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Software development for the study of low-temperature atmospheric plasmas
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Low-temperature atmospheric plasmas (LTAP) have found their utilization in many of the
modern technologies such as industrial material’s surface coating and modification, medical
sterilization, and chemical processing. The low-temperature property allows the LTAP to
interact with various low-heat-resistant materials without damaging them, while the
atmospheric property allows the plasma to be generated and controlled without a

cumbersome vacuum system. Many of the current LTAP researches focus on identifying the

discharge mechanisms and evaluating the LTAP’s effects on various materials.

In this research, the LTAP generated in a DBD plasma source will be numerically simulated.
The goal is to create a software that enables more understanding of the discharge
mechanisms in a DBD, specially the microdischarge, which is one of the discharge
characteristics of a DBD, and the interactions between the charged particles in the plasma
and the neutral particles in air, which are non-negligible at atmospheric pressure. The
simulation will utilize the particle-in-cell (PIC) and the Monte Carlo (MC) methods in order to
follow various microscopic and localized interactions that can occur in the plasma. For
instance, the PIC method is used to model the interactions between the charge particles
and the local electric field, whereas the MC method is used to model the collisions
between the plasma’s charged particles and the air’s neutral particles. Both methods must

be solved simultaneously in order to obtain a “more” complete model of the discharge.

While the software will initially be created for only a specific case, i.e. LTAP in DBD, it will be
designed with an ability to allow for further expansion to model more general cases in mind.
Ultimately, the long-term goal is to upgrade the software so that it can be used for both
educational purposes (e.g. for students studying plasmas) and other general purposes (e.g.

for designing industrial plasma sources).
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n=[f(@)dv
(nv) = [ vf (D)dv
dlo dv = dv,dv,dv,
Andlnil (@, V) awsamwadlaainaunis
E=-Vo
Fadeunuailuannis (3a) a¢ld Poisson’s Equation

Vip =L

€o

nsrunglunataun

11

(4)

(5)

(6)

(7)

(8)

9)

sunanglunalaundeuiognasaaienusd U fuililillenanasvuiuiasiianaduiiied

saseludle
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anewluaudy inlvinasuaatveteuniaiiietesldsuly

WRSUAANIINSAADUTN

afeunefIlnldy
® U

Tnenrsvuanusasusladunanauszunm wu Elastic Collision, Excitation, De-excitation,

lonization, Attachment wag Recombination lyiNaduLlaaikane19iuy

£
]

UisLﬂwummiﬁuuiuwmamws%uag YUUAduvangvin SIUD

o aunaifeItestunisyl Wy seniedidnaseuiudidinaseu (e-e) sewintlessuriulessy
.. J a [y . 1 a [ 1
(iH) seninedianasournulossu (ed) seninedidnaseudvaynmalifivsey (e-n) wazn1svu
sgrielesuiveunaliivse] (in)
¢ AnunUILLNYeIaYNIAIMINY (BunIATIElAUYL)
o nuFiduinssznitounIAine e
® NFINUIAUYDWDUNIALITU (BUN1ATIAEINTIYL)
® MARRYINYBINTTVU (cross section)
USunaveamsvuwsasUssinvagtuegiuannudveansoy (V) anunsamuialaann
v = n{ov) (10)
oy n fie AnuvwLUuYeteunAldImvINg
& o a l -2
0 A9 MAFRYINYBINTTU Ay m

v fa awnnnusdnivssznieymadinewazayniadivu

drusunananndisddunisnszanediveseunianiuauss f(v) sl

(O'U) _ [ovf(w)dv

[ 7w (11)
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AMAAAVINIVDINITVU

AARAVINYDINITVULABLUTELANITLANUBANG1TU Felun1sAnwdazlranuaulanunisu

senindidnaseusazeunafinefilifiusey (e-n) Wesnnilunisvundunumddgiuiuiieniny

9

[

AUMY (AMUNLILLL) LT Tglangn1syuluugavegunse electron elastic collision

nMsvusuLanguszninedianaseutarounafinsdunssunndanuasiunaunsyuiiu
NaLIaUTINaINTTL InensvuasliviiliAnnsasuuUasaninnigluveseynmansaesviin
wazlifloynavdaludiindu wionvilinnusuasiiavisweseymadsulundanisyu

AARAYINTBINTTIUILTUDY AU

® NANUVDIBLANATOU WU N1IBUSTUINBLEANATEUAUBYNIAfITeIsnau (Ar) aed
NARRY9T9L (Total Cross Section) 111U 4.9246 x 10-20 wag 1.3783 x 10-20 m-2
dwFudidnaseuiingaanu 100 uag 1000 eV mudiy”™

o yilpuaafing 1t MIvusEHINBIdnasouRindsnu 1000 eV fusymaftwenineu way
sEvhadldnaseuiindsnuiieaiutvoynafediden (He) dnadavnssminiy 13783

x 10-20 kA% 4.4375 x 10°° m”~ auaeu’

s

M UABUMYAIRINILTIVEIDUNIASENINNDULAENAINTTY d@1nsadalannaunseysny

T UAULAENAI9Y
mﬁei + Mﬁni = mﬁef + Mﬁnf 12)
1 2 1 2 _ 1 2 1 2
S MVe; +5Mvm- = MVes +5Mvnf (13)

o M, M, Vi, Uy, Vg Uae Upp Ao 109048180AT0U 1989090UNAMNY ATUITINOUTUYDS
8LANATEU ANMULTINBUTUVBIBYNIANY AUSIAIVUVDIBIANATOU UATAIUSINGIVUTDS

aUNIAAY MNEWU Fudeudaunis (12) uay (13) aglinusmaivuvesdidnnsoulasouniafing

T Laboratory Frame &sivualimnuiinausuveseuniafineduagud wazfieiiniagenin

BLlaNATEUNIN UNGINUYBIBUNMATIwNoULazndwliuAB LAY (=0) Aatiy
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Vei = Uef (14)

wagynamuai 0 Wuynvesnisnssdwmaanswuluszuivvesnissu (Hawansluguil 1) Fudien
58319 0 Uae 1T agnuinA1ved O Tuegiussey impact parameter (b) uile b = 0 BianAsou

FandUIUNAN AT UAILAMULSWNNAY waziile b 1A1g9tu 6 Azilianas

O )

NAUTLS PR

UM 1 Msvunuuganguga M >> m

National Institute of Standards and Technology (NIST) 1avinn15iaLagsIUsANNIARAYIIUT
auius (do /d) uaznadnwiesin (07) 1INsTuLUUBargusEnINBidnasauiuayniafingi
L 1 9—’30 Iﬂl o U 1 a U 23 3 ld' L =
WA 137 Jsdmsunissuszninedidanaseudufingensnauiindsanu 100 waz 1000 eV 9l

v a v s i Y - °o w o 2 -21 2
AAAAYINATRUIUET B A9 A9FUN 2 Uag 3 AuaaU 1o a, = 2.8002852 x 10~ m
awalaiieu (2) yunseida (0) wasyusouwnu (@) IANuduiusasaunis

dfl = sin6dOde (15)

LAZEINITAATUINNIARAYINITINIAT N

or = fj—;d[) = fozn fonz—;sinede do (16)

(%

AN9URY O FTURYAUNSIUTRBLENATEUNINTIYY wazvlinvatounafinelmung JUN 4 uand

o7 dmsufinweninaulazdiae
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\WeannA1ves do/d aggaaniutiusn uazanasegesiniuile 0 untu diiuii o liinis

Waguwlasuntn

M d sigma/d omega vs theta

10!

100

d sigma/d omega (a0”2/sr)

80 100 120 140 160 180
theta (degrees)

JUN 2 MARRTINTIDURUSVDINITVUTENINBLANATOUNGIU 100 eV wag Ar (11AFRYINTIY =

4.9246 x 10" m?)

102

M d sigma/d omega vs theta

10t

100

d sigma/d omega (a0”2/sr)

10t

80 100 120 140 160 180
theta (degrees)

JUN 3 N1ARATINATIRURLEVDINITVUITENINBLANATOUNGIU 1000 eV wag Ar (11AFRYINNTIY

=13783x 10 m?) "
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20
18 ®
16 :
5 14
©
=
§1 g
o=
S
2 10 >
wn
3
S5 8 R y=248.59x05
5 ‘. R? =0.99831
2 6 e,
...
""" ®...0...
4 Boian, B MM @ o o
g
y =259.17x%7
2 . R?=0.99965
B DU
0 @ [ e @ - ®:---- ®-.... oS- ®-.... r Y Q- Qoo @rrrsss Y Qoo @rrress @rrrsss @ rrrre o
0 200 400 600 800 1000 1200 1400 1600 1800 2000
® Ar ® He e Ar (Fitted) — =woveeeee He (Fitted)

JUN 4 A1NNAFRYINTINTBINSTULULEAVEUSEINBIANATeUR VBN IATBIiTeISNauLALBIA Y

v

Aindsaueneg (g’ = 2.8002852 x 10 m°)
Debye Length

wanauUseneumeeynIaiuszadalnnanditunisidiauulii dewalidndlui o 9alag
lpsuBnsnanUseandeegrieaingatius ldifiuszeeiSondn Debye length (Ap) Wity gadmsu

Non-Equilibrium Plasma fif To>>T;

Ap = (EZI;—fleTe)l/Z (17)
o ks = Boltzmann Constant = 8.6173303(50)x10 " eV/K
n1seysnenasnuaeluszuy
nFalneTnvesruudnlzdend

d

— (Total Energy) = 0 (18)

Fedmsussuunusenaumeawuwivin aualiih waveuniaivszy Tugainia waanuaug

WU IUTENDUAY
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o ydanungluawulnidn aunsaruiulean
1 -2
Up =3¢ J, |E| av (19)
o  pFwuAngluauINLvdn aunsaswialaann
1 — 2
Ug=—1/[ |B| dv (20)
2p0 V
®  NHNIUIAUVBIBUNIA ANUTDANINLARIN
KE =Y. m |52 (21)
- l 2 l l

®  NHNIWAUY LU WAWIUAINTEU NAWUNITUYY YiT0 NEIUNAnTurTogedeludu

y o

\Weanandunsiseiialusenineunia 1usu

n1saysnylumuanluszuy

4

wfeiundsan lwuduvesssuulnazaersi nsdsunUasvelumududugud

dp
E =0 (22)

Y99N@UNS Lorentz Force @unsamunalaitiludusingesszuulaain

dp av; _ =
E=Zimig_fy pEdV (23)
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unil 3 TWUsHNSUNI591899
TUSHATUNNTINADINAUNITUMIEN1E Java Aeld Java Environment Version 8

LUUDNADY

1995718 lUN1531899UsENBUMETININ 2 Ta%99unilerali1nu Ground wardnanuniaseiiniu
wasdgusatulniiiuuy AC Aaguil 5 nsAwanene azdndnegluuiianiaula (Region of

Interest, RON) uludiuniogszninstilnimsaes Insluuniagesurelagldaunisnisauinuuy 3

ARl Cartesian Coordinate wWuman

UM 5 2935908uUUTNaed

[

atalsARgIele

o

MFARUTUTLNSIUU 1 wae 2 Sfeld@nwiusingnisaliilidndusosld
NIAILUL 3 TALINIe wasynaun1sineg Sanunsausudsudmsunisaiuiadu Cylindrical

Coordinate Wag Spherical Coordinate lotguriu
nelu ROl @snsamuuaAITuaua1ee laned
o @ndluiin (D) lneld

O Dirichlet Boundary Condition L UWSEUIY Y=y 8T Y=V ATRUALA

D (X, Ymin, 2) = a woz P(X, Ymax, 2) = b
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O Neumann Boundary Condition 141 UUTEUIU X=Xmin, X=Ximaxs Z=Zmin W8 Z=Zmax
mvuali @, (Xmin, ¥, 2) = @, O (e, ¥,2) = b, @,(X, Y, Zin) = C

war D,(X, Y, Zmax) = d

O Periodic Boundary Condition LU UNSZUIU Y=Y, Y=Ymox X=Xmin X=Xmaxs Z=Zmin
WaY 2=Zpmay MUUAE P (Xmin, V) Z) = P(Xmanes ¥, 2), P (X, Vinin, 2) =
D (X, Ymax: 2), P(X, Y, Zmin) = P(X, Y, Zmax), Px(Xmin, ¥, 2) =
(px(xmax' Y, z), (py (x, Ymin z) = (Dy (x, Ymax» Z) uae
(pz (x, Y Zmin) = (pz (X, Y Zmax)
o aunlit (B) Tnesvunls B(x, v, z) = B,X + B,y + B,2 viseaulniinasdily
ROI
o FilauazUsuaueseun1Aie 1wy Bldnaseu loseuvefing uazeuniavefing Ay
ymutLveseyNALAarylle AaaAEAITIEIRULAANILT s UL seYAALSAY
¥l (Fm35U Normal Distribution)
o SupsizenszmineeyMAfie WU iavesdunsiten eynadiieates (eyaadivulay

aunAdIMEng NMARAYINNYBITUNTATEN
1AM
nsenwlndldmaiianan 2 ¥fia Ae Particle-in-Cell (PIC) wag Monte Carlo (MC)
Particle-in-Cell

Iddniunmsmunravesauulniiuasauuwimanifidenisiedeuiivesounafiuse g uay
HATBIAUUIMUUYBIBYNIATUTEYANeY Nsipawuliil TneSudmenisirunganisAuIn

(Grid) wagiren1sAa (Cell) Mgl ROI sandaguil 6



Cell —_7

Grid —__

U7 6 Grid uaz Cell

Grid(, j, k) wansiis Grid Feeglusumis i, j uaz k luwwiunu x, y uae z

way k WWuIuUALAILE 0 §9911UYaY Grid Tussazwud
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ANANAU LABAUUALA |, |

Tunsil omvusleuniafieglu Cell seuq Grid Widuiilkasie Grid Aty Cell Jamsiivun

InalAeiu Debye Length

Ax,Ay, Az = Ap
= 2 aa P ) . . . .
PIWUINAIULIIVBIDLANHTOUUNITINTLAYNILUY Maxwellian Distributio

ALEY U WaE 0 ANUEIRY

(v-w)?

1 _
fO) = Fze >

Tneit 0 = (kgT,/m,)Y/? daiu

o= (52

e2n,

1/2

Andldin (@) 7 Grid fi1e9) aansawalaanaunis (9) Aeisauen
lngdmisu Grid Niegaelu ROI anunsaldeuaunis (9) Tuguves

Di—1,jk=2PijktPit1jk |, Pij-1k—2PijktPij+1k
(4x)? (4ay)?

D ig—1—2DP; i k+P; n

) k=1 i,jk ijk+1 __ qin

+ = - (z2)
€0 74,

(4z)?

n NUALRAYLALALTELUY

AUIBULUU Gauss-Seidel

=—fijk
. iLJ,

Feanusadngusiotiioruindndliling Grid i, j, k lngldenan Grid Trafes dail
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1
Pijr = 2[(4x)%(42)%2+(4y)%(42)?+(4x)%(4y)?]

X (£, (4x)?(Ay)* (42)?
+(Dig ik + Piyrjx) (DY) (A2)?
+(Dy o1 + Dy jrrx) (Ax)?(A2)?
+(Dyj ko1 + Dy jrer1) (D)2 (Ay)?]

TBAMWINIUTOURUY Gauss-Seidel TgAranmsawailuseunsunii (m) lunisAuinseudagdu

(m+1)

m+1 _ =
Ljk 2[(4x)2(42)2+(4y)2(42)2+(4x)2(Ay)?]

X (£, (4x)*(4y)* (42)°
+((pini-{j',k + <PZT£1,,-,;<)(Ay)2(AZ)2
(@I + PTi1s) (%)% (42)°
+(‘pz?:njjcl—1 + <1’ZT},k+1)(Ax)2(Ay)2]

TaglunisAuinwsarsavazlvaanrds (Residual, r) wsiag Grid

m+1 _ Pi—1jk=2PijretPivajk n Diil1k—2Pij kT Pijr1k
i,j,k (Ax)2 (Ay)2
_I_¢i,j,k—1—2¢>i,j,k+¢i,j,k+1 +fi
(Az)? iL,jk

FIAIUITOAIUIUAIANNARDTINAIYAUNT

2
m+1 __ m+1
Ttotal = \/Zi,j,k(ri,j,k

As1usavIzAtulUIunI

m+1 m
Ttotal " Ttotal
m
Ttotal

riitl < tol ues < dtol
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108 tol wag dtol A ARaMdRazaNNeausUls way dnsinswasunlasAnsndsasauigausuls

Cs

MuaaU Bendsdandilndrud
Wioly @ mﬂmiﬁwmmiw,wiamauﬁmL%’ﬂﬂé’mﬁgﬂéfmi'mﬁﬁu 191935 Over Relaxation #7¢
Relaxation Constant (w) Tun1susuan @ annniseuladlulmassou A9aunis

1 _ 1
Kty ]new =1 =w)P, +wolH

AU Grid ﬁagjiau ROI AdngluliAldlunseuanmzdulunnu Boundary Condition 6139 1y
® Grid ﬁagjwismu Y=Yrmin 3 <Di,j’k = 0 (Dirichlet)
® Grid ﬁagjwismu Y=Ymax 8 @; j o = AfmunsswAassnensalii (Dirichlet)
® Grid TOUUTEUTY X=Xy WAE X=Xy 3 Di_1jk = Piv1jk Gl @, (x,y,2) =
((pi+1,j,k — cDi_l,j,k)/(ZAx) = 0 (Neumann)
® Grid MOYUUTEUNY 227,y WAL 270y T Diik-1=Pijr+1 Gl @,(x,y,2) =

((Di,j,k+1 - cDi,j,k_l)/(ZAZ) = 0 (Neumann)

auulnidAnsay Grid Aulalaannaunis (8)

N

Eijk = ExjijiX + Eyjijkd + Ezjijiz o

Dit1,jk—Pi-1,jk

Extijae = 2ax
Pij+1k—Pij-1k
Eviin=—
ylij, 24y
Dijk+1~Pij k-1
Ezijx = —

24z

Ay () Aldlunsfuadnduarauliindue a dumises Grid Suinen
USinmeymaiinssaneieglu Cell idousou Grid tu mnfivnsanaynia 1 #lu Cell idousou
Ay Grid go - g7 é’fﬂgﬂ‘ﬁ' 7 usiaz Grid azlé’%’u@w%wamﬂayﬂmﬁ?ﬂué’md'guﬁlﬁwhﬁ’u faviuandu

n13EuNgN5aUSNENIR (Conservation for Mass)
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Ay

Az

5UN 7 aunialy Cell Ndeusaume Grid
ndiureteunIauu Grid lag avdusgiussegineseninteuniaiu Grid WU @4 Grid Mognng

wnndaglasudadiuidesnin lnsaunsadwindadiuvetouniauuusias Grid Awnegsluudn

7

[y

. . dxdydz
AFIUTDIBUNIAUY Grid gg = ————

AxAyAz
WAZHATINVRIERAIUVRIDYNIANTLY Tinsgangluuu Grid g, - ¢; AfRwvnAU 1 Ay
Nyijk = (Hasuvesdndiuveseyniaty Cell seuq Grid i, j, k) /(AxAyAz)

ANuFveseuNaliuszusaziasiUasunUasneliauulihuasauuwivinauaunis (1) g
spiliayniaiansedouil lngaunsaruinenusuaziuiidiiveseynase Leapfrog

Method 53uAU Boris Scheme #adl
Tegar =T T AtVipejn 37 = (x,y,2)

N =4 q =
Veratjz = U+ At%Et

Toe at =1+ (4 + (A %)) x3

N = L‘
U™ = Vp_pgyp + AL pw E;
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t = At——B,
2m

- 2t

S =

AAUTUAU DV_p¢/p AUIRIlAINENNTS

170—17—“/2 9 (& - D
——==—(E XB
22 = m (Bot DoxBo)

N _ N q = N ey

U—At/z —_ UO - At%(EO + v()XBO)
Awed E war B flglunisamuwindnadu Lﬂumﬁﬁ?’umﬁwmaymﬂ wRANAUILAIN Poisson
Equation tJumiisunises Grid Asiudsdndudesinnsussidiua a suniiveseunia tngld

131N Grid Megdensou Cell Moun1Atuaglung Interpolate Fadwsunisdnuil agld Linear

Interpolation @78 B-Spline Function

| e & Ap x, y w0 z

b(©) = [52

A

a = o A ay v ' A = a A @
didnaseudelianuannsalumsiadeuiilaaniteunindus lunataun sslimavasuuvasiduly
AuAMLIYEINATEIN (Plasma Frequency, Wye) Taamnsarmuiaildananumuiliuves

SannTau

e?n,

Wy =
pe EoMe

4

a9ty welianunsadnmun1siasuLUastle 39909 19uUn At THIANREAINIAIUVDINTT
Wasuwlasl Inevnluagiinuald

At < =2

Wpe
Monte Carlo

Tdwiuiassnissuwuudangussnindidnaseuiveyniaieliivszy Inedunuanuiiasdud

Bianmseu “I” awtinnssu (p;) 910
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—vnoAt

pi=1-e
dlo ;Ao Anusidivsszninadidnaseuiueuniafing (nevaluanusiveseyniafinges

Hosninauiiivesdianasounin 3ldnnuiivedianaseunnu v; 19)

N A9 ANUVLILYLTateUNALIINg (B1N1ATY) Ferput19azas

£%
= 1

0 79 NAFAYINNVINITVUTITUDHAUNSIUVDIDLANATOU

Y

%
aaa

At @9 1ian13u (Collision Time) &slunilAs Time Step U99A1TATUIN
N15UUILDDINANVULLD
Ry =p;
lng Ry \HuAduuuuainauefiiAiszning [0, 1]

Wafiansutu Aus @uinkasiinnis) veseunrazidsunlamwmiungniseysndlumudu (12)

¥ o
aaa (23

waznN1IEUSNENEL (13) Fsdmsunsvulunsdiinaveseyniafiteuinniuiavesdidnnseu
1N agdeldirwinrnuiivesiieuniafinguasBlannsoudIrAn uiiiAn1InNEIveBidnnsou

azasull Fausazienisaziianuinazduluvingu

agalsinuilosaneuiusniadnuinsveinissulidnuazdaguin 3 lnsnnizlendnunes

[
= =

SLﬁﬂmaquu Feaunsauszanalainniafnvnanisvuluwsasian1eilelndAesiun1AFRYIN

594 wazausafm AU Idvesdidnaseunanyuladu
u = (v;sinfcosg, v;sindsing, v;cosh)
6 = R,
¢ = 2mR;

a8 R, WAy R, Lﬂumfjuquaﬁ%amﬁﬁmﬁwdw [0, 1]

dmsumeiliall annsaldldtunissuguwuudug wuiu neldsunsunimududanvasdu

Module &sanunsarinnissusiadue laniusdenis
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N139AN13AUaYNIA

AUNIATIAGOUTNDONUBNVBULIATDITTUY A1U1509ANTTHA 2 35

1Y
aa o U

o litlodnaydes Tunildwiuveseunialussuuazanas wagndanuazgligneusng

3

1Y
[

o lihndudhszuvanilmssdiudeanuduringy luiiddviwreseynielussuuassingy

L4

WaENGIUILYNaUINY (35 Default vealusunsuil)

[
(Y

JUNDUNITAIUIN

SUT 8 uansasseuraansAailtluusias Time Step Inglunsazlssouazyhmaiudeyaifeatu
fumids Andli aunalaliwes Grid wazsumis Anas1 W wagszeysNsIAAouTIN
vosoynaliluguves Text File tisldlumslinszsiuazuansuanends msdmnazrgnaie
AsuUsIEIUILTEUTRILY

wanand Tuusiazsauagyinnistuninaf1eg Miettesiulszansamnisaiuin wasvinnisuseiu

a ¢ 1 1

AURANaITLANTY Tnewdadui@ndsine wu ndsausn Suiueun1asn uduy

AUIUTR AU

- v84 Grid
ATUIUAINY

/ WU

YUBUNA

AU
fndlin

( t=t+ At

A0
auulvh

AU

]
AU

AU ASIADU

AUNIRUNA AURANAN

5UM 8 1sUMTAIN



Normalization

wineeuiusesludagiulianuduiudunnndtlugausne usn1sinaesmisneuiamesndadl
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v

JodnintusossmtheanuiuasanuslunisiwaiiisUiouiisuiuinuueynaiuiasaay

[
(Y

AslnUIEAMUIILAZIRNALS I UNITAIUI Pl

Juppunsmullulaaztunau 39LA1n1s Normalize USunalazannisnigg MAgadeg tilean

Normalization Factor
Usuau AaLkUs
Usuna A1
. anneauruaunlnilugyyinie
anngounuaun i € “ 8.854E-12 F/m
€o
ANNEDUNIU AnngauRIuAUNLLVAN ludy N
. u | 1.257E-6 H/m
AUNNLILYAN Lo
178 m WIATDIDANATOU M, 9.109E-31 kg
U529 q U52qu09Biannsou e 1.602E-19 C
ALLE7 v AUEILES € 2.998E-31 m/s
, Avuatulag
AUNLLUY n n Y
AR
AU
o e’n,
ANDUDINAEIN Wy
oM,
C
AN l —
Wp
Phi t —
Wp
mec?
Fngludin d €
e
MW, C
P
s E —
de
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Normalization Factor
USuau Aauds
Usueu A
o Mewy,
AUULLULAAN B _—
4e
5
5 mec’n,
NAIU KE,PE —
Wp
TAsea3199a9lUsNsy

TWsunsunimuduilassaidiannsouueenduynuinmien fil

[

® Configuration Module dwsumvuamnsaulunIsAuIn lawn

O

O

O

AAeTinnge sauds Aran neauruaw Nl wazauuwiwdntugygina sy
Fousludoyauarielnddmiuiivieya

ApsiidmiunsAuIn T Aauvde (Residual) ieewiuls smsins
WasuuUasraavde (Residual Rate) fiwansuld ArasiinisHeunane (Relaxation
Constant) A11a7 (Time Step) waysaun1sAwIa LUUAY

fufinnseiunm sawds szeensdnaluin x, y uay z F1uUANSAULIN (Grid)
Tuwud x, y uay z suevesdndluiin uasauuuivan

Foyaveseynaluszuy s1uds vln 1wy Aranudiedwou (desndeddnves
ARLTILMDS ouNA 1 Mmiwesdufunuvetounasiafeiuniuainaue
$1urw) mnuiFuedsveteynA LagAININTENEFeIANILE

Toyadunsnzen s sunalivy eumaldming ¥llavedunsizen Al

ANAFAVIN

SuNAIRIFUAI9e) 19

® Grid Module @115

O

AS1LALAIANSUA YD Grid
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udeyainearu Grid lawn Arssusnu (id) duvis dndladn aunaliih uas
1 < ! .

AUNULUMANUBILARY Grid

ANUIUAIINNU I UUTLRAY Grid

AuIuFng Wi Nusay Grid

MuuauuliNusas Grid

& v . v '3

\iudayave Grid 1l

Sendoyania vedusar Grid ldnu
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UnNi 4 wan1snaaauluswnsutaziAsaeniananaduiwuy DBD

4.1 N1SNAFBUNITATUIUANE bR

Igvimsdszidiuanugndesvediusunsulunisawindndlil livihnisiaesmeteuluiwielud

o O(Vpmin) = 0, P(Ypay) = 1000 V, Lifloynaluszuy dslduagndeanuiiuandly
gﬂﬁ 9
o O(y,m) =0, P(Vmayr) = 1000 V, Bidnasouninamuiuiy 107 m” dslduad

wanalugui 10 FanuddianlnalAgar1Uszunamenisun Poisson Equation (9) lngnsa

o O(y,in) =0, P(Vay) = 1000 V, Wsneuarummnuiy 10 m~ delduadauans

Tugui 11 Fanuddialndifgaa1Uszanamenisun Poisson Equation (9) lngnsa
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4.2 NMIAYINENAIIU

IgvimsUsziiiuanugndesvedlisunsudmenisnsiaaeuniseusnendanuluseuuta lagld

[

TUSHWATULUU 1D kagMAIAINITINADININ

o Andluiilumudis 2 dunaylufiauuwivgn
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A sin(x) Fsazvibiinaussdngnieludu

nan153nae9e dt = 0.002 31171 300 58U A2891UIU 513 Grid Points (512 984) 581314
x = [0,4m] 14 Periodic Boundary Condition wazayn1Awiazsindnuiu 16384 aunia Lakan

wanslugui 12 Fadulumufiannnisalld Ae

®  YAWUlAYTINAIN
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NAIUIAULAENAINUAN Gz Asull
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Distribution T4 1D
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4.4 anuiqlunisAruan

[

Fusunsiuaiiviinudfyazeglutiswesnisud Poisson Equation Fsazdusgiunianiily
N13 converge UD9AT LazdLUs tol wag dtol fsmuniu Fomaludadieudiouldynis
Wisuisuanudilunisiwniuanugneesdmsulusunsuly 3D Tagviniseuaad 500 Time
step S1uUBYAIA 12800x2 Uniform Distribution 21x21x21 grid points uazld tol wag dtol ¥4

[

WuszsuAaunanazallasdnsIN1sasunlasasrasnasazaunuausulasail

tol dto LIAINITATUIN W&991U52U7 500 59U
10° 10" 5765 s 448.403937568018
107 10° 3951 s 448.403937568019
10° 10° 3867 s 448.403937568019
10” 10" 2721 s 448.403937568114
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AU
4.5 139N ANANENNYEA DBD

Tuawdded levinniseaniuutazas1aasaantdanatauiiuy DBD YU 2 viafinvinn1s@nw

NANANQUNN TR TANUAUUTIEINA UTD LTAP

WWIBIALLANAALLUU DBD le Parallel Plate

fisduuudsuandluun 16 tneldumuvelsdfinaduiangladiannia wasunvegiideudutaluih
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WIBINLLANAALLUU DBD wie Coaxial
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Wesudsluniswanlalasiau Lazoonuuu coaxial DBD st lUldlunsAnwinisauidelagldiuan
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cpsldn > CPS1DN.java

package cpsldn;

import java.io.File;

import java.io.FileNotFoundException;

import java.io.UnsupportedEncodingException;
import java.util.logging.Level,

import java.util.logging.Logger;

Jxx

* @author ppengvan

*/

public class CPS1DN {
private Config config;
private Grids grids;
private Cells cells;
private Energy energy;
private Particles pars;

private InteractionPairs ipairs;

public CPS1DN() {
config = new Config();
grids = new Grids();
cells = new Cells();
energy = new Energy();
pars = new Particles();
ipairs = new InteractionPairs();
}
Jxx
* @param args the command line arguments
*/
public static void main(String[] args) {
// Initialize all elements
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cpsldn > CPS1DN.java

CPS1DN sim = new CPS1DN();
sim.createSim();
sim.createFolder();
sim.grids.createGrids(sim.config);
sim.cells.createCells(sim.config);
sim.pars.createParticles(sim.config);

sim.ipairs.createlnteractionPairs(sim.config);

System.out.println("Grid size = " + sim.config.getGridSizeX());
System.out.println("Par dis = " + (sim.config.getXf()-
sim.config.getXi())/sim.config.getNumOfPars(1));
// // Listing
// sim.config.listConfig(System.out);
// sim.ipairs.listinteractionPairs();

// sim.grids.listGrids(sim.config);

// sim.cells.listCells(sim.config);
// sim.pars.listParticles(sim.config);
// sim.ipairs.listinteractionPairs();

// Calculate zero loop (t = 0)
sim.pars.updateCellLoc(sim.config);
sim.grids.updateDensity(sim.config, sim.cells, sim.pars);
sim.grids.updatePotential(sim.config, 0);
sim.grids.updateEField(sim.config);
sim.energy.calculateTotalKE(sim.config, sim.pars);

sim.energy.calculateTotalPE(sim.config, sim.grids);

try {
String s = sim.getNameSuffix(0);
sim.config.saveConfig();
sim.pars.saveParData(sim.config, s);
sim.grids.saveGridData(sim.config, s);
sim.energy.saveEnergyData(sim.config, s);

} catch (FileNotFoundException | UnsupportedEncodingException ex) {
Logger.getLogger(CPS1DN.class.cetName()).log(Level.SEVERE, null, ex);

return;
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cpsldn > CPS1DN.java

// Calculate subsequent loops
if (sim.config.getCycle() > 0) {
sim.pars.calculatelnitialVelocity(sim.config, sim.grids, sim.cells);
sim.pars.moveParticle(sim.config, sim.grids, sim.cells);
sim.pars.collideParticle(sim.config, sim.grids, sim.cells, sim.ipairs);

sim.pars.updateCellLoc(sim.config);

for (int i = 0; i < sim.config.getCycle(); i++) {

System.out.println("Cycle: " + (i+1));

System.out.printin(" ");

try {
String s = sim.getNameSuffix(i+1);
sim.pars.saveParData(sim.config, s);

} catch (FileNotFoundException | UnsupportedEncodingException ex) {
Logger.getLogger(CPS1DN.class.cetName()).log(Level.SEVERE, null, ex);

sim.grids.updateDensity(sim.config, sim.cells, sim.pars);
sim.grids.updatePotential(sim.config, (i+1)*sim.config.getDT());
sim.grids.updateEField(sim.config);
sim.energy.calculateTotalPE(sim.config, sim.grids);
sim.pars.moveParticle(sim.config, sim.grids, sim.cells);
sim.pars.collideParticle(sim.config, sim.grids, sim.cells, sim.ipairs);
sim.pars.updateCellLoc(sim.config);

sim.energy.calculateTotalKE(sim.config, sim.pars);

try {
String s = sim.getNameSuffix(i+1);
sim.grids.saveGridData(sim.config, s);
sim.energy.saveEnergyData(sim.config, s);

} catch (FileNotFoundException | UnsupportedEncodingException ex) {
Logger.getLogger(CPS1DN.class.cetName()).log(Level.SEVERE, null, ex);

return;
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}

try {
sim.grids.savel astEFieldData(sim.config);

} catch (FileNotFoundException | UnsupportedEncodingException ex) {
Logger.getLogger(CPS1DN.class.cetName()).log(Level.SEVERE, null, ex);

public void createSim() {

// Initialize Simulation Parameters

config.setTol(Input. TOL); // absolute tolerence for residual (for field solver)
config.setDTol(lnput.DTOL); // tolerence for residual rate of change
config.setW(Input.W); // relaxation constant
config.setDirName(Input.DIR_NAME); // name of data folder

config.setSetName(Input.SET_NAME);

config.setDT(Input.DT);

config.setCycle(Input.CYCLE),

config.setXi(lnput.X 1)

config.setXf(input.X_F);

config.setNumOfX(Input.NUM_OF GRID_X);

config.setVi(lnput.VOLTAGE ),

config.setVf(lnput.VOLTAGE F);

config.setVw(Input.VOLTAGE W),

config.setVt(Input.VOLTAGE T);

config.setGridSizeX((config.getXf()-config.getXi())/(config.getNumOfX()-1));

config.setNumOfParType(input.NUM_OF PARTICLE_TYPE);

for (inti = 0; i < INpUt.NUM OF PARTICLE TYPE; i++) {
config.setParClass(Input.PARTICLE CLASSIi]);
config.setNumOfPars(input.NUM_OF PARTICLE[]);
config.setCharge(Input.PARTICLE CLASS[i]);
config.setMass(Input.PARTICLECLASSIi));
config.setVXAve(input.V_X_ AVERAGE]);
config.setVXStd(Input.V_X_STANDARD_DEVIATIONI]);

}

config.setinType(Input.INTERACTION_TYPE);
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for (inti = 0; i < INnput.INTERACTION TYPE; i++) {
config.setinc(Input.INCOMING[I]);
config.setTar(Input. TARGETI]);
config.setinteraction(Input.INTERACTIONII]);
config.setXSection(Input.CROSS SECTION[]);

public void createFolder() {
File dir = new File(config.getDirName());

boolean success = false;

if (\dir.exists() {
try {
dir.mkdir();
success = true;

}
catch(Exception e) {

System.out.printin("Error creating data folder."),

System.out.print(n(" ");
}
if (success) {

System.out.printin("Successfully create data folder.");

System.out.printtn(" ");
}
}else {
File[] files = dir.listFiles();

for (int i = 0; i < files.length; i++) {

if (files[i].getName().startsWith(config.getSetName() + " ") {
files[i].delete();

public String getNameSuffix(int i) {
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String s = Integer.toString(i);

int digit = String.valueOf(config.getCycle()).length()
int digits = s.length();

for (int j = 0; j < (digit-digits); j++) {

s="0"+s;

return s;

’

cpsldn > Cell.java

package cpsldn;

Jxx
* @author ppengvan
*/
public class Cell {

private int id;
private int g0;
private int g1,

public void setID(int idVal) {
id = idVal;

}

public void setGO(int gOVal) {
g0 = g0Val;

}

public void setG1(int g1Val) {
gl = glVal;

public int getID() {

return id;
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}

public int getGO() {
return ¢0;

}

public int getG1() {

return ¢1;

cpsldn > Cells.java

package cpsldn;

import java.util.ArrayList;

import java.util.List;

/**

*

* @author ppengvan
*/
public class Cells {
private final List <Cell> cells = new ArrayList<>();

private int numOfCells;
void createCells(Config config) {
// Create cells and get neighboring cells
inti=0;
System.out.print("Creating cells.....");
for (int ix = 0; ix <= config.getNumOfX() - 2; ix++) {

Cell cll = new Cell();

cll.setID(i);
cll.setGO(ix);
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cll.setG1(ix+1);

cells.add(cll);

=i+ 1

numOfCells = i;

System.out.printin("done.");

System.out.printtn(" ");

public void add(Cell cell) {
cells.add(cell);

}

public Cell get(int id) {

return cells.get(id);

public void listCells(Config config) {
// List cell values

System.out.printin("Number of Cells =" + numOfCells);

System.out.printin(" ":

for (Cell eachCell : cells) {
System.out.print(eachCell.getiD() + " ")
System.out.print(eachCell.getGO() + " ")
System.out.printin(eachCell.getG1() + " ");

public int getNumOfCells() {

return numOfCells;
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package cpsldn;

import crossSection.DefaultCrossSection;
import interaction.Defaultinteraction;

import java.io.FileNotFoundException;

import java.io.PrintStream;

import java.io.PrintWriter;

import java.io.UnsupportedEncodingException;
import java.util. ArrayList;

import java.util.List;

import material.DefaultMaterial;

import material.Material;

Jxx

* @author ppengvan

*/

public class Config {
private double tol;
private double dtol;
private double w;
private String dirName;
private String setName;
private double dft;
private int cycle;
private double xi;

private double xf;
private double Vi;
private double Vf;
private double Vw;
private double Vt;

private double gridSizeX;

private int numOfX;
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private int nType;  // number of particle types
List <DefaultMaterial> parType = new ArrayList<>();
List <Integer> numOfPars = new ArrayList<>(),

List <Double> charge = new ArrayList<>();

List <Double> mass = new ArrayList<>();

List <Double> vxavg = new ArrayList<>();

List <Double> vxstd = new ArrayList<>(),

private int inType;

List <Integer> inc = new ArrayList<>();

List <Integer> tar = new ArrayList<>()

List <Defaultinteraction> interaction = new ArrayList<>();

List <DefaultCrossSection> xSection = new ArrayList<>();

public void setTol(double val) {
tol = val;

}

public void setDTol(double val) {
dtol = val;

}

public void setW(double val) {
w = val;

}

public void setDirName(String name) {
dirName = name;

}

public void setSetName(String name) {
setName = name;

}

public void setDT(double dtVal) {
dt = dtval,

}

public void setCycle(int cVal) {
cycle = cVal;

}

public void setXi(double xiVal) {

xi = xiVal;
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public void setXf(double xfVal) {
xf = xfVal;

public void setVi(double vival) {
Vi = viVal;

}

public void setVf(double vfVal) {
Vf = vfval,

}

public void setVw(double vwVal) {
Vw = vwVal;

}

public void setVt(double vtVal) {
Vt = vtVal;

public void setGridSizeX(double gridXVal) {
gridSizeX = gridXVal,

public void setNumOfX(int noxVal) {

numOfX = noxVal;

public void setNumOfParType(int typeVal) {
nType = typeVal;

}

public void setParClass(DefaultMaterial val) {
parType.add(val);

}

public void setNumOfPars(int nopVal) {
numOfPars.add(nopVal);

}

public void setCharge(DefaultMaterial val) {
charge.add(Material.getMaterial(val).getCharge())




56

cpsldn > Config.java

public void setMass(DefaultMaterial val) {
mass.add(Material.getMaterial(val).getMass());

}

public void setVXAvg(double vxaVal) {
vxavg.add(vxaVal);

}

public void setVXStd(double vxsVal) {
vxstd.add(vxsVal);

public void setinType(int val) {
inType = val;
}
public void setinc(int val) {
inc.add(val);
}
public void setTar(int val) {
tar.add(val);
}
public void setinteraction(Defaultinteraction val) {
interaction.add(val);
}
public void setXSection(DefaultCrossSection val) {

xSection.add(val);

public double getTol() {
return tol;

}

public double getDTol() {
return dtol;

}

public double getW() {
return w;

}

public String getDirName() {

return dirName;
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}

public String getSetName() {

return setName;

}

public double getDT() {
return dt;

}

public int getCycle() {
return cycle;

}

public double getXi() {
return xi;

}

public double getXf() {

return xf;

public double getVi() {
return Vi

}

public double getVf() {
return Vf;

}
public double getVw() {
return Vw;

}
public double getVt() {

return Vt;

public double getGridSizeX() {

return gridSizeX;

public int getNumOfX() {

return numOfX;
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public int getNType() {
return nType;

}

public DefaultMaterial getParType(int num) {
return parType.get(hum);

}

public int getNumOfPars(int num) {
return numOfPars.get(num);

}

public double getCharge(int num) {
return charge.get(num);

}

public double getMass(int num) {
return mass.get(num);

}

public double getVXAvg(int num) {
return vxavg.get(num);

}

public double getVXStd(int num) {

return vxstd.get(num);

public int getinType() {
return inType;
}
public int getinc(int num) {
return inc.get(num);
}
public int getTar(int num) {
return tar.get(num);
}
public Defaultinteraction getinteraction(int num) {
return interaction.get(num);
}
public DefaultCrossSection getXSection(int num) {

return xSection.get(num);
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}

public void listConfig(PrintStream out) {

out.println("Simulation Config");

out.print(n(" ");
out.printtn(“dt '+ dt)

out.printin("Cyc "+ cycle)
out.printtn("Xi = " + xi);

out.printin("Xo =" + xf);

out.printin("Grid X = " + gridSizeX)'
out.printin("Number of X Grids =" + numOfX);
out.print(n(" ");

out.printin("Number of Charge Super-Particle Types = " + nType);

for (inti=0;i<nType; i++) {
out.printin("=======Type "+ i + " =======");
out.println("Type =" + parType.get(i).toString());
out.printin("Number of Super-Particles = " + numOfPars.get(i))
out.println("Charge = " + charge.get(i));
out.printin("Mass = " + mass.get(i));
out.printin("Average Velocity in X =" + vxavg.get(i)),
out.printin("STDIV Velocity in X =" + vxstd.get(i));

}

out.print(n(" ");

// out.printin("Number of Background Super-Particle Types = " + nBType);
// for (int i = 0; i < NBType; i++) {

// out.printin("=======Type "+ i + " =======");

// out.printin("Type = " + bParType.get(i).toString());

// out.printin("Number of Super-Particles = " + numOfBPars.get(i)),
// out.println("Density = " + bdensity.get(i));

// out.println("Weight = " + bweight.get(i));

// out.printn(’ Charge =" + bcharge.get(i))

// out.printin("Mass = " + bmass. get(i))'

// out.println("Average Velocity in X =" + bvxavg.get(i));
// out.println("STDIV Velocity in X =" + bvxstd.get(i));
// out.printin("Average Velocity in Y =" + bvyavg.get(i));
// out.println("STDIV Velocity in Y = " + bvystd.get());

// out.printn("Average Velocity in Z =" + bvzave.get(i));
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// out.println("STDIV Velocity in Z =" + bvzstd.get()));
// }
// out.printn(" ")

out.printin("Number of Interaction =" + inType);

for (inti=0;i<inType; i++) {
out.printin("=======Type "+ i + " =======");
out.println("Incoming Particle ID = " + inc.get()));
out.println("Target Particle ID = " + tar.get(i));
out.println("Interaction = " + interaction.get(i).toString());
out.println("Cross Section =" + xSection.get(i).toString());

}

out.print(n(" ");

public void saveConfig() throws FileNotFoundException, UnsupportedEncodingException

String configFname = this.getDirName() + "/" + this.getSetName() + " config.txt";

System.out.print("Saving config data.....");

try (PrintWriter file = new PrintWriter(configFname, "UTF-8")) {
file.println("tol =" + tol);
file.println("dtol = " + dtol);
file.printin("w = " + w);
file.printin("dt = " + dt),
file.printin("Cycle = " + cycle);

file.printtn("Xi = " + xi);

file.printin("Xo = " + xf);

file.printtn("Vi = " + Vi)

file.printin("Vf = " + Vf),

file.printin("Vw =" + Vw),

file.printin("Vt = " + Vt);

file.printin("Grid Size X =" + gridSizeX);
file.printin("Number of X Grids = " + numOfX);

file.printin("Number of Charge Super-Particle Types =" + nType);

for (inti=0;i<nType; i++) {
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file.printin("======= Type " + i + " =======");
file.printin("Type = " + parType.get(i).toString());

file.printin("Number of Super-Particles = " + numOfPars.get(i));

// out.println("Weight = " + weight.get()));
file.printin("Charge = " + charge.get(i));
file.printin("Mass = " + mass.get(i));
file.printin("Average Velocity in X =" + vxavg.get(i));
file.printin("STDIV Velocity in X =" + vxstd.get()));

}

file.printin("Number of Interaction =" + inType);
for (inti=0;i<inType; i++) {
file.printin("=======Type "+ i + " =======");
file.printin("Incoming Particle ID = " + inc.get(i));
file.printin("Target Particle ID = " + tar.get()));
file.printin("Interaction = " + interaction.get(i).toString());
(n(

file.println("Cross Section =" + xSection.get(i).toString());

cpsldn > Energy.java

package cpsldn;

import java.io.File;

import java.io.FileNotFoundException;
import java.io.FileOutputStream;
import java.io.PrintWriter;

import java.math.MathContext;
import java.util.logging.Level,

import java.util.logging.Logger;

/**

*

* @author ppengvan
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*/

public class Energy {
private double totalKE;
private double totalPE;

public void calculateTotalKE(Config config, Particles pars) {
totalKE = 0;
for (Particle p : pars.get() {
if (p.getCell() 1= -1) {
totalKE = totalKE + (0.5 * config.getMass(p.getTypelD()) * 0.5 * ((p.getVXP() *
p.getVXP() + (p.getVX() * p.getVX());
}

public void calculateTotalPE(Config config, Grids grids) {
totalPE = O;
double v = config.getGridSizeX();
for (int gx = 0; gx < config.getNumOfX(); ex++) {
if ((gx == 0) || (gx == config.getNumOfX()-1)) {
totalPE = totalPE + (0.5 * grids.get(gx).getEX() * grids.get(gx).getEX() * v / 2);
}else {
totalPE = totalPE + (0.5 * grids.get(gx).getEX() * grids.get(gx).getEX() * v);

public double getTotalKE() {

return totalKE;

public double getTotalPE() {
return totalPE;

public void saveEnergyData(Config config, String slide) {

String energyFname = config.getDirName() + "/" + config.getSetName() + "_energy.txt";
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System.out.print("Saving energy data from cycle " + slide + ".....");

try (PrintWriter file = new PrintWriter(new FileOutputStream(
new File(energyFname),
true /* append = true */))) {

non

file.printin(slide + " " + config.getDT()*Integer.valueOf(slide) + " " + totalKE + " " +
totalPE + " " + (totalKE+totalPE));
System.out.printin("done.");

System.out.printin(" ");

} catch (FileNotFoundException ex) {
Logger.getl ogger(CPS1DN.class.getName()).log(Level.SEVERE, null, ex);

cpsldn > Grid.java

package cpsldn;

import java.math.MathContext;
import java.util.ArrayList;

import java.util.List;

e
* @author ppengvan
*/
public class Grid {
private int id;
private double x; // location in x
private double V; // Voltage

private double ex; // E field in x direction

List <Double> n = new ArrayList<>(); //

public Grid(int num) {
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for (inti=0;i< num; i++) {
n.add(0.0);

}
public void setID(int idVal) {
id = idVal;
}
public void setX(double xVal) {
x = xVal;
}
public void setV(double vVal) {
V = wal;
}
public void setEX(double exVal) {
ex = exVal;
}
public void setN(int i, double nVal) {

n.set(i,nVal);

public int getID() {
return id;

}

public double getX() {
return x;

}

public double getV() {
return V;

}

public double getEX() {
return ex;

}

public double getN(int i) {

return n.get(i);
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package cpsldn;

import java.io.File;

import java.io.FileNotFoundException;
import java.io.FileOutputStream;
import java.io.PrintWriter;

import java.io.UnsupportedEncodingException;

e
* @author ppengvan
*/
public class Grids {

private Grid[] erids;
private int numOfX;

private int numOfGrids;

public void createGrids(Config config) {
// Create ¢rids, set boundary voltage, get neighboring grids, initialize some grid values
inti=0;
int gx;
int nType = config.getNType();
double x = config.getXi();
grids = new Grid[config.getNumOfX()];
numMOfX = config.getNumOfX();

System.out.print("Creating grids.....");
for (gx = 0; gx < NUMOFX; gx++) {
Grid grd = new Grid(nType);
grd.setID(i);
grd.setX(x);
this.set(grd,ex);

=i+ 1

x = X + config.getGridSizeX();
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}
numOfGrids = i

for (gx = 0; gx < NUMOFX; gx++) {

if (ex == 0) {
this.get(gx).setV(config.getVi())

}

else if (gx == (NnumMOfX - 1)) {
this.get(gx).setV(config.getVf() * Math.cos(config.getVt())

}

else {
this.get(gx).set\V(0);

this.get(gx).setEX(0);
}

System.out.printin("done.");

System.out.printtn(" ");

public void set(Grid grd, int i) {
grids[i] = erd;

public Grid get(int i) {

return gridsli];

public void updateDensity(Config config, Cells cells, Particles pars) {
// Calculate density at each grid

double tv, v, v0, v1;

double x;

int ¢, oc;

int typelD;

int g0, ¢1;

double tpar = 0;
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System.out.print("Calculating particles .....");

// total volume
tv = config.getXf() - config.getXi();
// differential volume

v = config.getGridSizeX();

for (inti = 0; i < config.eetNType(); i++) {
for (int gx = 0; gx < NUMOFX; gx++) { // Reset density of each erid
this.get(gx).setN(, 0);

for (Particle eachPar : pars.get()) {
if (eachPar.getCell() I= -1) {
¢ = eachPar.getCell();
typelD = eachPar.getTypelD();
x = eachPar.getX();
g0 = cells.get(c).getGO0);
gl = cells.get(c).getG10);
V0 = x - this.get(g0).getX();
vl = this.get(gl).getX() - x;

this.get(g0).setN(typelD, this.get(g0).getN(typelD) + (v1 / V));
this.get(g1).setN(typelD, this.get(g1).cetN(typelD) + (vO / v));

if (g0 == 31) || (g1==31)) {
System.out.printtn();
System.out.printin(this.get(31).cetN(typelD)/v);

// Also add particle contribution to the boundary cell on opposite side to handle
continuity

for (inti = 0; i < config.eetNType(); i++) {
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double temp;

temp = this.get(0).getN(i) + this.get(config.eetNumOfX()-1).getN(i);
this.get(0).setN(i, temp);
this.get(config.getNumOfX()-1).setN(i, temp);

for (inti = 0; i < config.eetNType(); i++) {
for (int gx = 0; gx < NUMOFX; gx++) {
this.get(gx).setN(i, this.get(gx).getN(i) / v);

for (inti = 0; i < config.gcetNType(); i++) {
tpar = tpar + (this.get(0).getN(i) * v / 2);
for (int ex = 1; ex < NUMOfX-1; gx++) {
tpar = tpar + (this.get(gx).getN(i) * v);
// System.out.print(this.get(gx,gy,gz).getN(i) + " ");
}
tpar = tpar + (this.get(humOfX-1).getN(i) * v / 2);

// System.out.printn();

System.out.printin("done.");

System.out.printin("Total number of particles = " + tpar);

System.out.printtn(" ");

public void updatePotential(Config config, double time) {

// Calculate potential at each grid, i.e. solving Poisson's equation
double V = 0;
double res = 0;
double f = 0;
double tres = 100;
double ptres = 1;
double dtres = 100;
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double dx = config.getGridSizeX();
int ct = 0;

System.out.println("Calculating grid potential.....");

this.get(0).setV(config.getVi())
this.get(numOfX-1).setV(config.getVf() * Math.cos((config.getVw() * time) +
config.getVt());

while ((tres > config.getTol()) || (dtres > config.getDTol())) {
ct=ct+ 1
tres = 0;
for (int gx = 0; gx < NnUMOFX; gx++) {
if ((gx 1= 0) && (gx != (NUMOFX - 1)) {
f=0;
for (inti = 0; i < config.cetNType(); i++) {
f = f + (config.getChargel(i) * this.get(gx).getN(i));
}
if (gx == 0) {
res = f + (1 / (dx * dx) * (this.get(numOfX-2).getV() + this.get(gx+1).getV() -
(2 * this.get(gx).getV()));
V = (1.0 / 2.0) * ((f * dx * dx) + (this.get(numOfX-2).getV() +
this.get(gx+1).getV());
}
else if (gx == (numOfX-1)) {
res = f+ (1 / (dx * dx) * (this.get(gx-1).getV() + this.get(1).getV() - (2 *

this.get(gx).cetV())));
V = (1.0/2.0) * (f * dx * dx) + (this.get(gx-1).getV() + this.get(1).cetV());
}
else {
res = f + (1 / (dx * dx) * (this.get(gx-1).getV() + this.get(gx+1).getV() - (2 *
this.get(gx).cetV())));
V = (1.0/2.0) * ((f * dx * dx) + (this.get(gx-1).cetV() + this.get(ex+1).getV());
}

this.get(gx).setV((1 - config.getW()) * this.get(gx).getV() + config.getW() * V);
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tres = tres + (res * res);
// System.out.printin(tres);

}

tres = Math.sqrt(tres);

dtres = Math.abs(tres - ptres) / ptres;

ptres = tres;

if (ct%1000 == 0) {
System.out.println("lternation #: " + ct);

System.out.printin("Total residual = " + tres);

System.out.printin("Number of iterations: " + ct);

(n(
(n("Total residual =" + tres);
(n(
(n(

System.out.print
System.out.printin("DTotal residual = " + dtres);

" ");

System.out.println

public void updateEField(Config config) {
// Calculate electric field at each grid from the neighboring potentials
double Ex = 0;

System.out.print("Calculating grid electric field.....");

for (int gx = 0; gx < NUMOFX; gx++) {

if (gx == 0) {
Ex = -(this.get(gx+1).getV() - this.get(thumOfX-2).getV()) / (2 *
config.getGridSizeX());
}

else if (gx == (numOfX - 1)) {
Ex = -(this.get(1).getV() - this.get(gx-1).getV()) / (2 * config.getGridSizeX());
}
else {
Ex = ~(this.get(gx+1).getV() - this.get(gx-1).getV()) / (2 * config.getGridSizeX());
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this.get(gx).setEX(EX);

System.out.printin("done.");

System.out.printtn(" ");

public int getNumOfGrids() {

return numOfGrids;

public double getDensity(Config config, int type, double x) {
int i = (int)(x - config.getXi()) / config.getGridSizeX());

double v = config.getGridSizeX(),
double v0 = x - this.get(i).getX();
double v1 = this.get(i+1).getX() - x;

double n = (this.get(i).getN(type) * v1 / v) + (this.get(i+1).getN(type) * vO / v);

return n;

public void listGrids(Config config) {

// List grid values
System.out.printin("Number of Grids =" + numOfGrids);
System.out.printin("Number of X =" + numOfX);

System.out.printtn(" ");
for (int gx = 0; gx < NUMOFX; gx++) {
System.out.print(this.cet(gx).getD) + " ");

z System.out.print(eachGrid.getGX0() + " ")
z System.out.print(eachGrid.getGX1() + " ");
z System.out.print(eachGrid.getGY0() + " ")
z System.out.print(eachGrid.getGY1() + " ");

System.out.print(this.get(gx).cetX() + " "),
System.out.print(this.get(gx).getV() + " ");
System.out.print(this.get(gx).getEX() + " ")
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for (int i = 0; i < config.cetNType(); i++) {
System.out.print(this.get(gx).getNG) + " ");
}
System.out.println();
}
System.out.printtn(" ");

public void saveGridData(Config config, String slide) throws FileNotFoundException,
UnsupportedEncodingException {
String gridFname = config.getDirName() + "/" + config.getSetName() + " grid " + slide
+ " xt"
String evtFname = config.getDirName() + "/" + config.getSetName() + " VE t.txt";

System.out.print("Saving voltage data from cycle " + slide + ".....");

try (PrintWriter file = new PrintWriter(gridFname, "UTF-8") {
file.printin(slide);
file.println(config.getNType());
for (inti = 0; i < nuMOfGrids; i++) {
file.print(this.get(i).getDO) + " ");
file.print(this.get().getX() + " ");
file.print(this.get(i).getV() + " ")
file.print(this.get(i).getEX() + " ");
for (int j = 0; j < config.getNType(); j++) {
file.print(this.get(i).getNG) + " ")
}
file.printn();

}
try (PrintWriter filel = new PrintWriter(new FileOutputStream(
new File(evtFname),

true /* append = true */))) {

filel.println(slide + " " + config.getDT() + " " + this.get(humOfX/2).getV() + " " +
this.get(numOfX/2).getEX();
}
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System.out.printin("done.");

System.out.printtn(" ");

public void savelastEFieldData(Config config) throws FileNotFoundException,
UnsupportedEncodingException {

String exxFname = config.getDirName() + "/" + config.getSetName() + " Ex_x.txt";

System.out.print("Saving electric field data from last slide.....")

try (PrintWriter filel = new PrintWriter(exxFname, "UTF-8") {
file1.printin(config.getNType());
for (inti = 0; i < nUMOFX; i++) {
file1.print(this.cet(i).getX() + " ");
file1.print(this.get(i).getEX() + " ");
file1.printn();

System.out.printin("done.");

System.out.printtn(" ");

cpsldn > Input.java

package cpsldn;

import interaction.Defaultinteraction;
import crossSection.DefaultCrossSection;

import material.DefaultMaterial;

/**

*

* @author ppengvan
*/
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public class Input {

// File parameters

// name of data folder

final static String DIR_NAME = "/Users/ppengvan/Documents/DatalD";
// final static String DIR_NAME = "D:\\Data1D";

// data set name to append

final static String SET _NAME = "3dset5";

// Calculation parameters
// absolute tolerence for residual (for field solver)
final static double TOL = le-8;
// tolerence for residual rate of change
final static double DTOL = le-4,
// relaxation constant
final static double W = 1.9;
// Time step, normalized by 2pi/omega p
final static double DT = 0.002;
// Time cycle to run;
final static int CYCLE = 300;

// Grid parameters
// Starting x, normailzed by lamda d
final static double X | = 0; // Do not change
// Ending x, normailzed by lamda_d
final static double X F = 4*Math.Pl;

// Number of grids in x, must (X_F - X 1)
final static int NUM_OF GRID X = 513;

// Voltage at X I, normalized by kT e/e

final static double VOLTAGE | = 0; // Do not change
// Voltage at X F, normalized by kT e/e

final static double VOLTAGE F = 0;

// Voltage frequency, normalized by omega p

final static double VOLTAGE W = 0;

// Initial phase of voltage V_f*cos(w*t+theta)
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final static double VOLTAGE T = 0;

// Charge particle parameters

// Types of charge particles

final static int NUM_OF PARTICLE TYPE = 2;

// Classes of charge particles

final static DefaultMaterial[] PARTICLE CLASS = {DefaultMaterial.ELECTRON,
DefaultMaterialLARGON 1}

// Number of super-particle, Suggestion: Should be < 1e7, normalized by
(epsilon_0*kT e)/(lamda_dA2*eN2)

final static int[] NUM_OF PARTICLE = {16384, 16384};

// Distribution of particle's position is assumed to be uniform

// Distribution of particle's velopity is assumed to be Gaussian

// Average velocity in x, normalized by lamda_d*omega p/(2pi)

final static double[] V. X AVERAGE = {0, 0};

// Standard deviation of velocity in x, normalized by lamda_d*omega p/(2pi), = 1 when
kT =1eV

final static double[] V. X STANDARD DEVIATION = {0, O}

// Monte Carlo Interaction parameters
// Interaction pairs are setup using 2 fields to reference incoming
// and target particles: "INCOMING[i]" and "TARGETIi]".
// "INCOMING[i]" represents the incoming particle type i whereas
// "TARGETTi]" represents the target particle type i.
// INCOMING[i] will interact with TARGETI]]
final static int INTERACTION_TYPE = 0;
final static int[] INCOMING = {0};
final static int[] TARGET = {2};
final static Defaultinteraction[] INTERACTION =
{Defaultinteraction.CLASSIC_ELASTIC_COLLISION};
final static DefaultCrossSection[] CROSS SECTION = {DefaultCrossSection.E_AR}

cpsldn > InteractionPair.java

package cpsldn;
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import crossSection.DefaultCrossSection;
import interaction.Defaultinteraction;
import java.util.ArrayList;

import java.util.List;

import material.DefaultMaterial;

e

*

* @author ppengvan

*/

public class InteractionPair {
private DefaultMaterial inc;
private DefaultMaterial tar;
private Defaultinteraction inter;

private DefaultCrossSection xsec;

public void setinteraction(DefaultMaterial incVal, DefaultMaterial tarVal,
Defaultinteraction interVal, DefaultCrossSection xsVal) {
inc = incVal;
tar = tarVal;
inter = interVal;

xsec = xsVal;

public DefaultMaterial getinc() {
return inc;

}

public DefaultMaterial getTar() {
return tar;

}

public Defaultinteraction getinter() {
return inter;

}

public DefaultCrossSection getXSec() {

return xsec;
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package cpsldn;

import java.util.ArrayList;

import java.util.List;

Jxx
*
* @author ppengvan
*/
public class InteractionPairs {
private List<InteractionPair> ipairs = new ArrayList<>();
private int inType;

public void createlnteractionPairs(Config config) {
inType = config.getinType();
for (inti=0;i<inType; i++) {
InteractionPair ipair = new InteractionPair();
ipair.setinteraction(config.getParType(config.getinc(i)),

config.getParType(config.getTar(i)), config.getinteraction(i), config.getXSection(i));

ipairs.add(ipair);

public void listinteractionPairs() {

System.out.printn("Interaction Pairs");

System.out.printtn(" ");
if (inType == 0) {
System.out.printin("No interation");
}else {
for (inti=0;i<inType; i++) {
System.out.print("Pair #" + i+ ":");
System.out.println(ipairs.get(i).cetinter().toString() + " between " +
ipairs.get(i).cetinc().toString() + " and " + ipairs.get(i).getTar().toString());
}
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}

System.out.printtn("

public List<InteractionPair> getinteractionPairs() {

return ipairs;

cpsldn > Particle.java

package cpsldn;

e
* @author ppengvan
*/
public class Particle {

private int id;
private int cell;
private double x;
private double vx;
private double vxp;

private int typelD;

public void setID(int idVal) {
id = idVal;

}

public void setTypelD(int typelDVal) {
typelD = typelDVal;

}

public void setCell(int cellVal) {
cell = cellval;

}

public void setX(double xVal) {

x = xVal;
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}

public void setVX(double vxVal) {
vx = vxVal;

}

public void setVXP(double vxpVal) {
vxp = vxpVal;

public int getID() {
return id;

}

public int getTypelD() {
return typelD;

}

public int getCell() {
return cell;

}

public double getX() {
return x;

}

public double getVX() {
return vx;

}

public double getVXP() {

return vxp;

cpsldn > Particles.java

package cpsldn;

import crossSection.CrossSection;
import crossSection.DefaultCrossSection;
import java.io.File;

import java.io.FileNotFoundException;

import java.io.FileOutputStream;
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import java.io.PrintWriter;

import java.io.UnsupportedEncodingException;
import java.util. ArrayList;

import java.util.List;

import java.util.Random;

import material.DefaultMaterial,

e
* @author ppengvan
*/
public class Particles {
private final List<Particle> pars = new ArrayList<>();
private int numOfPars = 0;
private int numOfParsinSys = 0;

private int numOfinteractions = 0;

public void createParticles(Config config) {
// Create particles, initialize particle values
intk = 0;

System.out.print("Creating super-particles.....");

for (int j = 0; j < config.getNType(); j++) {
Random randx = new Random();

Random randvx = new Random();

for (int i = 0; i < config.getNumOfPars(j); i++) {
Particle par = new Particle();
par.setiD(k);
par.setTypelD());

par.setX(randx.nextDouble()*(config.getXf()-config.cetXi())+config.getXi());, // or
nextGaussian()
// Instead of randomspacing, evenly spacing the electron and perturb a small
amount to simulate the plasma frequency
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// double x = ((i+0.5) * (config.cetXf() - config.getXi()) / config.getNumOfPars()) +
config.getXi();

// if j==0){

// par.setX(x + (0.001 * Math.sin(x)));

/11/ par.setX(x+0.001);

// }

// else {

// par.setX(x);

// }

double vx = (randvx.nextGaussian() * config.getVXStd(j)) + config.getVXAve(j);
par.setVX(vx);

par.setVXP(vx);

par.setCell(0);

pars.add(par);
k=k+1;

numOfPars = k;

System.out.printin("done.");

System.out.printtn(" ");

public void updateCellLoc(Config config) {
// Find out whether each particle is still inside the system, and in which cell the
particle resides
numOfParsInSys = 0;
double dx = config.getGridSizeX();

System.out.print("Counting super-particles in the system.....");

for (Particle eachPar : pars) {
double x = eachPar.getX();
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// Continuous boundary in x

if (x < config.getXi()) {
x = config.getXf() - ((config.cetXi() - x) % (config.getXf() - config.getXi()));
eachPar.setX(x);

} else if (x > config.getXf()) {
x = config.getXi() + ((x - config.getXf()) % (config.getXf() - config.getXi());

eachPar.setX(x);

if (isinside(config, eachPar)) {
int cellLoc = (int)(x - config.getXi()) / dx);

eachPar.setCell(cellLoc);
numOfParsinSys = numOfParsinSys + 1;
}
else {
eachPar.setCell(-1);

}
System.out.printin("done.");
System.out.printin("Number of super-particles in the system =" + numOfParsInSys);

System.out.printtn(" ");

public void calculatelnitialVelocity(Config config, Grids grids, Cells cells) {
// Move particle based on Lorentz force due to electric & magnetic fields back half
time step

double Epx = 0;

int ¢

int typelD;

double x;

double dx;

int g0, ¢1;

double v, VO, v1;

double vx;

double dt;
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System.out.print("Calculate First Velocity...");
dt = config.getDT();
v = config.getGridSizeX(),

for (Particle eachPar : pars) {

if (eachPar.getCell() I= -1) {
¢ = eachPar.getCell();
typelD = eachPar.getTypelD();
x = eachPar.getX();
g0 = cells.get(c).getGO0);
gl = cells.get(c).getG10);
V0 = x - grids.get(¢0).getX();
vl = grids.get(gl).getX() - x;

Epx = (grids.get(g0).getEX() * v1 /v) + (grids.get(g1).getEX() * v0O / v);

vx = eachPar.getVX() - (dt / 2 * config.getCharge(eachPar.getTypelD()) /
config.getMass(eachPar.getTypelD()) * Epx);

eachPar.setVX(vx);
eachPar.setVXP(vx);

}
System.out.printin("done.");
System.out.printtn(" ");

public void moveParticle(Config config, Grids grids, Cells cells) {
// Move particle based on Lorentz force due to electric & magnetic fields
double Epx = 0;
int ¢
int typelD;
double x;
double dx;
int g0, ¢1;
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double v, VO, v1;

double dt;

(
double vx;
(
double gprime;

System.out.print("Moving charge super-particles.....");
dt = config.getDT();
v = config.getGridSizeX();

for (Particle eachPar : pars) {

if (eachPar.getCell() I= -1) {
¢ = eachPar.getCell();
typelD = eachPar.getTypelD();
x = eachPar.getX();
g0 = cells.get(c).getGO0);
gl = cells.get(c).getG10);
V0 = x - grids.get(¢0).getX();
vl = grids.get(gl).getX() - x;

Epx = (grids.get(g0).getEX() * v1 / v) + (grids.get(g1).getEX() * vO / v);

gprime = dt * config.cetCharge(eachPar.getTypelD()) /
config.getMass(eachPar.getTypelD();

vx = eachPar.getVX();
eachPar.setVXP(vx);

vx = vx + (gprime * Epx);
dx = dt * vx;
X = X + dx;

eachPar.setX(x);
eachPar.setVX(vx);
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}
}
System.out.printin("done.");

System.out.printtn(" ");

public void collideParticle(Config config, Grids grids, Cells cells, InteractionPairs ipairs) {
System.out.print("Colliding particles.....");
for (inti = 0; i < config.cetinType(); i++) {
DefaultCrossSection xsec = ipairs.getinteractionPairs().get(i).getXSec();
Random randl = new Random();
Random rand2 = new Random();
Random rand3 = new Random();
Double r1 = rand1.nextDouble();
Double r2, r3;
double theta, phi;

double tv = config.getXf() - config.getXi(),

for (Particle p : pars) {
if (config.getinc(i) == p.getTypelD() {
if (isinside(config, p)) {
double u = Math.abs(p.getVX();
double nTar = config.getNumOfPars(config.getTar(i)) / tv,
double xs = CrossSection.getCrossSection(xsec).getTotalXSection();
double ts = config.cetDT();
double prob = 1 - Math.exp(-u * nTar * xs * ts);
System.out.printin("u="+ u + ",nTar="+ nTar + "xs=" + xs + "ts=" + ts +
",prob="+ prob);
if (prob > r1) {
r2 = rand2.nextDouble();
r3 = rand3.nextDouble();
theta = Math.PI*r2;
phi = Math.PI * 2 * r3;
p.setVX(u * Math.sin(theta)*Math.cos(phi));

numOfinteractions++;
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}

}

System.out.printin("done.");

System.out.printtn(" ");

public boolean isinside(Config ¢, Particle p) {
double x = p.getX();

if (x >= c.getXi()) && (x <= c.getXf())) {
return true;

}
else {

return false;

public List<Particle> get(){

return pars;

public Particle get(int i){

return pars.get(i);

public int getNumOfPars() {

return numOfPars;

public int getNumParsIinSys() {
return numOfParsInSys;

public void listParticles(Config config) {

// List particle values

System.out.printin("Number of Super-Particles = " + numOfPars);
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System.out.printin(" "

for (Particle eachPar : pars) {
System.out.print(eachPar.getlD() + " ");
System.out.print(eachPar.getCell() + " "),
System.out.print(eachPar.getTypelD() + " ")
System.out.print(eachPar.getX() + " "),
System.out.print(eachPar.getVX() + " "),

}

System.out.printin(" "

public void saveParData(Config config, String slide) throws FileNotFoundException,

UnsupportedEncodingException {

String parFname = config.getDirName() + "/" + config.getSetName() + " XYZ " + slide
+ " xt"

String phaseFnamel = config.getDirName() + "/" + config.getSetName() +
" phasel.txt";

String phaseFname2 = config.getDirName() + "/" + config.getSetName() +
" phase2.txt";

String phaseFname3 = config.getDirName() + "/" + config.getSetName() +

" phase3.txt";

System.out.print("Saving particle data for excel from cycle " + slide + ".....");

try (PrintWriter file = new PrintWriter(parFname, "UTF-8")) {
file.printin(slide);
for (inti = 0; i < numOfPars; i++) {
if (pars.get(i).getCell() I= -1) {
file.printn(pars.get(i).cetTypelD() +

non non

+ pars.get(i).getlD() + " " +

pars.get(i).getCell() + " " + pars.get(i).getX() + " " + pars.get(i).getVX());

if (pars.get(i).getID() == 0) {
try (PrintWriter filel = new PrintWriter(new FileOutputStream(
new File(phaseFnamel),
true /* append = true */))) {

filel.printlin(pars.get(i).getX() + " " + pars.get(i).cetVX();
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if (pars.get(i).cetiD() == 10) {
try (PrintWriter file2 = new PrintWriter(new FileOutputStream(
new File(phaseFname2),
true /* append = true */))) {

file2.printin(pars.get(i).getX() + " " + pars.get(i).getVX();
}
if (pars.get(i).cetiD() == 100) {
try (PrintWriter file3 = new PrintWriter(new FileOutputStream(
new File(phaseFname3),
true /* append = true */))) {

file3.println(pars.get(i).getX() + " " + pars.get(i).cetVX();

System.out.printin("done.");

System.out.printtn(" ");
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package cps3dn;

import java.io.File;

import java.io.FileNotFoundException;
import java.io.FileOutputStream;
import java.io.PrintWriter;

import java.io.UnsupportedEncodingException;
import java.time.LocalDateTime;
import java.util.logging.Level,

import java.util.logging.Logger;

import javafx.application.Application;
import javafx.geometry.Rectangle2D;
import javafx.scene.Scene;

import javafx.stage.Screen;

import javafx.stage.Stage;

Jxx
* @author ppengvan
*/
public class CPS3DN extends Application {
Config config;
Normalization normal,
Grids grids;
Cells cells;
Particles pars;
Energy energy;
Momentum momentum;

InteractionPairs ipairs;

@Override
public void start(Stage primaryStage) {
//// Testing Math
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/! doublefll] a = {{1,2,1}4,{2,1,3}{3,1,1.5}};
// System.out.printin(CPSMath.determinant(a));
// System.exit(0);

// Initialize
long tStart = System.nanoTime();
config = new Config();
normal = new Normalization(config);
grids = new Grids(config);
cells = new Cells(config);
pars = new Particles(config);
energy = new Energy();
momentum = new Momentum();
ipairs = new InteractionPairs(config);

createFolder();

try {
config.saveConfig();
cells.saveCellData(config);

} catch (FileNotFoundException | UnsupportedEncodingException ex) {
Logger.getLogger(CPS3DN.class.cetName()).log(Level.SEVERE, null, ex);

/) // Listing
// config.listConfig(System.out);
// ipairs.listinteractionPairs();

// grids.listGrids(config);

// cells.listCells(config);

// pars.listCParticles(config);

// ipairs.listinteractionPairs();

// Calculate first loop
pars.updateCellLoc(config);
grids.updateDensity(config, cells, pars);
grids.updatePotentialPeriodic(config, 0);
grids.updateEFieldPeriodic(config);

energy.calculateTotalKE(config, pars);
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energy.calculateTotalPE(config, grids);
momentum.calculateParticleMomentum(config, pars);

momentum.calculateFieldMomentum(config, grids);

try {
String s = getNameSuffix(0);
pars.saveParData(config, s);
grids.saveGridData(config, s);
grids.savePotentialXDatadExcel(config, s, 0);
grids.savePotentialYDatadExcel(config, s, 0);
grids.savePotentialZDatadExcel(config, s, 0);
energy.saveEnergyData(config, s);
momentum.saveMomentumData(config, s);

} catch (FileNotFoundException | UnsupportedEncodingException ex) {
Logger.getLogger(CPS3DN.class.cetName()).log(Level.SEVERE, null, ex);

return;

// Calculate subsequent loops
if (config.getCycle() > 0) {
pars.calculatelnitialVelocity(config, grids, cells);
pars.moveParticle(config, grids, cells);
pars.collideParticle(config, grids, cells, ipairs);

pars.updateCellLoc(config),

for (int i = 0; i < config.getCycle(); i++) {
System.out.printin("Cycle: " + (i+1));
System.out.printin(" ");

try {
String s = getNameSuffix(i+1);
pars.saveParData(config, s);

} catch (FileNotFoundException | UnsupportedEncodingException ex) {
Logger.getLogger(CPS3DN.class.cetName()).log(Level.SEVERE, null, ex);
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grids.updateDensity(config, cells, pars);
grids.updatePotentialPeriodic(config, (i+1)*config.getDT());
grids.updateEFieldPeriodic(config);
energy.calculateTotalPE(config, grids);
momentum.calculateFieldMomentum(config, grids);
pars.moveParticle(config, grids, cells);
pars.collideParticle(config, grids, cells, ipairs);
pars.updateCellLoc(config);
energy.calculateTotalKE(config, pars);

momentum.calculateParticleMomentum(config, pars);

try {
String s = getNameSuffix(i+1);
grids.saveGridData(config, s);
grids.savePotentialXDatadExcel(config, s, 0);
grids.savePotentialYDatadExcel(config, s, 0);
grids.savePotentialZDatadExcel(config, s, 0);
energy.saveEnergyData(config, s);
momentum.saveMomentumData(config, s);

} catch (FileNotFoundException | UnsupportedEncodingException ex) {
Logger.getLogger(CPS3DN.class.getName()).log(Level.SEVERE, null, ex);

return;

System.out.printin("Number of interaction: " + pars.getNumOfinteractions());

// Ul
// createUl(primaryStage);
long duration = System.nanoTime()-tStart;
System.out.printin("Total run-time: " + (duration/1e9) + " seconds.");
System.exit(0);

/**

* @param args the command line arguments
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*/
public static void main(String[] args) {
launch(args);

void createFolder() {
File dir = new File(config.getDirName());

boolean success = false;

if (Idir.exists()) {
try {
dir.mkdir();
success = true;
}
catch(Exception e) {
System.out.printin("Error creating data folder."),

System.out.print(n(" ");

}
if (success) {

System.out.printin("Successfully create data folder.");

System.out.printtn(" ");
}
}else {
File[] files = dir.listFiles();

for (int i = 0; i < files.length; i++) {
if (files[i].getName().startsWith(config.getSetName() + " "
files[i].delete();

String getNameSuffix(int i) {
String s = Integer.toString(i);
int digit = String.valueOf(config.getCycle()).length();
int digits = s.length();

)1
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for (int j = 0; j < (digit-digits); j++) {

s="0"+s;

return s;

void createUl(Stage primaryStage) {
UlIPrimary ui = new UIPrimary(pars);
Rectangle2D visualBounds = Screen.getPrimary().getVisualBounds();
Scene scene = new Scene(ui.getPane(), visualBounds.getWidth(),
visualBounds.getHeight());

ui.factory.addSceneSizeChangedListener(ui.chart, scene);
primaryStage.setTitle("Particle Simulator");

primaryStage.setScene(scene);

primaryStage.show();

cps3dn > CPSMath.java

package cps3dn;

e
* @author Administrator
*/
public class CPSMath {
public static double determinant(double[][] mat) {
int row = mat.length;
int col = 0;

double[][] minor;
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double det = 0;
if (row > 0) {
col = mat[0].length;

if (row = col) {

}else if (row > 1) {
printMatrix(imat);

minor = new double[row-1][col-1];

for (inti=0;i< col; i++) {
intm = 1;
intn =0;
intp = 0;
int g =0;

while (m < row) {
n=0;
q=0;
while (n < col) {
if (n1=1){
minor[pllgl = mat[m][n];
g++;
}
N++;
}
p++;

m++;

det = det + mat[0][i[*Math.pow(-1,i)*determinant(minor);
}
}else {
det = mat[0][0];
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return det;

public static void printMatrix(double[][] mat) {
System.out.print(n();
System.out.print("{");
for (int i = 0; i < mat.length; i++) {
System.out.print("{");
for (int j = 0; j < mat[0].length; j++) {
System.out.print(mat[il[j] + " ");
}
System.out.print("}");
}
System.out.printin("}");

public static void crossproduct(double[] a, double[] b, doublel] c) {
al0] = b[1]*c[2]-b[2]*[1];
al1] = b[2]*c[0]-b[0]*c[2];
al2] = b[0J*c[1]-b[1]*[0];

public static void addproduct(double[] a, double[] b, double[] ¢) {
a[0] = b[0]+c[0];
a[l] = b[1]+c[1];
al2] = b[2]+c[2];

cps3dn > Cell.java

package cps3dn;

/**

*

* @author ppengvan
*/
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public class Cell {
private int id;
private int g0;
private int g1,
private int g2;
private int g3;
private int g4,
private int g5;
private int gb6;
private int g7;

public void setID(int idVal) {
id = idVal;

}

public void setGO(int g0Val) {
g0 = g0Val;

}

public void setG1(int g1Val) {
gl = glVal;

}

public void setG2(int g2Val) {
g2 = g2Val;

}

public void setG3(int g3Val) {
g3 = g3Val;

}

public void setG4(int gdVal) {
gd = gdVal;

}

public void setG5(int g5Val) {
g5 = g5hVal;

}

public void setG6(int g6Val) {
g6 = g6Val;

}

public void setG7(int g7Val) {
g7 = g7Val;
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}

public int getID() {
return id;

}

public int getGO() {
return ¢0;

}

public int getG1() {
return ¢1;

}

public int getG2() {
return ¢2;

}

public int getG3() {
return ¢3;

}

public int getG4() {
return ¢4;

}

public int getG5() {
return g¢5;

}

public int getG6() {
return g6;

}

public int getG7() {

return ¢7;

cps3dn > Cells.java

package cps3dn;

import java.io.FileNotFoundException;

import java.io.PrintWriter;
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import java.io.UnsupportedEncodingException;
import java.util.ArrayList;

import java.util.List;
/**
*

* @author ppengvan
*/
public class Cells {
private final List <Cell> cells = new ArrayList<>(),
private int numOfCells;
public Cells(Config config) {
// Create cells and get neighboring cells
inti=0;
System.out.print("Creating cells.....");
for (int ix = 0; ix <= config.getNumOfX() - 2; ix++) {
for (int iy = 0; iy <= config.getNumOfY() - 2; iy++) {
for (int iz = 0; iz <= config.getNumOfZ() - 2; iz++) {
Cell cll = new Cell);
cll.setID(i);
cll.setGO(ix*(config.eetNumOfY()*config.eetNumOfZ())+iy*config.getNumOfZ()+iz);
cll.setG1(ix*(config.eetNumOfY()*config.getNumOfZ()+iy*config.getNumOfZ()+iz+1);
cll.setG2(ix*(config.getNumOfY()*config.getNumOfZ()+(iy+1)*config.getNumOfZ()+iz);
cll.setG3(ix*(config.eetNumOfY()*config.getNumOfZ()+(iy+1)*config.getNumOfZ()+iz+1);

cll.setGa((ix+1)*(config.getNumOfY()*config.eetNumOfZ())+iy*config.cetNumOfZ()+iz);

cll.setG5((ix+1)*(config.getNumOfY()*config.getNumOfZ()+iy*config.getNumOfZ()+iz+1);
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cll.setG6((ix+1)*(config.getNumOfY()*config.getNumOfZ())+(iy+1)*config.getNumOfZ()+iz);

cll.setG7((ix+1)*(config.getNumOfY()*config.getNumOfZ()+(iy+1)*config.getNumOfZ()+iz+1);

cells.add(clb);

=i+ 1;

numOfCells = i;

System.out.printin("done.");

System.out.printtn(" ");

public void add(Cell cell) {
cells.add(cell);

}

public Cell get(int id) {

return cells.get(id);

public void listCells(Config config) {
// List cell values

System.out.printin("Number of Cells =" + numOfCells);

System.out.printtn(" ");
for (Cell eachCell : cells) {
System.out.print(eachCell.getID() + " ")

m,
’

System.out.print(eachCell.getGO() + "

(AW
’

System.out.print(eachCell.getG1() + "

)
)
System.out.print(eachCell.getG2() + " ")
")
)
)

System.out.print(eachCell.getG3() + "

(AW
’

System.out.print(eachCell.getG4() + "

(AW
)

System.out.print(eachCell.getG5() + "
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System.out.print(eachCell.getG6() + " ");
System.out.print(eachCell.getG7());
System.out.printtn();

public void saveCellData(Config config) throws FileNotFoundException,
UnsupportedEncodingException {
String cellFname = config.getDirName() + "/" + config.getSetName() +
cell setting.txt";
System.out.print("Saving cell data.....");

try (PrintWriter file = new PrintWriter(cellFname, "UTF-8")) {
for (int i = 0; i < nuMOfCells; i++) {
file.print(this.get(i).getiD() + " );
file.print(this.cet(i).cetGO
file.print(this.cet(i).cetG1
file.print(this.get(i).getG2
( ).cetG3
file.print(this.cet(i).cetG4
(
(
(
n

"oy,
)

"oy,
)

womy,
)

)

)

)
file.print(this.cet "),
)

)

)

"oy,
)

"oy,
)

file.print(this.get(i).cetG5
file.print(this.get(i).gcetG6
file.print(this.cet(i).cetG7());
file.printn();

+ + + 4+ o+ o+

womy,
)

( 0+
( 0
(i 0
( 0
( 0
( 0
( 0
( 0

System.out.printin("done.");

System.out.printtn(" ");

cps3dn > Config.java

package cps3dn;

import constant.Constant;
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import crossSection.DefaultCrossSection;
import interaction.Defaultinteraction;

import java.io.FileNotFoundException;

import java.io.PrintStream;

import java.io.PrintWriter;

import java.io.UnsupportedEncodingException;

import java.util.ArrayList;

import java.util.List;

import material.DefaultMaterial,

import material.Material;

e

* @author ppengvan

*/

public class Config {
private final double tol,
private final double dtol;
private final double w;
private final String dirName;
private final String setName;
private final double dft;
private final int cycle;
private final double xi;
private final double xf;
private final double yi;
private final double yf;
private final double zi
private final double zf;
private final double Vi
private final double Vf;
private final double Vw;
private final double Vt;
private final double Bx;
private final double By;

private final double Bz;

private final double gridSizeX;
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private final double gridSizeY;

private final double gridSizeZ;

private final int numOfX;

private final int numOfY;

private final int numOfZ;

private final double no;

private final int nType;  // number of particle types

private final List <DefaultMaterial> parType = new ArrayList<>();

private final List <Integer> numOfPars = new ArrayList<>(),
// private final List <Double> weight = new ArrayList<>();

private final List <Double> charge = new ArrayList<>();

private final List <Double> mass = new ArrayList<>();

private final List <Double> vxavg = new ArrayList<>();
private final List <Double> vxstd = new ArrayList<>();

private final List <Double> vyavg = new ArrayList<>(),

private final List <Double> vystd = new ArrayList<>(),

private final List <Double> vzavg = new ArrayList<>();

private final List <Double> vzstd = new ArrayList<>();

private final int inType;

private final List <Integer> inc = new ArrayList<>();

private final List <Integer> tar = new ArrayList<>();

private final List <Defaultinteraction> interaction = new ArrayList<>();

private final List <DefaultCrossSection> xSection = new ArrayList<>();

public Config() {
tol = Input.TOL; // absolute tolerence for residual (for field solver)
dtol = Input.DTOL, // tolerence for residual rate of change
w = Input.W; // relaxation constant
dirName = Input.DIR_ NAME; // name of data folder
setName = Input.SET_NAME;
dt = Input.DT;
cycle = Input.CYCLE;
Xi = Input.X_[;
xf = Input.X_F;
yi = Input.Y_I;
yf = Input.Y F;
zi = Input.Z_|;
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/!

/!

(Constant.EPS*Constant. ME*Input.PLASMA FREQUENCY*Input.PLASMA FREQUENCY)/(Const

zf = Input.Z_F;

numOfX = Input.NUM_OF GRID X;
numOfY = Input.NUM_OF GRID_Y;
numOfZ = Input.NUM OF GRID Z;
Vi = Input.VOLTAGE |;

Vf = Input.VOLTAGE F;

Vw = Input.VOLTAGE W;

Vt = Input.VOLTAGE T;

Bx = Input.B_X;
By = Input.B_Y;
Bz = Input.B_Z;

gridSizeX = (Input.X_F - Input.X_)/(Input.NUM_OF GRID X-1);
gridSizeY = (Input.Y_F - Input.Y )/(Input.NUM_OF GRID Y-1);
gridSizeZ = (Input.Z_F - Input.Z_1)/(Input.NUM_OF GRID Z-1);
no = Input.REFERENCE_DENSITY;

NType = Input.NUM_OF PARTICLE_ TYPE;

for (int i = 0; i < INpUtNUM_OF PARTICLE_ TYPE; i++) {

parType.add(Input.PARTICLE CLASSIi]);

numOfPars.add(input.NUM_OF PARTICLE[i]);
config.setWeight(Defaultinput.PARTICLE WEIGHTII]);

charge.add(Material.getMaterial(Input.PARTICLE CLASS[i]).getCharge());

mass.add(Material.getMaterial(Input.PARTICLECLASSIi]).getMass());

vxavg.add(Input.V_X AVERAGE[i]);

vxstd.add(Input.V_X STANDARD DEVIATIONI]);

vyavg.add(Input.V_Y AVERAGETI]);

vystd.add(Input.V_Y STANDARD_DEVIATIONI[i]);

vzavg.add(input.V_Z AVERAGE[i]);

vzstd.add(Input.V_Z STANDARD DEVIATIONI]);

weight =

ant.QE*Constant.QE)/Input.NUM_OF PARTICLE[OQ];

inType = Input.INTERACTION_TYPE;
for (inti = 0; i < INnput.INTERACTION TYPE; i++) {

inc.add(Input.INCOMINGTi]);
tar.add(Input. TARGETII]);
interaction.add(Input.INTERACTIONTI]);
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xSection.add(Input.CROSS_SECTION[I]);

public double getTol() {
return tol;

}

public double getDTol() {
return dtol;

}

public double getW() {
return w;

}

public String getDirName() {
return dirName;

}

public String getSetName() {
return setName;

}

public double getDT() {
return dt;

}

public int getCycle() {
return cycle;

}

public double getXi() {
return xi;

}

public double getXf() {
return xf,

}

public double getYi() {
return vyi;

}

public double getYf() {
return yf;
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public double getZi() {
return zi

}

public double getZf() {
return zf;

}

public double getVi() {
return Vi

}

public double getVf() {
return Vf;

}
public double getVw() {
return Vw;

}

public double getVt() {
return Vt;

}

public double getBx() {
return Bx;

}

public double getBy() {
return By;

}

public double getBz() {
return Bz;

}

public double getGridSizeX() {
return gridSizeX;

}

public double getGridSizeY() {
return gridSizeY;

}

public double getGridSizeZ() {
return gridSizeZ;

}

public int getNumOfX() {
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return numOfX;
}
public int getNumOfY() {
return numOfY;
}
public int getNumOfZ() {
return numOfZ;
}
public double getNo() {
return no;
}
public int getNType() {
return nType;
}
public DefaultMaterial getParType(int num) {
return parType.get(num);
}
public int getNumOfPars(int num) {
return numOfPars.get(num);
}
// public double getWeight(int num) {
// return weight.get(num);
/)
public double getCharge(int num) {
return charge.get(num);
}
public double getMass(int num) {
return mass.get(num);
}
public double getVXAvg(int num) {
return vxavg.get(num);
}
public double getVXStd(int num) {
return vxstd.get(num);
}
public double getVYAvg(int num) {

return vyave.get(num);
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}

public double getVYStd(int num) {
return vystd.get(num);

}

public double getVZAvg(int num) {
return vzavg.get(num);

}

public double getVZStd(int num) {
return vzstd.get(num);

}

public int getinType() {
return inType;

}

public int getinc(int num) {
return inc.get(num);

}

public int getTar(int num) {
return tar.get(num);

}

public Defaultinteraction getinteraction(int num) {

return interaction.get(num);

}

public DefaultCrossSection getXSection(int num) {

return xSection.get(num);

public void listConfig(PrintStream out) {

out.println("Simulation Config");

out.println("

out.printtn(“dt '+ dt)
out.println("Cyc '+ cycle);
out.printtn("Xi = " + xi);
out.printin("Xf = " + xf);
out.printtn("Yi =" + yi);
out.printin("Yf =" + yf);
out.printin("Zi = " + zi);
out.printin("zf = " + zf);

")
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out.printin("Grid X = " + gridSizeX);

out.printin("Grid Y = " + gridSizeY);

out.printin("Grid Z = " + gridSizeZ);

out.printin("Number of X Grids =" + numOfX);
out.printin("Number of Y Grids =" + numOfY);
out.printin("Number of Z Grids = " + numOf2);

(" ");
out.printin("Number of Charge Super-Particle Types = " + nType);

out.println

for (inti=0;i<nType; i++) {
out.printin("=======Type "+ i + " =======");
out.println("Type =" + parType.get(i).toString());
out.printin("Number of Super-Particles = " + numOfPars.get(i))

// out.println("Weight = " + weight.get()));

out.println("Charge = " + charge.get(i));
out.printin("Mass = " + mass.get(i));
out.printin("Average Velocity in X =" + vxavg.get(i));
out.printin("STDIV Velocity in X =" + vxstd.get(i));
out.printin("Average Velocity in Y =" + vyavg.get(i));
out.println("STDIV Velocity in Y =" + vystd.get(i));
out.printin("Average Velocity in Z =" + vzavg.get(i));
out.printin("STDIV Velocity in Z =" + vzstd.get(i));

}

out.print(n(" ");

out.printin("Number of Interaction =" + inType);

for (inti=0;i<inType; i++) {
out.printin("=======Type "+ i + " =======");
out.println("Incoming Particle ID = " + inc.get()));
out.println("Target Particle ID = " + tar.get());
out.println("Interaction = " + interaction.get(i).toString();
out.println("Cross Section =" + xSection.get(i).toString());

}
out.print(n(" ");

public void saveConfig() throws FileNotFoundException, UnsupportedEncodingException

String configFname = this.getDirName() + "/" + this.getSetName() +

_config.txt";
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System.out.print("Saving config data.....");

try (PrintWriter file = new PrintWriter(configFname, "UTF-8")) {
file.println("tol =" + tol);
file.println("dtol = " + dtol);
file.printin("w = " + w);
file.printin("dt = " + dt),

file.printin("Xi = " + xi);

file.printin("Xf = " + xf);

file.printin("Yi = " + yi);

file.printin("Yf = " + yf),

file.printin("Zi = " + zi);

file.printin("zf = " + zf);

file.printin("Vi = " + Vi),

file.printin("vf = " + Vf),

file.printin("Vw =" + Vw),

file.printin("Vt = " + Vt);

file.printin("Bx = " + Bx);

file.printin("By =" + By);

file.printin("Bz = " + B2);

file.printin("Grid Size X =" + gridSizeX);
file.printin("Grid Size Y =" + gridSizeY),
file.printin("Grid Size Z =" + ¢ridSize2);
file.printin("Number of X Grids = " + numOfX);
file.printin("Number of Y Grids =" + numOfY);
file.printin("Number of Z Grids = " + numOfZ);

file.printin("Reference Density = " + no);
file.printin("Number of Charge Super-Particle Types =" + nType);
for (inti=0;i<nType; i++) {
file.printin("=======Type "+ i + " =======");
file.println("Type = " + parType.get(i).toString();
file.printin("Number of Super-Particles = " + numOfPars.get(i)),
// out.println("Weight = " + weight.get()));
file.printin("Charge = " + charge.get(i));
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file.printin("Mass = " + mass.get());
file.printin("Average Velocity in X =" + vxavg.get(i))
file.printn("STDIV Velocity in X =" + vxstd.get()));
file.printin("Average Velocity in Y =" + vyavg.get(i));
file.printn("STDIV Velocity in Y =" + vystd.get(i));
In(
In(

file.printin("Average Velocity in Z =" + vzave.get(i)),
file.println("STDIV Velocity in Z =" + vzstd.get(i));

}

file.printin("=====================2"),

file.printin("Number of Interaction =" + inType);
for (inti=0;i<inType; i++) {
file.printin("=======Type "+ i + " =======");
file.printin("Incoming Particle ID = " + inc.get(i));
file.printin("Target Particle ID = " + tar.get()));
file.println("Interaction = " + interaction.get(i).toString());
(n(

file.println("Cross Section =" + xSection.get(i).toString());

cps3dn > Energy.java

package cps3dn;

import java.io.File;

import java.io.FileNotFoundException;

import java.io.FileOutputStream;

import java.io.PrintWriter;

import java.io.UnsupportedEncodingException;
import java.util.logging.Level,

import java.util.logging.Logger;

/**

*

* @author ppengvan
*/
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public class Energy {
private double totalKE;
private double totalPE;

public void calculateTotalKE(Config config, Particles pars) {
totalKE = 0;
for (Particle p : pars.get() {
if (p.getCell() 1= -1) {

// totalKE = totalKE + p.getKE()*config.getWeight(p.getTypelD();

// totalKE = totalKE + (0.5 * config.getMass(p.getTypelD() * 0.5 * ((p.getVXP() *
p.getVXP() + (p.getVX() * p.getVX()))*config.getWeight(p.getTypelD()) +

// (0.5 * config.getMass(p.getTypelD() * 0.5 * ((p.getVYP() *
p.eetVYP() + (p.getVY() * p.getVY()))*config.getWeight(p.getTypelD()) +

// (0.5 * config.getMass(p.getTypelD()) * 0.5 * ((p.getVZP() *

p.getVZP() + (p.getVZ() * p.getVZ()))*config.getWeight(p.getTypelD();
totalKE = totalKE + (0.5 * config.getMass(p.getTypelD() * 0.5 * ((p.getVXP() *
p.getVXP() + (p.getVX() * p.getVX())) +
(0.5 * config.getMass(p.getTypelD() * 0.5 * ((p.getVYP() *
p.getVYP() + (p.cetVY() * p.getVY())) +
(0.5 * config.getMass(p.getTypelD() * 0.5 * ((p.getVZP() *
p.getVZP() + (p.getVZ() * p.getVZ()));
}

public void calculateTotalPE(Config config, Grids grids) {
totalPE = 0;

double v = config.getGridSizeX()*config.getGridSizeY()*config.getGridSizeZ();
// double rho;

double numOfX = config.getNumOfX();

double numOfY = config.eetNumOfY();

double numOfZ = config.getNumOfZ();

double vol = 0;

for (int gx = 0; gx < NUMOFX; gx++) {
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for (int gy = 0; gy < nuMOSY; gy++) {
for (int gz = 0; gz < NUMOFZ; gz++) {

// rho = 0;

// for (int i = 0; i < config.getNType(); i++) {

// rho = rho + (config.getCharge(i) * (grids.get(gx,gy,92).getN(i)));
// }

if ((gx == 0) || (gx == NUMOfX-1)) &&
((gy == 0) || (gy == numOfY-1)) &&
((gz == 0) || (gz == numOfZ-1))) {
// totalPE = totalPE + (0.5*DefaultConstant.EPS*(grids.get(gx, gy,
gz).cetEX()*grids.get(gx, gy, ¢z).getEX() + grids.get(gx, gy, gz).getEY()*grids.get(gx, gy,
g7).cetEY() + grids.get(gx, gy, gz).getEZ()*grids.cet(gx, gy, gz).cetEZ())*v/8);
totalPE = totalPE + (0.5%(grids.get(ex, gy, gz).cetEX()*grids.get(gx, gy,
gz).cetEX() + grids.get(gx, gy, gz).getEY()*grids.get(gx, gy, gz).getEY() + grids.get(gx, gy,
gz).getEZ()*grids.get(gx, gy, gz).cetEZ())*v/8.0);
vol = vol + v/8;
}
else if (((gx 1= 0) && (gx = NUMOFX-1)) &&
((gy == 0) || (gy == numOfY-1)) &&
((gz == 0) || (gz == numOfZ-1))) {
// totalPE = totalPE + (0.5*DefaultConstant.EPS*(grids.get(gx, gy,
gz).cetEX()*grids.get(gx, gy, ¢z).getEX() + grids.get(gx, gy, gz).getEY()*grids.get(gx, gy,
gz).cetEY() + grids.get(gx, gy, gz).getEZ()*grids.get(gx, gy, gz).getEZ())*v/4);
totalPE = totalPE + (0.5%(grids.cet(gx, gy, gz).cetEX()*grids.get(gx, gy,
gz).cetEX() + grids.get(gx, gy, gz).cetEY()*grids.get(gx, gy, gz).getEY() + grids.get(gx, gy,
gz).getEZ()*grids.get(gx, gy, gz).getEZ()*v/4.0);
vol = vol + v/4;
}
else if ((gx == 0) || (gx == NnUMOFX-1)) &&
((gy != 0) && (gy != nuMOfY-1)) &&
((gz == 0) || (gz == numOfZ-1))) {
// totalPE = totalPE + (0.5*DefaultConstant.EPS*(grids.get(gx, gy,
gz).cetEX()*grids.get(gx, gy, ¢z).getEX() + grids.get(gx, gy, gz).getEY()*grids.get(gx, gy,
g7).cetEY() + grids.get(gx, gy, gz).getEZ()*grids.cet(gx, gy, gz).cetEZ()*v/4);
totalPE = totalPE + (0.5%(grids.cet(gx, gy, gz).cetEX()*grids.get(gx, gy,
gz).cetEX() + grids.get(gx, gy, gz).cetEY()*grids.get(gx, gy, gz).getEY() + grids.get(gx, gy,
gz).getEZ()*grids.get(gx, gy, gz).getEZ()*v/4.0);
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vol = vol + v/4;
}
else if ((gx == 0) || (gx == NnUMOFX-1)) &&
((gy == 0) || (gy == numOfY-1)) &&
((gz 1= 0) && (gz != NUMOFZ-1))) {
// totalPE = totalPE + (0.5*DefaultConstant.EPS*(grids.get(gx, gy,
gz).cetEX()*grids.get(gx, gy, ¢z).getEX() + grids.get(gx, gy, gz).getEY()*grids.get(gx, gy,
g7).cetEY() + grids.get(gx, gy, gz).getEZ()*grids.cet(gx, gy, gz).cetEZ()*v/4);
totalPE = totalPE + (0.5%(grids.cet(gx, gy, gz).cetEX()*grids.get(gx, gy,
gz).cetEX() + grids.get(gx, gy, gz).cetEY()*grids.get(gx, gy, gz).getEY() + grids.get(gx, gy,
gz).getEZ()*grids.get(gx, gy, gz).getEZ()*v/4.0);
vol = vol+v/4;
}
else if (((gx 1= 0) && (gx = NUMOFX-1)) &&
((gy 1= 0) && (gy = nuMOSY-1)) &&
((gz 1= 0) && (gz != NnUMOFZ-1))) {
// totalPE = totalPE + (0.5*DefaultConstant.EPS*(grids.get(gx, gy,
gz).cetEX()*grids.get(gx, gy, ¢z).getEX() + grids.get(gx, gy, gz).getEY()*grids.cet(gx, gy,
gz).cetEY() + grids.get(gx, gy, gz).getEZ()*grids.get(gx, gy, g2).getEZ())*v);
totalPE = totalPE + (0.5*(grids.get(ex, gy, 9z).cetEX()*grids.get(gx, gy,
gz).cetEX() + grids.get(gx, gy, gz).getEY()*grids.get(gx, gy, g2).getEY() + grids.get(gx, gy,
gz).getEZ()*grids.get(gx, gy, gz).getEZ())*V);
vol = vol + v;
}
else {
// totalPE = totalPE + (0.5*DefaultConstant.EPS*(grids.get(gx, gy,
gz).cetEX()*grids.get(gx, gy, ¢z).getEX() + grids.get(gx, gy, gz).getEY()*grids.get(gx, gy,
gz).cetEY() + grids.get(gx, gy, gz).getEZ()*grids.get(gx, gy, g2).getEZ())*v/2);
totalPE = totalPE + (0.5%(grids.get(ex, gy, gz).cetEX()*grids.get(gx, gy,
gz).cetEX() + grids.get(gx, gy, gz).cetEY()*grids.get(gx, gy, g2).getEY() + grids.get(gx, gy,
gz).getEZ()*grids.get(gx, gy, gz).getEZ()*v/2.0);

vol = vol + v/2;
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System.out.printin("Total integrated volume for calculating total potential energy ="
+ vol);

non non

// System.out.printin("total: "+i+" "+j+" "+k+" "+0);

public double getTotalKE() {

return totalKE;

public double getTotalPE() {
return totalPE;

public void saveEnergyData(Config config, String slide) throws FileNotFoundException,
UnsupportedEncodingException {

String energyFname = config.getDirName() + "/" + config.getSetName() + " _energy.txt";

System.out.print("Saving energy data from cycle " + slide + ".....");

try (PrintWriter file = new PrintWriter(new FileOutputStream(

new File(energyFname),
true /* append = true */))) {

file.print(slide + " ");

file.print((config.cetDT()*Integer.valueOf(slide)) + " ");

file.print(totalkE + " ");

file.print(totalPE + " ");

file.print((totalKE+totalPE));

file.printtn();

System.out.printin("done.");

System.out.printtn(" ");
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package cps3dn;

import java.util.ArrayList;

import java.util.List;

e
* @author ppengvan
*/
public class Grid {
private int id;
private double x; // location in x
private double vy; // location in y
private double z; // location in z
private double V; // Voltage
private double ex; // E field in x direction
private double ey; // E field in y direction
private double ez; // E field in z direction
private double bx; // B field in x direction
private double by;  // B field in y direction
private double bz; // B field in z direction

List <Double> n = new ArrayList<>(); //

public Grid(int num) {
for (inti=0;i< num; i++) {
n.add(0.0);

}

public void setID(int idVal) {
id = idval;

}

public void setX(double xVal) {
x = xVal;

}

public void setY(double yVal) {
y = yVal,
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}

public void setZ(double zVal) {
z = zVal,

}

public void setV(double vVal) {
V = wal;

}

public void setEX(double exVal) {
ex = exVal;

}

public void setEY(double eyVal) {
ey = eyVal,

}

public void setEZ(double ezVal) {
ez = ezVal;

}

public void setBX(double bxVal) {
bx = bxVal;

}

public void setBY(double byVal) {
by = byVal;

}

public void setBZ(double bzVal) {
bz = bzVal;

}

public void setN(int i, double nVal) {

n.set(i,nVal);

public int getID() {
return id;

}

public double getX() {
return x;

}

public double getY() {

return y;
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}

public double getZ() {
return z;

}

public double getV() {
return V;

}

public double getEX() {
return ex;

}

public double getEY() {
return ey;

}

public double getEZ() {
return ez;

}

public double getBX() {
return bx;

}

public double getBY() {
return by;

}

public double getBZ() {
return bz;

}

public double getN(int i) {
return n.get(i);

cps3dn > Grids.java

package cps3dn;

import java.io.File;
import java.io.FileNotFoundException;

import java.io.FileOutputStream;
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import java.io.PrintWriter;

import java.io.UnsupportedEncodingException;

e

* @author ppengvan

*/

public class Grids {
private Grid[][l[] grids;
private int numOfX;
private int numOfY;
private int numOfZ;

private int numOfGrids;

public Grids(Config config) {
// Create ¢rids, set boundary voltage, get neighboring grids, initialize some grid values
inti=0;
int gx;
int gy;
int gz;
double xc = config.getXi();
double yc;
double zc;
grids = new Grid[config.getNumOfX()][config.getNumOfY()][config.eetNumOfZ()];
numMOfX = config.getNumOfX();
nuMOfY = config.getNumOfY();
numOfZ = config.getNumOfZ();

System.out.print("Creating grids.....");

for (gx = 0; gx < NUMOFX; gx++) {
yc = config.getYi()

for (gy = 0; gy < numOfY; gy++) {
zc = config.getZi();

for (¢z = 0; gz < NUMOSZ; gz++) {
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Grid grd = new Grid(config.getNType());
grd.setlD(i);

grd.setX(xc);

grd.setY(yc);

grd.setZ(zc);

this.set(grd,ex,gy,e2);

=i+ 1;

zc = zc + config.getGridSizeZ();

yc = yc + config.getGridSizeY();

XC = X + config.getGridSizeX();

numOfGrids = i;

for (gx = 0; gx < NUMOFX; gx++) {
for (gy = 0; gy < numOfY; gy++) {
for (¢z = 0; gz < NUMOFZ; gz++) {
if (gy == 0) {
this.get(gx,gy,gz).setV(config.getVi();
}
else if (gy == (numOfY - 1)) {

this.get(gx,gy,gz).setV(config.getVf()*Math.cos(config.cetVt()));

}
else {

this.get(gx,gy,g2).setV(0);

this.get(gx,gy,92).setEX(0);
this.get(gx,gy,g2).setEY(0);
this.get(gx,gy,gz).setEZ(0);
this.get(gx,gy,92).setBZ(config.getBz());
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}

}

System.out.printin("done.");

System.out.printtn(" ");

public void set(Grid grd, int i, int j, int k) {
grids[il[jl[k] = erd;

public Grid get(int id) {
int x = id / (numOfY * numOf2);
inty = (id % (numOfY * numOfZ)) / numOfz,
int z = (id % (nuMOfY * NnumOfZ)) % numOfZ;
return erids[x]lyl[z];

public Grid get(int i, int j, int k) {
return grids[i][jl[k];

public void updateDensity(Config config, Cells cells, Particles pars) {
// Calculate density at each grid

double tv, v, V0, v1, v2, v3, vi, v5, v6, V7;

double x, v, z;

int ¢

int typelD;

int g0, g1, g2, ¢3, ¢4, g5, g6, ¢7;

double tpar = 0;

System.out.print("Calculating particles .....");
// total volume

tv = (config.getXf()-config.getXi())*(config.getYf()-config.getYi())*(config.getZf()-
config.getZi());

// differential volume
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v = config.getGridSizeX()*config.getGridSizeY()*config.getGridSize Z();

for (int gx = 0; gx < NUMOFX; gx++) { // Reset density of each grid
for (int gy = 0; gy < nuMOFY; gy++) {
for (int gz = 0; gz < NnuUMOFZ; gz++) {
for (inti = 0; i < config.eetNType(); i++) {
this.get(gx,gy,g2).setN(i, 0.0);

}
for (Particle eachPar : pars.get()) {
if (eachPar.getCell() I= -1) {
¢ = eachPar.getCell();
typelD = eachPar.getTypelD();
x = eachPar.getX();
y = eachPar.getY();
z = eachPar.getZ();

’

g0 = cells.get(c).getGO

)

gl = cells.get(c).cetG1

0
9)
0;
c).cetG3();
0
0
0)
0

).
g2 = cells.get(c).cetG2
).
).getGa
).
).
).

g3 =ce

gd = cells.get(c

)

(
(
s.get(
(
(

g5 = cells.get(c).getG5

)

g6 = cells.get(c).cetG6

)

(
(
(
(
(
(
(
(

g7 = cells.get(c).cetG7

)

VO = (x-this.get(g0).cetX()) * (y-this.get(g0).getY()) * (z-this.cet(g0).getZ());
vl = (x-this.get(g1).cetX()) * (y-this.get(g1).getY()) * (this.get(g1).cetZ()-z);
v2 = (x-this.get(g2).getX()) * (this.get(g2).getY()-y) * (z-this.get(g2).getZ());
v3 = (x-this.get(g3).getX()) * (this.get(g3).getY()-y) * (this.get(g3).cetZ()-2);
v = (this.get(gd).getX()-x) * (y-this.get(gd).getY()) * (z-this.cet(gd).getZ());
v5 = (this.get(gh).getX()-x) * (y-this.get(g5).getY()) * (this.get(g5).cetZ()-z);
v6 = (this.get(g6).getX()-x) * (this.get(g6).getY()-y) * (z-this.get(g6).getZ());
v7 = (this.get(g7).getX()-x) * (this.get(g7).getY()-y) * (this.get(g7).getZ()-2);

// this.get(g0).setN(typelD,
this.get(g0).getN(typelD)+config.gcetWeight(typelD)*v7/v);
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// this.get(g1).setN(typelD,
this.get(g1).getN(typelD)+config.gcetWeight(typelD)*v6/v);
// this.get(g2).setN(typelD,
this.get(g2).getN(typelD)+config.cetWeight(typelD)*v5/v);
// this.get(g3).setN(typelD,
this.get(g3).getN(typelD)+config.gcetWeight(typelD)*va/v);
// this.get(gd).setN(typelD,
this.get(gd).getN(typelD)+config.getWeight(typelD)*v3/v);
// this.get(g5).setN(typelD,
this.get(g5).getN(typelD)+config.getWeight(typelD)*v2/v);
// this.get(g6).setN(typelD,
this.get(g6).getN(typelD)+config.getWeight(typelD)*v1/v);
// this.get(g7).setN(typelD,
this.get(g7).getN(typelD)+config.getWeight(typelD)*v0/v);

this.get(g0).setN(typelD, this.get(g0).getN(typelD)+v7/v);
this.get(g1).setN(typelD, this.get(g1).getN(typelD)+v6/v);
this.get(g2).setN(typelD, this.get(g2).getN(typelD)+v5/v);
this.get(g3).setN(typelD, this.get(g3).cetN(typelD)+va/v);
this.get(¢d).setN(typelD, this.get(gd).getN(typelD)+v3/v);
this.get(g5).setN(typelD, this.get(g5).getN(typelD)+v2/v);
this.get(g6).setN(typelD, this.get(g6).getN(typelD)+v1/v);
(g7).

(t
(
(
(
(
(
(
this.get(g7).setN(typelD, this.get(g7).getN(typelD)+v0/v);

// // Check if number of super particle is still conserved

// double nxx = 0;

// for (inti = 0; i < this.getNumOfGrids(); i++) {

//

// nxx = nxx + this.get(i).cetN(0);

// }

// System.out.print(n();

// System.out.printin("total number == " + nxx/config.cetWeight(0));

// Also add particle contribution to the boundary cell on opposite side to handle

continuity
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for (inti = 0; i < config.eetNType(); i++) {
double temp;

for (int gx = 0; gx < NUMOFX; gx++) {
for (int gy = 0; gy < numOfY; gy++) {

temp = this.get(gx,gy,0).¢etN(i) + this.get(gx,gy,numOfZ-1).getN(i);

this.get(gx,gy,0).setN(i, temp);
this.get(gx,gy,numOfZ-1).setN(i, temp);

}
for (int gx = 0; gx < NnUMOFX; gx++) {
for (int gz = 0; gz < NnUMOFZ; gz++) {

temp = this.get(gx,0,92).getN(i) + this.get(gx,numOfY-1,gz).getN(i);

this.get(gx,0,g2).setN(i, temp);
this.get(gx,numOfY-1,gz).setN(i, temp);

}
for (int gy = 0; gy < nuMOSY; gy++) {
for (int gz = 0; gz < NUMOFZ; gz++) {

temp = this.get(0,gy,92).getN(i) + this.get(hnumOfX-1,gy,92).getN(i);

this.get(0,gy,92).setN(i, temp);
this.get(numOfX-1,gy,92).setN(i, temp);

// Calculate particle density
for (int gx = 0; gx < NUMOFX; gx++) {
for (int gy = 0; gy < nuMOFY; gy++) {
for (int gz = 0; gz < NnUMOFZ; gz++) {
for (int i = 0; i < config.cetNType(); i++) {
this.get(gx,gy,g2).setN(i, this.get(gx,gy,ez).cetN(i)/Vv);
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// Calculate total number of particles
for (int gx = 0; gx < NUMOFX; gx++) {
for (int gy = 0; gy < nuMOFY; gy++) {
for (int gz = 0; gz < NnUMOFZ; gz++) {
for (inti = 0; i < config.eetNType(); i++) {
if (((gx == 0) || (gx == NnUMOfX-1)) &&
((gy == 0) || (gy == numOfY-1)) &&
((gz == 0) || (gz == NnuMOFZ-1))) {
tpar = tpar + this.get(gx,gy,g2).cetN(i)*v/8.0;
}
else if ((gx 1= 0) && (gx 1= nUMOFX-1)) &&
((gy == 0) || (gy == numOfY-1)) &&
((gz == 0) || (gz == numMOSfZ-1))) {
tpar = tpar + this.get(gx,gy,gz).getN(i)*v/4.0;
}
else if ((gx == 0) || (gx == nUMOFX-1)) &&
((gy 1= 0) && (gy '= numMOfY-1)) &&
((gz == 0) || (gz == numMOSfZ-1))) {
tpar = tpar + this.get(gx,gy,gz).getN(i)*v/4.0;
}
else if ((gx == 0) || (gx == nUMOFX-1)) &&
((gy == 0) || (gy == numOfY-1)) &&
((gz 1= 0) && (gz = NUMOFfZ-1))) {
tpar = tpar + this.get(gx,gy,gz).getN(i)*v/4.0;
}
else if ((gx 1= 0) && (gx 1= NnUMOFX-1)) &&
((gy = 0) && (gy != numOfY-1)) &&
((gz 1= 0) && (gz = NUMOFZ-1))) {
tpar = tpar + this.get(gx,gy,g2).getN(i)*v;
}
else {
tpar = tpar + this.get(gx,gy,92).getN()*v/2.0;
}
// System.out.print(this.get(gx,gy,g2).getN(i) + " ");
}
// System.out.printn();
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}

System.out.printin("done.");

System.out.printin("Total number of particles = " + tpar);

System.out.printtn(" ");

public void updatePotentialNeumann(Config config, double time) {

// Calculate potential at each grid, i.e. solving Poisson's equation
double V = 0;
double res = 0;
double f = 0;

double tres = 100;

double ptres = 1;

double dtres = 100;

double dx = config.getGridSizeX();

double dy = config.getGridSizeY();

double dz = config.getGridSizeZ();

intct = 0;

System.out.print("Calculating grid potential.....");

for (int gx = 0; gx < NUMOFX; gx++) {
for (int gy = 0; gy < nuMOSY; gy++) {
for (int gz = 0; gz < NnUMOFZ; gz++) {
if (gy == 0) {
this.get(gx,gy,gz).setV(config.getVi();
}
else if (gy == (numOfY - 1)) {

this.get(gx,gy,gz).setV(config.getVf()*Math.cos((config.getVw()*time)+config.getVt()));
}
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while ((tres > config.getTol()) || (dtres > config.getDTol())) {

ct=ct+ 1
tres = 0;
// for (int gy = 1; gy < numOfY-1; gy++) {
// for (int gz = 1; gz < NUMOFfZ-1; gz++) {
// double nV = 0.5%(this.get(0,gy,g7).getV()+this.get(humOfX-1,gy,57).getV());
/11/ System.out.println(this.get(0,gy,g2).getV() + " " + this.get(humOfX-
1,8y,82).cetV() + " " + nV),
// this.get(0,gy,g2).setV(nV);
// this.get(humOfX-1,gy,52).setV(nV);
// }
// }
// for (int gy = 1; gy < numOfY-1; gy++) {
// for (int ex = 1; gx < nuMOfX-1; gx++) {
// double nV = 0.5%(this.get(gx,gy,0).getV()+this.get(gx,gy,numOfZ-1).getV());
// this.get(gx,gy,0).setV(nV);
// this.get(gx,gy,numOfZ-1).setV(nV);
// }
// }
// for (int gy = 1; gy < numOfY-1; gy++) {
// double nV = 0.25*(this.get(0,gy,0).getV()+this.get(0,gy,numOfZ-
1).getV()+this.get(numOfX-1,gy,0).getV()+this.get(numOfX-1,gy,numOfZ-1).getV());
// this.cet(0,gy,0).setV(nV);
// this.get(0,gy,numOfZ-1).setV(nV);
// this.get(numOfX-1,gy,0).setV(nV);
// this.get(humOfX-1,gy,numOfZ-1).setV(nV);
// }

for (int gx = 0; gx < NUMOFX; gx++) {
for (int gy = 0; gy < numOfY; gy++) {
for (int gz = 0; gz < NUMOSZ; gz++) {
if (gy = 0) & (gy != (numOfY - 1))) {

f=0;

for (inti = 0; i < config.eetNType(); i++) {
// f=Ff+
config.getCharge(i)*this.get(gx,gy,92).getN(i)/DefaultConstant.EPS;

f = f + config.getCharge(i)*this.get(gx,gy,gz).getN(i);
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if (gx == 0) {
if (¢z == 0) {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.get(gx+1,gy,92).getV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz+1).getV() +
this.get(gx,gy,gz+1).getV()) -
2.0*(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(F*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.get(gx+1,8y,92).getV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz+1).getV() +
this.get(gx,gy,gz+1).getV());
}
else if (gz == (humOfZ-1)) {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.get(gx+1,gy,92).getV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,92).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).cetV() + this.get(gx,gy,gz-
1).get\V()) -
2.0*(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(F*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.get(gx+1,gy,92).getV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,gy+1,92).getV() +
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(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).cetV() + this.get(gx,gy,ez-
1).getV0));
}
else {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.get(gx+1,gy,92).getV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.cet(gx,gy,gz-1).cetV() +
this.get(gx,gy,gz+1).getV()) -
2.0*(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(f*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.get(gx+1,gy,92).getV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.cet(gx,gy,gz-1).cetV() +
this.get(gx,gy,gz+1).getV());
}
}
else if (gx == (NnumOfX-1)) {
if (¢z == 0) {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.get(gx-1,8y,82).getV() + this.get(gx-
1,8y,92).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,92).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz+1).getV() +
this.get(gx,gy,gz+1).getV()) -
2.0*(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(F*(dx*dx*dy*dy*dz*dz) +
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(dy*dy*dz*dz)*(this.cet(gx-1,gy,92).cetV() + this.get(gx-
1,8y,82).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz+1).getV() +
this.get(gx,gy,gz+1).getV());
}
else if (gz == (humOfZ-1)) {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.get(gx-1,8y,82).getV() + this.get(gx-
1,8y,97).getV()) +
(dx*dx*dz*dz)*(this.get(ex,gy-1,92).getV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).cetV() + this.get(gx,gy,gz-
1).get\V()) -
2.0*(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(F*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.cet(gx-1,gy,92).cetV() + this.get(gx-
1,9y,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,92).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).cetV() + this.get(gx,gy,gz-
1).getV0));
}
else {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.get(gx-1,8y,82).getV() + this.get(gx-
1,8y,82).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.cet(gx,gy,gz-1).cetV() +
this.get(gx,gy,gz+1).getV()) -
2.0*(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
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(F*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.cet(gx-1,gy,92).cetV() + this.get(gx-
1,8y,92).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.cet(gx,gy,gz-1).cetV() +
this.get(gx,gy,gz+1).getV());
}
}
else {
if (¢z == 0) {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.cet(gx-1,9y,82).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz+1).getV() +
this.get(gx,gy,gz+1).getV()) -
2.0*(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(f*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.cet(gx-1,gy,92).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz+1).getV() +
this.get(gx,gy,gz+1).getV());
}
else if (gz == (humOfZ-1)) {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.cet(gx-1,9y,82).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,92).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).cetV() + this.get(gx,gy,gz-
1).get\V()) -
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2.0*(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(F*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.cet(gx-1,gy,92).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).cetV() + this.get(gx,gy,ez-
1).getV0));
}
else {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.cet(gx-1,9y,82).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.cet(gx,gy,gz-1).cetV() +
this.get(gx,gy,gz+1).getV()) -
2.0*(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(f*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.cet(gx-1,gy,92).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.cet(gx,gy,gz-1).cetV() +
this.get(gx,gy,gz+1).getV()));
}

this.get(gx,gy,gz).setV((1-
config.getW())*this.get(gx,gy,sz).cetV()+config.cetW()*V);
}

tres = tres + res*res;
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/!

}

tres = Math.sqrt(tres);

dtres = Math.abs(tres - ptres)/ptres;

ptres = tres;

if (ct%1000 == 0) {
System.out.println("lternation #: " + ct);
System.out.printin("Total residual = " + tres);

System.out.println("Differential total residual = " + dtres);

System.out.printin("done.");
System.out.printin("Number of iterations: " + ct);
System.out.printin("Total residual = " + tres);

System.out.println("Differential total residual = " + dtres);

System.out.printtn(" ");

public void updatePotentialPeriodic(Config config, double time) {

// Calculate potential at each grid, i.e. solving Poisson's equation

/!

double V = 0;
double res = 0;
double f = 0;
double tres = 100;

double ptres = 1;

double dtres = 100;

double dx = config.getGridSizeX();
double dy = config.getGridSizeY();
double dz = config.getGridSizeZ(),
intct = 0;

System.out.print("Calculating grid potential.....");

for (int gx = 0; gx < NUMOFX; gx++) {
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/!
/!
/!
/!
/!
/!
/!

for (int gy = 0; gy < numMOFY; gy++) {
for (int gz = 0; gz < NUMOFZ; gz++) {
if (gy == 0) {
this.get(gx,gy,gz).setV(config.getVi();
}
else if (gy == (numOfY - 1)) {

this.get(gx,gy,g2).setV(config.getVf()*Math.cos((config.getVw()*time)+config.getVt());

/!
/!
/!
/!

/!

/!

/!

}

int tct = 0;

while ((tres > config.getTol()) || (dtres > config.getDTol()) {
ct=ct+ 1
tres = 0;
for (int gx = 0; gx < NUMOFX; gx++) {
for (int gy = 0; gy < numOfY; gy++) {
for (int gz = 0; gz < NUMOFZ; gz++) {
if ((gy != 0) && (gy != (numOfY - 1)) {
f=0;
for (int i = 0; i < config.getNType(); i++) {
f=Ff+

config.getCharge(i)*this.get(gx,gy,92).getN(i)/DefaultConstant.EPS;

f = f + config.getCharge(i)*this.get(gx,gy,gz).getN(i);
}
if (gx == 0) {
if (gy == 0) {
if (gz == 0) {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.get(numOfX-2,gy,57).cetV() +

this.get(gx+1,8y,82).cetV()) +

(dx*dx*dz*dz)*(this.get(gx,numOfY-2,g2).cetV() +

this.get(gx,gy+1,82).cetV()) +
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(dx*dx*dy*dy)*(this.get(gx,gy,numOfZ-2).cetV() +
this.get(gx,gy,gz+1).getV()) -
2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(F*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.get(humOfX-2,gy,5z).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,numOfY-2,g7).getV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,numOfZ-2).cetV() +
this.get(gx,gy,gz+1).getV());
}
else if (gz == (humOfz-1)) {
// V = this.get(gx, gy, 0).getV();
// tct++;
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.get(hnumOfX-2,gy,57).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,numOfY-2,¢z).getV() +
this.get(gx,gy+1,82).cetV()) +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,1).getV()) -
2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(F*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.get(humOfX-2,gy,57).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,numOfY-2,¢z).getV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,1).getV()));
}
else {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
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((dy*dy*dz*dz)*(this.get(hnumOfX-2,gy,57).cetV() +
this.get(gx+1,gy,92).getV()) +

(dx*dx*dz*dz)*(this.get(gx,numOfY-2,gz).getV() +
this.get(gx,gy+1,92).getV() +

(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,gz+1).get\V()) -

2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());

V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *

(F*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.get(humOfX-2,gy,57).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,numOfY-2,¢z).getV() +
this.get(gx,gy+1,82).cetV()) +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,gz+1).getV()));
}
}
else if (gy == (humOfY-1)) {

// V = this.get(gx, 0, gz).getV();
// tct++;
if (gz ==0){

res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *

((dy*dy*dz*dz)*(this.get(hnumOfX-2,gy,57).cetV() +
this.get(gx+1,gy,92).getV()) +

(dx*dx*dz*dz)*(this.get(gx,gy-1,92).getV() +
this.get(gx,1,92).getV() +

(dx*dx*dy*dy)*(this.get(gx,gy,numOfZ-2).cetV() +
this.get(gx,gy,gz+1).getV()) -

2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());

V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *

(F*(dx*dx*dy*dy*dz*dz) +

(dy*dy*dz*dz)*(this.get(humOfX-2,gy,5z).cetV() +
this.get(gx+1,gy,92).getV()) +

(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,1,92).getV() +
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(dx*dx*dy*dy)*(this.get(gx,gy,numOfZ-2).cetV() +
this.get(gx,gy,gz+1).getV());
}
else if (gz == (humOfz-1)) {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.get(hnumOfX-2,gy,57).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,92).getV() +
this.get(gx,1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,1).getV()) -
2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());

V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *

(F*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.get(numOfX-2,gy,gz).getV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,82).cetV() +
this.get(gx,1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,1).getV()));
}
else {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.cet(humOfX-2,ey,gz).getV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,92).getV() +
this.get(gx,1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,gz+1).getV()) -
2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy)))
(F*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.get(numOfX-2,gy,gz).getV() +
this.get(gx+1,gy,92).getV()) +
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(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,gz+1).getV());
}
}
else {
if (gz == 0) {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *

((dy*dy*dz*dz)*(this.get(hnumOfX-2,gy,57).cetV() +

this.get(gx+1,gy,92).getV()) +

(dx*dx*dz*dz)*(this.get(gx,gy-1,92).getV() +
this.get(gx,gy+1,92).getV() +

(dx*dx*dy*dy)*(this.get(gx,gy,numOfZ-2).cetV() +
this.get(gx,gy,gz+1).getV()) -

2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());

V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *

(F¥(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.get(humOfX-2,gy,57).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,numOfZ-2).cetV() +
this.get(gx,gy,gz+1).getV());
}
else if (gz == (humOfz-1)) {
// V = this.get(gx, gy, 0).getV();
// tct++;
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *

((dy*dy*dz*dz)*(this.get(hnumOfX-2,gy,57).cetV() +

this.get(gx+1,gy,92).getV()) +

(dx*dx*dz*dz)*(this.get(gx,gy-1,92).getV() +
this.get(gx,gy+1,92).getV() +

(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,1).getV()) -
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2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(F*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.get(numOfX-2,gy,8z).getV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,82).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,1).getV()));
}
else {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.cet(humOfX-2,ey,gz).getV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,92).getV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,gz+1).getV()) -
2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,g2).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(F¥(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.get(numOfX-2,gy,gz).getV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,82).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,gz+1).getV()));
}

}
else if (gx == (numOfX-1)) {

// V = this.get(0, gy, gz).getV();
// tct++;
if (gy == 0) {

if (gz == 0) {
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this.get(1,gy,92).getV() +

res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.cet(gx-1,gy,02).cetV() +

(dx*dx*dz*dz)*(this.get(gx,numOfY-2,¢z).cetV() +

this.get(gx,gy+1,82).cetV()) +

(dx*dx*dy*dy)*(this.get(gx,gy,numOfZ-2).getV() +

this.get(gx,gy,gz+1).get\V()) -

2.0%(dy*dy*dz*dz + dx*dx*dz*dz +

dx*dx*dy*dy)*this.get(gx,gy,gz).getV());

this.get(1,gy,92).getV() +

V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(F(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.get(ex-1,gy,82).getV() +

(dx*dx*dz*dz)*(this.get(gx,numOfY-2,¢z).getV() +

this.get(gx,gy+1,82).cetV()) +

(dx*dx*dy*dy)*(this.get(gx,gy,numOfZ-2).getV() +

this.get(ex,gy,gz+1).getV());

this.get(1,gy,92).getV() +

}
else if (gz == (numOfZ-1)) {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.cet(gx-1,gy,2).cetV() +

(dx*dx*dz*dz)*(this.get(gx,numOfY-2,g2).getV() +

this.get(gx,gy+1,82).cetV()) +

this.get(gx,gy,1).getV()) -

(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +

2.0%(dy*dy*dz*dz + dx*dx*dz*dz +

dx*dx*dy*dy)*this.get(gx,gy,gz).getV());

this.get(1,gy,92).getV() +

V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(F(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.get(ex-1,gy,82).getV() +

(dx*dx*dz*dz)*(this.get(gx,numOfY-2,52).getV() +

this.get(gx,gy+1,82).cetV()) +

this.get(gx,gy,1).getV()));

(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
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else {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *

((dy*dy*dz*dz)*(this.cet(gx-1,9y,2).cetV() +
this.get(1,gy,92).getV()) +

(dx*dx*dz*dz)*(this.get(gx,numOfY-2,¢z).getV() +
this.get(gx,gy+1,82).cetV()) +

(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,gz+1).getV()) -

2.0*(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());

V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *

(F*(dx*dx*dy*dy*dz*dz) +

(dy*dy*dz*dz)*(this.cet(gx-1,gy,92).cetV() +
this.get(1,gy,92).getV()) +

(dx*dx*dz*dz)*(this.get(gx,numOfY-2,¢2).getV() +
this.get(gx,gy+1,92).getV() +

(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,gz+1).getV()));

}

}
else if (gy == (humOfY-1)) {
if (gz == 0) {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
(dy*dy*dz*dz)*(this.cet(gx-1,9y,2).cetV() +
this.get(1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,92).getV() +
this.get(gx,1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,numOfZ-2).cetV() +
this.get(gx,gy,gz+1).get\V()) -
2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0*(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy)))
(F*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.cet(gx-1,gy,92).cetV() +
this.get(1,gy,92).getV()) +




142

cps3dn > Grids.java

(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,numOfZ-2).cetV() +
this.get(gx,gy,gz+1).getV());
}
else if (gz == (humOfz-1)) {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
(dy*dy*dz*dz)*(this.cet(gx-1,gy,02).cetV() +
this.get(1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,92).getV() +
this.get(gx,1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,1).getV()) -
2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());

V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *

(F*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.cet(gx-1,gy,92).cetV() +
this.get(1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,82).cetV() +
this.get(gx,1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,1).getV()));
}
else {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
(dy*dy*dz*dz)*(this.cet(gx-1,9y,2).cetV() +
this.get(1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,92).getV() +
this.get(gx,1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,gz+1).getV()) -
2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy)))
(F*(dx*dx*dy*dy*dz*dz) +
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(dy*dy*dz*dz)*(this.cet(gx-1,gy,92).cetV() +
this.get(1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,gz+1).getV());
}
}
else {
if (gz == 0) {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
(dy*dy*dz*dz)*(this.cet(gx-1,9y,2).cetV() +
this.get(1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,92).¢etV() +
this.get(gx,gy+1,82).cetV()) +
(dx*dx*dy*dy)*(this.get(gx,gy,numOfZ-2).cetV() +
this.get(gx,gy,gz+1).getV()) -
2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(F¥(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.cet(gx-1,gy,92).cetV() +
this.get(1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,gy+1,82).cetV()) +
(dx*dx*dy*dy)*(this.get(gx,gy,numOfZ-2).cetV() +
this.get(gx,gy,gz+1).getV());
}
else if (gz == (humOfz-1)) {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.cet(gx-1,9y,67).cetV() +
this.get(1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,92).¢etV() +
this.get(gx,gy+1,82).cetV()) +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,1).getV()) -
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2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(F*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.cet(gx-1,gy,92).cetV() +
this.get(1,gy,92).cetV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,82).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,1).getV()));
}
else {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.cet(gx-1,9y,02).cetV() +
this.get(1,gy,92).cetV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,92).getV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,gz+1).getV()) -
2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(F¥(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.cet(gx-1,gy,92).cetV() +
this.get(1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,82).cetV() +
this.get(gx,gy+1,97).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,gz+1).getV()));
}

}
else {
if (gy == 0) {
if (gz == 0) {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
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((dy*dy*dz*dz)*(this.cet(gx-1,gy,2).cetV() +

this.get(gx+1,8y,82).cetV()) +

(dx*dx*dz*dz)*(this.get(gx,numOfY-2,gz).getV() +

this.get(gx,gy+1,82).cetV()) +

(dx*dx*dy*dy)*(this.get(gx,gy,numOfZ-2).getV() +

this.get(gx,gy,gz+1).get\V()) -

2.0*(dy*dy*dz*dz + dx*dx*dz*dz +

dx*dx*dy*dy)*this.get(gx,gy,gz).getV());

V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(F*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.get(ex-1,8y,82).getV() +

this.get(gx+1,8y,82).cetV()) +

(dx*dx*dz*dz)*(this.get(gx,numOfY-2,gz).cetV() +

this.get(gx,gy+1,82).cetV()) +

(dx*dx*dy*dy)*(this.get(gx,gy,numOfZ-2).getV() +

this.get(gx,gy,gz+1).getV());

/!
/!

}
else if (gz == (humOfz-1)) {
V = this.get(gx, gy, 0).getV();
tct++;
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.cet(gx-1,9y,02).cetV() +

this.get(gx+1,8y,82).cetV()) +

(dx*dx*dz*dz)*(this.get(gx,numOfY-2,g2).cetV() +

this.get(gx,gy+1,82).cetV()) +

this.get(gx,gy,1).getV()) -

(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +

2.0*(dy*dy*dz*dz + dx*dx*dz*dz +

dx*dx*dy*dy)*this.get(gx,gy,gz).getV());

V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(F*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.get(ex-1,gy,82).getV() +

this.get(gx+1,8y,82).cetV()) +

(dx*dx*dz*dz)*(this.get(gx,numOfY-2,gz).getV() +

this.get(gx,gy+1,82).cetV()) +

this.get(gx,gy,1).getV()));

(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
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}
else {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.cet(gx-1,9y,2).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,numOfY-2,gz).getV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,gz+1).getV()) -
2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());

V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *

(F*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.cet(gx-1,gy,92).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,numOfY-2,¢2).getV() +
this.get(gx,gy+1,82).cetV()) +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).cetV() +
this.get(gx,gy,gz+1).getV());
}
}
else if (gy == (humOfY-1)) {

// V = this.get(gx, 0, gz).getV();
// tct++;
if (gz ==0){

res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
(dy*dy*dz*dz)*(this.cet(gx-1,9y,2).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,92).getV() +
this.get(gx,1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,numOfZ-2).cetV() +
this.get(gx,gy,gz+1).getV()) -
2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy)))
(F*(dx*dx*dy*dy*dz*dz) +
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(dy*dy*dz*dz)*(this.cet(gx-1,gy,92).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,numOfZ-2).cetV() +
this.get(gx,gy,9z+1).getV()));
}
else if (gz == (humOfZ-1)) {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.cet(gx-1,9y,2).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,92).getV() +
this.get(gx,1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,ez-1).getV() +
this.get(gx,gy,1).getV()) -
2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(F¥(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.cet(gx-1,gy,92).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,1).getV()));
}
else {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.cet(gx-1,9y,02).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,92).getV() +
this.get(gx,1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,gz+1).getV()) -
2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
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(F*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.cet(gx-1,gy,92).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,2).cetV() +
this.get(gx,1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,gz+1).getV());
}
}
else {
if (gz == 0) {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.cet(gx-1,9y,2).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,92).getV() +
this.get(gx,gy+1,82).cetV()) +
(dx*dx*dy*dy)*(this.get(gx,gy,numOfZ-2).cetV() +
this.get(gx,gy,gz+1).getV()) -
2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(F*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.cet(gx-1,gy,92).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,82).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,numOfZ-2).cetV() +
this.get(gx,gy,gz+1).getV());
}
else if (gz == (humOfz-1)) {
// V = this.get(gx, gy, 0).getV();
// tct++;
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
(dy*dy*dz*dz)*(this.cet(gx-1,gy,02).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,92).¢etV() +

this.get(gx,gy+1,82).cetV()) +
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(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,1).getV()) -
2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(F*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.cet(gx-1,gy,92).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,1).getV()));
}
else {
res = f + (1.0/(dx*dx*dy*dy*dz*dz)) *
((dy*dy*dz*dz)*(this.cet(gx-1,9y,62).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.get(gx,gy-1,92).getV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,gz+1).getV()) -
2.0%(dy*dy*dz*dz + dx*dx*dz*dz +
dx*dx*dy*dy)*this.get(gx,gy,gz).getV());
V = (1.0/(2.0%(dy*dy*dz*dz + dx*dx*dz*dz + dx*dx*dy*dy))) *
(F*(dx*dx*dy*dy*dz*dz) +
(dy*dy*dz*dz)*(this.cet(gx-1,gy,92).cetV() +
this.get(gx+1,gy,92).getV()) +
(dx*dx*dz*dz)*(this.cet(gx,gy-1,82).cetV() +
this.get(gx,gy+1,92).getV() +
(dx*dx*dy*dy)*(this.get(gx,gy,gz-1).getV() +
this.get(gx,gy,gz+1).getV());
}

this.get(gx,gy,gz).setV((1-

config.getW())*this.get(gx,gy,sz).cetV()+config.cetW()*V);
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/! }

tres = tres + (res*res);

}
}
}
// if (ct == 1) {
// System.out.printin("TCT =" + tct);
// }

tres = Math.sqrt(tres);
dtres = Math.abs(tres - ptres)/ptres;
ptres = tres;

// System.out.printin(tres + " " + dtres);

if (ct%1000 == 0) {
System.out.println("lternation #: " + ct);
System.out.printin("Total residual = " + tres);

System.out.println("Differential total residual = " + dtres);

System.out.println("done.");

System.out.printin("Number of iterations: " + ct);

Differential total residual = " + dtres);

" ");

(n(
(n(
System.out.printin("Total residual = " + tres);
System.out.printin(

(n(

System.out.println

public void updateEFieldNeumann(Config config) {

// Calculate electric field at each grid from the neighboring potentials

double Ex =
double Ey = 0;
double Ez =

System.out.print("Calculating grid electric field.....");
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for (int gx = 0; gx < NUMOFX; gx++) {
for (int gy = 0; gy < nuMOFY; gy++) {
for (int gz = 0; gz < NnUMOFZ; gz++) {
if (gx == 0) {
Ex = -(this.get(gx+1,gy,92).getV()-
this.get(gx+1,8y,92).getV())/(2.0*config.getGridSizeX());
}
else if (gx == (NnumMOfX - 1)) {
Ex = -(this.cet(gx-1,9y,07).cetV()-this.get(gx-
1,8y,92).eetV())/(2.0*config.getGridSizeX());
}
else {
Ex = -(this.get(gx+1,gy,92).getV()-this.get(ex-
1,8y,92).eetV())/(2.0*config.getGridSizeX());
}

if (gy == 0) {
Ey = -(this.get(gx,oy+1,92).cetV()-
this.get(gx,gy+1,22).getV())/(2.0*config.getGridSize Y());
}
else if (gy == (numOfY - 1)) {
Ey = -(this.get(gx,gy-1,92).getV()-this.cet(gx,gy-
1,82).getV())/(2.0*config.getGridSizeY());
}
else {
Ey = -(this.get(gx,oy+1,07).cetV()-this.cet(gx,gy-
1,82).getV())/(2.0*config.getGridSizeY());
}

if (gz == 0) {
Ez = -(this.get(gx,gy,gz+1).getV()-
this.get(gx,gy,9z+1).getV())/(2.0*config.getGridSize Z());
}
else if (gz == (humOfZ - 1)) {
Ez = -(this.get(gx,gy,9z-1).getV()-this.get(gx,gy,gz-
1).getV())/(2.0*config.getGridSizeZ());
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}
else {
Ez = -(this.get(gx,gy,gz+1).getV()-this.get(gx,gy,gz-
1).getV())/(2.0*config.cetGridSize Z());
}

this.get(gx,gy,g2).setEX(Ex);
this.get(gx,gy,gz).setEY(Ey);
this.get(gx,gy,g2).setEZ(E2)

System.out.printin("done.");

System.out.printtn(" ");

public void updateEFieldPeriodic(Config config) {

// Calculate electric field at each grid from the neighboring potentials
double Ex =
double Ey = 0;
double Ez =

System.out.print("Calculating grid electric field.....");

for (int gx = 0; gx < NUMOFX; gx++) {
for (int gy = 0; gy < nuMOFY; gy++) {
for (int gz = 0; gz < NnUMOFZ; gz++) {
if (gx == 0) {
Ex = -(this.get(gx+1,gy,92).getV()-this.get(numOfX-
2,8y,97).¢etV())/(2.0*config.getGridSizeX());
}
else if (gx == (NnumMOfX - 1)) {
Ex = -(this.cet(1,gy,97).cetV()-this.cet(gx-
1,8y,92).eetV())/(2.0*config.getGridSizeX());
}
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else {
Ex = -(this.get(gx+1,gy,92).getV()-this.get(ex-
1,8y,92).getV())/(2.0*config.getGridSize X());
}

if (gy == 0) {
Ey = -(this.get(gx,gy+1,g2).getV()-this.get(gx,numOfY-
2,67).getV())/(2.0*config.cetGridSizeY());
}
else if (gy == (numOfY - 1)) {
Ey = -(this.get(gx,1,92).getV()-this.get(gx,gy-
1,92).¢etV())/(2.0*config.getGridSizeY());
}
else {
Ey = -(this.get(gx,oy+1,07).cetV()-this.cet(gx,gy-
1,82).getV())/(2.0*config.getGridSizeY());
}

if (gz == 0) {
Ez = -(this.cet(gx,gy,ez+1).getV()-this.get(ex,gy,numOfZ-
2).getV())/(2.0%*config.getGridSizeZ());
}
else if (gz == (humOfZ - 1)) {
Ez = -(this.get(gx,gy,1).getV()-this.get(gx,gy,9z-
1).getV())/(2.0*config.cetGridSizeZ());
}
else {
Ez = -(this.get(gx,gy,gz+1).getV()-this.get(gx,gy,gz-
1).getV())/(2.0*config.cetGridSizeZ());
}

this.get(gx,gy,g2).setEX(Ex);
this.get(gx,gy,gz).setEY(Ey);
this.get(gx,gy,g2).setEZ(E2)
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System.out.printin("done.");

System.out.printtn(" ");

public int getNumOfGrids() {

return numOfGrids;

public double getDensity(Config config, int type, double x, double y, double z) {
int i = (int) ((x - config.getXi()) / config.cetGridSizeX());
int j = (int) ((y - config.getYi()) / config.getGridSizeY());
int k = (int) ((z - config.getZi()) / config.getGridSizeZ()),

double v = config.getGridSizeX()*config.getGridSizeY()*config.getGridSize Z();

double v0 = (x-this.get(i,j,k).getX()) * (y-this.get(i,j,k).getY()) * (z-this.get(i,j,k).cetZ());

double v1 = (x-this.get(i,j,k+1).getX()) * (y-this.get(ij,k+1).getY()) *
(this.get(i,j,k+1).cetZ()-z);

double v2 = (x-this.get(i,j+1,k).getX() * (this.get(i,j+1,k).getY()-y) * (z-
this.get(i,j+1,k).getz();

double v3 = (x-this.get(i,j+1,k+1).getX() * (this.get(ij+1,k+1).cetY()-y) *
(this.get(ij+1,k+1).getZ()-z);

double v4 = (this.get(i+1,j,k).getX()-x) * (y-this.get(i+1,},k).cetY() * (z-
this.get(i+1,j,k).getZ();

double v5 = (this.get(i+1,j,k+1).getX()-x) * (y-this.get(i+1,,k+1).getY() *
(this.get(i+1,j,k+1).getZ()-z);

double v6 = (this.get(i+1,j+1,k).getX()-x) * (this.get(i+1,j+1,k).getY()-y) * (z-
this.get(i+1,j+1,k).getZ();

double v7 = (this.get(i+1,j+1,k+1).getX()-x) * (this.get(i+1,j+1,k+1).cetY()-y) *
(this.get(i+1,j+1,k+1).getZ()-2);

double n = this.get(i,j,k).getN(type)*v7/v + this.get(i,j,k+1).cetN(type)*vé/v +
this.get(i,j+1,k).getN(type)*v5/v + this.get(ij+1,k+1).getN(type)*va/v +
this.get(i+1,j,k).cetN(type)*v3/v + this.get(i+1,j,k+1).getN(type)*v2/v +
this.get(i+1,j+1,k).getN(type)*v1/v + this.get(i+1,j+1,k+1).cetN(type)*v0/v;

return n;
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}

// List grid values

public void listGrids(Config config) {
System.out.printin("Number of Grids =" + numOfGrids);
System.out.printin("Number of X =" + numOfX);

(

(
System.out.printin("Number of Y =" + numOfY),
System.out.printin("Number of Z =" + numOf2),
(

System.out.printtn(" ");

for (int gx = 0; gx < NUMOFX; gx++) {
for (int gy = 0; gy < nuMOFY; gy++) {

for (int gz = 0; gz < NnUMOFZ; gz++) {
System.out.print(this.get(gx,gy,g2).cetlD() + " ")
System.out.print(this.cet(gx,gy,e2).cetX() + " ")
System.out.print(this.cet(gx,gy,g2).cetY() + " ")
System.out.print(this.get(gx,gy,g2).getZ() + "
System.out.print(this.cet(gx,gy,ez).cetV() + " "
gx,9y,92).getEX() + " ");
ox,ay,82).getEY() + " ")

).
).
).
).
).
System.out.print(this.get ).
System.out.print(this.get ).
System.out.print(this.get(gx,gy,gz).cetEZ() + "
System.out.print(this.cet(gx,gy,sz).cetBX() + "
).

(

(

(

(

(

(

(

(

System.out.print(this.get(gx,gy,gz).getBY() + "

System.out.print(this.get(gx,gy,g2).cetBZ() + " ")

for (inti = 0; i < config.eetNType(); i++) {
System.out.print(this.get(gx,gy,gz).getN() + " ");

}

System.out.printtn();

}
System.out.printtn(" ");

public void saveGridData(Config config, String slide) throws FileNotFoundException,
UnsupportedEncodingException {

String gridFname = config.getDirName() + "/* + config.getSetName() + " grid " + slide

+ " xt"
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System.out.print("Saving grid data from cycle " + slide + ".....");

try (PrintWriter file = new PrintWriter(gridFname, "UTF-8") {
file.printin(slide);
file.println(config.getNType());
for (inti = 0; i < nuMOfGrids; i++) {
file.print(this.get(i).getDO) + " ");
file.print(this.cet(i).getX() + " ");
file.print(this.cet(i).getY() + " ");
file.print(this.cet(i).getZ() + " ");
file.print(this.cet(i).getV() + " ");
file.print(this.cet(i).getEX() + " ");
file.print(this.cet(i).getEY() + " ");
file.print(this.cet(i).getEZ() + " ");
(
(
(

file.print(this.get().getBX() + " ");
)

)

)

file.print(this.get(i).cetBY() + " ")

file.print(this.get(i).cetBZ() + " "

for (int j = 0; j < config.getNType(); j++) {
file.print(this.get(i).cetN() + " ")

}

file.println();

(
(
(
(
(
(
(
(
(
(

)

System.out.printin("done.");

System.out.printtn(" ");

// Save grid data at fixed X, Y, Zatall T

public void saveTracedGrid(Config config, String slide, int x, int y, int z) throws

FileNotFoundException, UnsupportedEncodingException {

String gridFname = config.getDirName() + "/" + config.getSetName() +

" traced grid.txt"

try (PrintWriter filel = new PrintWriter(new FileOutputStream(
new File(gridFname),

true /* append = true */))) {
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filel.print(slide + " ");
filel.print(config.getDT() + " ");
filel.print(this.get(x,y,z).getV() + " ");
file1.print(this.get(x,y,z).getEX() + " ");
file1.print(this.get(x,y,z).cetEY() + " ");
file1.print(this.get(x,y,z).getEZ());
filel.println();

// Save potential on XY plane at a certain time T and Z in excel format
public void savePotentialZDatadExcel(Config config, String slide, int z) throws
FileNotFoundException, UnsupportedEncodingException {
String gridFname = config.getDirName() + "/* + config.getSetName() + " V s" + slide +

7'+ z + it

System.out.print("Saving grid data for excel from cycle " + slide + ".....");

try (PrintWriter file = new PrintWriter(gridFname, "UTF-8") {
file.printin(slide);
for (int gy = (numOfY-1); gy >= 0; gy--) {
for (int gx = 0; gx < NUMOFX; gx++) {
file.print(this.get(gx,gy,2).cetV() + " ")
}
file.printn();

System.out.printin("done.");

System.out.printtn(" ");

// Save potential on XZ plane at a certain time T and Y in excel format
public void savePotentialYDatadExcel(Config config, String slide, int y) throws
FileNotFoundException, UnsupportedEncodingException {

String gridFname = config.getDirName() + "/* + config.getSetName() + " V s" + slide +

l|_y|l + y + ",tXt";
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System.out.print("Saving grid data for excel from cycle " + slide + ".....");

try (PrintWriter file = new PrintWriter(gridFname, "UTF-8") {
file.printin(slide);
for (int gz = (humOfZ-1); gz >= 0; gz--) {
for (int gx = 0; gx < NnUMOFX; gx++) {
file.print(this.get(gx,y,gz).getV() + " ")
}
file.printn();

System.out.printin("done.");

System.out.printtn(" ");

// Save potential on YZ plane at a certain time T and X in excel format
public void savePotentialXDatadExcel(Config config, String slide, int x) throws
FileNotFoundException, UnsupportedEncodingException {
String gridFname = config.getDirName() + "/* + config.getSetName() + " V s" + slide +

X4 X+

System.out.print("Saving grid data for excel from cycle " + slide + ".....");

try (PrintWriter file = new PrintWriter(gridFname, "UTF-8") {
file.printin(slide);
for (int gz = (humOfZ-1); gz >= 0; gz--) {
for (int gy = 0; gy < numOfY; gy++) {
file.print(this.cet(x,gy,g2).getV() + " ")
}
file.printn();

System.out.printin("done.");

System.out.printtn(" ");
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cps3dn > Input.java

package cps3dn;

import interaction.Defaultinteraction;
import crossSection.DefaultCrossSection;

import material.DefaultMaterial;

/**

*

* @author ppengvan
*/
public class Input {

// File parameters

// name of data folder

// final static String DIR_NAME = "/Users/ppengvan/Documents/Data3D";
final static String DIR_NAME = "D:\\Data3D-8";

// data set name to append

final static String SET_NAME = "3dset6";

// Calculation parameters

// absolute tolerence for residual (for field solver)

final static double TOL = le-6;

// tolerence for residual rate of change

final static double DTOL = le-2;
// relaxation constant
final static double W = 1.9;

// Time step in second normalized by 1/omega p

final static double DT = 0.0001;
// Time cycle to run;
final static int CYCLE = 1000;

// Grid parameters
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// Starting x in meters normalized by c/omega p

final static double X | = 0; // Do not change

// Ending x in meters normalized by c/omega p

final static double X F = 1;

// Starting y in meters normalized by c/omega p

final static double Y | = 0; // Do not change

// Ending y in meters normalized by c/omega p

final static double Y F = 1;

// Starting y in meters normalized by c/omega p

final static double Z | = 0; // Do not change

// Ending y in meters normalized by c/omega p

final static double Z F = 1;

// Number of grids in x

final static int NUM_OF GRID X = 21;

// Number of grids in y

final static int NUM_OF GRID Y = 21;

// Number of grids in z

final static int NUM_OF GRID Z = 21;

// Voltage on yi plane in Volts normalized by m*cA2/e
final static double VOLTAGE | = 0; // Do not change

// Voltage on yf plane in Volts normalized by m*c/A2/e
final static double VOLTAGE F = 0;

// Voltage frequency in Radian

final static double VOLTAGE W = 0;

// Initial phase of voltage V_f*cos(w*t+theta)

final static double VOLTAGE T = 0;

// Magnetic field (Bx) in Tesla normalized by m*omega p/e
final static double B X = 0;

// Magnetic field (By) in Tesla normalized by m*omega p/e
final static double B Y = 0;

// Magnetic field (Bz) in Tesla normalized by m*omega p/e
final static double B Z = 0;

// Charge particle parameters
// Electron plasma frequency used for normalization
final static double REFERENCE_DENSITY = leld;
// Types of charge particles
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final static int NUM_OF PARTICLE TYPE = 2;

// Classes of charge particles

final static DefaultMaterial[] PARTICLE CLASS = {DefaultMaterial.ELECTRON,
DefaultMaterialLARGON 1}

// Number of super-particle, Suggestion: Should be < 1e7

final static int[] NUM_OF PARTICLE = {128000, 128000};

// Weight of each super-particle
// final static double[] PARTICLE WEIGHT = {1.6e+4, 1.6e+4, lell};
// // Distribution of particle's position is assumed to be uniform
// // Distribution of particle's velopity is assumed to be Gaussian
// // Average velocity in x in m/s normalized by c

final static double[] V. X AVERAGE = {0, 0};

// Standard deviation of velocity in x in m/s normalized by c

final static double[] V. X STANDARD DEVIATION = {0, O}

// Average velocity in y in m/s normalized by ¢

final static double[] V_ Y AVERAGE = {0, 0};

// Standard deviation of velocity in y in m/s normalized by c

final static double[] V.Y STANDARD DEVIATION = {0, 0};

// Average velocity in z in m/s normalized by c

final static double[] V_Z AVERAGE = {0, 0};

// Standard deviation of velocity in z in m/s normalized by c

final static double[] V_.Z STANDARD DEVIATION = {0, O}

// Monte Carlo Interaction parameters
// Interaction pairs are setup using 2 fields to reference incoming
// and target particles: "INCOMINGI[i]" and "TARGETIi]".
// "INCOMING[i]" represents the incoming particle type i whereas
// "TARGETTIi]" represents the target particle type i.
// INCOMING[i] will interact with TARGETI]]
final static int INTERACTION_TYPE = 0;
final static int[] INCOMING = {0};
final static int[] TARGET = {2};
final static Defaultinteraction[] INTERACTION =
{Defaultinteraction.CLASSIC_ELASTIC_COLLISION};
final static DefaultCrossSection[] CROSS SECTION = {DefaultCrossSection.E_AR}
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package cps3dn;

import crossSection.DefaultCrossSection;
import interaction.Defaultinteraction;
import java.util. ArrayList;

import java.util.List;

import material.DefaultMaterial,

e

*

* @author ppengvan

*/

public class InteractionPair {
private DefaultMaterial inc;
private DefaultMaterial tar;
private Defaultinteraction inter;

private DefaultCrossSection xsec;

public void setinteraction(DefaultMaterial incVal, DefaultMaterial tarVal,

Defaultinteraction interVal, DefaultCrossSection xsVal) {

inc = incVal;
tar = tarVal;
inter = interVal;

xsec = xsVal;

public DefaultMaterial getinc() {
return inc;

}

public DefaultMaterial getTar() {
return tar;

}

public Defaultinteraction getinter() {
return inter;

}

public DefaultCrossSection getXSec() {

return xsec;
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}

cps3dn > InteractionPairs.java

package cps3dn;

import java.util. ArrayList;

import java.util.List;

Jxx
*
* @author ppengvan
*/
public class InteractionPairs {
private List<InteractionPair> ipairs = new ArrayList<>();
private int inType;

public InteractionPairs(Config config) {
inType = config.getinType();
for (inti=0;i<inType; i++) {

InteractionPair ipair = new InteractionPair();

ipair.setinteraction(config.getParType(config.getinc(i)),

config.getParType(config.getTar(i)), config.getinteraction(i), config.getXSection(i));

ipairs.add(ipair);

public void listinteractionPairs() {

System.out.printin("Interaction Pairs");

System.out.printtn(" ");
if (inType == 0) {

System.out.printin("No interation");
}else {

for (inti=0;i<inType; i++) {

System.out.print("Pair #" + i+ ":");
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System.out.printin(ipairs.get(i).getinter().toString() + " between " +
ipairs.get(i).cetinc().toString() + " and " + ipairs.get(i).getTar().toString());
}

System.out.printtn(" ");

public List<InteractionPair> getinteractionPairs() {

return ipairs;

cps3dn > Momentum.java

package cps3dn;

import java.io.File;

import java.io.FileNotFoundException;

import java.io.FileOutputStream;

import java.io.PrintWriter;

import java.io.UnsupportedEncodingException;
import java.util.logging.Level,

import java.util.logging.Logger;

e

*

* @author ppengvan

*/

public class Momentum {
private double parMomentumX;
private double parMomentumY;
private double parMomentumZ;
private double fieldMomentumJX;
private double fieldMomentumY;

private double fieldMomentumZ;
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public void calculateParticleMomentum(Config config, Particles pars) {
parMomentumX = 0;
parMomentumY = 0;

parMomentumZ = 0;

for (Particle p : pars.get() {
if (p.getCell() 1= -1) {
parMomentumX = parMomentumX +
config.getMass(p.getTypelD())*0.5%(p.getVXP()+p.getVX();
parMomentumY = parMomentumY +
config.getMass(p.getTypelD())*0.5%(p.getVYP()+p.getVY();
parMomentumZ = parMomentumZ +
config.getMass(p.getTypelD())*0.5%(p.getVZP()+p.getVZ());
}

public void calculateFieldMomentum(Config config, Grids grids) {
fieldMomentumX = 0;
fieldMomentumY = 0
fieldMomentumZ = 0

double v = config.getGridSizeX()*config.getGridSizeY()*config.getGridSizeZ();
double rho;

double numOfX = config.getNumOfX();

double numOfY = config.geetNumOfY();

double numOfZ = config.getNumOfZ()

double vol = 0;

for (int gx = 0; gx < NUMOFX; gx++) {
for (int gy = 0; gy < nuMOFY; gy++) {
for (int gz = 0; gz < NnUMOFZ; gz++) {
rho = 0;
for (inti = 0; i < config.eetNType(); i++) {
rho = rho + (config.getCharge(i) * (grids.get(gx,gy,sz).cetN(i)));
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if (gx == 0) || (gx == NUMOfX-1)) &&
((gy == 0) || (gy == numOfY-1)) &&
((gz == 0) || (gz == numOfZ-1))) {
// totalPE = totalPE + (0.5*DefaultConstant.EPS*(grids.get(gx, gy,
gz).cetEX()*grids.get(gx, gy, ¢z).getEX() + grids.get(gx, gy, gz).getEY()*grids.get(gx, gy,
gz).cetEY() + grids.get(gx, gy, gz).getEZ()*grids.get(gx, gy, gz).getEZ())*v/8);
fieldMomentumX = fieldMomentumX + (rho*grids.get(gx, gy,
g7).getEX()*v/8.0);
fieldMomentumY = fieldMomentumY + (rho*grids.get(gx, gy,
g7).getEY()*v/8.0);
fieldMomentumZ = fieldMomentumZ + (rho*grids.get(gx, gy,
g7).getEZ()*v/8.0);
vol = vol + v/8;
}
else if (((gx I= 0) && (gx = NUMOFX-1)) &&
((gy == 0) || (gy == numOfY-1)) &&
((gz == 0) || (gz == numOfZ-1))) {
// totalPE = totalPE + (0.5*DefaultConstant.EPS*(grids.get(gx, gy,
gz).cetEX()*grids.get(gx, gy, ¢z).getEX() + grids.get(gx, gy, gz).getEY()*grids.get(gx, gy,
gz).cetEY() + grids.get(gx, gy, gz).getEZ()*grids.get(gx, gy, gz).getEZ())*v/4);
fieldMomentumX = fieldMomentumX + (rho*grids.get(gx, gy,
gz).getEX()*v/4.0);
fieldMomentumY = fieldMomentumY + (rho*grids.get(gx, gy,
g2).getEY()*v/4.0);
fieldMomentumZ = fieldMomentumZ + (rho*grids.get(gx, gy,
gz).getEZ()*v/4.0);
vol = vol + v/4;
}
else if ((gx == 0) || (gx == NnUMOFX-1)) &&
((gy != 0) && (gy != nuMOfY-1)) &&
((gz == 0) || (gz == numOfZ-1))) {
// totalPE = totalPE + (0.5*DefaultConstant.EPS*(grids.get(gx, gy,
gz).cetEX()*grids.get(gx, gy, ¢z).getEX() + grids.get(gx, gy, gz).getEY()*grids.get(gx, gy,
gz).cetEY() + grids.get(gx, gy, gz).getEZ()*grids.get(gx, gy, gz).getEZ())*v/4),
fieldMomentumX = fieldMomentumX + (rho*grids.get(gx, gy,
gz).getEX()*v/4.0);
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fieldMomentumY = fieldMomentumY + (rho*grids.get(gx, gy,
g2).getEY()*v/4.0);
fieldMomentumZ = fieldMomentumZ + (rho*grids.get(gx, gy,
gz).getEZ()*v/4.0);
vol = vol + v/4;
}
else if ((gx == 0) || (gx == NnUMOFX-1)) &&
((gy == 0) || (gy == numOfY-1)) &&
((gz 1= 0) && (gz != NUMOSfZ-1))) {
// totalPE = totalPE + (0.5*DefaultConstant.EPS*(grids.get(gx, gy,
gz).cetEX()*grids.get(gx, gy, ¢z).getEX() + grids.get(ex, gy, gz).getEY()*grids.get(gx, gy,
gz).cetEY() + grids.get(gx, gy, gz).getEZ()*grids.get(gx, gy, gz).getEZ())*v/4),
fieldMomentumX = fieldMomentumX + (rho*grids.get(gx, gy,
gz).getEX()*v/4.0);
fieldMomentumY = fieldMomentumY + (rho*grids.get(gx, gy,
g2).getEY()*v/4.0);
fieldMomentumZ = fieldMomentumZ + (rho*grids.get(gx, gy,
gz).getEZ()*v/4.0);
vol = vol+v/4;
}
else if (((gx 1= 0) && (gx = NUMOFX-1)) &&
((gy != 0) && (gy != nuMOfY-1)) &&
((gz 1= 0) && (gz != NnUMOFZ-1))) {
// totalPE = totalPE + (0.5*DefaultConstant.EPS*(grids.get(gx, gy,
gz).cetEX()*grids.get(gx, gy, ¢z).getEX() + grids.get(ex, gy, gz).getEY()*grids.get(gx, gy,
gz).cetEY() + grids.get(gx, gy, gz).getEZ()*grids.get(gx, gy, g2).getEZ()*v);
fieldMomentumX = fieldMomentumX + (rho*grids.get(gx, gy,

g7).cetEX(*Vv);
fieldMomentumY = fieldMomentumY + (rho*grids.get(gx, gy, gz).eetEY(*v);
fieldMomentumZ = fieldMomentumZ + (rho*grids.get(gx, gy,
g7).cetEZ()*v);
vol = vol + v;
}
else {
// totalPE = totalPE + (0.5*DefaultConstant.EPS*(grids.get(gx, gy,

gz).cetEX()*grids.get(gx, gy, ¢z).getEX() + grids.get(gx, gy, gz).getEY()*grids.get(gx, gy,
gz).cetEY() + grids.get(gx, gy, gz).getEZ()*grids.get(gx, gy, g2).getEZ())*v/2);
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fieldMomentumX = fieldMomentumX + (rho*grids.get(gx, gy,

g2).getEX()*v/2.0);

fieldMomentumY = fieldMomentumY + (rho*grids.get(gx, gy,
g2).getEY()*v/2.0);

fieldMomentumZ = fieldMomentumZ + (rho*grids.get(gx, gy,
g2).getEZ()*v/2.0);

vol = vol + v/2;

}
}
}
}

System.out.printin("Total integrated volume for calculating total momentum =" +

vol);

// System.out.printin("total: "+i+" "+j+" "+k+" "+0);

public double getParticleMomentumX() {

return parMomentumxX;

public double getParticleMomentumY() {

return parMomentumy;

public double getParticleMomentumZ() {

return parMomentumZ;

public double getFieldMomentumX() {

return fieldMomentumX;

public double getFieldMomentumY() {

return fieldMomentumy;

public double getFieldMomentumZ() {
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return fieldMomentumZ;

public void saveMomentumData(Config config, String slide) throws
FileNotFoundException, UnsupportedEncodingException {
String momentumFname = config.getDirName() + "/" + config.getSetName() +

n

_momentum.txt";

System.out.print("Saving mementum data from cycle " + slide + ".....");

try (PrintWriter file = new PrintWriter(new FileOutputStream(

new File(momentumFname),

true /* append = true */))) {
file.print(slide + " ");
file.print((config.getDT(*Integer.valueOf(slide)) + " ");
file.print(parMomentumX + " ");
file.print(parMomentumyY + " "),
file.print(parMomentumzZ + " ");
file.print((parMomentumX+parMomentumY+parMomentumZ) + " ");
file.print(fieldMomentumX + " ");
file.print(fieldMomentumY + " "),
file.print(fieldMomentumz + " "),
file.print((fieldMomentumX+fieldMomentumY+fieldMomentumZ2));

file.printtn();

System.out.printin("done.");
System.out.printtn(" ");

cps3dn > Normalization.java

package cps3dn;

import constant.Constant;
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e
* @author ppengvan
*/
public class Normalization {
private double nepsilon;
private double ncharge;
private double nmass;
private double nvelocity;
private double nplasmafrequency;
private double ndensity;
private double nlength;
private double ntime;
private double npotential;
private double nelectricfield;
private double nmagneticfield;
private double nkineticenergy;
private double npotentialenergy;

private double nparticleweight;

public Normalization(Config config) {

nepsilon = Constant.EPS;

ncharge = Constant.QE;

nmass = Constant.ME;

nvelocity = Constant.C;

ndensity = config.getNo();

nplasmafrequency = Math.sgrt((ncharge*ncharge*ndensity)/(nepsilon*nmass));

nlength = nvelocity/nplasmafrequency;

ntime = 1.0/nplasmafrequency;

npotential = (hmass*nvelocity*nvelocity)/ncharge;

nelectricfield = (nmass*nplasmafrequency*nvelocity)/ncharge;

nmagneticfield = (nmass*nplasmafrequency)/ncharge;

nkineticenergy = nmass*nvelocity*nvelocity;

npotentialenergy = nepsilon*nmass*nmass*Math.pow(nvelocity,
5)/(ncharge*ncharge*nplasmafrequency);

nparticleweight = ndensity*((config.getXf()-config.getXi())*(config.getYf()-
config.getYi())*(config.getZf()-config.cetZi()))/config.getNumOfPars(0);
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}

public double dnPotentialEnergy(double val) {
return val*npotentialenergy;

}

public double dnKineticEnergy(double val) {

return val*nkineticenergy;

cps3dn > Particle.java

package cps3dn;

Jxx

* @author ppengvan

*/

public class Particle {
private int id;
private int cell;
private double x;
private double y;
private double z;
private double vx;
private double vy;
private double vz;
private double vxp;
private double vyp;
private double vzp;
private double txdisp;
private double tydisp;
private double tzdisp;
private int typelD;

public void setID(int idVal) {
id = idval;
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}

public void setTypelD(int typelDVal) {
typelD = typelDVal;

}

public void setCell(int cellVal) {
cell = cellval;

}

public void setX(double xVal) {
x = xVal;

}

public void setY(double yVal) {
y = yVal,

}

public void setZ(double zVal) {
z = zVal;

}

public void setVX(double vxVal) {
vx = vxVal;

}

public void setVY(double vyVal) {
vy = vyVal;

}

public void setVZ(double vzVal) {
vz = vzVal,

}

public void setVXP(double vxpVal) {
vxp = vxpVal;

}

public void setVYP(double vypVal) {
vyp = vypVal;

}

public void setVZP(double vzpVal) {
vzp = vzpVal;

}

public void setTXDisp(double val) {
txdisp = val;
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public void setTYDisp(double val) {

tydisp = val;
}

public void setTZDisp(double val) {

tzdisp = val,

public int getID() {
return id;

}

public int getTypelD() {
return typelD;

}

public int getCell() {
return cell;

}

public double getX() {
return x;

}

public double getY() {
return y;

}

public double getZ() {
return z;

}

public double getVX() {
return vx;

}

public double getVY() {
return vy;

}

public double getVZ() {
return vz;

}

public double getVXP() {

return vxp;
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public double getVYP() {
return vyp;

}

public double getVZP() {
return vzp;

}

public double getTXDisp() {
return txdisp;

}

public double getTYDisp() {
return tydisp;

}

public double getTZDisp() {
return tzdisp;

cps3dn > Particles.java

package cps3dn;

import crossSection.CrossSection;

import crossSection.DefaultCrossSection;
import java.io.File;

import java.io.FileNotFoundException;

import java.io.FileOutputStream;

import java.io.PrintWriter;

import java.io.UnsupportedEncodingException;
import java.util. ArrayList;

import java.util.List;

import java.util.Random;

import material.DefaultMaterial;

/**

*

* @author ppengvan
*/
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public class Particles {
private final List<Particle> pars = new ArrayList<>();
private int numOfPars = 0,
private int numOfParsinSys = 0;

private int numOfinteractions = 0;

public Particles(Config config) {

// Create particles, initialize particle values
intk =0;
double x, v, z;

int np, gx, gy, §z;
System.out.print("Creating super-particles.....");

for (int j = 0; j < config.getNType(); j++) {
Random randx = new Random();
Random randy = new Random();
Random randz = new Random();
Random randvx = new Random();
Random randvy = new Random();

Random randvz = new Random();
np = (intMath.ceil(Math.pow(config.getNumOfPars(j), 1.0/3.0));

for (int i = 0; i < config.getNumOfPars(j); i++) {
Particle par = new Particle();
par.setiD(k);
par.setTypelD());

// par.setX(randx.nextDouble()*(config.getXf()-config.getXi()+config.cetXi()); // or
nextGaussian()
// par.setY(randy.nextDouble()*(config.getYf()-config.getYi()+config.cetYi()); // or
nextGaussian()
// par.setZ(randz.nextDouble()*(config.getZf()-config.getZi())+config.getZi()); // or
nextGaussian()
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// Alternatively the particle can have uniform distribution with some

perturbation in the certain direction

/!

gx =i/ (np *np);
gy = (i % (np * np)) / np;
gz =i % np;
x = ((gx+0.5) * (config.getXf() - config.getXi()) / np) + config.getXi();
y = ((gy+0.5) * (config.getYf() - config.getYi()) / np) + config.getYi();
z = ((gz+0.5) * (config.getZf() - config.getZi()) / np) + config.cetZi();
par.setX(x);
if j == 0){

par.setY(y + (0.001 * Math.sin(y)));

par.setY(y+0.001);

}
else {

par.setY(y);
}
par.setZ(z);

double vx = randvx.nextGaussian()*config.getVXStd(j)+config.getVXAvg());
double vy = randvy.nextGaussian()*config.getVYStd(j)+config.getVYAve(j);
double vz = randvz.nextGaussian()*config.getVZStd(j)+config.getVZAve(j);

par.setVX(vx);
par.setVY(vy),
par.setVZ(vz);

par.setVXP(vx);
par.setVYP(vy);
par.setVZP(vz),

par.setCell(0);

pars.add(par);
k=k+1;
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numOfPars = k;

System.out.printin("done.");

System.out.printtn(" ");

public void updateCellLoc(Config config) {
// Find out whether each particle is still inside the system, and in which cell the
particle resides
numOfParsInSys = 0;
double dx = config.getGridSizeX();
double dy = config.getGridSizeY();
double dz = config.getGridSizeZ(),

System.out.print("Counting super-particles in the system.....");

for (Particle eachPar : pars) {
double x = eachPar.getX();
double y = eachPar.getY();
double z = eachPar.getZ();

// Continuous boundary in x

if (x < config.getXi()) {
x = config.getXf() - ((config.cetXi() - x) % (config.getXf() - config.getXi()));
eachPar.setX(x);

} else if (x > config.getXf()) {
x = config.getXi() + ((x - config.getXf()) % (config.getXf() - config.getXi());

eachPar.setX(x);

// Continuous boundary in 'y

if (y < config.getYi()) {
y = config.getYf() - ((config.getYi() - y) % (config.getYf() - config.getYi());
eachPar.setY(y);

} else if (y > config.getYf()) {
y = config.getYi() + ((y - config.getYf()) % (config.getYf() - config.getYi());
eachPar.setY(y);
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}

// Continuous boundary in z

if (z < config.getZi()) {
z = config.getZf() - ((config.getZi() - z) % (config.cetZf() - config.getZi()));
eachPar.setZ(2);

} else if (z > config.getZf()) {
z = config.getZi() + ((z - config.getZf()) % (config.getZf() - config.getZi()));

eachPar.setZ(2);

if (isinside(config, eachPar)) {
int cellLoc = (int)((x-config.getXi())/dx)*(config.getNumOfY()-
1)*(config.getNumOfZ()-1) +
(int)((y-config.getYi())/dy)*(config.getNumOfZ()-1) + (int)(z-
config.getZi())/dz);

eachPar.setCell(cellLoc);
numOfParsinSys = numOfParsinSys + 1;
}
else {
eachPar.setCell(-1);

}
System.out.printin("done.");
System.out.printin("Number of super-particles in the system =" + numOfParsInSys);

System.out.printtn(" ");

public void calculatelnitialVelocity(Config config, Grids grids, Cells cells) {
// Move particle based on Lorentz force due to electric & magnetic fields back half
time step
double Epx = 0;
double Epy = 0;
double Epz = 0;
double Bpx = 0;
(

double Bpy = 0;
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double Bpz = 0;

int ¢

int typelD;

double x, v, z;

double dx, dy, dz,

int g0, g1, g2, ¢3, ¢4, g5, g6, ¢7;
double v, VO, v1, v2, v3, v4, v5, v6, vT;
double vx, vy, vz;

double dt;

System.out.print("Calculate First Velocity...");
dt = config.getDT();
v = config.getGridSizeX()*config.getGridSizeY()*config.getGridSize Z();

for (Particle eachPar : pars) {
if (eachPar.getCell() I= -1) {
¢ = eachPar.getCell();
typelD = eachPar.getTypelD();
x = eachPar.getX();
y = eachPar.getY();
z = eachPar.getZ();
g0 = cells.get(c).getGO0);

gl = cells.get(c).cetG1();

)

)
g2 = cells.get(c).getG2();
);
)
)
)

)

g5 = cells.get(c).cetG5

)

(
(
(
g3 = cells.get(c).getG3(
(
(
(

g6 = cells.get(c).cetG6

)

L (o).
L (o).
L (o).
g4 = cells.get(c).cetG4
L (o).
L (o).
L (o).

o7 = cells.get(c).cetG7();

VO = (x-grids.get(g0).getX()) * (y-grids.get(g0).getY()) * (z-grids.get(g0).cetZ());
g1).getX()) * (y-grids.cet(g1).getY()) * (grids.get(g1).getZ()-2);
z-grids.get(g2).getZ());
grids.get(g3).getZ()-2);
)) * (z-grids.get(g4).getZ());
)) * (grids.get(g5).getZ()-2);

vl = (x-grids.get

* *

grids.get(g2).getY()-
grids.get(g3).getY()-
getX()-x) * (y-grids.get(gd).getY

(

(g1).
v2 = (x-grids.get(g2).getX()
v3 (g3).
vi

v5 = (grids.get(g5

* *

< <

x-grids.get(g3).getX()
grids.get(gd

) *( ) *(
) *( ) *(
( ) *( ) *(
( ) *( ) *(
( ) *( ) *(
( ) *( ) * (

— X

).
).getX()-x) * (y-grids.get(g5).getY
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v6 = (grids.cet(g6).getX()-x) * (grids.get(g6).getY()-y) * (z-grids.get(g6).cetZ());
v7 = (grids.get(g7).getX()-x) * (grids.get(g7).getY()-y) * (grids.cet(g7).cetZ()-2);

Epx = grids.get(g0).getEX(*v7/v + grids.get(gl).getEX()*v6/v +
grids.get(g2).getEX(*v5/v + grids.get(g3).cetEX()*va/v +
grids.get(gd).getEX(*v3/v + grids.get(gh).cetEX()*v2/v +
grids.get(g6).getEX()*v1/v + grids.cet(g7).cetEX()*v0/v;

Epy = grids.get(¢0).getEY()*v7/v + grids.cet(gl).getEY()*v6/v +
grids.get(g2).getEY()*v5/v + grids.get(g3).getEY()*va/v +
grids.get(gd).getEY()*v3/v + grids.get(g5).getEY()*v2/v +
grids.get(g6).getEY()*v1/v + grids.get(g7).getEY()*v0/v;

Epz = grids.cet(g0).getEZ()*v7/v + grids.get(gl).getEZ()*v6/v +
grids.get(g2).getEZ()*v5/v + grids.get(g3).gcetEZ()*va/v +
grids.get(gd).getEZ()*v3/v + grids.get(gh).getEZ()*v2/v +
grids.get(g6).getEZ()*v1/v + grids.get(g7).getEZ()*v0/v;

Bpx = grids.get(g0).getBXO)*v7/v + grids.get(g1).getBX()*v6/v +
grids.get(g2).getBX(*v5/v + grids.get(g3).getBX()*va/v +
grids.get(gd).getBX(*v3/v + grids.get(g5).getBX()*v2/v +
grids.get(g6).getBX(*v1/v + grids.get(g7).getBX()*v0/v;

Bpy = grids.get(g0).getBY()*v7/v + grids.cet(g1).cetBY()*v6/v +
grids.get(g2).getBY()*v5/v + grids.get(g3).cetBY()*va/v +
grids.get(ed).getBY()*v3/v + grids.get(g5).getBY()*v2/v +
grids.get(g6).getBY()*v1/v + grids.get(g7).getBY()*v0/v;

Bpz = grids.get(g0).getBZ()*v7/v + grids.get(g1).getBZ()*v6/v +
grids.get(g2).getBZ(*v5/v + grids.get(g3).getBZ()*va/v +
grids.get(gd).getBZ(*v3/v + grids.get(g5).getBZ()*v2/v +
grids.get(g6).getBZ()*v1/v + grids.get(g7).getBZ()*v0/v;

vx = eachPar.getVX() -

(dt/2.0*config.getCharge(eachPar.getTypelD())/config.getMass(eachPar.get TypelD()*Epx;

vy = eachPar.getVY() -

(dt/2.0*config.getCharge(eachPar.getTypelD())/config.getMass(eachPar.getTypelD()*Epy;

vz = eachPar.getVZ() -

(dt/2.0*config.getCharge(eachPar.getTypelD())/config.getMass(eachPar.get TypelD()*Epz;

eachPar.setVX(vx);
eachPar.setVY(vy);
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eachPar.setVZ(vz);

eachPar.setVXP(vx);
eachPar.setVYP(vy);
eachPar.setVZP(vz);

}
System.out.printin("done.");

System.out.printtn(" ");

public void moveParticle(Config config, Grids grids, Cells cells) {

// Move particle based on Lorentz force due to electric & magnetic fields

double Epx =

double Epy = O;

double Epz =0

double Bpx = 0

double Bpy = 0;

double Bpz =

int ¢

int typelD;

double x, v, z;

double dx, dy, dz,

int g0, g1, ¢2, ¢3, ¢4, ¢5, ¢6, ¢7;
double v, VO, v1, v2, v3, v4, v5, v6, vT;
double vx, vy, vz;

double dt;

double gprime;

double [J h = new double[3];
doubl

doubl

doubl

doubl

hsquare;
[l s = new double[3];

[ u = new double[3];

™ M M D

[l up = new double[3];

System.out.print("Moving charge super-particles.....");

dt = config.getDT();
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v = config.getGridSizeX()*config.getGridSizeY()*config.getGridSize Z();

for (Particle eachPar : pars) {
if (eachPar.getCell() I= -1) {

¢ = eachPar.getCell();

typelD = eachPar.getTypelD();

x = eachPar.getX();

y = eachPar.getY()

z = eachPar.getZ();
g0 = cells.get(c).getGO0);
gl = cells.get(c).getG10);
g2 = cells.get(c).getG20);
g3 = cells.get(c).getG3();
¢4 = cells.get(c).getGa();
g5 = cells.get(c).getG50);
g6 = cells.get(c).getG60);
g7 = cells.get(c).getG70);

VO = (x-grids.get(g0).getX() * (y-grids.get(g0).cetY() * (z-grids.get(g0).cetZ());
( ) * (y-grids.get(g1).getY()) * (grids.get(g1).getZ()-2);
( ) *( ) * (z-grids.get(g2).getZ());
( ) *( ) * (grids.get(g3).getZ()-2);
(grids.get(gd).getX()-x) * (y-grids.get(gd).getY()) * (z-grids.cet(gd).getZ();
( ) ( ) (
( ) ( ) *(
( ) ( ) *(

vl = (x-grids.get(g1).getX()) *
V2 =
V3
va

v5

(
(g1)

x-grids.get(g2).getX()) * (grids.get(g2).getY()-y
(g3) grids.get(g3).getY()-y

* *

x-grids.get(g3).getX()

grids.get(g5

VT =

Epx = grids.get(g0).getEX()*v7/v + grids.get(gl).getEX()*v6/v +
grids.get(g2).getEX(*v5/v + grids.get(g3).cetEX()*va/v +
grids.get(gd).getEX(*v3/v + grids.get(gh).cetEX()*v2/v +
grids.get(g6).getEX()*v1/v + grids.cet(g7).cetEX()*v0/v;

Epy = grids.get(¢0).getEY()*v7/v + grids.cet(gl).getEY()*v6/v +
grids.get(g2).getEY()*v5/v + grids.get(g3).getEY()*va/v +
grids.get(gd).getEY()*v3/v + grids.get(g5).getEY()*v2/v +
grids.get(g6).getEY()*v1/v + grids.get(g7).getEY()*v0/v;

Epz = grids.cet(g0).getEZ()*v7/v + grids.get(gl).getEZ()*v6/v +
grids.get(g2).getEZ()*v5/v + grids.get(g3).gcetEZ()*va/v +

)
).getX()-x) * (y-grids.get(g5).getY()) * (grids.get(g5).getZ()-2);
grids.get(g6).getX()-x) * (grids.cet(g6).cetY()-y) * (z-grids.get(g6).getZ());
grids.get(g7).getX()-x) * (grids.cet(g7).cetY()-y) * (grids.get(g7).cetZ()-2);
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grids.get(gd).getEZ()*v3/v + grids.get(gh).getEZ()*v2/v +
grids.get(g6).getEZ()*v1/v + grids.get(g7).getEZ()*v0/v;
Bpx = grids.get(g0).getBX()*v7/v + grids.get(g1).getBX()*v6/v +

grids.get(g2).getBX(*v5/v + grids.get(g3).getBX(*va/v +
grids.get(gd).getBX(*v3/v + grids.get(g5).getBX()*v2/v +
grids.get(g6).getBX(*v1/v + grids.get(g7).getBX()*v0/v;
Bpy = grids.get(g0).getBY()*v7/v + grids.cet(g1).cetBY()*v6/v +
grids.get(g2).getBY()*v5/v + grids.get(g3).cetBY()*va/v +
grids.get(ed).getBY()*v3/v + grids.get(g5).cetBY()*v2/v +
grids.get(g6).getBY()*v1/v + grids.get(g7).getBY()*v0/v;
Bpz = grids.get(g0).getBZ(*v7/v + grids.get(g1).getBZ()*v6/v +
grids.get(g2).getBZ(*v5/v + grids.get(g3).getBZ()*va/v +
grids.get(gd).getBZ(*v3/v + grids.get(g5).getBZ()*v2/v +
grids.get(g6).getBZ()*v1/v + grids.get(g7).getBZ()*v0/v;

// Implementing Boris scheme

gprime =

dt/2.0*config.getCharge(eachPar.getTypelD())/config.getMass(eachPar.getTypelD());

eachPar.setVXP(eachPar.getVX());
eachPar.setVYP(eachPar.getVY());
eachPar.setVZP(eachPar.getVZ());

h[0] = gprime*Bpx;
h[1] = gprime*Bpy;
h[2] = gprime*Bpz;
hsquare = h[0T*h[0]+h[1]*h[1]+h[2]*h[2];

s[0] = h[0]*2.0/(1+hsquare);
s[1] = h[1]*2.0/(1+hsquare);
s[2] = h[2]*2.0/(1+hsquare);

h
h

u[0] = eachPar.getVX() + gprime*Epx;
u[1] = eachPar.getVY() + gprime*Epy;
u[2] = eachPar.getVZ() + gprime*Epz;

CPSMath.crossproduct(up,u,h);
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/!
/!
/!
/!

CPSMath.addproduct(up,u,up);
CPSMath.crossproduct(up,up,s);
CPSMath.addproduct(up,u,up);

vx = upl0] + gprime*Epx;
vy = up[l] + gprime*Epy;
vz = upl2] + gprime*Epz;

dx = dt*vx;
dy = dt*vy;
dz = dt*vz;

X = X + dx;

y =y +dy;
z =27+ dz

eachPar.setX(x);
eachPar.setY(y);
eachPar.setZ(z);
eachPar.setVX(vx);
eachPar.setVY(vy);
eachPar.setVZ(vz);
eachPar.setTXDisp(eachPar.getTXDisp()+dx);
eachPar.setTYDisp(eachPar.getTYDisp()+dy);
eachPar.setTZDisp(eachPar.getTZDisp()+dz);
// Check velocity calculation
if (eachPar.getID()==4) {

System.out.printin("vx = " + vx + " or " + (eachPar.getVXP()+2*qprime*Epx));

}
System.out.printin("done.");

System.out.printtn(" ");

public void collideParticle(Config config, Grids grids, Cells cells, InteractionPairs ipairs) {

System.out.printin("Colliding particles.");




185

cps3dn > Particles.java

for (inti = 0; i < config.cetinType(); i++) {

DefaultCrossSection xsec = ipairs.getinteractionPairs().get(i).getXSec();

Random randl = new Random();

Random rand2 = new Random();

Random rand3 = new Random();

Double r1 = rand1.nextDouble();

Double r2, r3;

double theta, phi;

double vol = (config.getXf()-config.getXi())*(config.getYf()-
config.getYi())*(config.getZf()-config.getZi()),

for (Particle p : pars) {
if (config.getinc(i) == p.getTypelD() {
if (isinside(config, p)) {
double u = Math.sgrt(p.getVX()*p.getVX() + p.getVY()*p.getVY() +
p.cetVZ()*p.getVZ());
// double nTar =
config.getNumOfPars(config.getTar(i))*config.getWeight(config.getTar(i)/vol,
double nTar = config.getNumOfPars(config.getTar(i))/vol,
double xs = CrossSection.getCrossSection(xsec).getTotalXSection();
double ts = config.cetDT();
double prob = 1 - Math.exp(-u*nTar*xs*ts);
System.out.printin("u="+ u + ",nTar="+ nTar + "xs=" + xs + "ts=" + ts +
" prob="+ prob);
if (prob > r1) {
r2 = rand2.nextDouble();
r3 = rand3.nextDouble();
theta = Math.PIl * r2;
phi = Math.PI * 2 * r3;
p.setVX(u*Math.sin(theta)*Math.cos(phi));
p.setVY(u*Math.sin(theta)*Math.sin(phi));
p.setVZ(u*Math.cos(theta));

numOfinteractions++;
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}

public boolean isinside(Config ¢, Particle p) {
double x = p.getX();
double y = p.getY();
double z = p.getZ();

if (x >= c.getXi()) && (x <= c.getXf() &
(y >= c.getYi()) && (y <= c.getYf() &
(z >= c.getZi()) && (z <= c.getZf())) {

return true;

}
else {

return false;

public List<Particle> get(){

return pars;

public Particle get(int i){

return pars.get(i);

public int getNumOfPars() {

return numOfPars;

public int getNumOfParsInSys() {

return numOfParsInSys;

public int getNumOfinteractions() {

return numOfinteractions;
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}

public void listParticles(Config config) {
// List particle values

System.out.printin("Number of Super-Particles = " + numOfPars);

System.out.printin(" ":
for (Particle eachPar : pars) {
System.out.print(eachPar.getlD() + " ");
System.out.print(eachPar.getCell() + " "),
System.out.print(eachPar.getTypelD() + " "),
)

System.out.print(eachPar.getX() + :
System.out.print(eachPar.getY() + " ");
System.out.print(eachPar.getZ() + " ");
System.out.print(eachPar.getVX() + " "),
System.out.print(eachPar.getVY() + " "),
System.out.print(eachPar.getVzZ() + " "),
}

System.out.printtn(" ");

public void saveParData(Config config, String slide) throws FileNotFoundException,
UnsupportedEncodingException {

String parFname = config.getDirName() + "/" + config.getSetName() + " particle " +

slide + ".txt";

System.out.print("Saving particle data for excel from cycle " + slide + ".....");

try (PrintWriter file = new PrintWriter(parFname, "UTF-8")) {
file.printin(slide);
for (inti = 0; i < numOfPars; i++) {
if (pars.get(i).getCell() I= -1) {
file.print(pars.get(i).getTypelD() + " ");
file.print(pars.get(i).getDO) + " ");
getX() + " ");
getY() + " ");
file.print(pars.get(i).getZ() + " ");

).
( ).
file.print(pars.get().
file.print(pars.get().
( ).
( ).

file.print(pars.get(i).cetVX() + " );
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file.print(pars.get().getVY() + " ")
file.print(pars.get().getVZ() + " ");
file.print(pars.get(i).getTXDisp() + " ")
file.print(pars.get(i).getTYDisp() + " ");
file.print(pars.get(i).cetTZDisp());
file.printtn();

System.out.printin("done.");

System.out.printtn(" ");
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