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Vacuum velocity of light C 2.99792 x 10 ms ™"
Flementary charge e 1.60218x10™°C 4.80321x10 " esu
Boltzmann’s constant Kg 1.38066 %1072 JK ™
Planck’s constant h 6.62608 %1073 Js 6.62608x10 erg s
Planck’s constant / 27 E 1.05457 %107 Js
Avogadro’s constant Na 6.02214x10% mol™
Permittivity —of free & 8.85419x10° 2 Fm™
space
Permeability of free o Arx10" NA?
space
Rest mass of electron Me 9.10939x107 kg
Rest mass of proton my 1.67262x10 kg
Bohr magneton iy 9.27402x107* Am® | 9.27402x10 erg gauss™
Nuclear magneton Hy 5.05079x10™7 Am* | 5.05079x10* erg gauss™
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Electron rest mass Me 0.1093826(16)x10™" kg
Elementary charge e 1.60217653(14)x10 " C
reduced Planck's constant ok 1.05457168(18)x10 " Jrs
27
{(angular momentum)
Coulomb force constant 1 8.9875517873681x10" kq-mz’-s_z-c'2
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ASHIFINEHNIS IAEABULIASIR uasldranfuas Mathematica V 5.1

TunnsuBsuiisundssmeateyniaE) Armasliannlusunsnsnansaynialule

o/ =Y

Fndiiuenfilianngnad iannasfinsiz

2a,/2(V, ~ E) =(n-1)7+2tan” VEE (1)
-

s s Baudisusntuased Eamuals a = 2 Wi (Armndeeais
= 20 =4 Wi9E) ATINANTEILBANG Vo = ~10 mine (aauwuAtas U liannis (1) Tudasld
PABMNIEAL INTIZANNTS (1) MH1annsuntan Vo uay E Miuauasilugaedeuses
Wan)

A19NIFINENNT (E) FiaalFnnsminnnudesiaiay (Numerical method) dngmnAiaau
mezﬂumﬁ?uqu;%’mﬂu Transcendental function

TunspunnaBesaan 4 ¥3auterRetas (Bisection method) MIAIABLMEBNITIN
anng Tnadeadulsunsuniunanan vamun 5 WEsaR

&% 1: CommonConstant.java

—_

{* File:CommonConstants.java

2: * Project : Math Tools in Java

3: * Author : Wachara R.

4: * First Released: 01 Dec 2006

5: * Last Updated : May 02, 2011

6: *

7 package classes.MathTools.Common;

8: public class CommonConstants

g: {

10: /* Constants for calculating in All programs */

11: public static final double ZERO_APPROACH = 1.0e-7;
12: /I use 1.0e-7 for single precision

13: /I use 1.0e-16 for double precision

14:

15: public static final double DEFAULT_TOLERANCE = 1.0e-7;
16:

17: /| DEFAULT_INTERVAL for differential equation solver

18: public static final double DEFAULT_INTERVAL = 0.001;

20: /lpublic static final int MAX_LOOP = 50;
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23:
24:
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38:
39:
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public static final int MAX_LOOP =100;
public static final int ARRAY_SIZE=51; J/ Maximum equations

2 : RootUltils.java

[* File : RootUtils.java

* Project: Math Tools in Java

* Author : Wachara R.

* First Released: 01 Dec 2006

* First Updated : 13 Apr 2007 { Thai new year day )
*Last Updated : May 02, 2011

*/

package classes.MathTools.RootUtils;

import static classes.MathTools.Common.CommonConstants.;
import classes.MathTools.Common.Function;
J** abstract class for finding root(s) of non linear equation */
public abstract class RootUtils {
Function function;
private int counter;
private int max_loop;
/** constructor:
* @param f function for finding its root.
* @param max_foop : maximum number of loop for finding root
*/
RootUtils { Function f, int max_loop){
this.function = f;
this.max_loop = max_loop;
]
/** get the number of loop using for finding root
* @retum the number of iteration
*
public int getLoopCount() { return counter;}
/** abstract method for getting the root value */
abstract double getRoot();
/#* reset counter for counting iteration */
void resetCounter() { counter = 0; ]
[#* test for sure that the root is still between two point
* @param x1, X2 interval that the root Is between
*

public void testinterval (double x1, double x2) throws ~ BadintervalException
double y1 = function.Of(x1);
double y2 = function.Of(x2);
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if (y1*y2 > 0 i (x1 > x2)){
throw new BadintervalException();
]
]
/** Checking if number of loop exceed the limit */
public void testlLoopCount() throws ExceedLoopException {
counter = counter+1;
if (counter > max_loop){

throw new ExceedLoopException (};

J
/** abstract method for finding the next better value of root */
abstract void findNextPosition();
/** dbstract method for doing iteration for finding root */
abstract void dolteration(int count);
/** test whether the root has been calculated */
abstract boolean IsSuccessed ();
/** gathering the process of finding root in here */
public boolean DoProcess() throws ExceedLoopException [
testLoopCount();
dolteration{counter);
findNextPosition();

return IsSuccessed();

3: Bisection.java

/* File : Bisection.java

* Project: Math Tools in Java

* Author : Wachara R.

* First Released: 01 Dec 2006
* Last Updated : 20 Dec 2006
*

package classes.MathTools.RootUtils;

import static java.lang.Math.*;

import classes.MathTools.RootUtils.*;
import classes.MathTools.Common.Function;

import static classes.MathTools.Common.CommenConstants.*;

public ciass Bisection extends RootUtils{
private double xLeft;
private double xRight;
private double xMid;
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private double f_xLeft;
private double f_xRight;
private double f_xMid;

/** constructor
*/
public Bisection(Function function, double xMin, double xMax)
throws BadintervalException {
super{function, MAX_LOOP);

testinterval(xMin, xMax);

double yMin = function.Of(xMin);
double yMax = function.Of(xMax);

if (yMin < O){
xLeft = xMin;
xRight = xMax;
f_xLeft = yMin;
f_xRight = yMax;

} else |
xLeft = xMax;
xRight = xMin;
f_xLeft = yMax;
f_xRight = yMin;
}
findNextPosition();
try(

/*
System.out.printin(* xLeft = "+ xLeft + " f(xLeft) = "+ f_xLeft);
System.out.printin(* xRight = “+ xRight + * f(xRight) = "+ f_xRight);

System.out.printf(" n\t xLeftidtfixLeft) MxMidWtfixMid)MIxRightWf(xRightin ")

System.out.prinff("s============z=========ssz==smzzzzz==zs====")
System.out.printf(’====s=====z=ssz=z=sss==z=zzsss=zsz======\1");
=/

boolean 1sOK;

dol

IsOK = DoProcess();

/*
System.out.printf{ * %d %M%Mt %M\ %\n",getloopCount(),
xLeft.f_xLeft, xMid,
f_xMid,xRight,f_xRight};
*

Jwhile {(1sOK);
W try

catch (Exception ) [ System.out.printin( e);}
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public double get_xLeft () { return xLeft;}
public double get_xMid () { return xMid;}
public double get_xRight () { return xRight;}
public double get_f_xLeft ) [ return f_xLeft;}
public double get_f_xRight () { return f_xRight;}
public double get_f_xMid () { return f_xMid;}
public double getRoot() | return get_xMid():}

void dolteration( int count) {
if (f_xLeft*f_xMid) < 0 )
xRight = xMid;
f_xRight = f_xMid;
] else |
xLeft = xMid;
f xLeft = f_xMid;

}

void findNextPosition() {
xMid = (xLeft + xRight)/2.0;
f_xMid = function.Of(xMid);

boolean IsSuccessed() {

return abs(f_xMid) <= ZERO_APPROACH;

TWdh 4 : BisectionTestjava

/* File : BisectionTest.java

* Project: Math Tools in Java

* Purpose: Test class for non finear equation solution.

*

* Author : Wachara R.

* First Released: 2 May 2011

* Last Updated : Mon 2 May 2011
*/

package JApp.SE1D;

import static java.lang.Math.*;
import classes.MathTools.RootUtils.*;

import classes.MathTools.Common.Function;
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class BisectionTest |

public static void main(String{] args) {

double a = 2.0; // half width of potential well

double V = 10; // depth of well

int n=1; // qunatum number

for{ n= 1; n < 7; n++) |

SWFunction swf = new SWFunction(n,a,V);

tryl

Bisection bs = new Bisection( swf, -10,10);

System.out.printf("n When n = * +n + " eigen Energy = "+ - bs.getRoot());

]

catch (Exception e)
{ System.out.printin(" Error(s) : "+ e);

]

o,

=n.

5: SWFunction.java

* File : SWFunction.java

* Project: Schrodinger 1D

* Purpose: Test Bisection Algorithm.
* Author : Wachara R.

* First Released: 2 May 2011

* Lost Updated : Mon 2 May 2011
*

package JApp.SE1D;

import classes.MathTools.Common.Function;

public class SWFunction extends Function{ // SquareWell Function
int quantumNumber;
double halfWidth;
double dept;

double x;

SWFunction ( int n, double a, double d) {
quantumNumber = n;
halfwidth = q;
dept = d;
this.Of (x);



~91-

24: )

25: public double Of(double x) {

26: return 2*halfWidth*Math.sqrt(2*(dept-x))-((double)quantumNumber
~1.0)*Math.Pl — 2.0*Math.atan(Math.sqrt(x/(dept-x)));

27: }

28:

29: ]

u39vinft 26 assdaufiiusnusiiiin Aoaunns (1) A TunnsAamnAn E iugas
AlFanAtAnTd FaeniswasuauniwuarandnaesiofndWiudle A1 a uay V Ase
wg9viait 18, 19 TUIW&T 4 BisectionTest java
waltsunaudmnaru Wi ByteCode TneMmasmsTunwaa Ui wengan compile
Windinnsduedniusagy uararistawaimesidiegfiasgniesdan
C:\JavaMathTools\src\Javac —d .. —cp .. ./Common/CommonConstants.java
C:\JavaMathTools\src\Javac —d .. —cp .. ./RootUtils/RootUtils.java
C:\JavaMathTools\src\Javac —d .. —cp .. ./RootUtils/Bisection.java
C:\JavaMathTools\src\Javac —d .. —cp .. ./testSE/SWFunction.java
C:\JavaMathTools\src\Javac —d .. —cp .. ./testSE/BisectionTest.java

R CAWINDOWS. 1 system32\cmd.exe
:\lavaMathTools\src>javac e .. ./Common/CommonConstants.javalll

:\lavaMathTools\src>javac v .. ./RootUtils/RootUtils.java

C:\JavaMathTools\srcsjavac o .. ./RootUtils/Bisection.java

:\JavaMathTools\src>javac 4 <. ./testSE/SWFunction.java

:\JavaMathTools\src>javac e .. ./testSE/BisectionTest.java

:\JavaMathTools\src>
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NANBLUNITIN9THa91U5UNSH BisectionTest.class tae MAnaans

SN CA\WINDOWS. 1 system32'crad.exe

C:\JavaMathTools\src>cd..
C:NJavaMathTools»java JApp.SElD.BisectionTest

-9.7500697407871485
-9.00542326271534
-7.772970497606185
-6.07185959815979
-3.9414554834365845
-1.4912503957748413

when
when
when
when

eigen Energy
eigen Energy
eigen Energy
eigen Energy

when eigen Energy

when aigen Energy
C:NlavaMathTools> L

| | | G | I |

|10 116 | B | | |

ALURAIHARNET H91NNNTAINAWANIUIENEYATA BENAALRaus n =1 i 6

astilusunsudn3agU Mathematica version 5.1 M5 InaHNS
WadanisHannlusunas Mathematica RN ARIa (U Tuninsing Notebook 2184

Tusunsnmasia (1

For[ n= 1, n < 7, n=n+1, Print[FindRoot(4*Sqr’t[2*(10—x)]D
(n=1)*Pi+2*ArcTan[Sqrt(x/(10-x)]1,{x,1]]]

kA
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ANRIHNHNY N TﬁTﬂ‘SLLﬂ‘iNVI’N’]H’JH‘JﬂU’V’]u’JH cANMNUAN=12 34,5 6um

5 ¥ 1 B'/ A 1 1 o/
avA5alAn x (e E Tugmaiies) A n sing o il

4 ! . ¥ o ° o/ .:l v o
\fimnmn Shift + Enter wanriu Tusunsuasyinems uanawadwsiiamon(i fegu
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For[n=1, n< 7, n=n+1,
Print [
FindRoot [4 »Sgrt[2» (10 - x)] ==
(n-1) «Pi+ 2 wArcTan[Sart[x/ (10-x)11, {x, 13111

{X = 9.7507-7.45596 x 10~ 1}
{% = 9.00542+ 2. 40956 x 10~ 1)
(X - 7.77297)

{x - 6.07186}

{x - 3.94146}

Lot Lt e Lad ad il b4

{x - 1.49125}|
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In[25]= For[n= 1, n < 8, n=n+1,
Print[
FindRoot [4 » Sgrt[2 » {10 - X} ] ==
(n-1) #Pi+ 2 xArcTan[Soyrt [x/ (10 -x)]1], {x, 1}11]

{X - 9.7507-7.45596 x 10~** 1}
{X - 9.00542 + 2. 40956 x 10~** 1}
{x - 7.77297}

{x - 6.07186}

{X - 3.94146}

{x—> 1.49125}

FindRoot: :1=tol :

The line search decreased the step sime to within tolerxance
zpecified by Accuracybeal and Precisienfoal but was
unable to £find a zufficiant dacrea=ze in the marit
function. Tou may need more than MachinePrecision digits

of working preci=zion to meet these tolerances. More..

{x - -0.976656 - 3.76809 x 107%* i}

nacliduindsem £ fdmnnnds ndwnudnduastadng aynalilieguaniay

Bound state Ansa (1)
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Tusunsufiuativ (Source code)

TusunauduiufiusuLssangn (83A15 19 NANGIAN W.A. 2554) (FeamInansL )

1. duiiunaadnTusunss manApp.java uazlusunsufitmnnasi
SEConstants.java, CommonConstants.java, Function.java

2. TﬂﬁLm‘mﬁsf%ﬁqmmwﬁ\muu@:Wqﬁ%’uﬂﬁmmmémﬂ Schrodinger1D.java

3. Tusunssfuililsriduanctiasng SquareWell jova, Quadratic.java,
Triangular.java, TanSquare.java, InverseCosh.java

4. Tusunsndidiu panel #1950 comboBox waziiu input zaslusunsy
HeaderPanel.java, LeftPanel.java, FooterPanel..java , InputPaneljava, EnergyPaneljava was
QuantumStatePanel.java

5. Tusunaniiidundnunisuanawansafin SEPanel.jova Waz PlotPanel.java Lag

BasePanel.java

TW&# 1: mainApp.java

—

/* File:mainApp.java

I et

2: * Project :Potential Well Simulation //::\;“ﬁm‘
3 * Author : Wachara R. q\iﬁ/“‘\
4: * First Released: 19 Jan 2011 7%
5: * Last Updated :

6: *

7

8: package JApp.SE1D;

9:

10: import java.awt.*;

1 import java.awt.event.*;

12: import javax.swing.*;

13: import classes.SE1D.*;

14:

15: public class mainApp extends JFrame

16: |

17: private String title;

18: private SEPanel displayPanel;

19:

20: **

21 * Constructor.

22: *

23: private mainApp( String title, SEPanel displayPanel)



24:
25:
26:
27:
28:
29:
30:

31:

32:
33:
34:
35:
36:

37
38:
39:
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41

42:
43:

45:
46:
47:
48:
49:
50:

51:

52:
53:
54:
55:
56:
57
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59:
60:

61

62:
63:
64:
65:
66:
67:
68:

]
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this.title = title;
this.displayPanel = displayPanel;
setTitle(title);

initFrame();

/**

* Initialize the frame.

*

private void initFrame()

{

/I Center the current frame.

Dimension screenSize =

i

/*

*/

Toolkit.getDefaultToolkit().getScreenSize(),

int width = screenSize.width*9/10;;

int height = screenSize.height*9/10;

setSize(width, height);
setLocation((screenSize.width - width /2,

(screenSize.height — height)/2);

Jl ——m e full screen version————m~—=———--
/) setSize(screenSize.width,screenSize. height);

i setLocation(0,0);

Il

setLayout(new Borderl.ayout());

add(displayPanel, BorderLayout.CENTER);

// Initialize the demo.

displayPanel.panelinitialized();
/I Window event handlers.

addWindowListener(new WindowAdapter()
{

public void windowOpened(WindowEvent ev)

{

repaint();

/I Resize event handler.
addComponentListener(new ComponentAdapter()
{
public void componentResized(ComponentEvent ev)

{
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69: /I displayPanel.panelResized();

70: ]

71 )

72:

73: }

74:

75: /*

76: * Update the display without repainting the background.

7 * @param g the graphics context

78: *f

79: public void update(Graphics g)

80: {

81: /I displayPanel.panelDraw();

82: ]

83: /**

84: * Main.

85: */

86: public static void main(String args{])

87: |

88:

89: EventQueue.invokelater(new Runnable()

90: {

91: public void run()

92: |

93: JFrame frame = new mainApp("RMUT Physics - RRNFSHIAA",
new SEPanel());

94:

95: frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);

96: frame.setVisible(true);

97: frame.setResizable(false);

08: }

99: I

100: )

101: ]

102:

TW&7 2: SEConstants.java

—_

/* File : SEConstants.java

* Project : Schrodinger Eq in 1 Dimension
* Author : Wachara R.

* First Released: June 26, 2011

* Last Updated : July 7, 2011

*

package classes.SE1D;

import java.awt.Color;
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public class SEConstants

{

/* Constants for Graphics */

private static final Color MAROON

= new Color(128, 0, 0);
public static final Color BACKGROUND_COLOR = Color.orange;
public static final Color FOREGROUND_COLOR = Color.blue;

public static final int NUMBER_OF_POINTS =300;
public static final double MAX_X_VALUE=5.0;
public static final double MIN_X_VALUE= -5.0;

public static final int NO_ERROR = Q;
public static final int MAXIMUM_NODE=20;
public static final double SE_DEFAULT_TOLERANCE = 1.0e-3;

3: CommonConstants.java

/* File:CommonConstants.java

* Project : Math Tools in Java

* Author : Wachara R.

* First Released: 01 Dec 2006

* Lost Updated : May 02, 2011

*

package classes.MathTools.Common;

public class CommonConstants

{

/* Constants for calculating in Al programs  */
public static final double ZERO_APPROACH = 1.0e-7;
/l use 1.0e-7 for single precision

/I use 1.0e-16 for double precision
public static final double DEFAULT_TOLERANCE = 1.0e-7;

/I DEFAULT_INTERVAL for differential equation solver
public static final double DEFAULT_INTERVAL = 0.001;

/lpublic static final int MAX_LOOP = 50;
public static final int MAX_LOOP =100;
public static final int ARRAY_SIZE=51; // Maximum equations
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TW&% 4 Function.java

1: /*File : Function.java

2:
3:

© ® N © U b

17:
18:

19:
20:

21

22:

23

24:
25:
26:
27:
28:
29:
30:

* Project: Math Tools in Java

* by Wachara R.

: * First Released: 01 Dec 2006
. * Last Updated : 15 Dec 2006

*

: package classes.MathTools.Common;

« ** The mother class for function with finding value of function
: * and its deritvatives

. * @author Wachara R. { Dec 14, 2008.)

)

: public abstract class Function (

¢ [** return the value of f(x)

: * @param x the value of x

15:
1

* @return function of x

public abstract double Of(double x);

/** return the derivative of x

* @param x the value of x

* @return derivative at x

*

public double derivativeOf(double x)
: { return 0.0;}

/** retum the second derivative of X
* @param x the value of x

* @return derivative at X

*f

public double secondDerivativeOf(double x)

[ return 0.0;)

TW&# 5: Schrodinger1D.java

-

/**

* Title: Schrodinger1D

* Description compute energy, eigen state and Wave function

*

* @author: Wach R

*@ version 0.1

* Date : April 23, 2011

* | ast updated: May 2, 2011

* Schrodinger Eq :  dA2psifdxA2 = 2*mf(hbar)A2(E-V)*psi

* define kA2 = 2*m/(hbar)A2(E-V)

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



57:
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*

package classes.SE1D;

import static classes.MathTools.Common.CommonConstants.*;
import static classes.SE1D.SEConstants.”;

import classes.MathTools.Common.Function;

public class Schrodinger1D
{

int errorCode = 0; // O -~ means no error

double energy;

double potentialMin;

double potentialMox;

doublel] psi; // wave function of the particle.
doublel] x; // positions on x axis

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

double tolerance = SE_DEFAULT_TOLERANCE;

/I tolerance =1.0e-3 If less than 1.0e-3 there's some problem with line 296
double maxAmplitude; // maximum amplitude of psi

int firstPoint, lastPoint;

double dx;

Function potential;

double psiState ; // keep current psi
double slopeState; // keep d psi/ dx

double xState; // keep x value

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;

findMinAndMaxPotential();

private void findMinAndMaxPotential()

double xValue = xmin;
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double newPotential;
potentialMin = potential.Of(xValue);
potentialMax = potentialMin;
for(int i = 0; i < psi.length; i++) {
x{i] = xValue;
newPotential = potential.Of(xValue);
if(potentialMin > newPotential)
potentialMin = newPotential;
if(potentialMax < newPotential)
potentialMax = newPotential;

xValue += dx;

Jx
* 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;

ifl( energy <= potentialMin) Il (energy >= potentiaiMax)) |
System.out.printin{ "It's not a bound state,

check your Potential and Energy ");

return;

}

/I find the first point where E>V

for(int i = 0; i< psi.length; i++) {
if((energy — potential.Of(current_x))>0) [
firstPoint = i;
startX = current_x;
break;
]
current_x += dx;

!

current_x = xmax;

// find the last point where E>V

for(int i = psi.length; i>firstPoint; i--) {
iflenergy ~ potential.Of(current_x)) > 0) {
lastPoint = i;

stopX= current_x;



102:
103:
104:
105:
106:
107:
108:
109:

110:
11:
112:

13:

114:
15:

116:

17

18:
119:
120:
121
122:
123:
124:
125:
126:
127
128:
129:
130:

131

132:
133:
134:
135:
136:
137:
138:
139:
140:

141;

142:
143:
144:
145:
146:
147:

- 101 -

break;

]
current_x —= dx;

]

/I Actudlly, wave function value is not zero immediately
/1 it still decay at the both sides
// Left side :

double decay = 1,
current_x = xmin+firstPoint*dx;
while(decay > tolerance && firstPoint > 0) (
firstPoint~~;
current_x -= dx;
/I this region E < V the result shoud be minus sign
double k = Math.sqrt(2*Math.abs(energy-potential. Of(current_x)));
decay *= Math.exp(-k*dx);

/I Right side:
decay = 1;
current_x = xmin+lastPoint*dx;
/I assume exponential decay on right hand side
while(decay > tolerance && lastPoint < psi.length) |
lastPoint++;
current_x += dx;

double k = Math.sqgrt(2*Math.abs(energy-potential.Of(current_x)));

decay *= Math.exp(-k*dx);

/**
* Solves the Schroedinger Equation with the given energy.
* @param energy double the energy
* @return int node ( number of zero crossing of wave function )

*

public int solveWaveFunction{double energy) |

int node = Q; // 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;
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double slope;

this.energy = energy;
findFirstAndLastPoint(energy);
if(lastPoint - firstPoint <3) |
J/ if number of point in range < 3 cannot use with Numerov method
return O;
]
/I set wave function to zero outside the bound region
for(int | = O;i<firstPoint;i++) {
psili] = O;

X[i] = xmin+i*dx;

// state of the firstPoint
lastPsiState=0;
lastSlopeState = 0;
lastXState =xmin+firstPoint*dx;
psilfirstPoint]=lastPsiState;
x[firstPoint} = lastXState;
k2LastState = 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;
x{firstPoint+1} = xState;
k2State = 2.0*(energy - potential.Of(xState});
slopeState = (psiState - lastPsiState)/dx;

Ji find wave function (psi) with Numberov method

/I the differential eq must be in a form

I dA2 psi fdxr2 = -kA2 (psi)
I define kA2 = 2*m/(hbar)A2(E-V)
i - -

double ¢ = dx*dx/12.0; // coeficient for Numerov Algorithm
for(int i = firstPoint+2; i<lastPoint; i++) {
xlil= xmin+i*dx;
k2 = 2.0*(energy - potential. Of(x[il));
psili] = ((2.0 -10.0*c*k2State)*psiState -
(1+ c*k2LastState)*lastPsiState)/(1+c*k2);
slope = {psili] ~ psiState)/dx;

/f keep previous values for next step
lastPsiState=psiState;
lastSlopeState = slopeState;
lastXState =xState;
k2! astState = k2State;
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193:

194: { Now store current values

195: psiState = psilil;

196: k2State = k2;

197: xState = X[i} ;

198: slopeState = slope;

199:

200: iftmaxAmplitude<Math.abs(psiState)) {

201 - maxAmplitude = Math.abs(psiState);

202: }

203: // Normalize wave function with trapezoidal rule

204 /I Integrate f(x) dx = deltaX ( summation fi ~ f0/2 -frn/2)
205:

206: integral += psiState*psiState;

207:

208: if(slopeState*lastSiopeState < 0)

209: slopeChanged = true;

210:

211: if(psiState*lastPsiState < 0) {

212: node++;

213: slopeChanged = false;

214: ]

215: iftMath.abs(psiState)>1.0e12) { // prevent diverging so much
216: for(int m = i+1;m<lastPoint; m++) { // fill remaining values
217: psifm] = psiState;

218: X[m] = xmin + m*dx;

219; ]

220: break;

221; J

222: } Il end of —~—~> for(int i = firstPoint+2

223:

224: integral *= dx;

225: integral = integral —( psilfirstPoint}/2.0 + psillastPoint-1]/2.0)*dx:
226: // find the magnitude of wave function

227: double sgrtintegral = Math.sgrt(integral);

228:

229: /1 fill the rest point at the right side

230: “ for(int i = lastPoint; i < psi.length; T++) (

231: psilil = psillastPoint-1};

232: x[i] = xmin+i*dx;

233: ]

234: *

235: /I check to see if last value is close enough to a crossing
236: if(slopeChanged&&(Math.abs(philphi.length-1])<=tolerance*maxAmp)) {
237: Crossing++;

238: }
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239: *

240:

241 normalize(sgrtintegral);

242:

243: /1 check normalize it shoulld equals 1

244: double sumOfPsi2 =0;

245; for(int | = firstPoint; i <lastPoint; i++) {

246: sumOfPsi2 += psili]*psilil;

247: ]

248: I System.out.printin{" sum of Psi A2 =" + sumOfPsi2*dx };

248: return node;

250: }

251. /I Normalize wave function

252: private void normalize(double magnitude) {

253: iftmagnitude==0) {

254: return;

255: }

256: for(int i = 0; i< psilength; i++) {

257 psili] /= magnitude;

258: psiState /= magnitude;

259: slopeState /= magnitude;

260: )

261 maxAmplitude /= magnitude;

262: ]

263:

264: f**

265: * Solves the eigen energy with the given energy level

266: * @param int quantumNumber

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

268: */

269: public double{ | solveEigenEnergy( int quantumNumber)

270: {

271: double eMin;

272: double eMax;

273: int nodeCount=0;

274: int counter = 0;

275:

276: if(quantumNumber > MAXIMUM_NODE) {

277: System.out.printin("Quantum Number must not greater than "
+ MAXIMUM_NODE);

278: retumn new double[psi.lengthl;

279: )

280: eMin = potentialMin;

281: eMax = eMin +1;

282: while (counter < 20 && nodeCount <= quantumNumber)

283: nodeCount = solveWaveFunction{eMax);
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284

285:// Increase energy until the number of node is greater than gquantum number

286: eMax = eMax +( eMax~eMin);

287: counter++;

288: ]

289: counter = 0;

290:

291 dof

292: double tempEnergy = (eMax + eMin)/2.0;

293: int crossing = solveWaveFunction{tempEnergy);

294:

295:

296: if({crossing == quantumNumber) && (Math.abs(psilpsi.length-1])
<= tolerance*maxAmplitude)) {

297 errorCode = 0;

298:

299: return psi;

300: ]

301: if((crossing > quantumNumber) Il ((crossing == quantumNumber)

&&(checkEvenNumber(crossing)*psilpsi.length-1] > 0)) ) |
302: eMax = tempEnergy;
303: 304:
305: }
306: else |
307: eMin = tempEnergy;
308:
309:
310: }
311 counter ++;
312: i System.out.printin);
313: ] while (counter < 32 && (eMax-eMin )> ZERO_APPROACH):
314: errorCode = 1;
315: return new double[psi.length]:
316: ]
317: /**
318: * Gets the x coordinates
319: *f
320: public double[] getXCoordinates() {
321 return x;
322: }
323: public double getDeltaX() {
324: return dx;
325: ]
326: public doublel} getWaveFunction() {
327: return psi;
328: }
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329: public double getEnergy() {

330: return energy;

331 ]

3352: public double getMaxAmplitude() {

333: return maxAmplitude;

334:

335: )

336: public double getMinPotential() { return potentialMin;)
337: public double getMaxPotential() { return potentialMax;}
338: **

339: * Gets the error code from computation.
340: * @return int

341: */

342: public int getError() {

343: return errorCode;

344: }

345; private int checkEvenNumber(int number) {
346: if(number%2==0)

347: return 1; // Even
348: else

349: return ~1; //Odd
350: }

351: }

352:

&7 6 : SquareWell java
/**

-

2 * Title: SquareWell.java

3: * Description Square well potential.

4: *

5: * @author: Wach R

6: *@ version 0.1

7 * Date : April 24, 2011

8: *zmosss=—smsss==sss=ssssssos

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
16: double dept; [lthe depth of well must be minus sign
17: public SquareWell( double haifwidth, double dept) {
18: this.halfWidth = halfWidth;

19: this.dept = dept;
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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:

TW&7 7 : Quadratic.java

I

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: *szszzo===sz==s==ssm===ss====

9 *

10: package classes.SE1D;

11

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; ]
19:

20:

21 )

22:

W& 8 : Triangular.java

1: r**

2: * Title: Triangular.jova

3: * Description triangular potential. V(x) = abs(x)
4: *

5: * @author: Wach R

6: *@ version 0.1

7 * Date : May 16, 2011

8: *cososmsssmooznsssszzssssDzos

9: */

10: package classes.SE1D;
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import classes.MathTools.Common.Function;

public class Triangular extends Function {
public double Of(double x) {
return Math.abs(x)*2.0;
}
public double DerivativeOf(double ) { return 1.0; |

&7 9 : TanSquare.java

—_

© @ 3 2 g A aw

s s
v = Q

13:

e
* Title: InverseCosh.java

* Description triangular potential. V(x) = abs(x)

* @author: Wach R

*@ version 0.1

* Date : May 16, 2011

*Last Updated: July 3, 2011 : National Election days.

*

package classes.SE1D;

import classes.MathTools.Common.Function;

public class TanSquare extends Function {
public double Of(double x) {
if(Math.abs(x) > 1.56) return 9.995;
else

return((1.0/560.0)* Math.tan(x)*Math.tan(x) );

TW&7 10 : InverseCosh.java

—_

/**
* Title: InverseCosh.java
* Description triangular potential. V(x) = abs(x)

*

* @quthor; Wach R
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6: *@ version 0.1
7: * Date : May 16, 2011
8: ¥zosmoozmssssssSeoosmmzms ====
9: */
10: package classes.SE1D;
11
12: import classes.MathTools.Common.Function;
13:
14: public class InverseCosh extends Function |
15: public double Of(double x)
16: /I return (3-6.0/(Math.cosh(x)*Math.cosh(x)));
17: return(-10.0/(Math.cosh(x)*Math.cosh(x)) );
18: }
19: /l public double DerivativeOf{double x) [ return 1.0; }
20:
21
22: ]
23:
AT 11 ; HeaderPanel.java
ik /**
2: * Title: HeaderPanel.java
3: * Description Simple harmonic oscillator potential.
4: *
5: * @author: Wach R
6: *@ version 0.1
7 * Date : Aprit 23, 2011
8: *srozzsosssmssosassoomoozzo=s
9: *
10: package classes.SE1D;
1 import java.awt.*;
12: import java.awt.event.*;
13: import static classes.SE1D.SEConstants.*;
14: import javax.swing.*;
15: import javax.swing.border.Border;
16:
17: /**
18: * The header panel that displays title or any messages.
19: */
20: class HeaderPane! extends JPanel
21: {
22
23: /** header label */ private JLabel label = new JLabel(™ SwingConstants.CENTER):
24: /** subHeader label */ private JLabel sublabel =

new JLabel("presented by RMUT Physics (www.rmutphysics.com)"
25: ,SwingConstants.CENTER);
26: /** subHeader label/ */ private JLabel sublabel2 = new JLabel



27:
28:
29:
30:

31

32:
33:
34:
35:
36:
37:
38:
39:
40:

41

42:
43:

45:
46:
47:
48:
49:
50:
51:
52:
53:
54:
55:
56:
57:
58:
59:
60:

61

62:
63:
64:
65:
66:
67:
68:
69:
70:

71
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(gnaArRand amiinendumabilaBanmnean sos”
,SwingConstants.CENTER);
=
* Constructor.
* @param headerText the header label text
*
HeaderPanel(String headerText)
{
this();
label.setText(headerText);
Border raisedBevel = BorderFactory.createRaisedBevelBorder();
Border loweredBevel = BorderFactory.createl.oweredBevelBorder();
Border compound = BorderFactory.createCompoundBorder
(raisedBevel, loweredBevel);

setBorder(compound);

/*
* Constructor.
*/
private HeaderPanel()
[
setLayout(new BorderLayout());
setBackground(BACKGROUND_COLORY);
label.setFont(new Font("Didlog", Font.BOLD, 16));
label.setForeground(FOREGROUND_COLORY);
label.setBackground(BACKGROUND_COLOR);
label.setOpaqueltrue);
sublabel.setFont(new Font(*Dialog", Font.PLAIN, 14));
sublabel.setForeground(FOREGROUND_COLORY);
sublabel.setBackground(BACKGROUND_COLOR);

sublabel.setOpaque(true);

sublabel2.setFont(new Font("Dialog", Font.PLAIN, 14));
sublabel2.setForeground(FOREGROUND_COLORY);

sublabel.setOpaqueltrue);

add(label,Borderl.ayout. NORTH);
add(sublabel, BorderLayout.CENTER);
add(sublabel2, BorderLayout.SOUTH);
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75:
74:
75:
76:
77:
78:
79:
80:

81:

82:
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* Set the header label text in color.
* @param text the text
* @param color the color
i
void setLabel(String text, Color color)
{
label.setForeground(color);
label setText(text);
label.setBackground{(BACKGROUND_COLORY);

TW&# 12 : LeftPaneljava

1
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* File:LeftPanel.java

* Project :Potential Well Simulation
* Author @ Wachara R.

* First Released: 19 Jan 2011

* Last Updated : May, 05, 2011
*

package classes.SE1D;

import java.awt.®;

import java.awt.event.*;

import java.awt.image.*;

import java.io.*;

import javax.imageio.™;

import javax.swing.*;

import javax.swing.border.Border;

import javax.swing.plaf.ColorUIResource;

flimport static classes.PWS.PWSConstants.*;

Jre
* The left panel that displays potential functions or
* some parameters of program.
*
class LeftPanel extends JPanel
{
public static final Color BACKGROUND_COLOR = Color.orange;
public static final Color FOREGROUND_COLOR = Color.blue;
private JComboBox functionChoices;
private JLabel selectedLabel;
private JPanel subPanelt; // contain selected Label and JCombobox
private String names| | = ["F1.png", "F2.png", "F3.png", "F4.png", "F5.png"};

private FunctionimagePanel imagePanel;



34:
35:
36:
37:
38:
39:
40:

41:

42:
43:

45:
46:
47:
48:
48:
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52:
53:
54:
55:
56:
57:
58:
59:
60:
61
62:
63:
64:
65:
66:
67:
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69:
70:

71:

72:
73:
74:

75:
76:
77
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private String functionNames[] = ["Square Well","Parabolic Well*, *Triangular Well”, "Tangent Square Well®,
"Inverse Hyperbolic Cosine Well’];

private Graphics gr;

private int choice=1;

/** parent base panel */ private BasePanel basePanel;

/**

* Constructor.

* @param basePanel the parent for all panel

*

LeftPanel( BasePanel basePanel)

{

this();

this.basePanel = basePanel;
subPanel! = new JPanel(); //
subPanell.setl.ayout{ new GridLayout(2,1));
subPanel1.setBackground(BACKGROUND_COLOR);

imagePanel = new FunctionimagePanel(names);

selectedLabel = new JLabel("Please Select Potential Well ...");

selectedLabel.setVerticalAlignment(SwingConstants.CENTER);

selectedLabel.setFont(new Font("Arial*, Font.BOLD, 14));
selectedLabel.setForeground(FOREGROUND_COLORY);
subPanel1.add(selectedLabel);

functionChoices = new JComboBox(functionNames);
functionChoices.setBackground(BACKGROUND_COLOR);
functionChoices.setForeground(FOREGROUND_COLOR);
subPanelt.add(functionChoices);

add(subPanei1, BorderLayout.NORTH);
add(imagePanel, BorderLayout.CENTER);

functionChoices.addltemListener(
new ltemListener() {
public void itemStateChanged(itemEvent event) {
iftevent.getStateChange() ==

ltemEvent.SELECTED) {

choice = functionChoices.getSelectedindex();

imagePanel.display{(choice);

LeftPanel.this.basePanel.setHeaderlabel("An Electron in

"+functionNames|choice], FOREGROUND_COLOR);
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78:
79: LeftPanel.this.basePanel.setFunction(choice);
80: double minEn = LeftPanel.this.basePanel.getMinEnergy();
81: double maxEn = LeftPanel.this.basePanel.getMaxEnergy();
82: LeftPanel.this basePanel.setMinAndMaxEnergy(minEn, maxEn);
83: LeftPanel.this.basePanel.setEigenEnergyLabel('Eigen energy = 0.0 in arbitary unit.",Color.white);
84: LeftPanel.this.basePanel.setPsiFlag(false);
85: 1 if
86: ]
87 ]
88: )
89: }
90:
a1 f**
92: * Constructor.
93: */
94: LeftPanel()
05: {
96: setBackground(BACKGROUND_COLOR);
97 Border raisedBevel = BorderFactory.createRaisedBevelBorder();
98: Border loweredBevel = BorderFactory.createl oweredBevelBorder();
99: Border compound = BorderFactory.createCompoundBorder
100: (raisedBevel, loweredBevel);
101 setBorder(compound);
102: setLayout(new BorderLayout(});
103:
104: }
105: int getChoice() {
106: return choice;
107: }
108:
109: private class FunctionimagePanel extends JPanel
110: {
111 /** image buffer */ private Bufferedimage] | bufferedimage=
new Bufferedimage(5};

112:
13: /** buffer graphics context */ private Graphics gr;
114:

private int index=0;
15: private java.net.URL url ;
116:
17 FunctionimagePanel(String| | fileName ) {
118: String folder ="JApp/SE1D/";
19:
120:

121
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128:
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131:
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133:
134:
135:
136:
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140:

141:

142:
143:
144:
145:
146:
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148:

™
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for(inti = 0 ;1 < fileName.length; i++} {

tryl

url = this.getClass().getClassLoader().getResource(folder+fileNameli]}

bufferedimagelil= ImagelO.read(url);

) catch (IOException e) | )
}
setBackground(Color.orange);
]
public void display( int 1) {
index =i;
repaint();
)
public void paintComponent(Graphics g)
{
super.paintComponent(g);
g.drawlmage(bufferedimagelindex},0.0.null);

g.drawString( " url = * + url, 10,20);

13: FooterPanel.jova

=
* Title: FooterrPanel.java
* Description the lower Panel of base potential.
* @author: Wach R
*@ version 0.1
* Date : April 23, 2011
*
package classes.SE1D;
import java.awt.*;
import java.awt.event.*;
import static classes.SE1D.SEConstants.*;
import javax.swing.*;
import javax.swing.border.Border;

import javax.swing.event.ChangeEvent;
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import jovax.swing.event.ChangeListener;

Jrx
* The header panel that displays title or any messages.
*

class FooterPanel extends JPanel

{

private JTabbedPane tabPane = new JTabbedPane();
private EnergyPanel enPanel ;

private QuantumStatePanel statePanel;
private BasePanel basePanel;
private int tabindex =0;

rx
* Constructor.
*/
FooterPanel(BasePanel basePanel)

{

this.basePanel =basePanel;
setLayout(new BorderLayout());
setBackground(BACKGROUND_COLORY);
Border raisedBevel = BorderFactory.createRaisedBevelBorder();
Border loweredBevel = BorderFactory.createLoweredBevelBorder();
Border compound = BorderFactory.createCompoundBorder
(raisedBevel, loweredBevel);
setBorder(compound);
tabPane.setBackground(BACKGROUND_COLOR);
enPanel = new EnergyPanel(basePanel);
statePanel = new QuantumStatePanel(basePanel);
tabPane.addTab{"<htmi><font color=blue> Energy by Guessing...</font></htmi>", enPanel);
tabPane.addTab("<htmi><font color=blue>Eigen Energy Calculation..</font></html>", statePanel);
add(tabPane, BorderLayout.CENTER);
tabPane.addChangeListener{new ChangeListener() |
public void stateChanged(ChangeEvent evt)
JTabbedPane sourcePane = (JTobbedPane)evt.getSource();
Il Get current tab

tablndex = sourcePane.getSelectedindex();

/*
double getinputEnergy() (

return enPanel.getinputEnergy();
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63: )

64: */

65: void setMinAndMaxEnergyLabel(double min, double max) {
66: enPanel.setEnergyLimit(min, max);

67: J

68: public void setEigenEnergyLabel(String txt; Color color) {
69: statePanel.setEigenEnergyLabel(txt, color);
70: ]

7 public int getTablndex() [

72: return tabindex;

73: }

74:

75: )

TW&7 14 - InputPanel.java

1 **

2 * Title: InputPanel.java

3: * Description : Parent class for input Panel.
4: *

5: * @author: Wach R

6: *@ version 0.1

7 * Date : May 29, 2011

8: ¥omzoooooossszsssssso=soaozss
9: */

10: package classes.SE1D;

1 import java.awt.*;

12: import java.awt.event.*;

13: import static classes.SE1D.SEConstants.™;
14: import javax.swing.*;

15: import javax.swing.border.Border;

16:

17: [**

18: * The header panel that displays title or any messages.
19: */

20: class InputPanel extends JPanel

21 {

22: JButton calButton = new JButton("ATunm"Y;
23: JPanel buttonPanel = new JPanel();

24: JPanel controlPanel = new JPanel();

25: JPane! blankPanel = new JPanel();

26: JPanel calButtonPanel = new JPanel();

27:

28: **

29: * Constructor.

30: * @param headerText the header label text

31 *



- 17 -

32: InputPanel()

33: {

34: setLayout({ new GridLayout(1,2));

35: setBackground(BACKGROUND_COLORY);

36: setForeground(FOREGROUND_COLORY);

37: calButton.setForeground(FOREGROUND_COLORY);

38:

39: /I GridLayout —- specified number of rows and columns and also
40: I with the specified horizontal and vertical gap.
41 buttonPanel.setLayout(new GridLayout(3,1,10,10));

42: controlPanel.setBackground(BACKGROUND_COLOR);
43: blankPanel.setBackground(BACKGROUND_COLOR);
44: buttonPanel.setBackground(BACKGROUND_COLOR);
45: calButtonPanel.setBackground(BACKGROUND_COLORY);
46: add(controlPanel);

47 calButtonPanel.add(calButton);

48: buttonPanel.add(blankPanel);

49: buttonPanel.add(calButtonPanel);

50: add(buttonPanel);

51

52:

53: ]

54:

55:

56:

57 ]

TW&7 15 :EnergyPanel.java
/**

—

2: * Title: EnergyPanel.java

3: * Description : Panel for input any guessing energy.
4: *

5: * @author: Wach R

6: *@ version 0.1

7 * Date : May 29, 2011

8: * Last Update: June 9, 2011

9: ¥msmms=ss=sosssszsszssSsssssssss
10: *

11: package classes. SE1D;

12: import java.awt.*;

13: import java.awt.event.*;

14: import static classes.SE1D.SEConstants.*;
15: import javax.swing.*;

16: {fimport javax.swing.border.Border;

17: import javax.swing.text.*;

18: import java.text.DecimalFormat;



20:

21

22:
23;
24:
25:
26:
27: JLabel lobelt = new JLabel¢ TaA AN Eigen state Tauntsanaazm ...
28:
29:
30:

31

32:
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34:
35:
36:
37
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48:
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50:
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53:
54:
55:
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57:
58:
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60:

61:

62:
63:
64:
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import classes.MathTools.Common.Function;

/**

* The header panel that displays title or any messages.
*/

class EnergyPanel extends InputPanel

1

String str1 = * fanTugng *;

JLabel label2 = new JLabel();

private double minEn = -10.0;

private double maxEn = 0;

private double inputEnergy;

JTextField textField1 = new JTextField("0.0");

DecimalFormat decFormat;

Jlprivate BasePanel basePanel;
private BasePanel basePanel;;
e
* Constructor.
* @param headerText the header label text
*/
EnergyPanel(BasePanel basePanel)
{
super();
this.basePanel = basePanel;

controlPanel.setLayout(null);

controlPanel.setBackground(BACKGROUND_COLORY);

label1.setForeground(FOREGROUND_COLCRY);
label1.setBounds(10,15,300,25); /f
controlPanel.add(label1);

label2.setFont{new Font("Dialog”, Font.PLAIN, 12));
label2.setForeground(FOREGROUND_COLOR);
label2.setBounds(20, 35,250,25);

label2.setText(str+(minEn)+ "84 * + maxEn+ “Tmineln T

controlPanel.add(label2);

decFormat =new DecimalFormat("0.000");

textField1.setForeground(FOREGROUND_COLOR);
textField1.setBounds(310,15,100,25);
controlPanel.add(textField1);

textField1.setDocument( new FloatFilter()};

textField1.addActionListener( new ActionListener (}{

public void actionPerformed(ActionEvent e) {
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65: processCurrentEnergy();

66: EnergyPanel.this.basePanel.doDrawing();

67:

68:

69: }

70: Bs

71 calButton.addActionListener(  new ActionListener() {

72: public void actionPerformed(ActionEvent e) {

73: processCurrentEnergy();
74. EnergyPanel.this.basePanel.doDrawing();
75: ]

76: )

77

78: ]

79: public void setEnergyLimit{double minEn, double maxEn)

80: {

8t this.minEn = minEn;

82: this.maxEn = maxEn;

83: String minE = decFormat.format(minEn);

84: String maxE = decFormat.format(maxEn);

85: lobel2.setText(str+ minE +* &9 * + maxE+ * Tumianta 7%

86: }

87: public void processCurrentEnergy()

88: !

89: try |

90: inputEnergy = Double.parseDouble(textField1.getText());
91 if ( inputEnergy < minEn) Il (inputEnergy > maxEn)) {

92: EnergyPanel.this.basePanel.displayUserError("Your guessing energy is out of
limitation");

93: retumn ;

94: |

95: EnergyPanel.this.basePanel. findWaveFunction(inputEnergy);

96: ] catch ( Exception év) { »

97: EnergyPanel.this.basePanel.displayUserError("You SHOULD input any gquessing
value of energy.....!I");

98:

99: }

100: }

101:

102: class FloatFilter extends PlainDocument

103: |

104: public static final String allowedCharacters ="0123456789.-";

105:

106: public void insertString( int offset, String string, AttributeSet attr) throws BadlLocationException{
107: if(string == null) return;

108: for(int i = 0; i <string.length(); i++) {



109:
110:
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if(allowedCharacters.indexOf(string.valueOf(string.charAt(i)))==~1)

return;
} lffor
if(string.indexOf(".") 1= -1} [
ifigetText(0,getLength().indexOf(".") 1= ~1) return;
]
if{string.indexOf("~") 1= =1} {
if(string.indexOf("-") != O If offset = 0) return;
]

super.insertString(offset, string, attr);

] I end of subclass FloatFilter

W47 16: QuantumStatePanel.java

—

e
* Title: QuantumStatePanel java
* Description : Panel for eigen energy calculation
* at any quantum number.
* @author: Wach R
*@ version 0.1
* Date : May 30, 2011
i
package classes.SE1D;
import java.awt.*;
import java.owt.event.*;
import static classes.SE1D.SEConstants.*;
import javax.swing.*;
import javax.swing.border.Border;
[limport javax.swing.JSlider;
import javax.swing.event.ChangeEvent;
import javax.swing.event.Changelistener;

import java.text.DecimalFormat;

e
* The header panel that displays title or any messages.
*

class QuantumStatePanel extends InputPanel

[

private int minState = 1;

private int maxState = 10;

private int quantumState=1; // n = 1 at first start
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30: private double eigenEnergy = O;

31:

32 JLabel labell = new JLabel(" fvuARIAIENEN (n) AKBINIIAMITINESI ....7);
33: String strl = " n SAmaus

34: JLabel label2 = new JLabel();

35: JLabel blankLabel = new JLabel( " );

36:

37: JLabel energyLabel = new JLabel("Eigen Energy = “+ eigenEnergy + * in arbitary unit");
38: JPanel labelPanel = new JPanel();

39: JSlider slider = new JSlider (minState, maxState,1); // min, max, init value

40:

41: private BasePanel basePanel;;

42:

43: DecimalFormat decFormat;

44:

45: /**

46: * Constructor.

47: * @param headerText the header label text

48: *

49: QuantumStatePanel(BasePanel basePanel)

50: {

51: super{};

52: this.basePanel = basePanel;

53: energyl.abel.setForeground(Color.white});

54: energylabel.setFont( new Font(*Dialog",Font.BOLD, 16));

55: blankPanel.add(energyl abel);

56: controlPanel.setlayout(new BorderLayout());

57: controlPanel.setBackground(BACKGROUND_COLOR);

58: labelPanel.setLayout(new GridLayout(4,1));

59: labelPanel.setBackground(BACKGROUND_COLOR);

60: calButton.setText(* OK ")

61: calButton.addActionListener{ new ActionListener() |

62: public void actionPerformed(ActionEvent e) {

63: QuantumStatePanel.this.basePanel.findEnergyAtQuantumState(
quantumState);

64: eigenEnergy =QuantumStatePanel.this.basePanel.getEigenEnergy();

65: setkigenEnergyLabel ("Eigen Energy = "+ decFormat.format(eigenEnergy )+ * in arbitary unit®, Color.white);
66: I/ Sometime "FindingEnergyAtQuantumState{n) doesnot return wave function .
67: /I this following line could help.

68: //QuantumStatePanel.this.basePanel findWaveFunction(eigenEnergy);

69: QuantumStatePanel.this.basePanel.doDrawing();

70: }

71 b

72: labell.setForeground(FOREGROUND_COLOR):

73: labelPanel.add(blankLabel);

74: lobelPanel.add(label1);
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label2.setFont{new Font(*Dialog®, Font.PLAIN, 14));
label2.setForeground(FOREGROUND_COLOR});
label2.setText(str1+(minState) + * &3 * + maxState);
labelPanel.add(label2);

controlPanel.add(labelPanel, BorderLayout.NORTH);

slider.setForeground(FOREGROUND_COLOR)
slider.setFont{new Font("Dialog",Font.PLAIN,12));
slider.setBackground(BACKGROUND_COLOR);
slider.setMajorTickSpacing(1);
slider.setPaintTicks(true);
slider.setSnapToTicks(true):

slider.setPaintLabels(true);

f slider.setPreferredSize(new Dimension(50, 20));
slider.addChangelListener(new ChangelListener() {
public void stateChanged(ChangeEvent event) {
quantumState = slider.getValue();
}
I
controlPanel.add(slider,BorderLayout. CENTER);
decFormat =new DecimalFormat("0.000000");
]
public void setEigenEnergyt.abel(String txt , Color color) {

energylabel.setForeground(color);

energyLabel.setText(txt);

TW&# 17 : SEPanel.java

—

© @ X e AR

/* File:SEPanel java

* Project :Potential Well Simulation
* Author : Wachara R.

* First Released: 19 Jan 2011

* Last Updated : June, 07, 2011
*

package classes.SE1D;

import java.awt.*;

import java.awt.event.*;

import classes.MathTools.Cornmon.Function;
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13: import static classes.SE1D.SEConstants.*;

14: import javax.swing.*;

15:

16: public class SEPanel extends BasePanel|

17: int potentialChoice = 0;

18: int numberOfPoints = NUMBER_OF_POINTS;

19: intn=1;

20: double xmin = -5, xmax = +5;

21: int widthPanel;

22: int heightPanel;

23: double yFactor;

24: Schrodinger1D se;

25: double energy;

26:

27:

28: public SEPanel() {

29: super(*Potential Well Simulation in Quantum Mechanics™);
30: se = new Schrodinger1D( new SquareWell(2.0, ~10),xmin,

xmax, numberOfPoints);

31 double[] psi = se.solveEigenEnergy(n);
32: doublel} x = se.getXCoordinates();

33: [iwidthPanel = 400; // getSize().width;
34: I heightPanel = 300; //getSize().height;
35: double maxAmplitude = se.getMaxAmplitude();
36: double energy = se.getEnergy();

37 yFactor = heightPanel/maxAmplitude;
38: : ]

39:

40: }

41

TW&7 18 - PlotPanel.java

/* File:PlotPanel.java

i

2: * Project :Potential Well Simulation
3: * Author : Wachara R.

4: * First Released: 02 June 2011
5: * Last Updated : 15 July , 2011
6: *

7

8: package classes.SE1D;

9:

10: import java.awt.*;

11: import java.awt.event.*;

12: import java.awt.image.*;

13: import java.io.*;

14: import javax.imageio. *;
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h2:
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import javax.swing.*;

import javax.swing.border.Border;
import javax.swing.plaf.ColorUiResource;
import static jova.lang.Math.*;

import static classes.SE1D.SEConstants.™;

import classes.MathTools.Common.Function;
/**
* The panel that draws a set of axes, and plots points and lines.
*
class PlotPanel extends JPanel
{
private static final int TICK_SIZE = 5;
/** image buffer */ private Image buffer;
/** buffer graphics context */ private Graphics  bg;
/** font metrics */ private FontMetrics fontMetrics;
: /** label font *fprivate Font charFont = new Font("Dialog",Font.BOLD, 10);
/* width of Plot panel */ int panelWidth;
int panelHeight;
[** x~axis row */ private int  xAxisRow;
/** y-axis column */ private int - yAxisCol;

[** minimum x value */ private double xMin;

/** maximum x value */  private double xMax;
/** minimum y value */  private double yMin;

/** maximum y value */  private double yMax;
/** x delta per pixel */  private double panelDeltaX;

[** y delta per pixel */  private double panelDeltaY;

/** parent graph panel */  private BasePane! basePanel;

private Function currentFunction;

/** Flag for drawing wave function */ boolean psiFlag = false;

J** selected tab in Footer Panel */ int tabindex = 0;

53:

54:
55:
56:
57:

double(] psi; // wave function of the particle.
double[} xForPsi; // positions on x axis
double guessingEnergy;

double eigenEnergy:

58:

59:

/**
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* Constructor.
* @param BasePanel the parent base panel
*
PlotPanel(BasePanel basePanel)
{
this.basePanel = basePanel;
setBackground(new Color (255, 255, 199));
psi = new double[NUMBER_OF_POINTS];
xForPsi= new double]NUMBER_OF_POINTS};

public void setGraphProperties() {

xMin = PlotPanel.this.basePanel.getMinX();
xMax = PlotPanel.this.basePanel.getMaxX();
psiFlag = PlotPanel.this.basePanel.getPsiFlag();
yMin = PlotPanel.this.basePanel.getMinEnergy();
yMax = PlotPanel.this.basePanel.getMaxEnergy();
iftyMax > 8) [ yMax = 14; yMin =-2; ) else | yMox = 2;yMin=-12; }
f System.out.printin("y min = " + yMin + " y max =" + yMax);
panelWidth = getWidth();
panelHeight = getHeight();
panelDeltaX = (xMax-xMin)/panelWidth;
panelDelia¥Y = (yMax-yMin)/panelHeight;

XAxisRow = (int)Math.round( yMax/panelDeltaY);
yAxisCol= (int) Math.round(-xMin/panelDeltaX);

/] System.out.printin("===============\"\n");
tabindex = PlotPanel.this.basePanel.getTabindex();
if (psiFlag == true) {

psi = PlotPanel.this.basePanel.getWaveFunction();

xForPsi= PlotPanel.this.basePanel.getXCoordinates();

public void paintComponent{Graphics bg)
(
int pointCount;

super.paintComponent( bg);
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setGraphProperties();
bg.setPaintMode();
bg.setFont{charFont);
fontMetrics= bg.getFontMetrics();
bg.setColor(Color.green);
drawAxes(bg);
bg.setColor(Color.blue);
drawPotential(bg);
if (tabindex == 0)
guessingEnergy =PlotPanel.this.basePanel.getGuessingEnergy();
else

eigenEnergy = PlotPanel.this.basePanel.getEigenEnergy( );

bg.setColor(Color.red);

drawWaveFunction(bg);

}
void drawAxes(Graphics bg)
{
bg.drawLine(0, xAxisRow, panelWidth, xAxisRow); //draw x axis
/I X axis ticks
for ( int i =(int) round(xMin); i < round(xMax); i++)
int column =(intround((i-xMin)/paneiDeltaX};
bg.drawLine(column, xAxisRow ~TICK_SIZE, column,
xAxisRow+TICK_SIZE);
if(i 1=0) {
String number = Integer.toString(i);
int w = fontMetrics.stringWidth(number);
int x = column -w/2;
int y = xAxisRow +TICK_SIZE +
fontMetrics.getAscent();
bg.drawString(number, x , y)

]
/I draw y axis
bg.drawLine(yAxisCol,0, yAxisCol, panelHeight);
JI'Y Axis ticks
for (int i =(int) round(yMin); i < round(yMax); i++) {
int row =(intyround({(yMax-i)/panelDeltaY);

bg.drawLine(yAxisCol ~TICK_SIZE, row, yAxisCol+TICK_SIZE,row);

if(i 1=0) {
String number = Integer.toString(i);
int w = fontMetrics.stringWidth(number);
int x = yAxisCol - TICK_SIZE- w;
inty = row + fontMetrics.getAscent()/2;

bg.drawString(number, x , y);
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) /I for
]
void drawPotential{(Graphics bg)
{
int xScreen [ | = new int{panelWidth];

int yScreen [ ] = new int[panelWidth};

currentFunction =PlotPanel.this.basePanel.getCurrentFunction();
for(int column = 0; column < panelWidth; column++) {
double tempX = xMin +column*panelDeltaX;
double tempY = currentFunction.Of{tempX);
if{( tempY >= yMin ) && { tempY <= yMax) ) |
yScreen[column]= (int) round{(yMax-tempY)/panelDeltaY);
xScreenfcolumn] = column;
)
} /1 for column
bg.drawPolyline( xScreen, yScreen, panelWidth-1);
}
void drawWaveFunction(Graphics bg)
{
int | ] xScreendPsi = new intINUMBER_OF_POINTS];
int [ ] yScreendPsi = new inttNUMBER_OF_POINTS];
double scaleFactor = 4;

int yOffset;

if( tabindex==0)
yOffset = (int) round((yMax - guessingEnergy)/panelDeltaY) ~ xAxisRow:
else

yOffset = (int) round((yMax ~ eigenEnergy)/panelDeltaY) ~ xAxisRow;

if(psiFlag) {
for(int 1 =0; i < NUMBER_OF_POQINTS ; i++) {

xScreendPsifi] = (int) round( (xForPsi[i] + xMax)/panelDeltaX);

: yScreendPsilil=(int)round(((yMax*scaleFactor*psilil)/panelDeltaY)+yOffset);
185:
186:
187:
188:
189:
190:

]
bg.drawPolyline( xScreendPsi, yScreen4Psi, NUMBER_OF_POINTS-1);
bg.drawlLine(0, xAxisRow+yOffset, panelWidth-1, xAxisRow+yOffset);
i if (psiFlag)

void doDrawing( ) {
repaint();
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196:

TW&7 19 : BasePanel.java

1: /* File:BasePanel.java

2 * Project :Potential Well Simulation

3 * Author : Wachara R.

4 * First Released: Aug 12, 2010

5: * Last Updated : July 03, 2011

6 *f

8 package classes.SE1D;

9 import java.awt.*;

10: import java.awt.event.*;

1 import javax.swing.*;

12 import static classes.SE1D.SEConstants.™;

13: import classes.MathTools.Common.Function;

14: import java.util.*;

15: import java.io.*;

16: /**

17 * The base panel for all graph demo panels.

18: *f

19: public class BasePanel extends JPanel

20:

21 {

22: /** header panel */  private HeaderPanel headerPanel;

23: /** plot panel */ private PlotPanel plotPanel;

24: /** Footer panel */  private FooterPanel footerPanel ;

25: /** Left handside panel */ private LeftPanel leftPanel ;
26:

27: /** Potential Function */ protected Function |} functions= new
28: Function ] { new SquareWell(2.0, -10.0), new Quadratic(),
29: new Triangular(), new TenSquare(), new InverseCosh() I;
30: private Function curreanunction;

31 int functionChoice = 0;

32: double maxXValue = MAX_X_VALUE;

33: double minXValue = MIN_X_VALUE;

34: int numberOfPoints =NUMBER_OF_POINTS;

35:

36: Schrodinger1D se = new Schrodinger1D{functions[O}, minXValue,
37 maxXValue, numberOfPoints);

38: double minEn=-10;

39: double maxEn = 0;

40: double | | waveFunction;

41 Il psiFlag —- true, if wave function has been evaluated.
42: i —— fasle if user change potentail function and wave

Function shoud be recalculated

43 boolean psiFlag = false ;
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double] | x;
int tabindex=0; // Selected tab in InputPanel
double guessingEnergy=0;

* Constructor.
* @param graphAttrs the plot properties
* @param xorMode if true, set XOR mode

* @param drawXequalsY if true, draw the X=Y line

protected BasePanel( String headerText)

[

headerPanel = new HeaderPanel(headerText );
leftPanel = new LeftPanel(this);
footerPanel = new FooterPanel(this);
plotPanel = new PlotPanel(this);
init();
]
Jex
* Initialize the graph panel.
*
private void init(}  {
currentFunction = functions{functionChoicel;
setLayout(new BorderLayout());
if (headerPanel = null) add(headerPanel, BorderLayout.NORTH);
add(plotPanel,  BorderLayout.CENTER);
if (footerPanel 1= null) add(footerPanel, BorderLayout.SOUTH);
if(leftPanel 1= null) add(leftPanel, BorderLayout. WEST);

protected void setHeaderl.abel(String text, Color color)

[

headerPanel.setlLabel(text, color);

void setEigenEnergylabel(String text, Color color) |
footerPanel.setEigenEnergyLabel( text, color);
!
protected void setFunction( int choice) {
functionChoice= leftPanel.getChoice();

currentFunction = functions|functionChoice];

se = new Schrodinger1D(currentFunction,

minXValue,maxXValue,numberOfPoints);
minkn = se.getMinPotential();

maxEn = se.getMaxPotential();
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J
public void setPsiFlag (boolean flag) {
psiFlag = flag;
}
public void setMinAndMaxEnergy{double minEn, double maxEn) {
footerPanel.setMinAndMaxEnergyLabel(minEn, maxEn);
]
protected void findWaveFunction(double inputEnergy) {
int crossing =se.solveWaveFunction(inputEnergy});
guessingEnergy = inputEnergy;
waveFunction = se.getWaveFunction();
psiflag = true;
X = se.getXCoordinates();
}
protected void findEnergyAtQuantumState(int n) {
waveFunction = se.solveEigenEnergy( n);
psiFlag = true;
x = se.getXCoordinates();
]
void doDrawing () |
plotPanel.doDrawing();
}
int getTabindex () {
return footerPanel.getTablndex();
]
double getMinEnergy() {
return minEn;
]
double getMaxEnergy() {
retumn maxEn;
]
public Function getCurrentFunction()
{

return currentFunction;

double| ] getWaveFunction() {

return waveFunction;

double[] getXCoordinates() {
return x;

}

double getEigenEnergy() {

return se.getEnergy();
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136: ]

137 public double getGuessingEnergy() {

138: return guessingEnergy;

139: ]

140:

141 protected double getDeltaX() {

142: return se.getDeltaX();

143: ]

144:

145: double getMinX() {

146: return minXValue;

147: )

148:

149: double getMaxX() {

150: return maxXvalue;

151 ]

162:

153: double getMaxAmplitude() {

154: return se.getMaxAmplitude();
155: I

156: public boolean getPsiFlag() [

157: return psiFlag;

158: ]

159: flmmmm e e 1

160: /I Event handlers //

161: flmmmmmmmm e il

162: **

163: * Mouse clicked event handler.

164: * (Callback from the plot panel. Do nothing here.)
165: * @param ev the mouse event

166: */ '

167: public void mouseClickedOnPlot (MouseEvent ev) {}
168: /**

169: * Mouse pressed event handler.

170: * (Cailback from the plot panel. Do nothing here.)
171: * @param ev the mouse event

172: *

173: public void mousePressedOnPlot (MouseEvent ev) {}
174:

175: /**

176: * Mouse released event handler.

177 * (Callback from the plot panel. Do nothing here.)
178: * @param ev the mouse event

179: */

180: public void mouseReleasedOnPlot(MouseEvent ev) {}

181:
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* Mouse dragged event handler.

* (Callback from the plot panel. Do nothing here.)
* @param ev the mouse event

*

public void mouseDraggedOnPlot(MouseEvent ev) {)

/**

* Choose a function.

* (Callback from the function frame. Do nothing here.)
*

public void chooseFunction(int index) ()

o
* Notification that the plot bounds changed.
* (Callback from the plot bounds panel. Do nothing here.)
*
public void conditionChanged() [}
Jo
* Process a user input error.
* @param message the error message
*/
protected void displayUserError(String message)
{
/I headerPanel.displayError{message);
JOptionPane.showMessageDialog(null,message

"Error",JOptionPane WARNING_MESSAGE);
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