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Simulation of Particles in Various Potential Wells in Quantum Mechanics
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Abstract

This computer program simulates and solves numerically the time independent one
dimensional Schrodinger equation for a particle bounding to various finite potential well.
Finite square well, parabolic well, symmetric triangular well, square tangent well and square
hyperbolic cosine well are selected to investigated. The energy values and corresponding
wave function of each potential well including eigen values are presented graphically.

The comparison with analytic method in finite square well and parabolic well provided

the reasonable accuracy for numerical method in program simulation.
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- 2m - 2mc? Y
NI1TUINeN —-(E-V (X)) M%QL?J%IHT‘WJ‘U_—(E—V(X)) grauntmdn
h2 q 2 2 q

a & 1% 2 5 d'z:A &
Bdnmaawn avldl mc? =5.11x10°V uar  hc=197.3 eV nm UaingnisadnianieLan
sesuayaan Dunlimdaalunisdanassnuiu eV uazdnauianangnaiie nm
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Faduntsmdundgaeesiieidunduiiues dr1dsyniasgiuszuunils aaeiiay
& A a & P @) A A A & 1 a &
Lﬂum:wuwmﬂ"fuu'mmuumfmmmu1 m@ﬂ@mﬂm:wuwmmuu@ﬁummmuu

AEIIWHNDY 100% HUAD

j v (X (x)dx =1 (2.5)
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=
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Tnandssudndanse eynianfindsissndigud (-V, < E < 0) azgnial3luadng
Bannstifidnin Bound state  muvnEfresnamanipa1adin aynnagninuaasian

naulundunnszdneTeLEn —a < x < a Wil Inefieymaesiamasemdiuenta q A1#



-9-

L&

Tunamansatenin nasueaseyniaszd A [fiRasunedming uazdAnididudianzas
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e—(é+irc)a (ﬁ _ IK) e(—é+ik)a (f + IK')

pi(2ka) _ 4 ({—ix)
(M +ix)

ANNTT (2.20) wenlEifl 2 nedl A
l— ?K _ _gi(2xa)
/41K

(2.13)

(2.14)

(2.15)

(2.16)

(2.17)

(2.18)

(2.19)

(2.20)

(2.21)



-12 -

{—ix :
LA -~ —4ellr (2.22)
!+
Ne1goungel —— = —e' @@
/41K
° nysz o = Z_lK' ~i(26) ~ = A o = ° \E
ATNUALARATUE 18 =+e \Ha 0 Aayufinimualuniuazazinfung

! +ix
ATTNNNNUDIZNINS 0 AU xa

2 2
Rl ﬁz L ;ZKZ = 0526 —isin 26 (2.23)
+K +K

2 2

INFNNIT (2.23) a4 c0S20 = KZ — KZ
V“+ K
wazaz(d cosd =, /l(cos 20+1) = it
2 NGRS 'S
P llg sinH:iL WA cotezﬁ
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A 2ka =720
0= z_ xa
2
4 .
{11  cotfd=— unuA1 4
K
cotd = cot(z —ka) =tan(xa) = L
2 K
b4
tan(xa) = — (2.24)
K

G a ' A A ' = -
L‘]J‘H@‘Nﬂﬂ T AMUEN K TG’]T—_I‘V] tan(zca) HATHINNIMNWIBVNL O
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annsi (2.24) aensarinfUMnnassweesannafidull Fanetuedng wany

@)

i ST UL E - usinn9mnan E asnanniniilagdng iwseannia (2.24) uiesai

afffe (transcendental function)  fiaus x Usangeetuen tan Fudnaile uazdsnngl

& v

A A ¥ 49/91 o A o a o/ .
AHATHAITHBENAIE mﬁm‘mﬂmmiummmﬂmﬂfmmmmmmLM (numerical method)

= nyad @& ] o 0 a o i o
1198 [FITNRBANTIN F2NIN9 tan ka NU — UKHLNULAYINY LW@WW“‘Z@WW’H@QT‘I‘T‘IW
K

—w L
- o o ¢ \ ! o
U7 2.2 NINUEANATHANWUDIENIN tan (K a) WAy — AU &
K

o/

qandniuinfeqail x faniuluiFaenniesiuannisi (2.24) a3 © 83190

q

slmnasueesenAll Souanidind) wasmausafiAr FiiasunsdEadanls

! dl
FIBLHBN

NARDINTITROLUNNANST (F 18l Re15041nadil V >0 Al tanxka —0 siufa

|
a o

xka=nz Widupau y asnalliiniive wasweseyna £ nlan

= N1
— h2(=2)? -—
heer M) R
2m 2m 2ma’

o/ o‘d’l v o/ o/ o/ dl o/ 1 1 o/ (I dl dld

nasWEHaannafasisrAUnAN W asayniafigniney nedndfmasniiiaanngs
DA

WalhdnesanisiBeaunsmuazefUsnens Avasugivasannis (2.24) Taglugy

299 cosine AIH
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2 2

tan21<a+1:£#:sec2 KAz (2.25)

K cos® ka
WHOUNHAT £ LaY & 9INTNNTT (2.6) WAY (2.7) asbanan (2 + k2

aeld P +x? = %Z(X) = K: (2.26)

o/ o

@) o = 1
Ky FLIUATUDNAITNANYDILIBFINE]

ANNTT (2.25) a9z [FHaRNE LT

|cos xa| = Kﬁ (2.27)
0

ann3 (2.27) iinasedmsuynanves « Taeil tan(xa) >0

= 1 o/ K = o/ dl o/
Beunamssnds [cosxal il — ununfeaiu ierqafneesns W
Ko

“0LES |

U7 2.3 WagwgUWeridu tan Wieglugy cos iinazlfiginedn

U3nufiuslan (1) (2) (3) uaz @) Wuudinoi tanka>0 a1nAn &, Atvuali ez
T & Aflusnnann19ae9annng (2.27) 999u 4 A 81 &, WNANINTW 9z (A9 119N

a £ % 4 ! ' v A = o o
ANNIANTUAIN [UFoY auiiiudann o A1 &, asfiefianannisniaRseAunassiueed

Bound state BENHBE 1 ANLENE

Ne15eungei -~ —etr
! +ix
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o 8% ¥ = g_iK —i(26) ! =2 o o P
ﬂqﬁuﬂTﬁﬂﬂu%WENﬂ Vi =+e€ PR AINHADNTDALLTN
+I1x

@
HHAB

-i(20) _ pi(2xa)

e
20 = —2xka

e

/é 1 v
W91z cotfd=— unuei 0 ald
K

cot(—xa) =—cot(xa) = L
K

—cot(xa) = £ (2.28)
K

anm3 (2.28) (fiuase@miumn o Aes « laefl cot(xa) <0

Walkdesonsndaans Fuiiugdannis (2.28) Wiiluieftuaes sine fsfl

2 2 2
K +0° K
1+cot’ ka=———=-2=cosec’ka=——
K K sin” ka
. K
|sin xa| = — (2.29)
Ko

o/

= ] . o K = o A Y I‘ = pR|

Beunseaend [sinkal iU — udunwAgaiu iengadnaesns i laglaengadai
Ko

\induasu3andfl cot(xa) <0

£ik)

1.5 r

ka

“0LES |

U7t 2.4 WaemgURerFu cot WingTugy sin inazfiginein
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] 1 1 % 1 i f_iK 4
WA x AnlElluuenastuanntg e :i(—_) (@NN15 (2.20)  WenI
(0 +ix)
ANTHNANNUETEV99 A, C, D WAL G (Hsai
4 g_iK i % o VP v & o/ 4 { oA
e g—_:—e'(z’“a) 9yl C=Dwuar A= G wwfwfmﬁaﬂﬁuﬂﬁuﬁﬁ@mmm
+iK

d' v @) & o .
v (—x) =y (x) nawasfifaziiu Warfdig (Even function)
4 g_iK i % o P v o o/ d . o/
e g—_=+e"2"a) axlf C = -D uar A = -G ynWlAMeiTuaanT iantR
+iKk

v (=X) = —p(x) wawaeilFaziin HefFua (0dd function)

1 1
a ! a o

FINANNNT (2.24) uay (2.28) vinlriAaNsriFuaauduisifumLazAnINasy 11

Y
2

v = an & < 2 o o A
m’mgmqmﬁﬂmm FINAHNNTVNADILLRANNITLAYINT AU

i

anann1g (2.28) Beilguanniaidu —cot(ka) =—  @eulinglugl tan Tnsende
K

ANTHANAUS tan(e—%)=—cot9 aNN"T (2.28) aznanendln

tan(zca—z) = £ (2.30)
2" K

Wevnannis (2.24) Tundaansan azliidn tan  fingas o fegud 2.2 Taeende

Y

ANTHNANAUEYIN9915 IR
tan(@ — ) = tan(@ — 2r) = tan(0 — 3rx)... = tan(6 —mx) = tan()
We m=0,1,2,3...

FeBauannng (2.24) Wiag huguvia (it

V4
tan(ka—-mz) =—
K
=1 -1 g
N8 Ka=mr+tan " — (2.31)
K
uazBuuannng (2.30) agluguialuliui
14
tan(xa T mr)=—
2 K
Wae Ka= %+ mz +tan™ k3 (2.32)
K

ann1g (2.31) Apannisfivinnamaaduiledduguas annns (2.32) Aaannnsiii

]
=

Wnawmaoduileddua Wam = 0, 1, 2, 3, ... sUaNNITIAIHANE ML ARNYAN Fineii
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' T 1% & th = @ a o oA o o T 1%
M ABIMIIINANNTIVINDY nlguduannisifeanuianiunssinia laadn
Reullimnan auaunsasanadastuanmiiiuiofiuguazfvasannis (5

[ o L4 1 = v =
Fatmuali m = > (=) mnsndunsanann (2.51) uaz (2.52) WimAeaunis

Ka =%(n -z +tan™

A |~

2ka=(n-Dz+2tan" (2.33)

R |~

|
a -4

Wan = 1,2,3,.. iWusanfnuanfizududas 1
Wan =1,3,5,7,9.. . 980AAAnINLUANNTS (2.31) w‘%mmmaﬁfﬁ@mfluﬁqﬁ%@

o/

e n =2,4,6,8,10 ... aADARRBNAUANNNT (2.32) NalRasfl Fazifunrida

(% 1

! a4 o A o 4 ! A @
AN N AABREAEWAN TIULAANADINEIBINANTHIBNEHNIATNITUY a3iiudn n s
wf 9z Wiisriduaaniiiufofiug Tmnenauiu n Aduang e iferduadniiiuiofin

A ANNTT (2.33) YN HHBININNITAINAITY () [HEAeuan Haunuan © uay ¢ a9l 9y

Tl
2m E
2a,[—(V,—E)=(n-1)z+2tan* 2.34
’/hz Vo-E)=(n-Dx V._E (2.34)

Twmisepzaen aunisazgnangUmieiiles

2a,/2(V,-E) =(n-1)z+2tan™ v EE
-

ANNTTT (2.34) (TR uafse (transcendental  function)  awifindndiauils E (A
ATNITOT UL AP AN NN US T [Fastinetaies 8 E Usngegnieiudieie uavded E
Usmngiiifudmuaaniedndas  nnamien E lansnsnvinlileediiimsnsy fesldisnns

ATHIDITIR AU TNIEIE
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2.2.2 #15uaRn aaNTRELAES WUY 1 J& ( Harmonic Oscillator)
ANNTITHLTDAIIDS s (FLTls
h? &%y (x) N 1
2m  ox® 2

de vV (x) = % ma’x*

ma’ X’y (X) = Ey(X) (2.35)

= 4 & I .
® FEANHNIEIBINNIBINTANTDIBUNNA NS radian/sec

- x = %mmzxz

U7 2.5 Wariduees Harmonic oscillator
o TQJ 2E Mw
NIALA LY E=—=— WAL E=,[—X

hw h

Tﬂilef%ﬂggﬂfeﬁ (chain rule)
dy _dy d¢_ |modg

dx d¢& dx h dx

d’y _ddy _ [mo d dydg_ [mody
dx>  dx dx h d& dé dx h dé&?

WAHANRITHENNNS (2.35) 92IARDAN o W9

O<|:I2—ezj;+(‘9‘§2)v/n=0 (2:26)
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TuisRenaranippudiifiounnias 929AN A LIBIENNITIRIWE aNN1T (2.36)
49, ! dl 'SP ! s g dl a ! . & =3 s !
Alaangnadn w91 & FAmn o gaud Ni3andn asymptotic  AMNUWAINAUNIAT

7l ¢ fntiey 7 Fearlinamanyiollossannisayiusife
52
w(&)=H(Se ?

Tuﬁﬁ@:f%ﬁqﬂﬁﬁﬁmﬁﬁwLW@LWL%% (Differential operator) WIATNAINIHUDITELIL

o/ 1 1 2E o A 4
@ﬂgﬂ@mﬂ’]‘j (2.306) Gf‘vm TﬂﬁLLV]Hﬂ’] & :ﬁ_ NRUFN @z\fﬂ
w

2, 2E
_ =_n 2.37
( d§2+§ jwn =V (2.37)

9nAMUENTFE2DY Differential operator

[5—ij[§+i]=§2— Sl

ae )\ Tde def de° T de
, d* . ,d . d
B TR T
, 4
= ¢ i 1 (2.38)
LN
d d) ., d® d, ,d
(§+EJ(§_E]_§ AR
,_ 4% d . d
i A
. d
=¢ d§2+1 (2.39)

THnandiusluanne (2.38) was (2.39) swnanilasuguannns (2.57) 19 2 wufe

d d 2E
(G =

=t
WU 1



-20 -

R
WuL7l 2

g2y B
S 1 e

FINFNNT (2.40)

W, =[5+1an

d&
E
he

_1j Y,

ANNTGY (2.40) FLUARDLNE

d
)

\fal Hamiltonian operator Na¥infiu ¢, WiewnenlaLnuaasIzLL

a2

2E
= n_2
ho j¢"

uAUINAT BN FaAARBITUANNITEITDRANES A

Hn = (é:_;l—gJWn

WinuaRgiueInaNnig (2.41)

(7

d d
i +£M"Z “as

d 2E
e (-

et

o

\flal¥ Hamiltonian operator ngzvindy 6, WevnAlainueasszuy 92 l#

Ho, :(Z_E“ +2j0”
ho

(2.40)

(2.41)

(2.42)

(2.43)
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& 1 d d ~ ] v d 4
FLLALIN §+§ 1134 operator  ImaMAN  (lower) WANNIRUDITEUL LA f_ﬁ L34

operator FILANAT (raise) WAINHADITLUL
LANITAAATNAIII aHnTaanan [FHfiasnd A gaesledng dmsuens

Noin eeaBalames HATWRINNINgAVINAL Fud Aedy

d
(é*‘EjWO =0

dy,
dz =Sy,
MIUIRUEIIAD9TN9 N eiTuARY w,
d
j Wo __ J’ Ede
Yo

2

Iny, =—%+InA

£2 Mmewx?

W, = Ae 2 =Ae 2

e A Aarnadila WerfdunaniiduilsddunaundslllFvinnns normalize fiasnns

WA Eo YinlAlaguyuan p, asluannig (2.38)

e

¥ 1Y A A < < d
AMUEIYNDH AL LE1E] L‘W‘j’]:(f +Ej v, =0

Ud

390 (E_E_1j=o
hw
ho
E,=——
° 2

2y o . . 1 d .
BHANINN Y, AN L raising operator Taarnun b9 ﬁ(é—aj:@ %IAN

WANIUTITEAUNAINU N §179 o 40

INANNTT (2.43) 0 = [f ——] v,
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1 d
G =a,y, :ﬁ[g_E}//o =Co;

Py ° o 1 d o A % A
wazl# lower operator Tmsifinyins 3 ﬁ(f +EJ =a_ PNRNUTATAIDUFN n &
ANRIAY
d
FINNNNT (2.42) @, = §+E v,

1 d
¢ =ay = ﬁ(‘g +E)‘//1 =D,

e Co way Dy iuAnAsfl nl% operator naevinfuReritunAnuil vin R Fiamnyn

1
o/

o < Y = &
NRIWTRVERUAIBUAN N Tﬂ 7 YANRIANH

EI"I

ho(n +%) (2.44)

Wan=0,1273,..
= dl ° 1 o/ g v C4 QI v dl =3
Tuns@eullsunsuiiediassanniatuledng feonsth n Gudiud 1, 2, 3, .. &

WA N #98 n—1 §NNT (2.44) aznansiily
— 1
£, =ho(n—) (2.45)

dlanz 1.2,3 .

Tumpunsnassmlae lEsaUfiRinisionsn sansminiluSeuidieutunisiisa

UfiiRnsfinulumilsdenaransaaangnniafl ol

157 _in &
P dx

o

@owannisnsefiawes ey iusUannisndsamlfisen

%(l@2 +(mox)* )y, =Ew,

p uaz x Biflullaungnisaduil Wude

X Pl =3~ P x g~ x]
X

%( p? + (ma)X)2>l/ln = %((ma)x +ip)(mwx —ip) — mﬁa))y/n
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= %((ma)x —ip)(Max+ip) + mho)y,

a Taj 1 - v o 1 _ d APy v

e v a, =———(Fip+mwx) azaeanfosiy a, =——| E¥—— | Alfuansld
V2mho V27T dé

Tudinadin

2.2.3 UaAnguULaN 9

o & e &

1 dl . . [~ 1 1%
UANYULUUNINAREINFTNNING (Symmetric  triangular  well)  wuusengndugy

Y
1 1

FNAENTIENNIAS LU Y Wilsresdednderfidnunisadeiunliesdedndiiin

=\

4 a 1% | A ° A o o/ 1 @) 1 o
FINFIIHEAN DOFTALALADS ﬂumgmz@gﬁf«gmmmm uaswasuAngdasianuuan sineriu

o/

Aansiaastamnsd LA T NAs Nz a At AunTY aNn1sagLafng S

V(x) = V,|x]|

1 o/ L4

Uafnduuudiunaurestidsassradlmaiuadn lalmd (nverse square hyperbolic

. I A o Y o I's a 4 Aaa a )
cosine  well) gﬂﬂﬂdUﬂﬂtNﬂﬂ‘]ﬂmzﬂﬂ"lﬁﬂULL‘LI‘LIEI"IiN@uﬂ DONTALALADT (1 §1&) walALu

o/ o

au Tpsfirnsnidnueslefe V, aun1seestafngianu o sl
= ——VO
cosh?®(ax)

|
a 1o a

UaAnguuuumianAindsaeas (Square tangent Well) Wintiadndfifinannsinindsnes
vauniand arfidnuaradneduodndgudmaoy.  uifiunquazindssudndifued
aNN13ERILUaANg An

V(x) = V,tan®ax

1
a

T T
AEN  ——<X<—
2 2

2.3 ARNISATHIONTIR AN 1H W91
INNTATHALRAYYDIANNTHTAAINES UL 1 AR (NIuTUmaIsINannig (2.3) 715

JUaNN1T il

Ty gxg” +2(E-V(¥)p()=0

L4

A7 V(x) ezt Aenldautafngiiaen i NNﬂﬁﬁﬁLﬂmumﬁquﬁﬁuﬁu@m N1597

HamandefiRefsidunansesen w(x)  uiailugnismidinasi E faduranzas

pA o/

(Eigen value) WATTEAUNRIMH n Baflrn(isiaiflas A8n19Auasdsinaeiidaainunldnal
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2.3.1 msmmmaﬂwmﬂumsauwuﬁ@umuﬁm Tﬂﬂ ELNQ?@‘N (Numerov’s
method)

Boris Vasil'evich Numerov. {iuf{Aisdin1annainagupsannisaning il 1927 Tag

o/

ﬁ@mmﬁﬂgﬁuﬁ%ﬁmﬁﬁuﬁuNmﬂgjafugﬁ LUDAIH

d2
ot Ty =900 (2.46)

W0 war g iuiertuidasedioddugas [ o, bl wivdr x Tugasa 89 b3
aanidudaudoain o T usazsouidnviaiu h
dngUanms (2.46) slaz

== (1 0y00 - ()

Aenuds o Thiuiin v =—(fy.—g,) (2.47)
Lfllﬂ fi = f(Xi) Yi = Y(Xi) s g = g(Xi)
W Ax=h=x-x,

Fudiusiaantanazay  y(x) ueunasmassd (Taylor series) 38U 7 90 X

h? h* h®
Yia = Y(X +h) = y(x)+hy’ (X)+ /(Xi)+3 /”(X)+ ””(X)+5 Y (X)) + .
/ h2 /1 /// h //// h5 /////
y(x —h)=y(x)-hy (Xi)+§y (Xi)— (%) +— TR (%) — oY (%) +...
NN ENNNTIREIUANENFneTY
h4

Yia T Yia =2y + h2y| 2 HH +O(h )

wnnen Y =—(fy.—g,) INENNT (2.47)
h4
hz(fi Yi— gi) = 2yn Yo Yoat 5 yi//// + O(he) (2.48)

12
INENNTT (2.47) MBURUE 2 AT
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Y (x) =—j—(f (X)Y()—9(x))
X

anfgunameyinssuiuaes N hAuagaa
f(x+h)-2f(x)+ f(x=h
f 11 (X) — ( ) g ) ( )

h

v
—0;.)—2(fy, —g)+(fiuyi.—9)
h2

Y 00) == (F (X)) - gx)) =~
(2.49)

WA Y 9nannng (4) asluannig (2.48)

h* (f.y..—g.)=2(fy. —g)+(f .y ,—0.
hz(fiyi_gi)zzyi_yi+l_yi—l_E(( 2Yi = Ois) ('{;2 90+ (fia¥is g'_l))+0(h6)

FR9NNTANAN Y., TRmaNaNnngus el

h? 5h? h? h?
(1"‘5 fi+1J Yia= 2£1_1_ f; Jy L 12 f—1j Yia Tt (gi+1 +1Ogi + gi—1)+o(h6)

(2.50)

ANNT3 (2.50) ABENNTTIE NI INALRALYDITHNNIDYANT D WAL FDY

a g ) <,
AINANNITHIBAIND ST NTUUIAT HgUanniadn

azw(x) 2m
ox?

= (E-V(X))w(x)=0
T kz(x)=zﬁ—T(E—V)

Azl LZCIE 2(X)p(x) =0
OX?

d

FIRFUANNTRDAARBITUANAT (2.46) Tnedt K (x) e lasy f(x) WAz g(x) =0 ANEINIID
TsymasonunFudilomnla Taadamen g Hell aunns (2.50) auimdaifies

h? 5h? h?
(L5 fidVia = @==0- Ry =@+ 15 fi) s+ O(R)
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5h? h?
(2_? fi)yi _(l"'ﬁ fi—l) Yia 6
1+—f
( + 12 |+l)

2 |
o/ o/ o/

4 v 1 2 = o = = 6 a A °
%mufm”lméﬂ‘iu%gL‘?J”l(converge) NN RALY 4 I38AIBN h YN LHBUINT

utlsluannsrsafes Weutuannig (2.50) ax

5h? h?
(2_?ki2)l//i _(1+Eki2—1)l//i—l
Vi = h? (2.51)
1+-—k?
( 12 i+1
UNITATUIDUBITURY TH X, X, X, X X X v X ANNEENTAFN SaflFnneisendng
0 X1 2 i i+1 i+1 n q Gi q

x =a 4 x = b #esfmuaiaulaaauian (Boundary condition) #7113 #aeNI1UAT v, p, , A9

RzNAN v,

2.3.2. AMISWISINTNNIS IALABUUIASIADS (Bisection method)
NNTANFTNANINULBIBHUNA E WaAng A9aNNT (2.34) Hatun9n#IaaATIeinI

Talagss9 N19A5198BUNAANS AN HIINN1TIIRBINOINNNTDE A9Fas lEIBN1911150

ANNTIAYAB UL ASI T TNARNS WS LTEU 91NaNNT (2.34)

2a,/2(V,—E) =(n-)xr+2tan”" v EE
-

4

\fle 20 Aepanndweesdednd V,  AeadinAnzesUednd@eniimuann i dagy

1'%

ANNIT ANAIT

f(E) =282V, ~E) - (n-Dr-2tan™ | = .

&1 £ ifiusnannig Weunueias iuannisudaazinld fE) = 0

1
v v 1

NNIMNIINENNNSIAEABULNABIERY  Budu  Aapnnssyygaedaiaeiifiesnismisnn

o)

annsAuEnfiew annAdteglugas o feb Taefidn b fdwnnndn o @esdudyanuolld

[~ o o | o o 1 & o/ ! y«y 1 1 i
{1 [a,b] a Ao Teendnany b Ae Fadnfaun ANeTEU fix) a9 [a.b] Afasirnsdaiiias
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WHas o way b uwnEIas a0 m@mﬂfmﬁﬂﬁqﬁ%’u%ﬁmﬁrﬁmﬂu@u ( f(a).f(b) < 0 )

SUABUNITMNTINENNNSE ST

¥
o/ o/

W7 1 @enA1 auaz b lnanisguusfininlifa).fib) deendn gud vasidunsniqasia

9

UHUAN X
171 2 yArsnanmslagUszinndaeuionderng 52919 a fu b eefiulende (a3ef

1) fifa m; (m Aw midpoint) m; = (a +b)/2 ﬁd;jﬂ 2.6

a mq :
f = ! -
— 2 4 [; 8
U7 2.6 N1FTULNATITIIATIN 1

W7 3 w0ueHEae a uay b avgnudadiu 2 499 Taefl m,  (Juqauterds msaeaeugan

ﬁﬁﬂﬂNﬂ’]‘iﬁLLﬁ@%dﬂﬂ“ﬁNTﬂ
€11 f(a).f(my) < O LLﬂmfm'ﬁfmmﬂﬁﬂﬂTu%N [a, my]

2. 91 f(m,).flb) < O LLN@G'J’]‘j’]ﬂNNﬂ’]‘j@%Tu%N [my, b]

=

&1 fla).fim) = 0 WasHayndiAINARIALARENALaNSUIALEAYIN M, ABIINENAITUAY

AUGANITAUIN

¥ 1
(%4 a

auft 4 1 m, Selildananniaiidesnns Buderdedasdn @oundulling 2 ) angui

2.7 m2 = (O + m‘[)/2

UT 2.7 N9ULNAZIE THIURaWT 2

©al))
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AsvvinguiiEes 9 aute k A% Wald fim_).fmy) winfugudvaaiagndiAnaAsa
LARBUTINIARALAT AT m, HADIINANNITIADINTT
NNTULIABIERIUARZASI 92N HATHNNANIBITaNfIIAILALAIEEY o UAATASI9A
me AxduAsEaIIeIINaNnTT  NNINTEINTIAEAUgARLED m, @ijsfuﬁfmmqmmm
A oA o Yy
CREIRREENG (given tolerance)
4dl o a ‘dl 1 a a 4%’ o 4 o 1 ¥ =
WatpstiupanRananiiliaafafian vinlhldsunsuinemouseulidugn A
AMWASININIDUGIEAYBINIINTYing (Bne  sneazidanaecllsunsniildduanmisnn

ANNTIAYARULNABITY [Bans B iuATANTan 3

a o " @ { { .
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doyanuel | f()dx frnhiuiuilduuliaes fx) uiedingis

maminuitgidulas vinlileaudsiniionnidugUifesdn q sauamsin (Sangy
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WARENLAN 7 W quadrilaterals %158 numerical quadrature) INNUWFINWKYILAN ] ARHLYN
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Finefd NALLTUANNAFINTLTININANR
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[Pr(xax - Yx)w

g o % . I A A9y oA A @ ! 4
e N Aasmuadniiuloinildléeenngy N = 9 ezudeiuiioanidiu 8 dawdn
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a0 x M dngaateezgnit 2 A5 anann1sazdivdtAmTn (w) 91 x,

h h
" - —h,...h—rp,i=1, N
2 2

T o Al



-30 -

2.4 THITNED IWSLATHIAYIRUNTITITRNDINATRNTTOI HNAATNASAIDUAN
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Falstad, Paul Tﬁﬂ%ﬂﬁﬂﬂmﬁmLLN&Nmﬁmﬁ@uﬁﬁmwmmmu 1 7% Twdaduuy

Mnden wanIHATHgUes opplet assadndslfiann http:/www falstad.com/

B 1-d Quantum States Applet v1.6 E@E

File Wiew Measure Options

[Satup: Infinite el ~|
|M0use:Create Gaussian j
Clear

MNormalize

Maximize

Ground State
Rescale Graphs
[ Stopped

Simulation Speed

i
i

Particle Mass

Resolution

Wl Width

||Ja\.-'a Applet Window

5171 2.9 LAPNNITINRBIAUNTA UL AFNSULURALH

U 9

Joffre, M. Basdevant, J. W&y Dalibard, J. A1A3%RANS a4 Ecole Polytechnique
UsemarSaas Wndalag hitp://www.quantum-physics.polytechnique.fr/  [dia319lusunss

1RBINTTUNTVBS Gaussian wave packet LHBARUNTENUAUAIWWIANE uazAngAtaAdud

@/ o

Taal¥rnEugulfiniannnisvaans aENATaIARADNA IME1TTNANN GaAs FIPUANAINT

'3 a @ A Ay oA p ° 2 o o a1 1 o
FRAUINBLANFATAUHNANIHALY 200 eV LN@ﬂ'T‘M%@T‘Viﬂ'TLLWGﬂﬂEINﬂ’]iﬂﬂﬂfl’ﬁ/\lﬂﬂﬂquﬂﬂd
<

BEnATEUNIN 7 azfiunisasfianaesnaulfodeiniean asestuAYITuIL28InaAIERS

AREAN  uazfinlsnngniseiunsnaansendnepdnuannsenuiuaaussioulAifiuday §
A ! P Lo o o o o a & A o 4
ARNUNAITITIHNTO A IUUSIAUNANS BeazfinanmiFoanasnin Wesannassuaad

Aa @ ! @ a
BIBERNATBURAATA Lﬂuﬂq‘iLLﬂﬂQLﬁ@ﬂq‘iiﬁﬂq‘iLﬂﬂ Tunnel effect
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B Quantum Physics 2.0
File Topics 2
Yatatatstel

11\12\13\14\1,5\15\

VWave mechanics : Steps and barriers

ohak y[a.u]

|| Potential [sien <[ | Heightimewt | [150 -

1 . < 1
U7 2.10 uamsanTRAuAduzaIayYnA

Roedt H. audRRndnguijuazianrans (Theoretical Physics and Materials Science
Centre) 2BNHMWIFNYINY Groningen WAy T of http://rugth30. phys.rug.nl/quantummechanics/
THasunBmArnamansaonii S1assanuniaoising g Tuuniden Wu nandewd
PAIDUNTADENBNTY ﬂﬁ‘jLﬁﬁlﬂuﬁlﬁﬂﬁﬂwﬂﬂﬂaﬁuﬂuﬁw&l@dLL‘N UINFIRLTYUFAIENTEN
FORTRAN UN@7128WAY FLASH "V’]ﬂﬁ?u'%/‘i_lﬂﬁwLﬂ?ﬁzﬂufw}mﬁﬁﬁ?uuﬂﬂuﬂu video file LLAAN

aweaenmalasldlUsungs real player

Open Source Physics %38 OSP ﬁL%UTsﬁﬁﬂgj‘ﬁ http://www.compadre.orglosp/ %
Tm\imﬁﬁfﬁ%mmﬁuwmm National Science Foundation and AsINasLARA (Davidson
College) iuntsineRandlas EranRamesidinunfidaudaetunisBaunisaeu Hnvin
aaslusunsaidameTUsunsnduatiu (pen source code libraries) e UNNTATHADES
faian TUsunsndnansaingnianinisRandsinuing ¢ dminadacdafidasyinliniaiden
Tﬁ‘nm‘am@uﬁqm@%ﬁm%ﬂL‘%ﬂuiwL‘%ﬂumqﬂﬁﬂﬁfﬁdm%w,‘%ﬂﬂdq Ejs #%am Easy java
simulation AunEanugadusedmsuARndings iaunideulsznoufcanisda
Usznauniaden Tdaunsuranfinpasiifoatiasiuidasiu ¢ uazlusiliumidou
UnBeuueEssssarnEuazaiian Enwne i s

TUsunsananuadeniiunieiatnfinsdamesieaBunues source code T1MNA

o o

AHITOEN NN dasan Waasaulasis @i anu LS unTNA NI AINEN LN
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JFiIe Edit “iew Favorites Tools Help
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ﬁ & e Classical Helium Program Docurnents

Search the OSP Collection...

lassical Model of Helium ] 3]

SIMULATIONS » home » Detail Page

5 File Displ Tools Hel,
EJ1S MODELING Classical He: nlay n
CURRICULUM "
B ot comPADRE
PROGRAMMING Main Document 1 [ [ [ I I [ [ - -’,‘ Document Delivery
ToOLs ElClassical Helium 3r
BROWSE MATERIALS 5
RELATED SITES written by Wolfg
. . Tr L - L
Ll The classical he body problem and is similar to gravitational
ABOUT 0SP problemofahe o gl ts of two electrons moving in a 2/r potential well
" and interacting set to show phenomena such as autoionization or
: braided arbits. Ar
e -
L R An EJS impleme -2F e OSP collection for classical helium.
The Open Source Physics
Project is supported by « Downloac -3r
NSF DUE-0442581.
-4 L L L | | L L

Last Modified M.

5191 2.11 Bulasians Open source physics
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[
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aunnafiag uladndiuiiaanaudusing o AedduaauiFasillgaausinandufiazmy
aynaneluladngiu Annsdniunsade uiaduwindassd

51 nansflefiltunisidy

5.2 dupeunmmlsunTs

55 lnseassnsuiindions (Folder) Aldluntaidenlsunsy

3.4  mautalusunan i cass file waztudm v Jar file

3.1 wispeilafitilunisiae
wansflaflilunaiidededeguin Tidndudasimmifinsn dasialld
1. wansnenRusesdmsudenllsunsn uasnaseulUsunas
2. AANALIT Java SDK 6 (java Standard Development Kit) #1:199 download Tolog

U

Tivdedl¥dna91n httpjavassun.com Aagsldarunialiszundfiinisanlag (uinls

Windows XP service pack 3)
3. ansuasAEIu editor 195U source code 2841150
4. gandus7lElunisnseespuaugniassssnanisAaneslUsungy Twid
93 2% MathematicA  version 5.1 wazlU5unTnmI919A 98 Excel (Microsoft Excel version
1 & & o/ d' I d' = o
2003) #relunisnaanng N i Fuaan uaeflidanlusungnluansose text mode
5. WEaIABNRLLAasimTin7lu server Nu18LaY P fia 203.158.100.100 1%
Tusunsa IS 7 (Internet Information System version 7) {14 web server ﬂﬁﬁ?ﬁizuuﬁﬁﬁ/ﬁmi

A9 2008 FIFUNANAUNTTYINTHAES [ TUNTHHIHIAS AR a3LTin
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¥
3.2 mumum‘swmm‘[ﬂﬂmsu

|
= g A °

Tunaimunlusunsuaanfiames iesnassnginssnaaseynialuladndsin (4

N

WLUNTUADUNTW UL R AU AT

1
a 4 o/

1. Uszanannniuazvguiiliaadessivannisnsesiees laauiulufinsdliannis
Tri@nriunan (time independent) Tw 1 8% Anwnsufidaymi@dnszfidenyniafignanrin
U3 nodutafmguuuang 9 (Bound state) S18ALIBHAIBLHBIN ﬁm‘mﬂgaiuuwﬁ 2 NeEuas

4
ONFI9TLAEE D9

2. AnminareanuuusyideudtnisausBedalaafidaslF un1TniNaIaa ey

=}

aNN157L30RNNeS Bafiuanniseiutduiuaes sufeuasiignidentiiuemnidetuilfe

Y

|
A o J

48989 yinpson (Numerov) HluntsmidnilsdiuaauansayniafidamunAnassnuun i
nanUERnsansHfiugeazsin (Ui tunas normalize Warddunan Tnal¥asurisndidn
AMAuNATYLAN 7 uazTRUTTNAEnAaay nnamanaanizesil il uLsAEs
%94 (Bisection) AIITABUNITATUIUNANIHIBIDYNAT HanTUsunTuADERUADS S
Tn&Aasiusnfiliannnisimasivia

5. asnuuulsunsuuazenindoiiunieneinn Java) Tasuiiafiu 2 499 g9susn
aelilusunsauanonaifiiuiL text mode ilansIasaLAIINgNHBIYBIHAINET (Ha1nnns
Fnnadnanandesiungud WalinuieRananlunisdaniuda Sefufiuniadasd 2
Tasninnadnsa i duiioyalunisuansnanisdimnain idenl¥ GUI (Graphic  User
Interface) WLUL SWING %ﬁﬁmﬁmmﬁqwgmmu (Layout Manager) 7ivin (1 sil&dne Saanm
Havgulnnisnesdlsyney msnzaniunsiEnur nsediedumasiin

4. yaaaunisinsmaaslisunsndnansaynialutadnd Tuaiwsanionua
USuigeuazufilagaAids Tunsdifiazunanaudanaininden wiadanuunndastunis
UNPNNAINNTIAN

5. sinlUiUsynaufiuunBen E-leamning MAgafunamansaeuds Wuldsina
FansArEdn 1 AliaeuinAnsvasana A fand viedsAand 2 Twinde namans
papnsidaiu WaewinAnuaoArmnsaumans wisdmiandyabl Tindonamans
paons TaourinAnuNIaAn A aRsuALinANENTEeuaa NAnNd dunEaumani

[
a o/

ARalat Web server 289a2739 AN (http://www.electron.rmutphysics.com/SE1D)
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3.3 lassadrsvasudiniaya (Folder) tilun1sidaulysunss
= | P | o/ a
Wanmiusyfsunaniuszuulunisimmnlusunas uaziinauazaaniunis
il e wazudlaysudgslusunsaluowan §adedclfdnasrouilnioya Sanmniniy

a1utuaail (uansennzuindiayafifisaissiunisimmn lUsunsuuunsianseynialule

ANSLYINTS)
ChdavahathTools
| | [

classzes src JAhpp
— MathTools — Cammon I—SE1D

Coammon — Rootlitils

R.ootlUtils —=E1D
—SE1D L TestSE

melinawmed C:UavaMathTools axfilWawmesteaiiandny 3 amesae

TWawnes classes @zl class file FilEannnMsuUan w19l byte code  Tu
Tawmesiazugnoanid dass Mifigatunissusndedaas axfiulBuinames MathTools
FeazuenlumssiadeiifeadestunisfuiniBeiany Arasiivdadauls saananafides
Wsaniuargnufiul3t common  nsmnsnanniseesilsrddnln g azgmifulslu RootUtils
AIUN1TAIHITITFUARY WAZTEAUNAIHAIA T waanisAuaslafifgadaadiu
ANNTTBLIDAIIDS %Qmﬁﬂﬁu SE1D (sia:1910 Schrodinger Equation 1 Dimension)

Tnawmas src anfiumddiuatiu (source code) ﬁﬁmmq@mmﬂu java naAulng
funtvanfuluinameddesfiitemilautuinames casses TWanasTiiiuTuunAe TestSE
anfunduntiuiliunamaseulusunsuiioginlnanes S0 vewdulwdsinaiua
Bunlismnaain ¢ nanduasafioghilnaines SEID  faeiduiu  ulnanestdotany
Tnawmaddas Fesdrfusioud 01, 02, 05, wsnsfeniaimmnlusunsnfidnisusules
Wasnulasdssdifuninguiinamn Tnefidasinunduatuansgudeu ¢ 4 deliln
veadstuniaimunea lEnadnsalinsedugnlsrasd vaoldsunsufifaunnsasmiod
AmARPLARDRALA T Fenn fimunanansagiounduludqanouming TanlasosEusn
Al

TWawmed JApp azifiu class files 7ildannnisudalusunsaduatuiiuBnames

TestSE @amilifiu main #eslsunsnazgnifiuiulnanesi
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3.4 msuialusunsulidu class file wazduanlsidiy Jar file

Tnrsudalusunsusvide compile Tusunsusiuatiu (ﬁﬁmmq@ java) Wil class file
wazgndmAulilulnanasfmunzansiu axfnsl¥mds waz option Tunrautaldaunas
9NABIATE ﬁa:ﬁumﬁmumﬁfrﬂﬂﬁLmﬁufaimmﬁﬂﬁﬁmufﬁ

TunnsmantndTaunaaiEndusi

1. AANTIIN Start WALARNTIATAS run WAARNWAIAS cmd Fag1l LlewEng DOS mode

#58 Command mode

Run x|

— Type the name of a program, Folder, document, ar
: Internet resource, and Windows will open it For you,

Open: ﬂ

cuments and ¢

U7 3.2 uamentinging Luﬂm'm DOS mode

3. ANAANAS  cd (dBW197n change directory)  saUsnglunw e lueety

TWawmeas JavaMathTools/src

o/

ATTHANIYRIATAIN A9
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a o

ANRAIRI cd \  (cd ANFasLAsasNng back slash) uanasritFnau lWWanes
590 A| ¢\

AR cd JavaMathTools was cd src ilunneda i U7 inawmaseas JavaMathTools LA

WamastaaasUanta src

raMathTools=cd sec

raMathToolsysros

-3

51J1’7i 3.3 LaaslnaLnas

U

A &
Y1ILA1L source code

4. aunfidiazaonindlsunasde SchrodingeriDjova  @egaifiulit Tnaines
src/SETD TlAnasioil
javac -d .. —cp .. ./SE1D/Schrodinger1D.java ﬂﬂﬂqm Enter

% v o Ay A ¥ 1 Y A @ o
ﬂ"lT‘ﬂﬁLLﬂﬁNWuQUUTNﬁ?J'ﬂNG‘IW@'Tﬂ WMW@@’VtTNLLNW\WﬂNWWN’]ﬂTW T %Lﬂumgﬂ

WINDDWS.1% system32 cmd.exe

1
[

avac ABN WA LL5ILNTH

U7 3.4 HlelEmds |

Option AisngTinems javac fn —d e IWawasiiazfiullsunsudeiiana

= P v @ . o £ P
(54 class Dt 90 2 90 Msne@eliAu dass file AlBannisrasnddBnnawnesiioy

Y

witle src Tl 1 anfu
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& 1 o 1 @ 1 . dl @ . & o
-Cp  UHLBHI9INATIN class  path 11N19921)77 class  file  ¥iLiu library 144 @R

' A

AN INAaSEINT0 AN pe B uduann WawnasTiagwila src [ 1 asuduadpe i

U

JSETD/SchrodingerTD.java  \fiunnsszgandfiazrinnisnanlng

W& Schrodinger1D.class filunnsaasn wdudnazgnifiulilulwames casses/SETD/

gL
U
J.ﬁ.ddress I T\ JavaMathTools\ classes\SELD j G0
Folders : Cuaadr atic, class
I JavaFromZetoode CLASS File
Bl I5) JavaMathTools LK
|51 backup_this '
- achrodinger1D.class
E D) classes ( Tsa| | CLASS File
- 444
I GraphTools h——| SKE

IC) MathTaoals

) Pwis Squaretell.class
= -~ CLASS Fil
_ r‘-p m,} 1 KE
I Mpp
I s

U7 3.5 uanslnawmesfiiu closs file

nsnan WS Mafuaiiuan 7 finduieain lesudssynamadaedduaiulh
gnépmniiinedawing wwnsrening Wade Commonjava THeAndasian
javac -d .. —p .. ./Common/Common.java

WanarAaN (WA WA Biseciton.java ¥Andasadl

javac -d .. —cp .. ./RootUtils/Bisection.java

NS85 Jar file

Tdwmana dass iinennsaosindazfifudmannnn a1aldazaanluniso
dine flovintUliuAEasau q vdetuluszuuiadatng nnsiaaandfifadosiommn
n19uanuasusaliunnaEnas armsaeuinelne WiadRes&Ren BonlWsd
41 Jor file 6a%19NAI97 Java Archive file nMT3LSANARNE NS TN Jar file vinlEaT

1. &519 Manifest file a SEManifest.txt iUl c:\UavaMathTools Tmeilé editor
(1w Notepad) Anidananusia Ui

Main-Class: JApp.SE1D.mainApp

uda save 1fiuT3 % SEManifest.txt
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2. Tunnassnalna SETD.jor WAndasar

C:\JavaMathTools>jar —cvmf SEManifest.txt  SE1D.jar JApp/SE1D classes/SE1D

classes/MathTools/Common

~ —cwmf SEMani fe: £ SEL1D. jar JA

U7 3.6 n15lEAES Jar
o . . o IR a ¢ @ o o ¥ [ o o/ . . dyu

a9 jar  file Wl TuNgeBUwas e dndasaivatsidudnsy jor flle fifew
ﬁmﬂ'ﬁ:mﬁﬂmmﬂL%uﬁﬁmﬂum%mmamemwﬂfmjmﬁﬁzﬁ”m%uﬂﬁiTﬁTﬂﬁLLﬂﬁmﬁﬁﬁaﬁu
Wwmalulad Java web start frfinsuaswulasutlalusunss (@1adfinennlasa vaedl
UseaIAFUIATRINNANLAN) NRI91NN1TEE A LFUT LAY TﬂiLmﬁngﬂﬁmﬁTﬁﬁNm
4 . - 4 N X .
WNBTTBINUAITNL A8 AIB199 A AT UATNNINIUNAS

AE19BTU FTHATFUFIT

1. ®579 mykey 81UA5 self sign certificate BHAYH

C:\JavaMathTools>keytool —genkey —keystore mykey — alias me

v

& Password ANAGasnis usdasan Biwanzasdassin (U uaausing 7 fgl

For this unit?

2. &34 certificate M5UN1T sign (WA SED.jar Lasl# keytool @314 self signed

certificate
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C:\JavaMathTools>keytools —selfcert —alias me —keystore mykey

T password sufivaslanudnlnie 1

51U 3.8 A19T% keytools @514 self certificate

3. sign & SEIDjar lael¥na jarsigner
Passphrase 1 %#8 FauRgafufi Fuudadinesii

c:\JavaMathTools>jarsigner —keystore mykey SE1D.jar me

tare mylk SE1D. jar me

51U 3.9 nasdeanednlagdma jorsigner



-4 -

un 4

NANTSI98

ijmmﬁﬂmLLuuﬁmmwmﬂTuﬂﬂ?Tﬂﬂ’l,mwm T Fodpwdulisungnniun
anuaiwindasase i

4.1 NAANEN1T9NEBINITYIN1M89 TN TH T text mode

4.2 NARNENNTUARININNI RNz aRnduarefiFunANULIanIN

4.3 Tsunangiuaiiy (source code)

4.1 NAWEN15918BINTFI9R29USUNTHTM text mode

nsanasseynAluladng asnsan e ilUsunsuuansnanIzfiagnes (text
mode) Lﬁ'@mq@ﬂ@ummgﬂﬁmLmzm’mmmmLmﬁﬂu"fmfﬁﬁqmmmﬂmLm‘m AIHIAD
WAPINA [FTIEAT INTeiagsErana (HEee (iR afUNIsLERIn NN RN

Tridnazdutednduuulaaunsn sz baudtagorithm) selUisunmaieddunan
uazndsasaynia Ennuuy e tidiesananaidtadeusnFlowchart 1w 2 dam dam
wsmds Flowchart  289n199ifarifunan uay dauft 2 fiu Flowchart n19wanassuaes
ayna gt 2 dgestidunonniamieriduaaii Fowchart dawft 1 nufisadiasdian Tuns
Fnadnslusunan Fsonnisnniteisunan LAZNITATNINNAN R avaRNIATIN Hidunais
e WEananadn Schrodinger1D

T LT, RO L AT YOI RN (T o}

1. dengUuuundssndngias i unnsdiaasanminisal

2. AMHATMIAYBINANY (E) Tidpenaniilsiiuadn SAldiAndgegnan
Fndlugag x Airavuals

3. AnonaslirasadngiidnuEnauasdiuann W x iudiuen (first point) WAL
AgAving (lost point) Aasqaiiifhunieasiadndd

4. werinan w(X) 90 T A9 X i fiAnsaus first point AU last point WFAY
A | Tﬁmiq@muﬂ\iﬁ%umﬁudﬂ@;@@ﬂLﬁuﬂdqﬁqﬁéqﬁmfﬁﬁ%fﬂ 5%ﬁu?ﬁmqmmﬁﬁwm

5. sfuduauaaiifsfFuRAudAfILNY X

6. %1113 normalize HerFuARNTAAMI0d(H

o/

FURAUNINHANTINITOR LTI Flow chart [Heafl



-42 -

Flowchart 1: L@aan1suieridunauaesaynim
AN MUANA91Y

al v
LTHRAL

JauATNENUN
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o o
ARINITMTNATUARY

waueglutwAgegaLaT 131l Bound state

Angnrestedns

yes

ANann x W firstPoint wae lastPoint
4 I LV 1
AnseeLUadngdya 2 Anunssiundsanuil

!

A Wik
i= firstPoint,2,3,...lastPoint

4

NEIARIUIN

X Wi lastPoint

Normalize Wi(X) uazénwanidrwan
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¥
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° o ¢ | Py A ad e
ANTAMUININANNEBIEHAA (B) Baidnaavasaesieridunan Sdunousiil
1. Lﬁ@ﬂ;jﬂLmuwﬁwmﬁﬂﬁﬁ%fﬁumﬁﬁmmNmumin‘i

2. AmasdsmindAgegauazagaiiiinfatugae x Aifmue

3. AMAUASEALNANTH WADLAUATDRAN N AABINTITRINAIIL
E _+E

_ _—max min
expected

4. GrFuguAWANUTsESIUNasI 0§ Tnafmuali E

5. ¥1fn E Tunmanerdtuaan d1liaanndasiutean(aaeune Lazea1uau
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P1UUADUIINNA 1D234LT1% source code NTHIFIIT LRBRIATADLABIFNNITHLIDF
WES LU 1 RE A5

TuUsungy 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: ¥o——===—=—====================

10: * Schrodinger Eq :  dA2psi/dxA2 = 2*m/(hbar)A2(E-V)*psi
11: * define kA2 = 2*m/(hbar)A2(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 Schrodinger1D

20: {

21

22: public static final int NO_ERROR = 0O;

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: /| 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:
A47:
48:
49:
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:
77:
78:
79:
80:

81:

82:
83:
84:

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();

J

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

xValue += dx;

]

fad

* 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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// find the first point where E>V

86:

87:

88:
89:

90:
91:
92:

93:

94:

95:

for(int i = O; i< psi.length; i++) |
if((energy - potential.Of(current_x))>0) |
firstPoint = i;
startX = current_x;
break;
]
current_x += dx;
}

current_x = xmax;

96:

97:

98:
99:
100:

101:

102:
103:
104:
105:

// find the last point where E>V
for(int i = psi.length; i>firstPoint; i--) {
if((energy — potential.Of(current_x)) > 0) {
lastPoint = i;
stopX= current_x;
break;
}

current_x —= dx;

106:

107:
108:
109:

110:
11
112:
113:
114:
115:
116:
17:
118:
19:

120:

121:

122:
123:
124:
125:
126:
127:

128

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

double decay = 1;

current_x = xmin+firstPoint*dx;

while(decay > tolerance && firstPoint > 0) {
firstPoint——;
current_x -= dx;
// this region E <V the result shoud be minus sign
double k = Math.sgrt(2*Math.abs(energy-potential.Of(current_x)));
decay *= Math.exp(-k*dx);
/ISystem.out.print(" left side: k = " + k + " decay =" +decay);
]
/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.sqrt(2*Math.abs(energy-potential.Of(current_x)));

129:

130:

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



131:
132:
133:
134:
135:
136:
137:
138:
139:
140:

141:

142:
143:
144:
145:
146:
147:
148:
149:
150:
151:
152:
153:
154:
155:
156:
157:
158:
159:
160:
161:
162:
163:
164:
165:
166:
167:
168:
169:
170:

171:

172:
173:
174:
175:
176:
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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
*/
public int solveWaveFunction(double energy) {
int node = 0; // count the number of zero crossings.
boolean slopeChanged = false;
maxAmplitude = O;
double integral = O;
double lastPsiState, lastSlopeState,lastXState;
double k2; // kA2 = 2*(E-V)
double k2LastState, k2State;

double slope;

this.energy = energy;
findFirstAndLastPoint(energy);
if(lastPoint - firstPoint <3) {
/fif 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 i = O;i<firstPoint;i++) {
psilil = 0;

x[i] = xmin+i*dx;

/I state of the firstPoint
lastPsiState=0;
lastSlopeState = O;
lastXState =xmin+firstPoint*dx;
psilfirstPoint]=lastPsiState;
x[firstPoint] = lastXState;
k2LastState = 2.0*(energy - potential.Of(lastXState));
// 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;

/I find wave function (psi) with Numberov method



177:

178:
179:
180:

181:

182:
183:
184:
185:
186:
187:

188:
189:
190:

191:

192:
193:
194:
195:
196:
197:
198:
199:
200:
201:
202:
203:
204:
205:
206:
207:
208:
209:
210:

211

212:
213:

214:

215:
216:

217:

218:
219:
220:

221:
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// the differential eq must be in a form

I dA2 psi /dxA2 = -kA2 (psi)
/l define kA2 = 2*m/(hbar)A2(E-V)
fmmm

double ¢ = dx*dx/12.0; // coeficient for Numerov Algorithm
for(int i = firstPoint+2; i<lastPoint; i++) {
X[i]= xmin+i*dx;

k2 = 2.0*(energy - potential.Of(x(i]));

" "

/I System.out.print ("i= " +i+ kinloop = " +k2);
psili] = ((2.0 -10.0*c*k2State)*psiState —
(1+ c*k2LastState)*lastPsiState)/(1+c*k2);

slope = (psili] - psiState)/dx;

/I keep previous values for next step
lastPsiState=psiState;
lastSlopeState = slopeState;
lastXState =xState;

k2LastState = k2State;

/I Now store current values
psiState = psilil;
k2State = k2;
xState = X[i] ;

slopeState = slope;

if(maxAmplitude<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) { //prevent diverging so much
for(int m = i+1;m<lastPoint; m++)
psilm] = psiState;

x[m] = xmin + m*dx;
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223:
224:
225:
226:
227:

228:
229:
230:
231:
232:
233:
234:
235:
236:
237:
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break;

]
1 /] end of ———=> for(int i = firstPoint+2

integral *= dx;
integral = integral —( psi[firstPoint]/2.0 +
psillastPoint-1]/2.0)*dx;
// find the magnitude of wave function

double sgrtintegral = Math.sqrt(integral);

/I fill the rest point at the right side
for(int i = lastPoint; i < psi.length; i++) {
psili] = psillastPoint-1];

X[i] = xmin+i*dx;

¢

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

238:if(slopeChanged&&(Math.abs(phi[phi.length-1])<=tolerance*maxAmp)) {

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++;

*/

normalize(sqrtintegral);

/I check normalize it shoulld equals 1

// double sumOfPsi2 =0;

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

I sumOfPsi2 += psili]*psilil;

I }

Il System.out.printin(" sum of Psi A2 =" + sumOfPsi2*dx );

return node;
]
/I Normalize wave function
private void normalize(double magnitude) {
if(magnitude==0) {
return;
}
for(int i = O; i< psi.length; i++) {
psili] /= magnitude;
psiState /= magnitude;
slopeState /= magnitude;
]

maxAmplitude /= magnitude;

isd
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288:
289:
290:
291:
292:
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302:
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304:
305:
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* Solves the eigen energy with the given energy level
* @param int quantumNumber
* @return int node ( number of zero crossing of wave function
*
public double[ ] solveEigenEnergy( int quantumNumber)
{
double eMin;
double eMax;
int nodeCount=0;

int counter = 0O;

if(quantumNumber > MAXIMUM_NODE) |
System.out.printin("Quantum Number must not greater
than " + MAXIMUM_NODE);

return new double[psi.lengthl;

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

nodeCount = solveWaveFunction(eMax);

/lIncrease energy until the number of node is greater
than quantum number
eMax = eMax +( eMax-eMin);
counter++;

]

counter = 0;

dof
double tempEnergy = (eMax + eMin)/2.0;
int crossing = solveWaveFunction(tempEnergy);

System.out.printin( counter + " energy = " +

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

if((crossing == quantumNumber) &&
(Math.abs(psilpsi.length-1]) <= tolerance*maxAmplitude)) {
errorCode = O;
/ISystem.out.printin("in IF #1: psi[psi.lenth-1] =" +
psilpsi.length-1] + " tolerance*maxAmp ="
+ tolerance*maxAmplitude );
return psi;
]
if((crossing > quantumNumber) Il ((crossing == quantumNumber)
&&(checkEvenNumber(crossing) *psi[psi.length-1] > 0)) ) {
eMax = tempEnergy;



306:
307:
308:
309:

310:
311
312:
313:
314:
315:

316:

317:
318:

319:
320:

321:

322:
323:
324:
325:
326:
327:
328:
329:
330:

331:

332:
333:
334:
335:
336:
337:
338:
339:
340:

341:

342:
343:
344:
345:

else {

]

counter ++;

eMin = tempEnergy;

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

errorCode = 1;

return new double(psi.lengthl;

J

Jx*

* Gets the x coordinates

*/

public double[] getXCoordinates() {

return x;

}

public double[] getWa
return psi;

]

veFunction() {

public double getEnergy() {

J

return energy;

ikd

* Gets the error code from computation.

* @return int

*/

public int getError() {
return errorCode;

]

private int checkEvenNumber(int number) |

if(number%2==0)

else

return 1; // Even

return -1; //Odd
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Tuaunsa 4.2 NSEApp.java

e

—

* Title: NSEApp.java (Schrodinger Application)
* Description : test for Schrodinger App
* @author: Wach R

*@ version 0.1
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45:
46:
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* Date : April 28, 2011

*/
package JApp.SE1D;

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

import classes.SE1D.*;

public class NSEApp |

Jx
* Starts the Java application.
* @param args|] the input parameters
*/
public static void main(String[] args) throws Exception |
int numberOfPoints = 300;
double xmin = -5, xmax = +5;
int n; // quantum number
double en;
String fileName = "NPsj";

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();

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

-10.0), xmin, xmax, numberOfPoints);

double[] psi = se.solveEigenEnergy(n);

double[] x = se.getXCoordinates();

if (se.getError()==se.NO_ERROR) {
System.out.printin("energy="+se.getEnergy());

PrintWriter w = new PrintWriter (new

FileOutputStream(fileName+n), true);
for(int i = 0; i < x.length ; i++)

w.printin( x[i]+"t"+psilil);

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

49: }

50: ]

Tusunan 4.2 i uanssaagnenisanassannialuladngdnsdifiiiu Harmonic oscillator

¥
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LARSHANAINTAHa0slATuUsYiRd 41
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SRR ¥ i 3 N 7 P TV |51 39085 633604
4 e A A s o 0 1l

U

U7 4.3 N5NVBINIATUARK NTEH n =3, 4 LA 5
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o

L I 4 o 1 4 dl dl . . . .
Naa‘wﬁ@’]ﬂﬂ’]i@’mmagﬂ’m‘fﬂufﬂﬂﬂﬂLLUUNLM@HN (1 dimensional finite rectangular well)

1 v
a v

dl dl 1 o/ ¢ 1 o/ = 1 o/ 4 o A
AUNIANIA M \raeui uUadndiifanunsawind 20 AdwAnesedng v fil
-V, if—a<x<a
1o it |q=a

o/ g o/

infu@enidulisungn WeBsnldweidunasiadngsiol

TUsungu 4.3 SquareWell.java

1: [

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;//the depth of well must be minus sign
17: public SquareWell( double width, double dept) |
18: halfWidth = width;

19: this.dept = dept;

20: 1

21

22: public double Of(double x) {

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

24: return O;

25: else

26: return dept;
27: ]

28:

29: ]

30:

1
o/ o/

NN3AMIDINAIU ( E) apspynalutadndfisziunasen n Tn q Tnedfimsned

Z‘I’]N’]‘iﬂ‘iﬂ'{fﬁ@"lﬂ ANNT (2.32)

2m E
2a,[—(V,—E)=(n-Dz+2tan*
ﬁfhz Vo—E)=(n-1) V,_E
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Twmisapzaen annisazgnangUmie e

2a,/2(V,—E) =(n-1)z+2tan™" v E = (4.1)
-

Nfidlasannis (4.1) Tunisdwanmwassm E dermuadnn =1, 2, 3 . 6 W
ANHNANYBIL WINFTU 4 9108 ( o = 2) uazANANYasUeAnNg WAt 10 vsag Hasenn
aun13 (4.1)  uannisUszam transcendental  function (Hanunsnl#AtAIATzAlA o
Arnansnanns (hiiiae £) 18 avdasditmundeinaudinnntay sensussias i
Anaosliusnsddeidfe MathematicA 9 5.1 warl¥nnanisnnannislnedsuiipsegag
(Bisection method) Taeideufulusunsunenfinmadudatiaudoyaiidmunli ielilunns

AT (AFIAZLBEANITANMIEY1U5UNTH MathematicA  wazlisunandiuaiiu (source

U

Yad 1

code) TlHABULIARIEMaINENNT TunnAnuan 3) wadiFiaangaeTuniansit 4.1 @l

n E E E
(SEAUNANTM) | 970 MathematicA | aniBuL AR FINULUFTIRDY

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

A9 4.1 \WIBUITYUNRIMUIBNBRNA (E) 91 n Asinee Al eesdedAnduuufmass

L o’dl 4 o 1 o . dl dld =3 H
HARWEA [HannnsdnassannIaulednduuuRinAenfidaauan 10 e uaz
AN 4 yrdae arlAndsemiifiudnenzas fin = 1, 2, ., 5, 6 HenlndifesiuanflH

arnmaAwslaelFlusunsudiegu MathematicA uazasAwrsuBesiaiaalaedsuiins

%39 QNABITINARYNFUIIT 1
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s o 1 [ 3 [~f a a
Naawé«v'mmsmammémﬂ‘fuuaﬁnétﬂuﬂﬁu@un DRNTRLALADS

(1 dimensional harmonic oscillator)

1%

aunAARaLT Ivlenasminduuusnsuedin sasBaianes Beilguannssl
1
V(x) = 5 ma’x’

= =4 & I .
® FEANNIENBINNIBINIANTDIBNNA NS radian/sec

o & o

o [~ 4 [ % 1 ke
infu@esnidulysunan WeBanldisiduasiafngdsi

TUsuneu 4.4 Quadratic.java

© ® 3 o g KM N 2

_\_\_\AAAAAAA
B RB8vs>®» 33 Fas =3

/%*

* Title: Quadratic.java

* Description Simple harmonic oscillator potential.
* @author: Wach R

*@ version 0.1

* Date : April 23, 2011

*

¥/
package classes.SE1D;

import classes.MathTools.Common.Function;

public class Quadratic extends Function |
public double Of(double x) {
return (x*x)/2;
}
public double DerivativeOf(double x) { return 0.0; }

1%

waseeynAiednd fanldeifles e n =1, 2,3, .. wlHain

E_ —ha(n —%) 4.2)

N@ﬁwﬁﬁfﬁ@ﬁﬂm%ﬁmmwmm“fuﬂ@ﬁﬂﬁl,mum%mﬁﬂ AAFBALHDS TIN1WUA L

h=w=1 azlFnassuiiiuemieizas iin = 1, 2, ., 5, 6 WlsueuduaAAliainnig

ATHATUANHANNTT (4.2) AIANTNFaUT  WUIMNEANST [HaNUULSNaaR ANVINSUNAT (6

annsAslaeAiaiassiynlsznis
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n E E
(FLALNAIIN) INADINATIEA FINULUIINDY
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

M99 4.2 NAKIUEBIBRNA (E) 71 n Ade o ieasUefnduuusiuaiin eaadalanes

HRAWEAINNTIRBIBRATATRLBANSLULEY

NANTIATUINANTHIBIBUNIANRAIUE n

Y
o/ ]

(AL

1 99 10) segUBAnNgLsazLLL

Taafnuaa Ao aINaN N Lﬁl@TﬁmﬁLLﬂmmmqmqﬂﬂﬂ%’Tumummﬂmammw N

o/

LA WA NARNES [N19AHIT [Fanluaungs anungadesiunngs Fesd

AU Square well Parabolic Triangular Square Square
n tangent hyperbolic
cosine
B e R AT
Ty
2 2
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 +8.511492 | +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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| v
= Py v o/ o

WAIUA 0 FANK EFa@Am 1U5unTNa AR aRINTeAUNAIIUA n AInana

Taiiflss bound state

4.2 NRAWENISUAAININNS AN BILBANTUae T TUARKUNIBN TN

nTuamINWNI ANt n3deR 5% Java Swing Baifiuaanaiinasendaniiu DK
AN BENFNARIER Aentunsdin BriiilaelfesBomusantumnind udane
Hasfinng override wsamUNIHEan Wn T HNAANE AN ARsENEYB9ATE

Panel #ing o AluamIaMNARLBANIIINARIE JPanel  Tanfl BasePanel 1
panel ®ANTDISY panel A1 T anEA NM5¥BuTIED9 panel Sianwoueing 7 Usznausiag
HeaderPanel zagidimiungnlfuansdaGasuazadndfididufenfne LeftPanel azag#m
dnuflovacld doudazliuansdadenisidurastadng FooterPanel azagfnanganas
apn indaniiuaninissurtanfdueda waslidenaauy n 2aenasnn PlotPanel 4z
fiu ponel  Al¥uanvgUnaensiadnd wazuaasilsdiunanicanadosiundssnnuiyly

=
LNEN

o =t

LHAUAAIHALUTAN TN %Lﬁum‘sﬂw 4.4

U

: RMUT Physics - Handshduana ] 3]
Potential Well Simulation in Quantum Mechanics
HeaderPa ne| presented by RMUT Physics (wanw rmutpiysics .com)
e deARNE srTinadmnaTwIadsesana styyd
Please Select Potential Well ...
\Square Well | - | T
t t t t t t
E -4 3 d 1 1 = 4
7 Py
-—— L P =E
2m B i a
0 |x|ra at
0%, nis
-1, |x|=a -
PlotPanel
s
LeftPanel ot
Ean
s
at
1+
Energy by Guessing... | Eigen Energy Calculation.. |
T8RN BALTE Eigen state TERAISAIARZLY ...
ATt -10.0 f9 0.0 Twakete o
FooterPanel

U7 4.4 Haldsunsaninemaz (i panel usiaz panel a19dpuLL BasePanel
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MauaRsnInnaiinaestednduasAeiiunau azuansaguu Plot Panel  2W1AZE
fnfianPlotPanel axitlasuutaslUpnmnnanssanmitfliliomn qnlraasAunasszuy
Adman A NI TLEAINALNIBNTNAZUAN AN 991N 9A lABD AR T LR ARANT 1
nmanasansnsadiaaans wn1991a3Una fnuw PlotPanel  Aefimeiinisulasqn
TrpafAmmannnanisAanmsadamandidugalraasimauneanimetauiiazan
ANa9

qalABaSAAYDY PlotPanel UuaDANaZENHY 90 (0,0) Annundne x feufuuan

o 1% 1 @) 4 % 1% 1 1%
Tnesiuluniedinueanie y fanduuandesiuaslUniediuans fagy

U

(0,0) 3

.................... s(x , y ) panelHeight

I
sCreen © screen

panelWidth J

JUA 4.5 UAAIAIUNTN X, y UUIBAN

MNNTNRBANI NN NATIAAINAS T2HINNN X LAY y ARNTNNANTENIN AT X HAN
[ dl % [ v = [ dl o Y 1 1 = @)
WnauEeunimiesdnudne wazdaiduuon Wesiuluniediaumnn  aaudn y  HAandwuan
v o a 1 42’ P [~ A o a 1 ° o 4' %
muuTumﬁmmwu memmmuLmuuTuWﬂmmmq m'ﬁmﬁzﬂmmmmmwfmmmcg

ATUIDIHINABARILUANUT PlotPanel FIRFINITONTEA F ARSI Fa9a1fan1TuLag

FIRNNTSD (1
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yMax

xMin xMax
(0,0)

yMin

3

| a a { =4
71 4.6 usnsgalrpesAumatiamansindonactunszaunsw

Wensusnumds (x, y) o o asnsaudaadu sdusss (x, y) Duitudl PotPanel 289

v
=

qan (solUazBandn x . W82 Vi, ) 90
X = (X+ XMin)x paneIW|dth
(xMax — xMin)
anelHeight
yscreen = (yMaX - y) X p g -
(yMax — yMin)

FUNHITIILIIARNN X ( XAXISROW) WRZ WK Y ( yAxisCol) wnlfann

yMax ) x panelHeight

xAxisRow = round (—————
yMax — yMin

yAxisCol = round (—— My, banelWidth
XMax — xMin

ATFINANY X WATHNU v [FAnasia (L5
WA X: bg.drawLine(0, xAxisRow, panelWidth, xAxisRow);

WA e bg.drawLine(yAxisCol,0, yAxisCol, panelHeight);
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A cor A o a4 & A Y o o
T‘Hﬂﬁﬂl‘ﬂ@:ﬁ’)"lﬂﬁ\?ﬂﬁuﬂﬂu GE‘ViLLﬂ‘H X ’N"IN’]iﬂL@ﬂu‘?.luLﬂﬂuﬂ\‘l\fﬂﬁﬂﬂiiﬁﬂﬂﬂ'ﬂﬂw&ﬂﬂ’]u NN

VN HLARIUARN offset 289U y AT

Yoitser = round (Mx panelHeight) — xAxisRow

yMax — yMin

sUnsmpstndnduazileriduntnsasayniafianus n fne g lnadsnuanaiies

U 9
L4

1 o/ A
UNATPNU

1'%

Il o { ! v ] 1 [~ v ke
UaFNTUULRARYN TANNATN 4 e SAnan —10 vidag @esfuannis (Fead

V=0 [|x|>2
V=-10|-2<x<2
n=1 n=2
——— |
=3 |
- .‘. - n=4 1
I R —
n=6
n=5

1
o/

U7 4.7 Werddupauluadnduuu@manniifinan@ndnrin
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vadnduuunisnluan vde snsueiin sesdaiawmas Halannisnd
1
V==x
2
% i B [ =
\ P 2N 4 ; .
’," =t ‘-____ St “ \
— "x\\x‘ | A R o= \x\& \_ - /
=1 . .n =3

o/

it 4.8 Weridupanbaladnduuusiuein seadaamesd 1 15
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UANSUULNIHAREN Triangular well aNNIFUBINANIUFNSIL

V =2.0|x|

@ o

SN

¢
U

1%

U7 4.9 Werdupauluadndunuaumans
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UaAnguuy Square tangent well
1
V =——tan’x
560
_E S X S E
2 2
e NP il
: .
n=1 n=2 -
"ﬂ‘\_\ r M
x % L on
— ‘\I Ij" o
\{/
Nt /
n=3 .

U

U7 4.10 Wariduadnuludefnduuy Square tangent
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UaAnguUL inverse square hyperbolic cosine
10
cosh? x
\ f'/ \\ /

i W e . e \ Y
| |
\\:. ./ / \\\‘/_,-"I
= = A I", 4 . = \\‘ .r/.
\ 'l_ll _ /,; \\ };rf__
\ \ f! \\ 7
n=3 \ / _ \ /
\ / = \\
\17/ \
N1/ \[

U7 4.1 WerFupauTuUafguLLNINIAREN

U

VRITINNAFDY UATATI9EaUANNYNHDITaslsunsnuds FirlusunsnlUfnaaly

1 a 4 a & Vo A . { 4 I a @
widneBunesifin Tnefnsal37 www.electron.rmutphysics.com/SEID  iilai@ansiadumnasiin

v & o
e lFfFumae sanw
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- .
wuudrasseymaludednduuusha g

(( veaaslinullsunsudaavaumaluadnd click here
=2

Tusunsufitdl

ayaiatAfaui tutadng 1

G = 4 o b =
tndaunlutiadndunusing 9 Waediitunduuasaummiu uas
FmasEdmd L Ada e ¢

funaunsmeaas Hfd

U, - .o ’ .
1. Raniadndifaaemsssdne fvadndimdanad 5 wuue

AR 5 A - e
i mninkaauEniia tadnd

wuuvsTiuan(Parabola)  iadnduuuEmumdsumanng
i i ks N tangent i T unudn
Hyperboli

LR ]
|

U7 4.12 Fune AlERaaslsunsnsansenaluafnduuusing o

Y 9

dl a S ¥ i 1 o/ 4 1 o v v
HBEAXNNYIYD ﬂQWNTﬁTﬂﬁLLﬂﬁN’V’]@ﬂQﬂHﬂ’] V’]Tu‘l_lﬂﬂﬂilm_l‘]_l FI VI’N’]H"VSZTG‘I‘WH’WI’]

‘amTﬂ‘sLm‘mﬁqgﬂﬁ 4.13

i Eigen Energy Calculation..

U7 4.13 Walflusunsuvihemnuasednedunasiis
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4.3 Tisunsuéiuaiiyu (Source code)
dl o o 1 v ' @) A o
Lu@mﬂfl‘s@mmméﬂmsfuumﬂﬂLmum'm 7 WAANALTNNTIAN LAZAINIT0YIN9TY

I I Aa & 1% [ o o I~
NLLASDATEDILADS LTIR @:T&]Tﬂ‘jl,m'ﬁmuauu(Source code) 41113 17 A waniflulszinn

a(
e

1. daufillunisfuane aunsmsefawesd wuu 1 8& (Fun SchrodingerD.java

A @

F1H1FARIATNAIUTIT AT UNITI9Ne uazeiduARNYBIaNNTA Fonduralaaas

Tusungnteinsaassi

2. duiiduieridurastadng [Aun SquareWelljova (UafngduuufmagnaInuan

-3 1 o/ 4

971m)  Parabolic.java (Uadngdaasandnafin aaa@aiamas) Triangularjova (Uefnguuy

o/ L4

ATHINRYNANNINT)  TanSquare.java (UAANSLULLVIWIGUANIRIEDY) LA InveseCosh.java

1
A 2

Wadnduuulaeuedn aerindsass) WaflidenAnuvadnduuuln fedduesadng
mmﬁu%gﬂlﬁﬂﬂfﬂmﬁ SchrodingeriD.java uazirisifunsasinemans Undanuuaanin

3. gouiidiucontainer nanaaslUsunas Tneld SWING GUI uazdawndiuiiu Input 98
Tusunsw Taud  BasePaneljova  iunsaumsindnsndndiussqiindnsin ¢ (iiamun
LeftPanel.java ¥ un19uamnena ComboBox A n5uULAanuasng InputPaneljava
EnergyPaneljova  QuantumStatePanel.java T%z%m%uﬂ@u%ﬂg@Lﬁ'mﬁ’uwﬁammm: NOHE

ATDUAN ﬁ’qmﬂﬂ‘nmiuﬁgﬂmﬂ%cﬁu FooterPanel java WAz HeaderPaneljava T#uans

1
o oA

aEesdearAeulUnnsinUadndiiden

4. dnfiuananansain & 2 TWE Ae  PlotPanel java azifiunsinsnanantunisuans
awnafinvianae deusiidengusdndiiuannnds Beuun x uag y 59898es1aes
1979 @eugUilsdduntmdodndesnudenll sa8%9n1s update wiinee Lflafinns
Wasuuasiaiadng Taesl SEPaneljava ifudadmuantsfinedeing o

5. dsiidunnadnaesTusunss waouiu main program Ae mainApp.java  Tulsunss
A BNFW T U sunTai

sneazdanvalsunsara 17 METHsusanBARsatulunianuan 4 Tusunsnens

p=} (% (% @ o @ AAa, 1 a o - 1% o
Nﬂ"l‘iLLﬂT?.l U‘iUﬂ’EGLZ\]ﬂ T HWBE FRNTLYNUITNTUALANTIENIRNTFTITERULE ABIN19ALRUL

TUsunsnfifinns update g &850 download (H71 www.electron.rmutphysics.com/seld



-71 -

uni 5

ﬂ?ﬂuﬂzﬂﬁﬂiﬁﬁwﬂ

naRmulUsunsiefnuinuusiansaynialulefndunusing q naean i

k4
v A

VARaUNITI AUl adaunnIesing g win ansnagUuaraRUtNa AN [HeaT

5.1 ﬂgﬂwamsﬁ%’ﬂ
5.1.1 m,}mﬂLﬂﬁ@uﬁ“ﬁuﬂ@ﬁmﬁmuﬁmﬁﬂuﬁﬁmmﬁﬂ@?ﬁm
dl dl 1 o/ o’dld v 1 o/ = 1 o/ 4 o/ 49/
BUNIANIA M LARDWT IHUaFNEARANNSNIVINAL 20 ANANTasLadng V @l
-V, if—a<x<a
V = .
0 if |x| >a

NN3AMIINASN (E) pvaynaluledndfissiunaseun o g laedshnsnzd

AMNITON [FAN AN (2.32)

2m E
2a,[—(V,—E)=(n-Dz+2tan*
ﬁfhz Vo—E)=(n-1) V,_E

Twmisapzaen aunisazgnangUmaeiles

2a,/2(V,—-E) =(n-Dz+2tan™" E

V,-E

AN [T NS AU IINAS9TH E Il aRmIHAAT n =1, 2, 3 ... AN

ADILD WINHU 4 WHY (a0 = 2) WAZAMNANTBILBANGWINAY 10 o

1%

5.1.2 m,}mﬂLmﬁﬂuﬁsfuﬁ@ﬂﬂﬁl,l,uum%mﬁﬂ ADNTALALIIDS

1 o/ o o/ Y 1
ANNIFUBIUB NN AT Vv :Ex2

fazdumdssmn g =1, 2, 3, .)

4

NNIAMHIDINAIU (E) 9p9aynIAtuLadnd

Tngagaiasnedannnsari lFiann aunig (2.45)

_ 1
E, =ho(n-2)
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Tumdszazpean annsargnangUdsiies (h = w=1)

! a v o/ dl A v A
mmsfuﬂumimquwg WIBNNUATIHNANTALAND L HANK

1
E,=(-=
n1 = 2)

¢ o 1A

N@ﬁwﬁ‘ﬁfﬁmﬂmaLmauf«?mmméﬂfmsfuﬂ@ﬁﬂﬂ AUAT [Hannn1AI A lAL NS LYY

€

AOUE Square well % Parabolic (Harmonic %
n ATTHARTA Oscillator) ATHARTA
NARNESNN | HAAWEANN | WAREW | HAAWEANN | nadNEean | nReu
Tusunsu ANNT TUsunsn | aunng
1 ~9.752 280 | -9.750697 0.016 +0.500 +0.05 0
2 -9.011696 | -9.005423 0.069 +1.500 +1.50 0
3 -7.786 852 | -7.772970 0.178 +2.500 +2.50 0
4 -6.095 848 | -6.071860 0.395 +3.500 +3.50 0
5 -3.977 063 | -3.941455 0.903 +4.500 +4.50 0
6 -1.536 339 | -1.491250 3.023 +5.500 +5.50 0
7 +0.369 385 Unbound - +6.500 +6.50 0
state
8 +0.567 383 |  Unbound - +7.502 +7.50 0.026
state
9 +1.154 297 Unbound - +8.511 +8.50 0.129
state
10 +2.072 021 Unbound - +9.536 +9.50 0.379
state
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5.1.3 nadwsi [Fantadnduunau g uaaaanizai Fainnsduanestlsunsy

ﬁmmwmm"fw@ﬁﬂéwwﬁq T TlduansAIANARIALAREN INGI1ZINRN19ATHI AN

nguHNIIg Uiy
AN Triangular Square tangent Square hyperbolic
n cosine

V =2.0]|x| V:itanzx V:_—lo
560 cosh® X

VA VA

——<x<—

2 2
1 +1.283 745 +0.397 526 -7.999 999
2 +2.945 831 +1.578 424 -4.999 999
3 +4.092 519 +3.507 880 -2.000 000
4 +5.150 50 +6.107 141 -0.498 165
5 +6.073 163 +9.112 893 +0.136 219
6 +6.957 181 +10.363 892 +0.488 270
7 +7.775 388 +10.466 563 +0.997 425
8 +8.593 503 +11.360 108 +1.639 515
9 +9.418 333 +11.729 493 +2.402 942
10 +10.318 601 +12.688 721 +3.281 116

5.2 aAUsIUNR

o A @ ! = o = 1% 1 o A A a A
1. NANIUMIHUANITIZIINTDTUEAIDUAN N ‘V]ﬂ"l‘ur}mrﬂ@’]ﬂllﬂﬂﬂilLLUUNL‘V?@EIZH‘V]N

o

P=3 o o/ 1 o/ L4 -3 a g A ¥ A o/ dl o ¥ a
AMNANIINALRZUDANELLUTITHNDNN DDATALALADS Nﬂ”lsfﬂ@LﬂﬂQﬂUWWWHQMTQQWﬂWQEQ
m'ﬁﬁﬁmmmﬂﬂﬂmﬁué’amef%miqmmﬂm ﬁﬂﬁf"gﬁﬁdflﬂﬁﬂﬂﬁlﬁﬂﬁ‘jﬂu WAEANTPNTIADINRIA

windu 1 s ERnsudasnaulidumiog |

!
o A

2. vadndiliuuuusnans fpsgnandmdniedndffidenls V(- = Vv

v o1

wananiiflianso i UeAnguuuanT AN singularity 14999289 x ANIMuAH 1 Us

o

gl a ¢ 1 o/

o o 4 @ 7

ANgUUARDNY (Coulomb well) Lﬁu‘l_lfﬂﬂﬂ?-mLﬂmmﬂLLNWNTW?’\TWGI'mﬂg?Jm@N@NU URFNE
LUUYNI (Yukawa Well) iluadndianannuasuwuudia (Strong interaction) #ifinuntian
annatUaynane uflaefea vissensglazifia singularity 7 x = 0 Beazdosufiiiamn

nsfas iy sunsumuans wazsafiaaudieninis@aunsanisiuwms x = 0 Hfas
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3. dafnduuudn 9 Awde Buiddedndunuaumfsnausins dadnduuy
[ 1 % a

wwandnndsaey waziedndmleiuean taledindeans SeldfdalFanunguia

Wae Uiy
5.3 UDLAUDLNL
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Planck’s constant / 27 h 1.05457 x10-* Js
Avogadro’s constant Na 6.02214x102 mol™
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&7 1: CommonConstant.java

1 /* 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

9: {

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 = 0.007;
19:

20: /lpublic static final int MAX_LOOP = 50;
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21: public static final int MAX_LOOP =100;

22: public static final int ARRAY_SIZE=51; // Maximum equations
23:

24: ]

TW&7 2 : RootUtils java

1 /* File : RootUtils.java

2: * Project: Math Tools in Java

3: * Author : Wachara R.

4: * First Released: 01 Dec 2006

5: * First Updated : 13 Apr 2007 ( Thai new year day )

6: *Last Updated : May 02, 2011

7: */

8:

9: package classes.MathTools.RootUtils;

10:

11: import static classes.MathTools.Common.CommonConstants. *;
12: import classes.MathTools.Common.Function;

13: /** abstract class for finding root(s) of non linear equation */
14: public abstract class RootULtils {

15: Function function;

16: private int counter;

17: private int max_loop;

18: /** constructor:

19: * @param f function for finding its root.

20: * @param max_loop : maximum number of loop for finding root
21: */

22: RootUtils ( Function f, int max_loop)f

23: this.function = f;

24: this.max_loop = max_loop;

25: J

26: /** get the number of loop using for finding root

27: * @return the number of iteration

28: */

29: public int getLoopCount() { return counter;]

30: /** abstract method for getting the root value */

31 abstract double getRoot();

32: /** reset counter for counting iteration */

33: void resetCounter() { counter = O; J

34: /** test for sure that the root is still between two point

35: * @param x1, x2  interval that the root is between

36: ¥/

37: public void testinterval (double x1, double x2) throws BadIntervalException {
38: double y1 = function.Of(x1);

39: double y2 = function.Of(x2);
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40: if (y1*y2 >0 Il (x1 > x2)){

41: throw new BadIntervalException();

42: ]

43: ]

44: /** Checking if number of loop exceed the limit */

45: public void testLoopCount() throws ExceedLoopException |
46: counter = counter+1;

47: if (counter > max_loop)|

48: throw new ExceedLoopException ();
49: J

50: ]

B1: [** adbstract method for finding the next better value of root */
52: abstract void findNextPosition();

B3 [** dbstract method for doing iteration for finding root */
54: abstract void dolteration(int count);

55: /** test whether the root has been calculated */

56: abstract boolean IsSuccessed ();

57: /** gathering the process of finding root in here */

58: public boolean DoProcess() throws ExceedLoopException |
59: testLoopCount();

60: dolteration(counter);

61: findNextPosition();

62: return IsSuccessed();

63: ]

64: J

65:

&7 3: Bisection.java

1 /* File : Bisection.java

2: * Project: Math Tools in Java

3: * Author : Wachara R.

4: * First Released: 01 Dec 2006

5: * Last Updated : 20 Dec 2006

6: */

7 package classes.MathTools.RootUtils;

8:

9: import static java.lang.Math.*;

10:

11: import classes.MathTools.RootUtils.*;

12: import classes.MathTools.Common.Function;
13: import static classes.MathTools.Common.CommonConstants.*;
14:

15: public class Bisection extends RootUtils{

16: private double xLeft;

17: private double xRight;

18: private double xMid;
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25:
26:
27:
28:
29:
30:
31
32:
33:
34:
35:
36:
37:
38:
39:
40:

41:

42:
43:
44:
45:
46:
47:
48:
49:
50:
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52:
53:
54:
55:
56:
57:
58:

59:

60:

61:

62:
63:
64:
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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 xLeft\t\tf(xLeft) \txMId\\f(XMId\XRIght\WH(xRight)\n *);

System.out.printf("=========================================2");
System.out.printf('========================================\n");
*/

boolean 1sOK;

dof

ISOK = DoProcess();

/¢
System.out.printf( " %d \t%\t %A\t %\t%An",getLoopCount(),
xLeft,f_xLeft, xMid,
f_xMid,xRight,f_xRight);
¥/

Jwhile (1IsOK);
Vi try

catch (Exception ) [ System.out.printin( e);}
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76:
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79:
80:

81:

82:
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84:
85:
86:
87:
88:
89:
90:
91
92:
93:
94:
95:

™

—

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;
Jelse {
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;

1 4 : BisectionTest.java

/* File : BisectionTest.java

* Project: Math Tools in Java

* Purpose: Test class for non linear 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);

try|

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);

J

‘ﬁ 5: SWFunction.java

/* File : SWFunction.java

* Project: Schrodinger 1D

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

* First Released: 2 May 2011

* Last 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;

SWEFunction ( int n, double a, double d) {
quantumNumber = n;
halfWidth = a;
dept = d;
this.Of (x);
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}
public double Of(double x) {

return 2*halfWidth*Math.sqrt(2*(dept-x))-((double)quantumNumber
-1.0)*Math.Pl = 2.0*Math.atan(Math.sqrt(x/(dept-x)));
}
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4 squareWell3.nb
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Tusunsufiuaiiu (Source code)

Tusunasdnaiiufilsulgesngn (B9A19 19 NSNGIAN W.A. 2554) EeNauaRLIFH

1. donfiiwmadinTusunss mainApp.java wazlUsunssdinmunsnaed
SEConstants.java, CommonConstants.java, Function.java

2. Tuaunsuilidmanmdssmuailafunanasoynia SchrodingeriD.java

3. TUsunsuinduilsrsumasiadng SquareWell.java, Quadratic.java,
Triangular.java, TanSquare.java, InverseCosh.java

4. Tﬂ‘jLLﬂ‘jN‘ﬁL‘ﬁu panel #M5U comboBox wazidi input 189lUsunsu
HeaderPanel.java, LeftPanel.java, FooterPanel..java , InputPanel.java, EnergyPaneljava Wae
QuantumStatePanel.java

5. Tusunsadiifiunantunisuansnansn@in SEPaneljava waz  PlotPaneljava uaz

BasePanel.java

TW&# 1: mainApp.java

—

/* File:mainApp.java

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

4: * First Released: 19 Jan 2011
5: * Last Updated :

6: */

7

8: package JApp.SE1D;

9:

10: import java.awt.*;

11 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)
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this.title = title;
this.displayPanel = displayPanel;
setTitle(title);
initFrame();
]
[
* Initialize the frame.
*/
private void initFrame()
{
// Center the current frame.

Dimension screenSize =

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);

fl == full screen version————————————

I setSize(screenSize.width,screenSize.height);

/l setLocation(0,0);

- ——————————— o

setLayout(new BorderLayout());

add(displayPanel, BorderLayout.CENTER);

// Initialize the demo.

/I displayPanel.panellinitialized();

/| Window event handlers.

Iz
addWindowListener(new WindowAdapter()
{
public void windowOpened(WindowEvent ev)
{
repaint();
}
1
*/

/I Resize event handler.
addComponentListener(new ComponentAdapter()

{

public void componentResized(ComponentEvent ev)

{
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/displayPanel.panelResized();
}

[
* Update the display without repainting the background.
* @param g the graphics context
*

public void update(Graphics g)

{

/I displayPanel.panelDraw();

*/
public static void main(String argsl])

{

EventQueue.invokeLater(new Runnable()

public void run()

{
JFrame frame = new mainApp("RMUT Physics — RANAT1238AR",

new SEPanel());

frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setVisible(true);

frame.setResizable(false);

TW&# 2: SEConstants.java

1:

/* 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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10: public class SEConstants
11: {
12: /* Constants for Graphics */
13:
14: private static final Color MAROON
= new Color(128, 0, 0);
15: public static final Color BACKGROUND_COLOR = Color.orange;
16: public static final Color FOREGROUND_COLOR = Color.blue;
17:
18: public static final int NUMBER_OF_POINTS =300;
19: public static final double MAX_X_VALUE=5.0;
20: public static final double MIN_X_VALUE= -5.0;
21
22: public static final int NO_ERROR = 0;
23: public static final int MAXIMUM_NODE=20;
24: public static final double SE_DEFAULT_TOLERANCE = 1.0e-3;
25:
26: J

W& 3: CommonConstants.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

9: {

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;
19:

20: /lpublic static final int MAX_LOOP = 50;

21 public static final int MAX_LOOP =100;

22: public static final int ARRAY_SIZE=51; // Maximum equations
23:
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W& 4 Function.java

1: /*File : Function.java

2: * Project: Math Tools in Java

3: * 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

© ® N o O »

: * and its deritvatives

10: * @author Wachara R. ( Dec 14, 2006.)
1: %/

12: public abstract class Function {

13: /** return the value of f(x)

14: * @param x the value of x

15: * @return function of x

16: */

17: public abstract double Of(double X);

18: /** return the derivative of x

19: * @param x the value of x

20: * @return derivative at x

21

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

24: [** return the second derivative of x
25 @param x the value of x

26: @return derivative at x

27:

28: public double secondDerivativeOf(double x)
29: { return 0.0;}

30 :

™

—

‘ﬁ 5: Schrodinger1D.java

Jx
* Title: Schrodinger1D

* Description compute energy, eigen state and Wave function
* @author: Wach R

*@ version 0.1

* Date : April 23, 2011

* Last updated: May 2, 2011

* Schrodinger Eq :  dA2psi/dxA2 = 2*m/(hbar)A2(E-V)*psi
* define kA2 = 2*m/(hbar)A2(E-V)

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

double[] psi; // wave function of the particle.
double[] 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(inti=0; i< psilength; i++) {
x[i] = xValue;
newPotential = potential.Of(xValue);
if(potentialMin > newPotential)
potentialMin = newPotential;
if(potentialMax < newPotential)
potentialMax = newPotential;

xValue += dx;

J
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;

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

check your Potential and Energy ");

return;

]

// find the first point where E>V

for(int i = O; 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--) {
if((energy — potential.Of(current_x)) > 0) {
lastPoint = i;

stopX= current_x;
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break;

]

current_x —= dx;

// Actually, wave function value is not zero immediately
/I it still decay at the both sides
/I Left side :
double decay = 1;
current_x = xmin+firstPoint*dx;
while(decay > tolerance && firstPoint > 0) {
firstPoint——;
current_x —= dx;
// this region E <V the result shoud be minus sign
double k = Math.sgrt(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.sgrt(2*Math.abs(energy-potential.Of(current_x)));

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

[x%
* 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 = 0; // count the number of zero crossings.
boolean slopeChanged = false;
maxAmplitude = O;
double integral = O;
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) {
/I'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 i = O;i<firstPoint;i++) {
psilil = O;

X[i] = xmin+i*dx;

// state of the firstPoint
lastPsiState=0;
lastSlopeState = 0O;
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;

/I find wave function (psi) with Numberov method

/I the differential eq must be in a form

I dA2 psi [dxA2 = -kA2 (psi)
Il define kA2 = 2*m/(hbar)A2(E-V)
) mm e

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

slope = (psili] - psiState)/dx;

/I keep previous values for next step
lastPsiState=psiState;
lastSlopeState = slopeState;
lastXState =xState;
k2LastState = k2State;
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/ Now store current values
psiState = psilil;
k2State = k2;
xState = x[i] ;

slopeState = slope;

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

/I Integrate f(x) dx = deltaX ( summation fi - f0/2 -fn/2)

integral += psiState*psiState;

if(slopeState*lastSlopeState < 0)

slopeChanged = true;

if(psiState*lastPsiState < 0) |
node++;
slopeChanged = false;
]
if(Math.abs(psiState)>1.0e12) { // prevent diverging so much
for(int m = i+1;m<lastPoint; m++) { // fill remaining values
psilm] = psiState;
x[m] = xmin + m*dx;
}
break;
]
} /] end of ———-> for(int i = firstPoint+2

integral *= dx;
integral = integral —( psilfirstPoint]/2.0 + psi[lastPoint-1]/2.0)*dx;
// find the magnitude of wave function

double sgrtintegral = Math.sqrt(integral);

/1 fill the rest point at the right side
for(int i = lastPoint; i < psi.length; i++) {
psili] = psillastPoint-1];

X[i] = xmin+i*dx;

/*
/I check to see if last value is close enough to a crossing
if(slopeChanged&&(Math.abs(phi[phi.length-1])<=tolerance *maxAmp)) {

Crossing++;
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*/

normalize(sgrtintegral);

/I check normalize it shoulld equals 1
double sumOfPsi2 =0;
for(int i = firstPoint; i <lastPoint; i++) {
sumOfPsi2 += psilil*psilil;
J
I System.out.printin(" sum of Psi A2 =" + sumOfPsi2*dx );
return node;
]
/I Normalize wave function
private void normalize(double magnitude) |
if(magnitude==0) {
return;
}
for(int i = O; i< psi.length; i++) {
psili] /= magnitude;
psiState /= magnitude;
slopeState /= magnitude;
]

maxAmplitude /= magnitude;

o
* Solves the eigen energy with the given energy level
* @param int quantumNumber
* @return int node ( number of zero crossing of wave function
*/

public double[ | solveEigenEnergy( int quantumNumber)

{

double eMin;

double eMax;

int nodeCount=0;

int counter = O;

if(quantumNumber > MAXIMUM_NODE) |
System.out.printin("Quantum Number must not greater than
+ MAXIMUM_NODE);

return new double[psi.lengthl;

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

nodeCount = solveWaveFunction(eMax);
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285:// Increase energy until the number of node is greater than quantum number

286:
287:
288:
289:
290:
291:
292:
293:
294:
295:
296:

297:
298:
299:
300:
301:

302:
303:
305:
306:
307:
308:
309:
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311:
312:

313:

314:

315:
316:

317:

318:
319:
320:

321:

322:
323:
324:
325:
326:
327:
328:

eMax = eMax +( eMax-eMin);
counter++;

J

counter = O;

dof
double tempEnergy = (eMax + eMin)/2.0;

int crossing = solveWaveFunction(tempEnergy);

if((crossing == quantumNumber) && (Math.abs(psi[psi.length-1])
<= tolerance*maxAmplitude)) {

errorCode = 0;

return psi;
]
if((crossing > quantumNumber) Il ((crossing == quantumNumber)
&&(checkEvenNumber(crossing) *psilpsi.length-1] > 0)) ) {
eMax = tempEnergy;
304:

else |

eMin = tempEnergy;

]
counter ++;
Il System.out.printin();
] while (counter < 32 && (eMax-eMin )> ZERO_APPROACH);
errorCode = 1;
return new double[psi.lengthl;
]
Jrx
* Gets the x coordinates
*/
public double[] getXCoordinates() {
return x;
]
public double getDeltaX() {
return dx;
}
public double[] getWaveFunction() {

return psi;



-106 -

329: public double getEnergy() |

330: return energy;

331: |

332: 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: )

3571: }

352:

&7 6 : SquareWelljava

1: [**

2: * Title: SquareWell.java

3: * Description Square well potential.

4: *

5: * @author: Wach R

6: *@ version 0.1

7: * Date : April 24, 2011

8: ¥z==========================

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 halfWidth, double dept) {
18: this.halfWidth = halfWidth;

19: this.dept = dept;
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21

22: public double Of(double x) {

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

24: return O;

25: else

26: return dept;
27: }

28:

29: ]

30:

&7 7 : Quadraticjava

1: Jox
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: ¥o——————=—===================

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:

TW&7 8 : Triangular.java

—

/**

* Title: Triangular.java

* Description triangular potential. V(x) = abs(x)
* @author: Wach R

*@ version 0.1

* Date : May 16, 2011

*

N
Q@

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

14: public class Triangular extends Function {

15: public double Of(double x) |

16: return Math.abs(x)*2.0;

17: }

18: public double DerivativeOf(double x) { return 1.0; |

TW&7 9 : TanSquare java

1: [**

2: * Title: InverseCosh.java

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

5: * @author: Wach R

6: *@ version 0.1

7: * Date : May 16, 2011

8: *Last Updated: July 3, 2011 : National Election days.
9: e S R S F T T TP

10: */

11 package classes.SE1D;

12:

13: import classes.MathTools.Common.Function;

14:

15: public class TanSquare extends Function |

16: public double Of(double x) |

17: if(Math.abs(x) > 1.56) return 9.995;
18: else

19: return((1.0/560.0)*Math.tan(x)*Math.tan(x) );
20: ]

21:

22:

23: }

24:

TW&7 10 - InverseCosh.java

—

/%*
* Title: InverseCosh.java

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

*

* @author: Wach R



25:
26:

-109 -

*@ version 0.1
* Date : May 16, 2011
*/

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

public class InverseCosh extends Function {
public double Of(double x) {
Il return (3-6.0/(Math.cosh(x)*Math.cosh(x)));
return(-10.0/(Math.cosh(x)*Math.cosh(x)) );
J
/I public double DerivativeOf(double x) { return 1.0; |

11 : HeaderPanel.java
Jx
* Title: HeaderPanel.java
* Description Simple harmonic oscillator 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;

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

class HeaderPanel extends JPanel

{

/** header label */ private JLabel label = new JLabel(",SwingConstants.CENTER);

/** subHeader label */ private JLabel sublabel =

new JLabel("presented by RMUT Physics (www.rmutphysics.com)"
,SwingConstants.CENTER);

/** subHeader label/ */ private JLabel sublabel2 = new JLabel
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,SwingConstants.CENTER);

* Constructor.

* @param headerText the header label text

HeaderPanel(String headerText)

{

[

this();
label.setText(headerText);
Border raisedBevel = BorderFactory.createRaisedBevelBorder();
Border loweredBevel = BorderFactory.createLoweredBevelBorder();
Border compound = BorderFactory.createCompoundBorder
(raisedBevel, loweredBevel);

setBorder(compound);

* Constructor.

private HeaderPanel()

{

setLayout(new BorderLayout());
setBackground(BACKGROUND_COLOR);
label.setFont(new Font("Dialog", Font.BOLD, 16));
label.setForeground(FOREGROUND_COLOR);
label.setBackground(BACKGROUND_COLOR);
label.setOpaque(true);

sublabel.setFont(new Font("Dialog", Font.PLAIN, 14));

sublabel.setForeground(FOREGROUND_COLOR);

sublabel.setBackground(BACKGROUND_COLOR);

sublabel.setOpaque(true);

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

sublabel2.setForeground(FOREGROUND_COLOR);

sublabel.setOpaque(true);

add(label,BorderLayout.NORTH);
add(sublabel, BorderLayout.CENTER);
add(sublabel2, BorderLayout.SOUTH);
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72: * Set the header label text in color.
73: * @param text the text

74: * @param color the color

75: */

76: void setLabel(String text, Color color)
77: {

78: label.setForeground(color);

79: label.setText(text);

80: label.setBackground(BACKGROUND_COLOR);
81: ]

82: )

TW&# 12 : LeftPanel java

1: /* File:LeftPanel.java

2: * Project :Potential Well Simulation

3: * Author : Wachara R.

4: * First Released: 19 Jan 2011

5: * Last Updated : May, 05, 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.*;

15: import javax.swing.*;

16: import javax.swing.border.Border;

17: import javax.swing.plaf.ColorUIResource;

18: /fimport  static classes.PWS.PWSConstants.*;

19:

20:

21: [**

22: * The left panel that displays potential functions or

23: * some parameters of program.

24: */

25: class LeftPanel extends JPanel

26: {

27: public static final Color BACKGROUND_COLOR = Color.orange;
28: public static final Color FOREGROUND_COLOR = Color.blue;
29: private JComboBox functionChoices;

30: private JLabel selectedLabel;

31 private JPanel subPanell; // contain selected Label and JCombobox
32: private String names| | = {"F1.pong", "F2.png", "F3.png", "F4.png", "F5.png"};

33: private FunctionlmagePanel imagePanel;
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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;

Jx*

* Constructor.

* @param basePanel the parent for all panel

*/

LeftPanel( BasePanel basePanel)

{

this();

this.basePanel = basePanel;
subPanel1 = new JPanel(); //
subPanell.setLayout( 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_COLOR);
subPanell.add(selectedLabel);

functionChoices = new JComboBox(functionNames);
functionChoices.setBackground(BACKGROUND_COLOR);
functionChoices.setForeground(FOREGROUND_COLOR);
subPanel1.add(functionChoices);

add(subPanel1, BorderLayout.NORTH);
add(imagePanel, BorderLayout.CENTER);

functionChoices.addltemListener(
new ItemListener() {
public void itemStateChanged(ltemEvent event) {

if(event.getStateChange() ==
ItemEvent.SELECTED) {
choice = functionChoices.getSelectedindex();
imagePanel.display(choice);
LeftPanel.this.basePanel.setHeaderLabel("An Electron in

"+functionNames|choice], FOREGROUND_COLOR);
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LeftPanel.this.basePanel.setFunction(choice);

double minEn = LeftPanel.this.basePanel.getMinEnergy();

double maxEn = LeftPanel.this.oasePanel.getMaxEnergy();
LeftPanel.this.basePanel.setMinAndMaxEnergy(minEn, maxEn);
LeftPanel.this.basePanel.setEigenEnergyLabel("Eigen energy = 0.0 in arbitary unit.",Color.white)
LeftPanel.this.basePanel.setPsiFlag(false);

Y if

[x
* Constructor.
*
LeftPanel()
{
setBackground(BACKGROUND_COLOR);
Border raisedBevel = BorderFactory.createRaisedBevelBorder();
Border loweredBevel = BorderFactory.createLoweredBevelBorder();
Border compound = BorderFactory.createCompoundBorder
(raisedBevel, loweredBevel);
setBorder(compound);

setLayout(new BorderLayout());

}
int getChoice() |

return choice;

private class FunctionlmagePanel extends JPanel

{
/** image buffer */ private Bufferedimage| ] bufferedimage=

new Bufferedimage(5];

/** buffer graphics context */ private Graphics gr;

private int index=0;

private java.net.URL url ;

FunctionimagePanel(String| ] fileName ) {

String folder ="JApp/SE1D/";

s
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122:

123: for(inti=0; i< fileName.length; i++) {

124: try{

125:

126: url = this.getClass().getClassLoader().getResource(folder+fileNameli]);
127:

128:

129:

130:

131: bufferedimagelil= ImagelO.read(url);
132:

133: ] catch (IOException e) | ]

134: )

135: setBackground(Color.orange);

136: ]

137: public void display( int i)

138: index =i;

139: repaint();

140: J

141: public void paintComponent(Graphics g)

142: {

143: super.paintComponent(q);

144: g.drawlmage(bufferedimage[index],0,0,null);
145: g.drawString( " url =" + url, 10,20);

146: ]

147: )

148: J

TW&7 13: FooterPanel java

1: [**

2: * Title: FooterrPanel.java

3: * Description the lower Panel of base potential.
4: *

5: * @author: Wach R

6: *@ version 0.1

7 * Date : April 23, 2011

8: ¥z==========================
9: */

10: package classes.SE1D;

11 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: import javax.swing.event.ChangeEvent;
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import javax.swing.event.ChangeListener;

Jx*

* 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;
[x
* Constructor.
*/
FooterPanel(BasePanel basePanel)
{
this.basePanel =basePanel;
setLayout(new BorderLayout());
setBackground(BACKGROUND_COLOR);
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("<html><font color=blue> Energy by Guessing...</font></html>", enPanel);
tabPane.addTab("<html><font color=blue>Eigen Energy Calculation..</font></html>", statePanel);
add(tabPane, BorderLayout.CENTER);
tabPane.addChangelistener(new ChangelListener() {
public void stateChanged(ChangeEvent evt) {
JTabbedPane sourcePane = (JTabbedPane)evt.getSource();
/I Get current tab

tablndex = sourcePane.getSelectedindex();

/*
double getinputEnergy() |

return enPanel.getinputEnergy();
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]

*

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

J

public void setEigenEnergyLabel(String txt, Color color) {
statePanel.setEigenEnergyLabel(txt, color);

}

public int getTablindex() {

return tabindex;

14 : InputPanel.java

Jx
* Title: InputPanel.java

* Description : Parent class for input Panel.
*

* @author: Wach R

*@ version 0.1

* Date : May 29, 2011

*/
package classes.SE1D;
import java.awt.*;
import java.awt.event.*;
import static classes.SE1D.SEConstants.*;
import javax.swing.*;

import javax.swing.border.Border;

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

class InputPanel extends JPanel

{

JButton calButton = new JButton("AWItd");

JPanel buttonPanel = new JPanel();

JPanel controlPanel = new JPanel();

JPanel blankPanel = new JPanel();

JPanel calButtonPanel = new JPanel();

/*%
* Constructor.
* @param headerText the header label text

*/
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32: InputPanel()

33: {

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

35: setBackground(BACKGROUND_COLOR);

36: setForeground(FOREGROUND_COLOR);

37: calButton.setForeground(FOREGROUND_COLOR);

38:

39: // GridLayout —- specified number of rows and columns and also
40: I/l 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_COLOR);
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: ]

&7 15 :EnergyPanel java

1: [**

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: ¥=m=========================
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: /import javax.swing.border.Border;

17: import javax.swing.text.*;

18: import java.text.DecimalFormat;
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19: import classes.MathTools.Common.Function;

20:

21

22: [**

23: * The header panel that displays title or any messages.

24: */

25: class EnergyPanel extends InputPanel

26: {

27: JLabel labelT = new JLabel(‘Tarmasemfiiiu Eigen state Tauntsmamzin ...1);
28: String str1 = " §ainlugad %

29: JLabel label2 = new JLabel();

30: private double minEn = -10.0;

31 private double maxEn = O;

32: private double inputEnergy;

33: JTextField textField1 = new JTextField("0.0");

34: DecimalFormat decFormat;

35:

36: /lprivate BasePanel basePanel;

37: private BasePanel basePanel;;

38: [**

39: * Constructor.

40: * @param headerText the header label text

41: */

42: EnergyPanel(BasePanel basePanel)

43: {

44: super();

45: this.basePanel = basePanel;

46: controlPanel.setLayout(null);

47: controlPanel.setBackground(BACKGROUND_COLOR);
48: label1.setForeground(FOREGROUND_COLOR);

49: label1.setBounds(10,15,300,25); //

50: controlPanel.add(label1);

51: label2.setFont(new Font("Dialog”, Font.PLAIN, 12));
52: label2.setForeground(FOREGROUND_COLOR);

53: label2.setBounds(20, 35,250,25);

b4 label2.setText(str1+(minEn)+ "§ " + maxEn+ “Gfuwﬂfmsfm q ");
55: controlPanel.add(label2);

56: decFormat =new DecimalFormat("0.000");

57:

58:

59: textField1.setForeground(FOREGROUND_COLOR);
60: textField1.setBounds(310,15,100,25);

61: controlPanel.add(textField1);

62: textField1.setDocument( new FloatFilter());

63: textField1.addActionListener( new ActionListener (){

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

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

67:

68:

69: ]

70: D

71: calButton.addActionListener(  new ActionListener() {

72: public void actionPerformed(ActionEvent e) {

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

76: D

7T:

78: )

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

80: {

81: this.minEn = minEn;

82: this.maxEn = maxEn;

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

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

85: lobel2.setText(str1+ minE +" &9 " + maxE+ " Tundaala 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: return ;

94: J

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

96: ] catch ( Exception ev) {

97: EnergyPanel.this.basePanel.displayUserError("You SHOULD input any guessing

value of energy.....!");

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 BadLocationException{
107: if(string == null) return;

108: for(int i = O; i <string.length(); i++) {
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109: if(allowedCharacters.indexOf(string.valueOf(string.charAt(i)))==-1)
110: return;

11: } /ffor

112: if(string.indexOf(".") 1= -1) {

13: if(getText(0,getLength()).indexOf(".") 1= -1) return;
114: ]

115: if(string.indexOf("-") 1= 1) {

116: if(string.indexOf("-") 1= O Il offset != 0) return;

17 )

118: super.insertString(offset, string, attr);

119: ]

120:

121 } /] end of subclass FloatFilter

122:

123: ]

W& 16: QuantumStatePanel.java

1 [**

2: * Title: QuantumStatePanel.java

3: * Description : Panel for eigen energy calculation
4: * at any quantum number.

5: * @author: Wach R

6: *@ version 0.1

7 * Date : May 30, 2011

8: e R e

9: */

10: package classes.SE1D;

11 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: /fimport javax.swing.JSlider;

17: import javax.swing.event.ChangeEvent;

18: import javax.swing.event.Changelistener;

19: import java.text.DecimalFormat;

20:

21

22: [**

23: * The header panel that displays title or any messages.
24: */

25: class QuantumStatePanel extends InputPanel
26: {

27: private int minState = 1;

28: private int maxState = 10;

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

31

32: JLabel labell = new JLabel(" AUARDAIEUGN () TIHDINITATUINANN ..");
33: String str1 =" n Slensdoust *;

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.

A47: * @param headerText the header label text

48: */

49: QuantumStatePanel(BasePanel basePanel)

50: {

51: super();

52: this.basePanel = basePanel;

53: energyLabel.setForeground(Color.white);

b4: energyLabel.setFont( new Font("Dialog",Font.BOLD, 16));
55: blankPanel.add(energyLabel);

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

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

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

70: ]

7 D

72: label1.setForeground(FOREGROUND_COLOR);

73: labelPanel.add(blankLabel);

74: labelPanel.add(label1);
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75: label2.setFont(new Font("Dialog", Font.PLAIN, 14));
76: label2.setForeground(FOREGROUND_COLOR);
77 label2.setText(str1+(minState) + * &9 " + maxState);
78: labelPanel.add(label2);

79: controlPanel.add(labelPanel, BorderLayout.NORTH);
80:

81:

82: slider.setForeground(FOREGROUND_COLOR);
83: slider.setFont(new Font("Dialog",Font.PLAIN,12));
84: slider.setBackground(BACKGROUND_COLOR);
85: slider.setMajorTickSpacing(1);

86: slider.setPaintTicks(true);

87: slider.setSnapToTicks(true);

88: slider.setPaintLabels(true);

89:

90: I slider.setPreferredSize(new Dimension(50, 20));

9t slider.addChangelListener(new ChangeListener() {

92: public void stateChanged(ChangeEvent event) {

93: quantumState = slider.getValue();

94: ]

95: D

96: controlPanel.add(slider,BorderLayout. CENTER);
97: decFormat =new DecimalFormat("0.000000");
98: J

99: public void setEigenEnergyLabel(String txt , Color color) {

100:

101: energyLabel.setForeground(color);

102: energyLabel.setText(txt);

103:

104: J

105:

106: J

TW&7 17 : SEPanel.java

1 /* File:SEPanel.java

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

* First Released: 19 Jan 2011

* Last Updated : June, 07, 2011
*

package classes.SE1D;

© ® XN o g~ abw

10: import java.awt.*;
11: import java.awt.event.*;

12: import classes.MathTools.Common.Function;
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import static classes.SE1D.SEConstants.*;

import javax.swing.*;

public class SEPanel extends BasePanelf

int potentialChoice = 0;

int numberOfPoints = NUMBER_OF_POINTS;
intn=1;

double xmin = -5, xmax = +5;

int widthPanel;

int heightPanel;

double yFactor;

Schrodinger1D se;

double energy;

public SEPanel() {

super("Potential Well Simulation in Quantum Mechanics");

se = new Schrodinger1D( new SquareWell(2.0, -10),xmin,

xmax, numberOfPoints);
double[] psi = se.solveEigenEnergy(n);
double[] x = se.getXCoordinates();

/IwidthPanel = 400; // getSize().width;

I heightPanel = 300; //getSize().height;
double maxAmplitude = se.getMaxAmplitude();
double energy = se.getEnergy();
yFactor = heightPanel/maxAmplitude;
}

TW&7 18 : PlotPanel.java

1:

© ® XN o g h abw

/* File:PlotPanel.java

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

* First Released: 02 June 2011

* Last Updated : 15 July , 2011

*

package classes.SE1D;

import java.awt.*;
import java.awt.event.*;
import java.awt.image.*;
import java.io.*;

import javax.imageio.*;
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import javax.swing.*;

import javax.swing.border.Border;

import javax.swing.plaf.ColorUIResource;
import static java.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;

2 /** label font */private 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 BasePanel basePanel;

private Function currentFunction;

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

/** selected tab in Footer Panel */ int tabindex = O;

B3:

54:
55:
56:
57:

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

double eigenEnergy;

58:

59:

isd
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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();

iftlyMax > 8) { yMax = 14; yMin =-2; ] else { yMax = 2;yMin=-12; }

i

System.out.printin("y min =" + yMin + " y max =" + yMax);

panelWidth = getWidth();

panelHeight = getHeight();

panelDeltaX = (xMax-xMin)/panelWidth;
panelDeltaY = (yMax-yMin)/panelHeight;

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

System.out.printin("===============\n\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
Il X axis ticks
for (int i =(int) round(xMin); i < round(xMax); i++) {
int column =(int)round((i-xMin)/panelDeltaX);
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);
II'Y Axis ticks
for ((int i =(int) round(yMin); i < round(yMax); i++) {
int row =(int)round((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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} 1/ for
]
void drawPotential(Graphics bg)
{
int xScreen [ | = new int[panelWidth];

int yScreen [ ] = new int[panelWidth];

currentFunction =PlotPanel.this.basePanel.getCurrentFunction();
for(int column = O; 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);
xScreen[column] = column;
J
}// for column
bg.drawPolyline( xScreen, yScreen, panelWidth-1);
J
void drawWaveFunction(Graphics bg)
{
int [ ] xScreen4Psi = new intNUMBER_OF_POINTS];
int [ ] yScreen4Psi = new intfNUMBER_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 i =0; i < NUMBER_OF_POINTS ; i++) {
xScreendPsili] = (int) round( (xForPsi[i] + xMax)/panelDeltaX);

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

}
bg.drawPolyline( xScreendPsi, yScreendPsi, NUMBER_OF_POINTS-1);
bg.drawLine(0, xAxisRow+yOffset, panelWidth-1, xAxisRow+yOffset);
)/1'if (psiFlag)

void doDrawing( ) {

repaint();
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TW&7 19 : BasePaneljava

—

/* 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: */

8: package classes.SE1D;

9: import java.awt.*;

10: import java.awt.event.*;

11 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: */

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 TanSquare(), new InverseCosh() |;
30: private Function currentFunction;

31 int functionChoice = O;

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: / psiFlag —- true, if wave function has been evaluated.

42: Vi -- 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;

Jex
* 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);

* Initialize the graph panel.
*/
private void init() |
currentFunction = functions[functionChoice];
setLayout(new BorderLayout());
if (headerPanel != null) add(headerPanel, BorderLayout.NORTH);
add(plotPanel,  BorderLayout.CENTER);
if (footerPanel != null) add(footerPanel, BorderLayout.SOUTH);
if(leftPanel = null) add(leftPanel, BorderLayout.WEST);

protected void setHeaderLabel(String text, Color color)

{

headerPanel.setLabel(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);
minEn = se.getMinPotential();

maxEn = se.getMaxPotential();
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90:

o1: }

92: public void setPsiFlag (boolean flag) {

93: psiFlag = flag;

94: }

95: public void setMinAndMaxEnergy(double minEn, double maxEn) |
96: footerPanel.setMinAndMaxEnergyLabel(minEn, maxEn);
97: J

98: protected void findWaveFunction(double inputEnergy) |

99: int crossing =se.solveWaveFunction(inputEnergy);
100: guessingEnergy = inputEnergy;

101: waveFunction = se.getWaveFunction();
102: psiFlag = true;

103: x = se.getXCoordinates();

104: |

105: protected void findEnergyAtQuantumState(int n) {

106: waveFunction = se.solveEigenEnergy( n);
107: psiFlag = true;

108: x = se.getXCoordinates();

109: J

110: void doDrawing () {

111: plotPanel.doDrawing();

112: ]

113: int getTablindex () {

114: return footerPanel.getTablndex();

115: J

116: double getMinEnergy() {

17: return minEn;

118: J

19: double getMaxEnergy() {

120: return maxEn;

121: J

122: public Function getCurrentFunction()

123: {

124: return currentFunction;

125: }

126:

127: double[ ] getWaveFunction() {

128: return waveFunction;

129: J

130:

131: double[] getXCoordinates() {

132: return x;

133: }

134: double getEigenEnergy() {

135: 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: ]

152:

153: double getMaxAmplitude() {

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

156: public boolean getPsiFlag() {

157: return psiFlag;

158: J

159 flmmmm e 1

160: /I Event handlers //

161: fl~mmmmmm e 1

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

172: */

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

175: /5%

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) {}

[x
* Notification that the plot bounds changed.
* (Callback from the plot bounds panel. Do nothing here.)
*/
public void conditionChanged() {}
Jox
* 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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