TEYHE AR

Scientific Writing & Programming

FRASYHER

August 6, 2011



58 R

EHBERIARALE 2009 FERTER, REBEXEREKEONE, FENEIBAEDME
AEEEANERREDEMER - LF RHERAR, ZEEE 7R EREREERAL NS
#ro

MEFTERRANERYHETEEATRZNIE, EAATRAKENERISRRNEHR
B, ZBEASERNVBRIERM IR EEE LR, EEF S EEERRERE,
EEFLEEAREN TR ERER. EFZAUERENERTD, RFREZARRE
(trial by error) Wkl B AERE R, WATEBBERICITERE, RN B2 MR IR H & R e
S ERAER.

FMERERER, HiZBHERBENARNGELR (f120 Maple 8 Mathematica) 2K fE{t
FHRRER, B E B EHEN B o] DI HEE A AT S R ER AR
[ 2R 2R 43 A EL AR R A B RS S O R

AERATEE R RSN IEREE, RSBHEHPEY KM HE, FERSERABHEE
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BRREN T AKER. RNERM Scilab & EEH Matlab 5 H FIRAE G EEE RS RREG (7
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Chapter 1

BEXHREEFG

- REXERBEEE OpenOffice.org &/
- BIEFERRERE BTRX i
- BIRX BE AR RE

%8/ 78 (optional ) :

- FrRENATE DTEX #R¥EFE: GNU TeXmacs
- BTEX £ OpenOffice 58 oooLatex

- Y BTRX #RE&f) (A CIK unicode Ef4 )

1.1  OpenOffice

OpenOffice & —ERE HINHE T AKX E RE S, /KA LIE http://zh.openoffice.org/
new/zh_tw/ TEIWEREE, ZATUIEEAAH M OpenOffice (EREIET G, —HHEAER OpenOf-
fice HIREFH BTEX A-#MER T (OooLatex), BESHERR AR SHEAAR: 5—77H OpenOf-
fice RG] DIE L pdf #& ( Portable Document Format ) , pdf EEFE RNk, REER
XA AR ERL, g EN—KA MS$ Word SUERFEG B, B EEREFEERARS
BASERAER (FRHREHARENVHNE, ELENSHEABENEGRERN, BURXFE
FEEER B H BN ERT BRI & ) » BRESFANRERIEE, TRPANHREEFE
HEFE pdf A& ] LA OKAE B A T VR TH R B AR A =T A 7 A B



1.2. BTEX 7

ﬁ%ﬂﬁﬁ i) pdf RUBHRERE R, AUERBERMAHENEWEEEEFETIRE, UT I RER R H ke

Acrobat Reader http://get.adobe.com/tw/reader/
Foxit Reader http://www.foxitsoftware.com/pdf/reader/
PDF-XChange Viewer http://pdf-xchange-viewer.en.softonic.com/

1.1.1 Writer

Openoffice H1# writer f FIRESIEMIR MS office B Word, #REE SRR Z M [BR]- (B
RS (iR iR [F11]), FHAKBEFEENHRER R (FEEFAXFERD ) BEAEERS,
TE P ERE B SO LI B A R SRR E . AR ERE TR A [BA- [BRE-
| -

Some Tips:

EEFFIA (cl + Enter] . #I—&# [Enter.
. eyEEER: B [E)
. AEKEE: EREE, BEA [EE
. Bty pdf 1 [ FEERE pdl

1.2 BTEX

"It has often been said that a person does not really understand something until he teaches it
to someone else. Actually a person does not really understand something until after teaching

it to a computer, i.e., express it as an algorithm."

[HEE: BMEsEEcE. FELE, RRREEIERME —RIER Y BIRE B IERRAE,
ERHEREIRREEENEE. ]

Donald Knuth, in "American Mathematical Monthly," 81

TeX PRI F-2H Stanford KEBHZEE Don Knuth (EHEIEXNHXELT, BEM) #E.
LEFEERR, Knuth ZFFFHEHR—-EEMBIEZRES "The Art Of Computer Programmnig



1.2. BTEX 8

" (EFEGH “American Scientist" (BN ) ERE Dirac FrEZ & T /12, Einstein AU
W A HACHRESWER ) , #EAERCRIIE MR, Kouth FEHREIRIBGERIEAHEA
AHENBEAF/AE =L RIEZER, Knuth @EEETFENEEER, R0/ \FERNKEHS
H—EE literate programming 8%, FFTRHRPRHESUAETERAURME, B2 plain TEX, AE
&—E45 Metafont A &FHRHLZES . 15 b 9 R3S B0BOH 8k 2 19 5 F & A B 3 DA
TEX B LHEREMS, 5 HEME AR DIEX RitfER Lamport DL TEX RERE, BIMMAFFS
EfF MR AT IR TEX.

A G IR R TIAE R H CHBr WIEX 84 (JLUMEBEYEEE APS 1 Rev-
TeX4), FIH BTEX {ERERITER TR, HRAEICEEESMHENE TRIFLZNS£g TEX
RIS — AW AN LR, ALUAMRMAZT, DURER D a0 i 52 5 it B HRARUCR HLi
RAAREROBE M. BTEX S HERNTRELRRE BRI e RE. FHEE,
EAHEENREE VIEX RFBTROES. FI PTRXHRIERGERNBERBENAE, FEEHR
—EIEIE AR FHEE macro FGER S BIFE R X R AN HI. THER DIEXEREHE T #H1Y
unicode £ff, FRMEMHNLZREUERZFS, BIEAMEE.

1.2.1 Miktex

£ WINDOWS %t FEE K TeX distribution & Miktex , AP http://miktex.org/
TEWETRE (BMCEHE 29 K, FEENEINRABL LR, ERANEGEETE
E—BREMRFELEXE) . BT TEX FEALI, @ EFTERAEBN X FiRERKERAY
REESLIE. HP TEXE—ENAMEE, HRERFWEELAI—-BCERESESE, A
OpenOffice Fo & H AN KT M DIEX WEERE R SEVEEEXERENEE, 3F
MIA—Lig - BTEX BEAXREEE R EXEEEGE office k. FHFE LTEX WREZ
%, TBEERFETENFERSERRFFEAM DTpX fRIEBREFRE RN, BUREE TR,

1.2.2 TeXworks

BRI MikTeX HE R E—EEFHI X FiRER TeXworks, HEIRANHERRAKE BTEX R
eI REER, THEEIMIRE FEREMRFR Y BTRX SUE.



1.2. BTEX 9

1.2.3  Online KTEX Math editor

AR HAEE A (png, pdf, svg, emf) &z BTEX online editor
http://www.codecogs.com/latex/eqneditor.php

B RARMEH BTEX fREHE, A% DpX RMNERETS, FIFE AR - H
NBEZAFH FREBR SRR B ERNE A+ A1F. 585 EXEREE AR ZREHEL Inkscape,
CorelDraw FETEETHEK svg &, BRFEHEEA{MEA MS powerpoint {EKIIEF B
office HHEARY X ERERRIRT LIRS emf .

AR REAE A B ZHEEREER, BEXK 300 dpi B9 png &R HEIEE R, 2E&
TR pdf 1%, ZEi@ pdf BIREE A RERIIREEDCE B EE AT R TR G E . Ll Acrobat Reader
X 530, [ RIFRE s [ Hh i R S T BB TR TR SR G, RS
TRAIRBeR /3E0t (BD dpi), BIRIBEFIRE 720 dpi RIREAT RS pdf R PO 75 B ok B ek B (e 77 2 50
R,

1.2.4 TeXmaker

—RME, EIRALTEX AREANKGE 2 2R EETT AR RERIRIES, T aT DA A
HFSHEITEX REMSCFERE S R IH B EEEREE, M AREE ST RSARR R RER
e R EAREE REENRRE. sHEEMEE?, #EHEA Texmaker 8 LED editor jE Mz EH 5
BTEX BT AREE RS

Texmaker http://www.xmlmath.net/texmaker/

LED editor http://www.latexeditor.org/

1.2.5 OOQOoLaTeX*

BTEX 2 FiA B AEREE, BE—4NERRKEREENLAEN ARG, EEREHRER
ZE, BAR—BY CEREREETUSEEY . OpenOffice BEEHEIER, &H OOoLaTeX , HELL
R EEA BTEX R AR, HARERENHETH, Bl likHAERX (KKE )W
FEAAE, HBR compile EREHID ERFFIEE ( FEBIIH equation HZE 53 H compile —K ) ,
NEREHES BIEX BE—i CE R EAERNES T,

Z M OpenOffice ik BTRX HREAES, (FLALEELER
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- OpenOffice

- OOoLaTeX (from http://ooolatex.sourceforge.net/)

- Miktex or other distribution

- MSYS (for OOoLaTeX , http://www.mingw.org/wiki/msys)

- Ghostscript (from http://pages.cs.wisc.edu/~ghost/)

- math fonts (from OOoLaTeX website)

a5z OOoLaTeX %, &% IR OpenOffice TEFEHEZEH OOoLaTeX # button;
Se1E Config 8% E Latex, Ghostscript P& MinSYS (MSYS) B8 TR A7 41k F sEHE A 2.
FERT RS B FI FEER H sk SV IR 00 T B IE A

- Latex: C:\ProgramFiles\MiKTeX2.7\miktex\bin\

- Ghostscript: C:\ProgramFiles\gs\gs8.60\bin\

- MinSYS: \C:\msys\1.0\bin\

1.2.6 LIEX 2%%H

LRI, RREZERE cwTEX AT

http://homepage.ntu.edu.tw/~ntut019/cwtex/cwtex.html

BEARAE FERMBRABER 2P TpX EHSHH (DU iS5 77 R AFE unicode
B TEX R 8L Bigh XXk, B'E F7EXIE unicode B BTRX HIRZ%, HMERKEREE
ANEREEEEENEEREN, "TUEERSH X TRX X4, HARENFHRNIERSZH
CJKutf8 package 5EH, HIRAIMADTFIESUAN XeTEX M), [HEFHIHRRESHAERR
AN, EPENEBERYENETITHHPLEMEHERY], B ENRAHE DUENBE
AEARAN FAQ, RRHEANZEER,

EREEWE (AMS) B9 Short Math Guide for WTEX

FISERA R



1.3. BTEX #Est 11

http://amath.colorado.edu/documentation/LaTeX/Symbols.pdf

colorado’s TEX online tutorials

http://amath.colorado.edu/documentation/LaTeX/tutorial/

1.3 BTEX #Es

1.3.1 FHEARERE

DTEX HATEHEREUREHR |\| CEEAR [Backspace] 88 [Enter] #2 ) BiSH, HERES AN
H, AR AZBAIRTIETRIMARTE Y. HHREEPRA \LaTeX{} G K DTEX,
FAE S FERR BRI A R R o RS S BN ER B $\sqrt{\pi}$ GHERAL /7. BEIETEH
EHES2H, WS RNIES \frac , MR ATER AR —H:

$\frac{1}{2}$ — %
LEfER T EREM, S 2 EERESARIESFRNE A IERA—HEFiES:
$\sqrt [3]{\frac{1}{2}}$ — \3/;

BEETGERERIMA—EAER (] RIERERSERE, B TRFERNSEA DR
ABUAANEME), AR ERRGEED \sqrt FERALIIA [<n>] RSEBIRGEE LIRS, &
TRAMEMAIERRRZES, B—&EIFHR,

BT RBHREARIES LY, DIpX BEFFSEEERE TN, BEFURE BRI ik
AT HEIEREREHL (5 5 unicode HSCRAR AT E B A ZATE,):

- \%—%, FHEFIT

- \&—&, &S HFIT

- \#—#, BRI

- \$—$, FEXEARTET

- \verb+~+

— ~, MMAZEH
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- \verb+ "+

— 7, BA LR
- A\_{3—_ BETME

1.3.2 B=IRE

EANBBIE A2 F RN, RBEZEHERN owleX FRAFMEAE. BIEX WBEXEEE
ER LT =R

-« FEXCEA (inline): PA—% $$ FFoER(EBERL $<equation>$, FIEBGFEEE NI ASH
o, B0 $\sqrt{\pi}$ HERE 7. BLRHMERE A& EERT S BT ERER R
KN, B0 $\sqre{13{2}$ GHRK 5 , EMEFHMEFTUNA \displaystyle H:EEH IE
WA EER, YWEEMAITE, B0 $\displaystyle\frac{1}{2}$ & H R %D Ed
FI \displaystyle SRR LAIEHER R X FHELG, B LR RAI G E BB ERI X,
R P EERN S ARBEMGKHEERER $1/28 1/2, BABKETE Wi ERERERX
Fo BEEFEARKBPEMEM e, RFRIERR BT,

- ERSCEITETHA (display): BERBILBIT, —BIIEFEGA \begin
\begin{displaymath}

\sum_{k=0}"{n}\frac{1H{n}=1+\frac{1}{2}+\frac{1}{3}+\cdots+\frac{1}{n}.
\end{displaymath}

21—1+1+1+ 1
k:On_ 2 3 n’

FHABEES T UM\ <equation> \] B—HEEEEHE $$ <equation> $$ HYRHILARTE
BRI FHEEIEN KRBT BUEA \displaystyle SGRFHH

\frac{1}{1+\frac{1}{1+\frac{1}{1+\cdots}}}.

1+ 1
e
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\frac{1}{1+\displaystyle\frac{1}{1+\displaystyle\frac{1}{1+\cdots}}}.

1+
1+

1+---

- FEXCEEK (inline) UI—¥ FFafse(F 82 i i $<equation>$, AIEEMEERRA

HAFICES A \frac HE

Ans:

\nabla~2\Phi=\frac{1}{r"2}\left [\frac{\partial}{\partial r}
\left(r~2\frac{\partial\Phi}{\partial r}\right)+\cdots\right].

ITEX ATDAFIA \left 82 right HEPRRENFESEEE(), |, { } 82 () BN, RIS \left
AR —E \right 8o, TARSSCERGH#E. FLERERRMNZERRESZN

Rz 2 AT AR \left. 3¢ \right. 2KECE, DIHBRENE L HERNLSER,

S LI T i
2
\left.\frac{d"2x}{dt 2 \right|_{x=1} — %%g
=1
Ex1.3.4

B \array W k.

==k
GlE]
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0 B® —-B? cE;
-B3 0 B  cE,
B> B! 0 cEs
—cFky —cEy —cE3 O

Fy =

Ans:

$$

\begin{center}

F {ij}=\left(
\begin{array}{cccc}
0&B~3&-B~2&cE_1\\
-B73&0&B~1&cE_2\\
B~2&-B~1&0&cE_3\\
-cE_1&-cE_2&-cE_3&0\end{array}
\right)
\end{center}

$3$

BT LU A pmatrix WHES, WA EHRIEEIES LESE X RER EEE M L
\usepackage{amsmath} 5| A amsmath EHHREFFH. #HEI# T pmatrix U bmatrix, Bmatrix,
vmatrix 5 Vmatrix AL EAEMERTR, BREEETHE.

F_ {ij}=

\begin{pmatrix}
0&B~3&%-B~2&cE_1\\
-B73&0&B~1&cE_2\\
B~2&-B~1&0&cE_3\\
-cE_1&-cE_2&-cE_3&0\end{pmatrix}

Ex 1.3.5

EEETE4 \underbrace Bi& \mbox i AEBRANT, UFEHFEBAIES \big 8\Big F
B R A AR REIR/N
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ng

v~

~
resonant antiresonant
Ans:

$3$

H' {ng}r(t_1)=-\frac{1}H2HN\mu_{ng}
\underbrace{\big[E(t_1)

e"{-i\omega t_1}}_{\mbox{resonant}}
+\underbrace{E"{\ast}(t_1)

e"{+i\omega t_1}\bigl} {\mbox{antiresonant}}
$3$

1 —iwity * twty
Hyy(t) = =5 png [E(t)e ™" + E7(h)e™" ]
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Appendix A

fHFLE

A.1 BPEZE%% Finite difference method
BIRZSEr—Egms AR, EXEAEERETEEREBERE S FHEE ( eigenvalue )

BRF A& ( eigenvector ) o DIBRAEBMIGIERENMNE, ENEEAZHERT (/ME—T),
ST EEE BRIl E . LT A—iE B T HEER AR ED HRIEH.

A.1.1 1D Time-independent Schrodinger Equation

h2
gV Vi) 00 = Bt (A1)
SRR, WK LAIRER
o(r) = ﬁe“k”*’%)m(z) (A.2)
fRA Schrédinger 2= eq. (A.1)
- k2 + k2 b o 1% =F A3
gy (B4 K)o 55+ V(E)| 60(2) = Eréu(2) (A.3)

Wom, BEEW, Ba=—2 hfm., E,=Br— K(k+k2)/2m AILIEE

17



A.1l. ElRZE5¥: Finite difference method 18

a5+ V)] nle) = Bt (A4)

FIRZES 0°0:/02% = (¢ir1 — 20 + di-1)/(A2)? # LRSI AL —RIRIRBER,

—2¢1+ ¢
%"‘Vﬂﬁ = E¢
¢r—2¢2+ ¢

" o) Uy v, = Eé,

a(pn—2 — 20N-1 + ON)

+Vnoiony = Eon

(Az)?
a(lpy—1 — 26n)
(A7) +Vnon = Eon (A.5)
Ba =a/(Az2)?, #ERREREREHTER:
—2a' +V; a 0 0 b1 b1
a’ —2d'+V, d 0 e 0 P2 b2
0 =F
: ) ) 0
0 d —2d4+Vn_1 a' dN-1 dN-1
0 e 0 a’ —2a" + Vyn dN ON

FIF Scilab By spec 545 A DR R BRI SRR S RUE ST A B, 25 2 RART sERE B K
BTE 2 B ERYBME A DUORH . BFTRI IR EEREAR (P BN HARZS KRS ) B
(IRETE v(z) ZRAEEEEL R UL T KN BIIITR . FIRBERETEARA GLRED M T RIS B K A
RS EDTTS .

A1.2 —HEETHERE
AT GaAs MR 10 nm B ERMAEFICETER, Vo = 0.3 eV . EZBIEREE, b

BIENGE B BB EEREME, TR EBREHEARER. EREEEAF
B 2 2B, FIH
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1 9% 0 1 0
m.(z) 022 0z [nu(z)éz }
Coa(tes 1 ael 1 oae| 1 o
Az \m.(2) 0z %+1__nb(z)az . ma(2) 0z %-_ m.(z) 02|, _,
1 1
+ m,(z; + 1) mz(zi)> oz +1)
) 1 2 1
EOSE Mt D) ma(z) | ma(a— 1)) ?lz)
1 1 3
\ i m(2;) i m(z; 1)> Pl

HARER T 1/m.(z) IS T 1 0¢/ 2 B/ANE 0%/ 2+ TMIEHRBHRER FRAZES 0¢(2) /02 =
(6(z1) — ¢z — 1))/ Az, BRBERANRZESD 00(2)/02 = (6(2i1) — ¢(2:))/Az o BER, Bm,

FREBURIIARAT USRI E—E eq. (A5) BIFER. BABHEE TH m. BERXREEEIZEM,

GaAs HJ effective mass mpp = 0.086 m, SELTIEEE

A.1.3 Scilab code
EEE S

clear;

//[a(z)z' '+v(z)]1*phi(z)=En*phi(z)

// constant table

mass_e=0.067%9.10938188; //electron mass 107-31 kg
hbar1=6.58211899; //107-16 eV sec

hbar2=1.054571628; //107-34 J sec

// simulation parameter

zsize=20; // total simulation range

zsize order=-9; // zsize = 10"order m ; -9->nm

fdsize=1; // delta z

fdsize_order=-10; // astrom

total steps=zsize*10~(zsize order-fdsize order); // simulation index

z=1:total_steps+2;//simu index

Eids
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// potential wall config

barrier=0.3; // eV

vwall lngth=10; //nm

vwall=barrier*ones(1l,total_steps);

vwall_step=vwall_lngth*10~(zsize_order-fdsize_order);

for i=total_steps/2+1-vwall_step/2:total_steps/2+1+vwall step/2,
vwall(i)=0;

end;

// mass function ->treat as constant

function [eff mass]=mass(m0,z),
eff mass=mo0;

endfunction
// 3 point FDM Matrix element assignment
function [coef 3fdm]=fdmnode3(z),

coef 3fdm=-1/mass(mass_e,z+1)-1/mass(mass_e,z);

endfunction

function [coef 3fdm]=fdmnode2(z),

coef 3fdm=1/mass(mass_e,z+1)+2/mass(mass_e,z)+1/mass(mass_e,z-1);
endfunction

function [coef 3fdm]=fdmnodel(z),

coef 3fdm=-1/mass(mass_e,z)-1/mass(mass_e,z-1);

endfunction

// forming Matrix

H _fdw_pre=zeros(total_steps,total_steps);
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for i=l:total_steps,
H_fdw_pre(i,i)=fdmnodel(z(i));
H_fdw_pre(i,i+1)=fdmnode2(z(i));
H_fdw_pre(i,i+2)=fdmnode3(z(i));

end;

H_fdw=H_fdw_pre(:,2:total_steps+l);

for i=1:total_steps, //add potential term

H fdw(i,i)=H fdw(i,i)+vwall(i)/cst_a;

end;

// compute eigenvalue&eigenvector
tic
[vecz engylvl]=spec(H_fdw);

toc

// correct the eigenvalue with cst_a

energy=zeros(1l,total_steps);
for i=l:total_steps,
energy(i)=engylvl(i,i)*cst_a;

end;

. odd,
when n is { o(z) {

=



A.l. BR#E4 % Finite difference method 22

2mkb, r’r?

2ma?

// analytic solution

cst_k=2*mass_e/(hbarl*hbar2)*10~(-1) //1/(10"-10*astrom*eV)
z_barrier = -vwall _lngth/2%10:vwall_lngth/2%10; //astrom

phi_analytic=zeros(1l,zsize);

for i=1:3; //first three level
k_binding(i)=sqrt(cst_k*(energy(i)));//
if modulo(i,2) then
phi_b(i,:)=cos(k_binding(i)*z_barrier);
else

phi b(i,:)=sin(k_binding(i)*z_barrier);

end;
end;
&l B EERS SR

PR AR B S SRAR LY, 7ER—mREF g =1 bound state FIFEEKEL.

subplot (121)

for i=1:3
plot(z_scale,vecz(:,i)/max(vecz(:,i))*0.1+energy(i),'o");
plot((-zsize/2):(zsize/2) ,energy(i)*ones(l,zsize+l1),'r")

end;
for i=1:3,
plot(z_barrier/10,phi b(i,:)*0.1+energy(i),'g');

end;

plot(z_scale,vwall);
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Figure A.1: DA Az = 1 #EI TSR

xtitle('Three Bound State','nm','eV');

subplot (122)

plot (0.3*ones(1,5));
plot(energy(1:5),'*');
xtitle('EigenValue','n','eV');

1. AR FZRAEEEE ISR, AR ?

2. EAEERN FWM ET5E:

D% _ —¢i—o +16¢;,_1 — 300; + 16011 — dita
022 12(Az)?

(A.9)

3. EHEEA[EIR) potential well, Ft75ER Harmonic, poschl-Teller 872 Morse potential, FHZ&%
Supplementary Notes on General Physics,Jyhpyng Wang A Bound States in Quantum
Models Z Z &,
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Figure A.2: DA Az = 1 nm TS

4. $1¥f tridiagonal Matrix RJEE BITES —Het BN EERGF M EN FER.

A.2 [HRE Runge-Kutta ERYEERH

A21 HEEERE

2% (HEHEEER ) MRIE . MEBE-FhET—EBWEMS HEBUERE T, FIRAEE
EFNAITE H Runge-Kutta 3EZ MR8 BEEBRRRMS, fi = 0f/0t, f,, = 0*f/0y*,
/»ﬁ(%‘jt),u\f/?%ﬂ'\‘o E‘/ﬂldy/dt: (,y) ,

9 f/ 3 f//

y+ﬁﬂ@+mﬁ) (A.10)

Yi+1 _yz+hfz+h

=
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o= fe+ 1t
o= ftt+2ffty+f2fyy+ftfy+ffy2
" = (fue+3f foy + 3 frgy + [ ywy) + [y (fur + 2 fry + fgfy)
+ 3(feuy + Ffyfog + Fhefyy + P2 fufoy) + (fify + ) (A.11)

BWEHI yr = s+ h(vofs + 91 £2 + o f? + s f) FREFELTIH step BIERE , Hoh

fi = [t vi)

fi = f{ti+aih,y; + B fih)

[ = flti+ azh,yi + Bafih + Psfih)

fi = f(ti+ ash,yi + Bafih + Bs fh + Be fTh) (A.12)

BRI [, f7, f RBABCRERE, BUURSERDEEAE Eq. (A.10) , Z@HBRAHK
HRHEEHIRTE R i,y B, ZMEs

fa//( ) f(z///(o)

&= f90)+ hf(0) + h? +h TR o(h*)
0y = f
fY0) = aufi+1 ffy
f0) = affu+20pif fry + BL fyy
fam(o) = ai)fttt + 304%ﬁ1fftty + 3a1ﬁ12f2ftyy + Bffgfyyy (A~13)
fPELfCOREHE. B RERBIFEREERYRAXABROME, TUEE 11 &

. HPBELRE 9 EEE, MERER Rouge-Kutta HEE SEBREGEE ] E
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Figure A.3: ‘¥ RREMSG
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@ = /31
ay = o+ s
ag = Ba+ Bs+ B
i1 = yon+7r+s
1
fi+ffy: 5 = Y101+ Yolve + Y303
1
ﬂﬂﬂﬂ@+ﬂmp§==%ﬁ+w£+%ﬁ
1
fiee +3f Friey +3F Fry + [ fopy : 1 Y201 B3 + y3(0n Bs + auas)
1
fy(ftt + foty + fz)fyy : E = 7204%ﬂ3 + 73(05%55 + 0435)
1
T (fe + f1y) +fyy(fft+f2fy) : 3 - Yoo B3 + yaas(aq Bs + as)
1
ftfy2 + ff; ‘o T Y301 3336
(A.14)

A2.2 HEE5E

1. 3% B CHEE H e BT R

2. REHE T Runge-Kutta A RE



