂu‘gﬂﬁqﬁ%’uﬂﬁmﬁﬂmwé’wqumﬁﬁﬂu 591%9n13 update niinan 1infinns
Wannuassiatadng Tnail SEPaneljava insiarimuanisnfinadeing

5 doniuiiuvnaidnaesiusunsy wieiu main program Aa mainAppjava Tsunsu
eiBudiendUsunsnil

seasdnrnslUungui 17 MglEsousam Bdantulunianun 4 Tusunsuens
finnsufly Usudqadn o vins o aunszianfifdaanaunAdeaiul Faanaumiy

=1

Tusunsuisinng update z\iﬁqm #11190 download (A7 www.electron.rmutphysics.com/se1d




