PH 506—- Advanced Simulodfon Methods Physics

- e Wil be Lu;?ng the Lo-r\amﬂe, Fortran §n s cownse. This settfon
cotodhs the Syntox do»ﬂ'\& LO‘“QUD‘OO"

+ Bavie Syntax—

(VAL ,V, V¥

pr*osr\am name ) —_— %63101—1 Program scope Jebe moSn
reol ! O-,b,C -

,‘ Declevw. varSables. MUST be done ot stast
?,nl:eaU‘ N &1J biJ - —_

Write (x,%) “ Enter volut”

Use Noon §
r*eo.d@,*) N L progrom

)l

L,QP?\:C&M*) " Volua ! L,

R,

end Projmm {hoame) —— Znd PFOGPam

Rt " Lyl Qpereters
3(} K<cond?£€or\> then > -.'a\:. < - .

';, 2-.qe. < - .lLe.
else Tt ( {cond?ton) then = - .eq, #* - .,e.
else

end
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do C=1,n 1 - . do whfle L{C_ond?t?ony) repeo
._ Lnttﬂﬂ‘ L : w3\
: 1 oAb

end do a tokoo 4 4o t

end CID —

* Qe_o.d?ﬁa_d*om O.nd U)r?t?ﬂﬁr ‘\:o d?[a;

> means Jile &» obready prexent.
open | 4Td}, dle - "¢omt)’, skatun -"old”)

"New"  pould credm oo Hank ()ﬂ&
7 ‘—ﬂ:) upe d *or FEﬁEJLehCE-

wrike ({18, *) " Hey” Read (43dy,*) a

— Wfte to thot {ile — Pead Jrom the (tle and store 2~ a.

- At end ¢t losk line, you must odld a npew Ure. Gtherwlise, jortron emcountens

end ::d\ (}?IL beolore /n and a‘.’ves an error.

F‘ o

* or*mdd;lrﬂv

— Wfte stoterments can be dormaﬂ:ed T B ways.
1) Ta— —_rri:cﬂer* with X columnns

2) Fw-d- Fraction with totol w columns, d dedrmal reserved.

3) Ewd- Sclenki}ie with tetol w, d o dedmal

- Exo.mple,b'r- &3 F5.d— 8 .30

8.2x10° o ER.9 - R . 30 E+ 5

— Used on 3\ dDrmOi? LI:Q

wtite Ek,'é) o-
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« Function
{retion-typey  Junckon ¢ ((angqumentsy)

realit --. — declxe oo%um&nts hesw

t = resutt — £quate (f to rebuon value

retwnn
¢d

*  Subroutihe

— Dsed when multfple retusn valius ant. needed.

In madn progrem Syntox
cll (\ur\(_k?on L?l , OiJOQ) Subrouthe. e[unck?on (7-"-,795 01,03)
ne-me_ No—Mi—
real it _. dedosu Oﬁmﬂwn&h{:s
o, on S0y A9 ot
deﬁ-l'Q)-:_D_, 4 3 L ?r'\PUE
retusn
end
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* E?icl(enf] HPPFO"?'T\Q'EP- Rost dor &Utr\d:c\’or\

1) Newkon- Rophson methsd
A oSy stmple way to (ird rosts. he draw a towjeﬁt akt ony Juus

o} the root, them sty over to the w-intercept of the Eahaen’&-

Ann = An— &b’-@/ er\(j;ﬂ)

hi ub\m.lly works very well. The req. QoW -~
D @ & contSruous graph as smooth

DD #0

) Secort Method

Theteod o(} +_arjen‘t, we e O Seat or exstTmatSon.

Inn = 2Lp - (}L’«L@/QL?LMI""D
Qlan,tn) = 10 ~¢xe)

'I_n - Ih—\

Stedistfeally tokes 45°). more steps, but each skep Js cheapen.
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« _Lnteqration
J

1) Midpoint Rue .

b
- We need to compute jdﬂ\dw Didde the Tterval ke n ports |
o-

2) Tropeasidal rule

Thekead oql -Ealﬁna ¢ at midpoints, we consider a JcmPP_éO?d.

ax (o) + fad)

)y =

2
T,= Y (4‘@0*‘(“@‘3) -~ =318

3) SinPSOD'S ‘/Srd' Rulo

T,- A__;L (d—@w) + 4460 +d~(1;\)

Ta= A%— Q]Lbb + Ay + d{x 45)

Thet = 2T;
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Solvin 9 g ﬁ-erer\vfcﬂ., ECLLLG\:?OF\S

e Shall Tr% ?all.y look at (}?r«st order d‘u’Heren{:?aL eclualz?ons, ond the
techmiques uwoed o solve them. Buk before that, lets cet a ot atfon

o thot rest o& the text T 60.7:7 to do”oba.

dy - =,
E\J;q\\/)

We hove also been provided with the values of _gj. ond Y(ed ; we

A=0

wish +o d?r\c\ the Valua OJ.\ y(B).

1) Eulers method
Take o skep Size h. Srmolle skep sTp gives better occunacy,
Lek (10)70 = (&.,y@)) . Pa—(l[orm the &ollow?rﬁ reCcWUSION .

AN+ < Ay + h /(Eswmﬂ,

dr\-H < Yn+t b GLQI-”JYH)

Step ohen Ap, »b. The voluw of Yo %5 the eotimaked veluo 0& Yy,

3 & Order Rurge Rulto

k, = h &L’X-r\ﬁ/n)
kg = h&barﬁ h/;\, Ynt \)\.h/2>

yn+| < \dn"‘ kD\

Lny < Ln+b
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D 4" Order Qunﬁe_-l'{uﬁa,

I—{\: hd‘ttu'\)\er
L 0« + QKo+ Wt Ka)
Ra = h(en+hh s vnt ki) I <= Jnt g LT efately
>
Re, = hd’tlrn"”h/z y Ynt IJ"‘/D) Lny < Ant h

Ra=hlanth, yn+ k)

¥ Second Order dfd—&c;renjcfol. @CLLLO.!DOOHS

The above metheds can be quite eonouly applied to second order DE an wrell

J
ofter some Clever mantpulatfon hos been done.

dy . d dy .
&E"GLL”"Y‘ZQ — Let E;LL N

- )

adv. —

dx Stmultaneously Solve both 1% ardex
d DE
=3 -y _

Ax

e are provided with the valuws of y, %Y_ and ddi of x-=a. We wish
L 1*

‘o d—?r\d volun Ovl Y ).

D Euler's Method

Lol <— Zn+h

9nrt < Yn+ buy,

Onn <«— Vnp+ hd{’fm_\\/n)\sm)
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D 4" Order Runge Rutta’s Method

K= On L\’ d(’in,\)n,\.‘)n)
J b (R Qs+ 2K + Ky
Ka= 8t by o+ La= dlan B, 20, ) Yoo = Yo+ B (e W22 + Ky )
% One < Bp+ h 2L+ 2
Hy= Ot hlafy | L= (}(xn«»%,vmbﬁij H3> n "*EUw 2+ ALyt M)
o= bl e (e, o s, ) o

+ Solving Linear Bquotions

Assume  thot you reed to solve the following system o} Unecst

efiua{:?orxs.
Qv Qo Oy --- O * D)
O~a| Q.aa O\.q3 - -- Q‘Qh 'L—«\ _ bg
! I| |
. '. |
L@m Qna. Qpy -- Gnp xn bn
A ' X = B

Methodl  The Jocod? Method

Let Es represent the THh row T the system of [Srecrt Equedfons
srown above. \hat s |

Eo = aga+_ .+ Qs+ +Q%qxn= Dy

Assune hot %Lieab—-ml >0 Then, et 2® be x¢ ot OF

Tterollon . e Tterate ox do“ows - “ odber ¢
;l:-H

| E
= — u_o'o - -
'JC' a";lﬂ bI l Il’xl

+ ‘ t J
o - -0°
Q_,:,U,_B Lo = Oloqo, ) £ - Q.r{;)

" bﬂora‘ Ca - j
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Method 2 Gawss ~ Sefdel Method
This T very sinflan to the Jocold method with o small charge ™ the
recunsion . Tnsteod of wofting Jor the (E+D) Skeratfon dor L\b?ni the

Valuw % x,tfj we use 1t d?recH\/ Odtcr' COlCulOd:?na k.

- adkar:) X

++! ( v o 2 0 |
Axe = i Lb‘i B ?‘?lx’l—"— T R 1 (10) Ko S I me‘i)
-

I
" bﬂore‘ £a merqe o j

¥ These both methods are rot Suanonl:eed to be Conuergent - A qo0d heusTskte
s to o~der the equatfons Such thot ‘A" pabrtx 9s Sktly dfaﬁem\l.y

domihant,

Definition of Strictly Diagonally Dominant Matrix

An nxn matrix A is strictly diagonally dominant if the absolute value of each entry on the
main diagonal is greater than the sum of the absolute values of the other entries in the
same row. That is,

|a11| > |a11| + Ia12I . sansesnannins + Iaml
lazal > lasyl + |323| TR R + |azn|
lannl > lantl + 1an2l + ............ + lan n-1l
Now, rearrange the above set of equations to the following
7%y = Xo=6
X1 - 5Xo=-4

If you now use the initial approximation (x1,x2)=(0,0), you will see that both Jacobi and
Gauss-Seidel method will converge.

P.S. Please note that, strict diagonal dominance is not a necessary condition for
convergence of Jacobi or Gauss-Seidel methods.
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