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D x 1.65 | 210 | 227 | 276 | 3.12 | 3.06 | 292 | 2.0
10° 7
cm?/s
ec

. (N=0,1,2,3,4,5) o8 & &)l ol 5

SIA A Je fed dowe 5 LY aloldl bl - e -4
Lgady dwg,ld @L\Mg@\ M\)M&d\wg&;; u(x, y)
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0.0 0.5 1.0 1.5 2.0 2.5

=

0.0 5.00 10.00 15.00 20.00 25.00

5.00 7.51 10.05 12.70 15.67 20.00
10.00 10.00 10.00 10.00 10.00 10.00
15.00 12.51 9.95 7.32 4.33 0.0
20.00 15.00 10.00 5.00 0.00 —5.00

N— oo
cuhoho

9 (0.7,1.2) 1 bladl wee 5l A ax s Olad Jaid) (3 laal) Ll pserl
.(0.65,0.82) 5 (1.6,2.4)

P S e bl el sl e 2SN Slald)l o) 3 =S

Phase | -110 | -80 -40 -10
Magnitude | 7.98 | 8.95 | 10.71 | 11.70
30 80 110
10.01 8.23 7.86
Phase -100 -60 -20
Magnitude 8.37 9.40 11.39
20 60 100
10.84 8.53 7.89

Jo¥l sl a 33LizaVUs (Cspling) (ool sl st -1
dLJ\ Jedd) (3 5lasl) (,.:.E.S\ o BaE
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& alaxdl LU o Gl gy Wyl bl o3 (oY amlgdl il syl -2
conldl gadd

AW il e Wlas jlndl s -6

t =1 -0.96 | -0.86 | -0.79
y -1 -0.151 | 0.894 | 0.986
0.22 0.5 0.930
0.895 0.5 -0.306

Aape los 0 g LG ooy 1
IS e Al 05 B gl

Cubic spline interpolation:
Lagrangian interpolation:

0.8
0.6 T
04+

02+

-0.4
~0.6+

-0.8 +

-1.0 1

b1 I Y T T T N S Sy Sy
T T T T

T % T T T
-1.0 -0.8 -0.6 -04 -02 00 02 04 06 08 1.0
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Numerical Differentiation and Integration

(g3l folid) -1

3,80 il e ds T S 3 dsas Lolad) 512y 3 b sus Sl
(1) £(x )_df(x) im £ OHR) = F(x)

h—0

) fh o~ f(x+hr2— f(x)

09> Sl Lewd 53e sy . F(X) Ged o T, (X) wAB ¢ o0 Lt
1S OF gt o6 Alenkes o D > 0 el Y 3> U

2

3) f(x+h) = f(x)+hf (x)+h F7(X) 4

4)f (X)_—|:f(x+h)—f(X)—Ef "(X)—-- }

olizadl e b ol as Y Sy b dg s B cand ALl B
1af Lo oY1 pad) by Lol alid (3 834l

5)f (0~ f(x+h}2—f(x)

iy o op ) B (3 Lad
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OYEM) =5 1709+

ey amll B 2, ssle] Sy L O(h) ad ) o Laikd OF Jsall Sk (o

@00 = f(x+hg— f(x)+o(h)

by dsb B Bl ssle) S ¢ wlpe oL G Jsb aalld) sl
i CCA T W T

@ 0 =E=D=1 o

oo 3ol e Je Jsed) Jyld L O(h) a5l o Ll bl 0,
rod ebt gl da U ¢ Jolid) ¢l Y 2R L S

2 3

(9) f(x+h)= f(x)+hf’(x)+%f”(x)+%f”’(x)+---

(10) f (x—h) = f(x)— hf ’(x)+h72!f”(x)—h?jf"'(x)+---

-U‘- lez“:’
f(x+h)— f(x—h)
2h
P IS e BN odn plaseral 3 Tad) 0,4
h? h*
C2 Bt o) - ol \)e--

oo el 06 (0.01) h olsT13 f O(h?) a5, o Wb ods (3 Lo

11) f (x) = +0(h?)

.(0.0001) 43,
bat (10) 5(9) mot dao ¢ ol 05y o lizadl Clo sl 2i )k Ko
e
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f(x+h)—2f(x)+ f(x—h)

(13) f"(x) = 2 +0(h?%)
P IS e ) o plaseral (3 Wl 055
h? h*
14)E(h) = —— f @D (x)—— £ @ (x) —-..
(14) E(h) 12 (%) % (x)

TGS o olizie s Se e Sl dslis Bb plasaal &
sk Al a Js B gl sgadl Bl Ol s 8ol bt
-program18 leslt st oo U Ladll i)
(g3l J.a&:!\ -2
B 8L X el gl s 8t B Ll pa L il S

:JQJ\O,‘@A; 4?&;6\;&@&&;}\

N
(15)1=>W,f,

i=0
b2l iz Of gy fx) =1 <
(16) Idx =W, +W, =X, — X,

Xo

2 2
X — X

(17) dex =Wy X, +W, X, =

Xo

DAf el sl 2

W, =W, = (18)
Z\.’L.g.“ ugﬁ_. (5\.9 Jg"j"".‘j

QQIfQNXz2U0+ﬁ)

:@GT@MMN&@M\HMMJ‘ h=X —X, G
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Q@jﬂﬂw:méu+n+g+g+m+%m)

2l 4l e apll) M) s

T t }
Iy Ty T T3 T4

Jﬁmawgwgﬁbu&\ %J.&I]_JS.:.J\

PSS OF bt AL Bkl il (g (X, X, X,) bW &5 dsl

(21) [ o =W, +W, +W, =X, =X,

X3 29,2

(22) [ X =Wy, +W,x, +W,X, = %
Xy 3 _ 3
(23) szdx =Wyx5 +W,x7 +W,X; = %

Q@jfumx=g(g+4n+fg
rabai N ol e 28U UL 1reanys

(25) If(x)dx:g(fo +4f +2f, +4f, +--+ ) +0O(h?)
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BYe plasal @ ) 0y SIMPSON Usmeagw B AaL BN o
(LIN) 25y oo it 80ke (3 Lokl Ly (1/N?) 455 o O gamranms
(3/8) Ograsms e slendl WA e fuad Ll af LT 13 el
(26)If(x)dx:%(fo +3f,+3f, + f,) +O(h°)
Boole Jy @Ys |ad bla & bis i3,

(27) I f(x)dx = 2—2(7 f, +32f +12f, +32f, +7f,) +O(h®)
-program19 leslt st e EJU Ladll i)
.program20  leall st 0 U Ladll L)
- la¥l el YLK -3

el & Vol boamy ol e LS el oV ds e 3 S5
oy U 3 e ) Lo 2zl sl Lo el

(28)1 = j i f (x, y)dxdy
S e aad) S S ey N x e JolS el
(29)1 = [ F(y)dy

(30) F(y) = | f(x y)dx
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Yol X dsb dad) g3 Jol$s 2 )

Nyl y e LSzl
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(31)1 = j G(x)dx

(32)G(y) = | f(x y)dy

T T

c d
T

Yol X sl aadt g1 oS5 3 Sl

bade Ml ¢l ) Jom ollams
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OY Lgalaszad Ldls LasY6 L LSS slgy aldd e O s 13) -1
053 EXACE 2l Bl Jand deldod) GBS Lty g & 33aal) S|
dou S

oSe Y Wby adlh) (Ko Y o pde o o sl oSLISH) jan -2
Lads g Lag) >

Sl ol Jemdd ity e pde oV o A1) Sk -3

:Monte Carlo Method $" zige JoS iy b—4

Sz (adall JolSI eh) 3 Lalioaial Gl Gl cls OY o
(Lapd of 2ol s teisa) dip bl Cont ) wlelady oS i laws o 5
Pl @ Ll Ul g a8 Gb g Sy LSl ) o5 o of
U Al a5y S Sge Wb Gl ada e OIS
S il ) x sty wll) fred) gl Cp 8ygiast) ALl a LIS 0T
LK) e mldld o o) Aol iy wodazes W (3

(33)(b—a) f(x)) = i f (x)dx

F@) /

T
a b T

[a,b] Jui e F(X) it oSS .4 Ja
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Ao Olo OSGYL 6l f(X) ol Aol Bl 23ak 2l Lol OIS 13) (6
Xi alsall DR 0 degas Ll (S DS gsn b 50 gL Ly (LS
odd WM f(x) pld) o3 Cles mbid (Ah) I el e Gl
o Nosde ol ey (X)) mll) adan sl 2edl) Bl abrd flpiall bl
(Sl e aglaiall bladl

@9)(109), =13 F(x)

ol 05y 48 sus N T e

(35)(f(x)), =(f(x)

Sl S g By S dad e OF S5y

(36) [ f(x)dx = (b —a)%i F(x,)

pliszal ol M pLall S maly clodzul adlpaal) LU g S asle
Az iy oW 3 Ul Lol olads

-program21 esll s} e CIU Ladll Ll

tebgdll e Ol
AL oo S el 9> Jan

= 4\/IK(sin &j
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/2 d§
Kk)= | —=——
&) ! 1-k?sin®¢&

.Elliptical integrations aallsy!l YLK LS gl M o
P Jead) (3 LSl dsl s LS

sin "tk K (k)
0° 1.57079
10° 1.58284
20° 1.62002
30° 1.68575
40° 1.78676
50° 1.93558
60° 2.15655
70° 2.50455
80° 3.15338
(o]
90 ¥

bl Jgadl e Gl SIS ey Aol ptsizal =
Sl e Bl 06 5 6, >60 Al i e sdl e dmel -
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Tt 5 Ly Wb 5 LUE Ggme abelSS Tt st . il Lis (3 5laald
oS Ol 13

5sS 0 ol wll) il Bb plaseaal Tsh1xdx Sl 1 =2
0

¢ B 0,6 . N=4,8,16,32,...,1024 <V sasunl 5 ¢ fadll (3
RIS RPN

oS 1 -3

Todx
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S s A ) £

] e
5 (1+X)4/x
AW oS 1 -6
”e’xy.dx.dy

0<y<1s0<x<2 .obls 8au el g

TSt XY (Sidl 3 nype dilaie Ll (S -7
-1<x<1
—1< yt

0550 o ot JSaS (8 e 52 ST p il (o g5 s o
roboeid) giadl e e W (Xp,Yp) k(3 STl JL oS
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X’y:2’4’...,20 mﬂ\ NS .Jjw\a- L} cfb',.j\ C\p 9 CD(Xp,yp) O}Agj‘ w\

05aS gsls blos el L 21 i b o

4dre
Yy
o (zp,yp)
—1<x<1
—T= y<1
-1<7<1
o (el g man sgal) OF Sidll egal) 83l e ol -9

e 3 (e Jro ) pedtes = Jo Yl 2l oV L
Ml g A e dts L cqll Bl (i AU
1=0.51o{[C(v)+0.5]*+[S(v)+0.5]%}

(bt s52)) 2>, ) Fresnel | S

CW)=]MB@W/adW

S(v) = .V[sin(nWIZ)dw
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VYL g Bl ey bods b Sl !

o sl Leal) e gy s 52 (Fugacity) f S 455! -10
dl> 2 . Isothermal process &), 4 ax ) dsladl) cN¥smd) o Sl
s i e Al & Sy P W ke ) oles £ U W
ML
f tC-1
h—=|—d
P ! 5

o C b W gt omy g A5 (LY e ) © oo
& slaall il o s M@,Mcrﬁofubp\.wgbwyi
0 dadll P dsl Lie 1.0 208 C s 5 Jyudd

P (atm) C F

1 0.9940

10 0.9370
20 0.8683
40 0.7043

60 0.4515

80 0.3429
120 0.4259
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160 0.5252

250 0.7468

400 1.0980

Lade 13 gt OF K6l die Latns opiad (3 Ul 5l -11
oo U cnd a g il dolidl bl it gl U ) ppe o3
Akl ikl LS e [[Udxdy Sl n JalSS Gl (55,0]
salie ¥l S af Lo YL el el Jotd) 3 slaal) o) e izl
(P Lo S (3 8laal) i) bl g

Y
x 0.0 0.2 0.4 0.6 0.8 1.0 1.2
0.0 0 0 0 0 0 0 0
0.2 0 2.043 3.048 3.354 3.048 2.043 0
0.4 0 3.123 4.794 5.319 4.794 3.123 0
0.6 0 3.657 5.686 6.335 5.686 3.657 0
0.8 0 3.818 5.960 6.647 5.960 3.818 0
1.0 0 3.657 5.686 6.336 5.686 3.657 0
1.2 0 3.123 4.794 5.319 4.794 3.123 0
1.4 0 2.043 3.048 3.354 3.048 2.043 0
1.6 0 0 0 0 0 0 0

s Jad)

iloladl oYslall >
o) bl IO il Jilas

Boundry value and eigenvalue problems
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Brakl Vsl el of ) LoVl il o ahols Walah ale) danall i bl
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Yotxy
eb i S g dall iy Jof 25 e Blolidl oVsld alsT S
Crog F(2) 858 maz s m S 53 dadl (ool B S e cdelins
2l a5, e aslall
d?z

m—- = F(z 72
: JSedL momentum gLyl L e 13
dz
t)=m—
p(t)=m—
fae dsles de Hamilton equationsoshsls ¥slas oo JUWL fad
dz d
=2 L_r@r) 3)

dt m dt
A e oWolal) QUL pilan (1) Al 3 aalt SN e A5 G
bt 5 Aoy Jomdk 1B sa Y(X) S (1) K 0 0SS B 5 Lais LY
NV gomtn Bde) sl Wy
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Euler Method : Jof 44 1-1
s me oy B3le L Y(X) pldl ) 3me a5 y(x=0) =y, Wl
w\yJ@\M@bw\ aay bl (M x=1) i i e o)
dl (W =T 0 [0,1] ) badie mld) ded Olo b5 3 Zadl) ) 250z )
B SS BMe a9 h=1/N Jshall o3 dylacll @V 0 (N S sue
a5 Yo (x=1h) S o ey G LY Yo VL Y, e
ostall JU e sslait olas dloladl alslal) [l ay) Sl a3Ma) ol Ja
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DYy, Bl ke
Vo = Yo 0 (60 y,)+00°) ()
DA me o S asla 5 O(h) 25 e BV ods plasza) (3 Lo
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) Bed Ol ks IS8 LA 5 lslad) ey oL
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s h i Clb e (6) Wbl T e 5T ai bl QW1 el ) dis
ol (3 bl g ) wdy 5 [1,3] JU1 e dbld) LS

C ____________________ R — S . — S ———
c Program

c Computational Physics class

¢ Damascus University - Physics department

C _____________________________________________________

FUNC(X,Y)=-X*Y
20 PRINT*, 'ENTER STEP SIZE (.LE. 0 TO STOP)'
READ* H
IF (H.LE.O.) STOP
NSTEP=3./H
Y=1.0
DO 10 IX=0,NSTEP-1
X=IX*H
Y=Y+H*FUNC(X,Y)
DIEF=EXP(-0.5*(X+H)**2)-Y
PRINT *,IX,X+H,Y,DIEF
10 CONTINUE
GOTO 20
END

U ol (3 24U sas Y 0SS

y(1) = e /% = 0.606531, y(3) = e~*/2 = 0.011109
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You = Y(X, +h)=y, +hy, + = th"+0(h) @)

el S
¥y = (%, v,)
-3
df of afdy of o
” , —f 8
Al R e vt Al

Lk et (7) B0 3 sl
bemllof . Of ;
i e yn+hf+2h{ fg}m(h) 9)

oo as U@ oda (X, Y, ) dkid ke glizie 5 f Olet gk Eo
Loy 050 Lois 3 WL f sl om0 Al (3 1> B0ke a5 O(h°) a5
oo ST 39 Ll VU Bl 53 o Se LS g Wggan aizie AT S eut

Mds ST el Bkl Slhead) Sy ks 2l

r gt Saundl 3ol 21
Vo Lo il S5 obdle pldsisl oa STass ga=d 21 ujJMT Sla
e bk o (1) ) S
yn+1 = yn + _[ f(X’ y)dX (10)
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tosllell QW) T e ayllall i)

.t _hxnl) fo (x _hxn) t.,+o(h?) (1)

‘f(Xi’yi) » e
By B b e fad X e LS slx] 5 (10) & (11) s
:Adams-Bashforth

Ynu=Yn t h(g fn _% fn—lj"_o(hg) (12)

9l S aldscial s Lgde Jsadl (S @ ST S g aslia 3 b s
oSS 39l S Lozl 1) JUM o Jo sl il ke (3 el Bmys
I3 Adams-Bashforth &de le Lad f  f ,, f ,, f o L& o 0
four step =, &gk

You = Y +2—h4(55fn —59f, +37f,,—9f ,)+0(h®)  (13)
i 4SS Y 5wl 3 L e osde e foAed Bl Zld LT LY
ol sk 2a b Jia i T Wb e LY ods Olud zd LA 5 501y
Runge-Kutta method : 65—, a& b —
oo el el g st alide alasanl (11) B 3 S o of S
LS sy ol ) B Craie (3 o B o

yn+l = yn + hf (Xn+1/2’ yn+1/2 )+ O(hs) (14)
S ek G oS
k =hf(x,,Y,) (15)

g S B3 e Jpad QWL mbans
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You =Y, +hf(xn +%h, Y, +%kj+o(h3) (16)
Mo cabed) badl @ Ll LS LS oled BL e Sl plaseal S
h
yn+l = yn +g[f (Xn’yn)+4f(xn+1/2’ yn+1/2)+ f(xn+l’ yn+l)]+o(h5) (17)
k, =hf(x,,Y,)
k, = hf| x +£h +1k (18)
2 n 2 1yn 2 1
K, =hf(x, +h,y, —k +2k,)
yn+1:yn +%[k1+4k2+k3]+0(h4) (19)

Sl e Al A5l e 65— ) aa b 2l (Ss alin Sy

k1=hf(xn'yn)
1 1
k,=hf| x. +=h,y, +=Kk
2 ( n 2 yn 2 1)

1 1
kgzhf(xn+§h,yn+5k2j (20)
k, =hf(x, +h,y, +k;)
LO(h®) a5y e BY IS BN o fad g

.o =V +%[k1 +2k, + 2k, +k,]+0(h®)  (21)

86



Runge —Kutta —Fehelberg :¢sl¢t bsS— =3, =

2 e ALl 3 UST— g b akS

kl:f(xn'yn)
h h
2 ( n 4 Yn 4 1j
3h 3h 9h
3 (n ) Yn 32 1 32 zj ( )
=[x +12n 193, _7200h,  7296h,
13 2197 ' 2197 * 2197
k5 = f(Xn+h'yn+&9hkl—8hk2+3680h k3—845h k4)
216 513 4140

Ny B0 oy 3544n, 1850, 1th
2Ny 2565 ° 4104 * 40

TN Al ) Ay ) e il any ol ) eds plasal,

25 1408, 2197, 1
Y=V +h k, + K, + —=k 23
Y= (216 Y2565 ° 4104 ¢ 5 5} (23)

16 6656 28561 9 2
=vy +h K, + k, + k, ——k. +—Kk 24
Y=t (135 ' 12825 ° 56430 ¢ 50 ° 55 6} (24)

_kl_ﬂ&%_zmﬂg+55+§&
360 4275 75240 50 55

sl
sl Ll
Y ox-y y©=-1
dx
fle—bsS o) plasnl h =01 J asW
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k,=0.1

k, = 0.0925000
k, = 0.0889609
k, =0.0735157
k, =0.0713736
k, = 0.0853872

y, =-0.91452212, 'y, =-0.914512251

E =-0.000000040 - Lty 9
Aol Yl o & Al 3l o Bjlis (1) Jsir
Estimate of slope Global Local Evaluations of -
Method over x-interval error error  fix,y) perstep .
Euler Initial value O(h) o(n?) 1 i
Modified Euler  Arithmetic average of initial and o) o(n®) 2
final predicted slope
Runge-Kutta Weighted average of four values oYy O 4
(fourth-order)
Runge-Kutta—  Weighted average of six values O(h®)  O(h% 6

Fehlberg

o ol filee—2
oo WAl e adas Wsles Ji.: RER RIS @ adolidl SYslal) (lans

25) %Y k2 (x)y = 5(%)

2
dx?
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PARAMETER (NSTEP=25)
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H=1./NSTEP
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READ*, DT, TIME
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T=0.
PHI(0)=0
PHI(NSTEP)=0.
DO 10 IX=1,NSTEP-1
PHI(IX)=EXACT(IX*H,T)
10 CONTINUE
DO 20 ITER=1,NITER
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DO 30 IX=1,NSTEP-1
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30 CONTINUE
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PRINT*, 'ITERATION="ITER, TIME=', TER*DT
T=ITER*DT
DO 40 IX=1,NSTEP-1
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PRINT*,'PHI=",PHI(IX), ERROR=",DIFF
40 CONTINUE
END IF
20 CONTINUE
GO TO 50
END
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Aadall UL (3 2ielall Bl plusaal Lty mas
salzaf

173 Integer :
91
-12224

7 E3 =7000 Real
1928.21D01 = 19282.1
5.73D -2 =0.0573

Blol sy tdiclall Bully 4391 B p G e W) el
By Ball 85 plasezal 3y 50 Oghe 1 osdall ] Ogle Lo amy
) & ylae o daelias

C ____________________ ey p——
c Program 1
C Computational Physics class
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Damascus University - Physics department

c
c
C student Name :
c
c
C

Date:

Declarations

real x

double precision y
integer i

o If we start with one, and add one-millionth a million
c times, what do we get?

x=1.

y =1.d0

write(*,*)' This may take a while...'

doi=1, 1000000

X =X + 0.000001

y =y + 0.000001d0

end do

write(*,*) ' Which is closer to two, ',x," or',y,'?'

end

Zel )l Bl ) adelall Bally b3 B e G e W) el

5 1 ’
Bog adl>! By, = Ol El3g (U4 s el el 08T
3 5 5 ( Tt St

Program 2

Computational Physics class

Damascus University - Physics department
student Name :

Date:

OO0 0O00OO0

Real*4 A
REAL*8 B
c REAL*16 C
A=1./3.
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B=1./3.

C=1./3.

WRITE (6,10) A

WRITE (6,11) B
c WRITE (6,12) C
10 FORMAT(E20.20)
11 FORMAT(D30.20)
12 FORMAT(D50.40)

STOP

end

e RS b O3l by s Gl ol clel RLST o) 13 alas S
Tram B oY1 a1 0555 0F Ctty Cashe opilos
D Dlze

‘DATA ", ‘B29° |, “speed ‘,.....

B A Jsmreal*4 32 Bit
By a> Jereal* 64 Bit
Bl A Js~wreal*16 128 Bit
e dlsinteger

Pk b Ol ik Oaed malll Bl (3 Vsl e e 113
=M e Y1y 32 Bit B &id> sl 2 0-Z 5a-hop 2V

e slaed &

tiglnd) Olkeall WS A4S — 3
D aled) ollesdl
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- Wy A + 4 e I

[ ey e R
ey Y

A*B+C*D**|
P AW 5 peeS Ladiy

X dgonnd O (3 529 Yol A*B -1
Y oo 0K (3 LE529 D -2
Z et O (3 B2 CrY -3
A5l ammd) a9 X4Z -4

salzaN) gLy

- ab+cd® =  a*b+c*d**3

- a(b+c)a* =  a*(b+c)*(a**4)
LAY A alaszal Ll 2k

- ab+(cd)® =  a*b+(c*d)**5

- (a*b+c*d)? =  ((@*b)+(c*d))**3

Ologhall s MWy A3 B opF a2l i 3 o8 ASB S il
Bl slee cndy JMaal BMe a 2aL B sl e A 3wl
B 3 3smshl Olashall 40 0329 A tranny 3511 3 UG S550aSl st Eom
Szl Be a B+C=A S 5 Lal Jlazl 8e 055 OF e A= B+C
. dzbls

A lally L Ty el Gl 06 OF Sl ol oo 3 Ldls ot
L @M
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Le 5L S o ((comment the letter “C” ) da=Se xoy) 1 J5Y 540l
Sandl e D o 59aneS OF sm sgeadl e (3 2T 50y 6f of C 2 5509
.comment geepeld 2> g2 Ll lis OY

o5 g e OTI3L 0150l by aul (B3 15 59 2 e BV -
o2 Lo Sy (o) 8 3 LoST) o) e 056 Y 0Ll ¢ Y
JaE L] s OF 4y g e

Dl Jandl OSTI3) (e ) b oy ad o oF L6 i 1 6 spedl -
G LealS duke (S i db LSS ) 8D OlSTI3) See L L) )
gl ods AW LY

O5pedll worin pok ¥ L OL5eall maliy Led SG  T2 5y T e sV -
72 350l dxy < i sl adklag Fortran compiler

s Sl S Y 1 85 59 73 saasY) -

FW2 5 WL cudie o sde (i o tidial) slasY) o QW byl
0% 5 588 dL WL w8y 9 i) 5 Bl folog Loghp 5 Legegadt ot
Aeasbley sk 9 72 571 3 =515
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Program 3

Computational Physics class

Damascus University - Physics department
student Name :
Date:

OO0OO0O0O000O0O0

program to test complex arithmatic
complex*16 z1,z2,wl,w2
W1=(2.D0,-7.D0)
W2=(-11.D0,9.D0)
Z1=W1+W2
WRITE (6,10) Z1

10 FORMAT('SUM =',2D20.10)
Z2=W2-W1
WRITE (6,10) Z2

11 FORMAT(' DIFFERENCE =",2D20.10)
Z1=W1/W2
WRITE (6,10) Z1

12 FORMAT(DIV =',2D20.10)
Z2=WN2*W1
WRITE (6,10) Z2

13 FORMAT( PRODUCT ="',2D20.10)
Z1=W1**5
WRITE(6,14)Z1

14  FORMAT(' W1**5 ="'2D20.10)
STOP
END
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iiad) sleVly J=2 9 125 el slaed) Ll 08713 il
B=7.4D1 s A=2.3D0
D s Ol 3 AW ol b 0

G:Ld\
dasdl

X=A+B = 9.7 or 9,7D0
K=A+B = 9

M= |/J = 2

N=J/I = 0

Y= |/J = 25
Z=5.D0/2.D0 = 25
N=5.0D0/2.0D0 = 2

=W QTL“é.x.i Gl Joadl e )l Bkl 3 K el plasas S (i Toe

101 yedlt & &dlall Slleall —

-y 015,58l LgalsS i
A>B A.GT.B
A>=B A.GE.B
A<B ALT.B
A<=B A.LE.B
A=B A.EQ.B
A=B A.NE.B

IO\JJ)_}&J\ ‘52 Z\MQJJ\ cg‘}:d\ -6
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2L 2 OVysdll (3 2,
y=+/x Y=sqrt(x)
y=Inx Y=log(x)

y=e* y=exp(x)
y=sin(x) Y=sin(x)
y=cos(x) y=cos(X)
y=tan(x) y=tan(x)
y=tan*(x) Y=atan(x)
y=sin™(x) y=asin(x)
y=cos™(X) y=acos(x)
y=cosh(x) y=cosh(x)
y=sinh(x) y=sinh(x)
y=tanh(x) y=tanh(x)
y=[X] y=abs(x)

e S D A alol sy diclas B 3L mledl oa (S i
e
Y=DSIN(X)
Y=DABS(X)
PO (Sl BN T
5B GOTO ol 4w ) cowld) Loy Liis iaby 2l 12 GOTO @de—1
.GOTO 3le (3 341 w301 (63 Laudl U] ondy 5 21 Lo ol

GOTO 109
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109 some statement L

dgld) IF - wdle -2

IF( A)71,72,73
by oo el BT 2 717273 A8 5L ol be A A
P s g Ol

GOTO 71 IF A<O

GOTO 72 IF A=0
GOTO 73 IF A>0

Slaje wlans (3 Wside 15 Y Sy Leallsznl ez ¥y 2008 LA IF 5)Le
0Ll

s aabl) IF Bde -2
IF (L) excute expresion
Blall oS3 (e rol o ST olMe ) Bdba 3le a L Eo
iz S5 4] s 5ole b @ Y seeaSd) diy adae aabal
L e e
salzel

IF (A.EQ.B ) R=17.4D0
IF (LLE.K) GOTO 86
IF (J.LT.O) stop

IF(Logical statement) THEN 3,ls -3
IF ( Logical expression) Then

ELSE

ENDIF
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Rl Se OV SLal) e s 28 U5 OY 01l maly 3 (i)
.0.000000000000001 S By olas

P IS e Mt i o e e el ol ST e paseal Sy
IF (DABS(X).LT.D-12) ..........
Je dmly STOP Uiy ol e gyt Of ot Ol3jgb gaby J87 0 2l

O

byl Yl sex:Stop
A bl e I el ) 85a0L WY aReturn:
Ul Jes slesl 5Ll LawEnd

e oo Uy Jl e tan 5 CoS g Sin Akl mlsdl ot LU by
Jodr & el o 5 0.01 Rad Lajlde Jolsss s 5 0Ls)y 7/2 5 jival
(10 e it)

Program 4

Computational Physics class

Damascus University - Physics department
student Name :
Date:

UNCTIONS

O TTO OO0 OO0OO0OO0

implicit real*8 (a-h,0-z)
X=0.0D0
H=0.01DO
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HALFPI=1.5760D0
17 continue
A=DSIN(X)
B=DCOS(X)
C=DTAN(X)
WRITE (6,10) X,A,B,C
10 FORMAT (6 D20.10)
X=X+H
IF (X.GE.HALFPI) STOP
GOTO 17
stop
END

ey o el di ke B Al e Bkl Vsl g (W) el )
psi 3 (@XPHDXHC=0 Wsladl e ped 3N) ab,c JYI 3 Jlss] el
B ks g fdde o Ak il slpe Wslall ada jedr 512

Program 5
Computational Physics class
Damascus University - Physics department

student Name :

Date:

PROGRAM TO CALCULATES THE ROOTS OF A 2d
RDER

ALGEBRIC EQUATION

O000OO0 000000

WRITE (6,33)
33 FORMAT('inputa,b,c")
READ*, a,b,c
print*, a,b,c
IF (ABS(A).LT.1.D-2) GOTO 90
DELTA=B*B-4*A*C
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RAD1X=SQRT(ABS(DELTA))
IF (DELTA.LT.0.D0) GOTO 70
R1=(-B+RAD1X)/(2*A)
R2=(-B-RAD1X)/(2*A)
WRITE(6,63) R1,R2

63  FORMAT(' REAL ROOTS ARE ',2D20.10)
GOTO183
70  CONTINUE
R=-B/(2.D0*A)
WRITE (6,73) R
73 FORMAT(' REAL PART OF THE ROOT IS ', 2D20.10)
Q=RAD1X/(2.D0*A)
WRITE (6,74) Q
74  FORMAT(' IMAGINARY PART OF THE ROOT =,
D20.10)
GOTO 183
90 CONTINUE
WRITE (6,138)
138 FORMAT('ALESS THANO ')
R=-C/B
WRITE(6,139)R
139 FORMAT('b SINGLE ROOT = ',D20.10)
183 CONTINUE
STOP
END

101 yedll & sl S 4S8

055G Of Say b et o @l L) o dsgez WL @5inl) O

oF OV g L lend) an s slal G gmg doly day oD Bganl)
S5 (..gj S;UJ\ L} v.f)/\l\ (,_‘>=¢L\ J,>L$L dJJJ} CAL’JJ\ Ll L} L@w 59 :U-j,a.,al\
13yl

DIMENSION X(100)
DIMENSION

Y(10,10,10)
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e Ssdy dxly A o3 X L) Baginae J 31U (3 LIS 1Y) Syl s
.10X10X10 sbaY) 4555 Bgivas 2511 5Ll jmd Ly ez 100

e 5 paze Y SCOTE Hsivas st 3] chiowsl) el ot JWI alipd)
U Gy a3 sl g ol ot @ Al obiall et

c Program 6

G Computational Physics class

C Damascus University - Physics department

C __________________________________________
& student Name:

c Date:

C MEAN VALUE
IMPLICIT REAL*8 (A-H,0-2)
DIMENSION SCORE(1000)
SUM=0.00
KOUNT=0
19CONTINUE
KOUNT=KOUNT+1
READ *, SCORE(KOUNT)
SUM=SUM+SCORE(KOUNT)
if (SCORE(KOUNT).eq.0) goto 90

GOTO 19

90 CONTINUE

10 FORMAT (D20.10)
KOUNT=KOUNT-1
AVE=SUM/(DFLOAT(KOUNT))
WRITE (6,11), KOUNT

11 FORMAT ('6 NODF SCORE IS'])
WRITE (6,12) AVE

12 FORMAT (' 6 MEAN IS ',D20.10)
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STOP
END

b Bl (3 Bsiaad) a2 saal eld pae ] olsl g s>
DIMENSION X(100)

Y=X(101) WORMG
K=51
WRONG Z=X(2*K)
:(DO LOOPS) DO wlik>—9
. &«J:' b g,mg.: 1 “j
DO x I=m1,m2,m3
a7 (3 83U skt 3, m3 5 aled) 3 m2 5 Al B ml G
tJle
DO 9 N=0,100,2

CONTINUE 9
N i a2l 145 5 ¢ 903, ool die g5 6T 9 Lgad, DO aal> JUll s (3
2 Laylie 5gkaz 25 5 100 3> LSS JS@ 8 5 siall e
o w2y Gl e oSy continue AudST 4S5y, e e 2l
RHEX
4 bl 4t (o & LSy 2l gl om0 st W1
:GOTO il ¢ Loge DO i psany oSy
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Program 7
Computational Physics class
Damascus University - Physics department

c
c

C

c

c student Name :
C Date:
c

C

C

FUNCTION AND TABULATE IT
DO 17 L=1,157
X=0.01DO*DFLOAT(L)
P=SIN(X)

Q=COS(X)
R=TAN(X)
WRITE(6,13)X,P,Q,R

13 FORMAT(4D20.10)

17  CONTINUE
STOP
END

spaal) SleW) byl Da ooliel saal ddavgl i)l et QU1 el
) ) 56 il plasaal slaeW) st & (28 2ad) ) ol ails plasaal
L}lg"'“ﬁ'“ s 9 (29

$ AT ode 110 e als il w630 S saddl s

C Program 8



Computational Physics class
Damascus University - Physics department

Date:

c
C
c
c student Name :
c
C
c

average of 10 numbers
dimension SCORE(100)
N=10
DO 28 L=1,N
READ*, SCORE(L)
28 CONTINUE
SUM=0D0
DO 29 K=1,N
SUM=SUM+SCORE(K)
29 CONTINUE
AVE=SUM/FLOAT(N)
print*, AVE
STOP
END

LUl 2,87 e ool
Leieyns is dild) aall (B IU Al g -1
FICEREN
o LV Al (3 LlE sl aald) 085 Of (g ol Sl abli e ¥ -4

DO 17 L=1,N
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DO 18 J=1,N
C(L,J)=0.0
DO 19 K=1,N
C(L,d) =(C(L,I)+A(L,K)*B(K,J))
19 CONTINUE
18 CONTINUE
17 CONTINUE

sl & A ol 10
Oasdll & ( ) b)) o snS Olai ) asdl =l o t\y'f B sy

el s gl =1

sl

poly(x)=x**3-4D0*x*x-11.D0*x+12.D0

Al (3 Lgelaseal — Y

Cb ;,Q.gjxﬂ S;J} CJLJJJ_2

W A s LalS ) sl ) ey

pb e U3y dbwsl aedl L4 b Oy W) bl

t i) gl e e wledinl 5 amean

C ____________________ o
C Program 9

C Computational Physics class

C Damascus University - Physics department

C ____________________ i ———
c student Name :

c Date:
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O

reads in and calculate the average for <=1000 number

implicit real*8 (a-h,0-2)
dimension score(100)
k=0

do 20 I1=1,10

read*, score(l)

k=l

20 continue
ave=amean(score,k)
write (6,11)ave

11 format( ‘average =',020.10)
stop
end
Function amean(s,n)
implicit real *8 (a-h,0-z)
dimension s(n)
ave=0.d0
w=n
do 28 I=1,w
ave=ave+s(l)

28 continue
amean=ave/dfloat(n)
return
end

e el ai STk sde) alelad) aedl (et W S U
¢ A ) s e solinadl
FUNCTION JFACT(K)
IF (K.LT.1) STOP
JFACT=1
DO 100 R=1,K
JFACT=JFACT*R
100 CONTINUE

RETURN
END
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el 8,2l a5 sl s e
s 4>y RETURN L s s of g agidl el -1
Y
BV e a1g END ol e g5 0f g 2551 al il 572
IS Sl pan o Leany Jadin Sty 255 i) ) {10 -3
i ¢ 2] g 5l ai&é& Vg maldl 3 el i

JFACT  ==> REAL*
AMEAN ==> REAL*8

a5 el -3

%ﬁgbﬁ‘fﬁdiﬁbiuﬁb@fﬂgﬁcﬂbjyﬁiﬁbf
L) el e e G ey Letis dege sl plial

cJle
IMPLICIT REAL*8

OBTAIN A,B
CALL MATADD(A,B,C,N)

STOP

END

SUBROUTINE MATADD(A,B,C,N)
IMPLICITE REAL*8 (A-H,0-2)
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28

DIMENSION A(N,N),B(N,N),C(N,N)
DO 28 K=1,N
DO 29 L=1,N
C(K,L)=A(K,L)+B(K,L)
29 COMTINUE
COMTINUE
RETURN
END
MATADD ! gl iy ¢ B 5 A (bsiall ob oy gyl Ve
2ol sledsa¥ ) malpdl (3 Ble 3gmy e o V=1
S
e 4=y RETURN o e s9d of g adl maldl 572
o
I e sty END ol e (s 0 ot ab) bl I -3
(lbaall i s Eom e W5 6T S el oY ) -4
ol Lk Js¥1 0w (3 subroutine 2SS S el T4 =D
LS Al L
LS bl el desie call pliscinl S mal ) et -6

S 8t Sy 05sdl) 4 Ll gl oal jam Zeddll sda (3 Ld ez
Bl 220U dols S el gl I e L ST L BN 6 Y1 Y e
oda e ST Lolss e g &) cop)) e e M am of 01554

L4l
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AL s3I O Pl i) Slerly plasial (o Y 01,0
Jo oalag, ol @ sl aga b agas o 9 Al 0108 olades

a5 Java ol C++

CAd Gy by dbs OVsles Wa > 50k

C ____________________ N | N | S ——. . S——
G Program 10
C Computational Physics class
c Damascus University - Physics department
C . e = e . e = =
& student Name :
o Date:
C ______ e e e e e T e e e e e e e e e o e o o o

dimension A(100,100),x(100),b(100)

integer ndim,n

real det,x

ndim=100

n=3

read (*,*) ((A(k,I),k=1,3),I=1,3)

print*, A(3,3)

read (*,*) (b(k), k=1,3)

call LUsolve( A, x, b, det, ndim, n)

print*, x(1)

stop

end

Subroutine LUsolve( A, x, b, det, ndim, n)
* This subroutine solves the linear set of equations *
* Ax=Db *
* by the method of L U decomposition. *
* INPUT: ndim the size of the arrays, as dimensioned *
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* in the calling routine *

* n the actual size of the arrays for *
* this problem *

* A an n by n array of coefficients, *
* altered on output *

* b a vector of length n *

* *

* OUTPUT: x the 'solution’ vector *
* det the determinant of A. If the *
* determinant is zero, A is SINGULAR.

* *

integer ndim,n,order(100),i,j,k, imax,itemp
double precision a(ndim,ndim),x(ndim),b(ndim),det
double precision scale(100), max, sum, temporary
if(n.gt.100)stop ' n too large in LUsolve'
det =1.d0
*
* First, determine a scaling factor for each row. (We
* could "normalize" the equation by multiplying by this
* factor. However, since we only want it for comparison
* purposes, we don't need to actually perform the
* multiplication.)
*
DOi=1,n
order(i) =i
max = 0.d0
DO j=1,n
if( abs(a(i,j)) .gt. max) max = abs(a(i,j))
END DO
scale(i) = 1.d0/max
END DO
*
* Start the LU decomposition. The original matrix A
* will be overwritten by the elements of L and U as
* they are determined. The first row and column
* are specially treated, as is L(n,n).

*

DO k=1,n-1
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* Do a column of L
*
IF(k .eq. 1) THEN
* No work is necessary.
ELSE
* Compute elements of L from Eq. (3.105).

DOi=k,n !
sum = a(i,k)
DOj=1, k-1
sum = sum - a(i,j)*a(j,k)
END DO
a(i,k) =sum ! PutL(i,k) into A.
END DO
ENDIF
*
* Do we need to interchange rows? We want the largest
* (scaled) element of the recently computed column of L
* moved to the diagonal (k,k) location.
*
max = 0.d0
DOi=k,n
IF(scale(i)*a(i,k) .ge. max)THEN
max = scale(i)*a(i,k)
imax=i
ENDIF
END DO
*
* Largest element is L(imax,k). If imax=k, the largest
* (scaled) element is already on the diagonal.

*

IF(imax .eq. K)\THEN

* No need to exchange rows.
ELSE
* Exchange rows...
*
det = -det
DO j=1,n

temporary = a(imax,))
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a(imax,j) = a(k.j)
a(k,j)) =temporary
END DO

scale factors...

temporary = scale(imax)
scale(imax) = scale(k)
scale(k) =temporary

and record changes in the ordering

itemp = order(imax)
order(imax) = order(k)
order(k) =itemp

ENDIF
det = det * a(k,k)

*

* Now compute a row of U.
*
IF(k.eq.1) THEN
The first row is treated special, see Eq. (3.102).

DOj=2,n
a(1,j) =a(1,)/a(1,1)
END DO
ELSE
* Compute U(k,j) from Eq. (3.106).
*

DO j=k+1,n
sum = a(k,j)
DOi=1k-1
sum = sum - a(k,i)*a(i,))
END DO
Put the element U(k,j) into A.

a(k,j)) = sum/ a(kk)
END DO
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ENDIF
END DO

*

* Now, for the last element of L
*

sum = a(n,n)

DO j=1,n-1

sum = sum - a(n,j)*a(j,n)

END DO

a(n,n) = sum

det = det * a(n,n)

*

* LU decomposition is now complete.
*
* We now start the solution phase. Since the equations
* have been interchanged, we interchange the elements of
* B the same way, putting the result into X.
*

DOi=1,n

x(i) = b( order(i) )
END DO

*

* Forward substitution...
*
x(1) =x(1) / a(1,1)
DOi=2,n
sum = x(i)
DO k=1,i-1
sum = sum - a(i,k)*x(k)
END DO
x(i) = sum / a(i,i)
END DO

*

* and backward substitution...

*

DO i=1,n-1
sum = x(n-i)
DO k =n-i+1, n

sum = sum - a(n-i,k)*x(k)
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END DO
x(n-i) = sum
END DO

*

* and we're done!

*

end

¢ Logic ALL Zazbad) g5 13l

.0.75 aedll K coldl el -2
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aislae By Uee W3y e -4

iaslis B Vil an Bs-O

dielas By colydl jan e -6

REAL DIMENSION(1:3,2:3) :: AA S 2JUW) 3Ll o =7
REAL REAL Qi WU 3L |o -8
COMMON :: A Gieeo Ul 3Ll |2 -9
) 3Ll s 136 =10

A=0.0;B=2370! First variables ; C=17.0 ; D=33.0

SFortran 90 i 3 dsis )W) Ll s =11

Y = SIN(MAX(X1,X2)) * EXP( - COS(X3)**| ) - TAN(AT&
& AN(X4))

2 L) ais 3L —12

WRITE(*, "( HI )"

) 5Ll Jus 3L -13
CHARACTER (LEN=9)  : FILIP
FILIP ='(1PG14.6)'
WRITE(*,FILIP) 0.001, 1.0, 2000000.

Wle Jomll 0187 ¢ L ailze bl 2595 =5 &) CASE 3l (5T -14
Tiv of Lorge o
saddl Jof et ihae e 100 pir s ) DO ail> 51 -15
L
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Program 11
Computational Physics class
Damascus University - Physics department

student Name :

Date:

real x1, x2, xm, xmold
real toler, f1, f2, fm, f
integer iter

C initialize iterations number
iter=0
C initial guesses
x1=0.
x2=1.
xm=(x1+x2)/2
xmold=x1
C maximal error in the approximation
toler=0.00001

202



if the new iteration does not give the same result of

previous iteration

c within tolerance do the following
do while (abs(xm-xmold).gt.toler)
iter=iter+1

o evaluate f(x) at different points
f1=f(x1)
f2=f(x2)
fm=f(xm)
if ((fm*f1).1t.0) then

c if the sign of f(xm) similar to the sign of f(x2) then:
X2=xm
else

c if the sign of f(xm) similar to the sign of f(x1) then:
x1=xm
endif

C remember the result of the previous iteration.
xmold=xm

c new iteration
xm=(x1+x2)/2.
end do

c print result
write(*,*) ' the zero of the f(x) is: ', xm
write(*,10) iter

10 format (' obtained after',i3,'iteration’)

stop
end

c function for which we want to find zero.

real function f(x)

real x

f=cos(x)-x

return

end

e BAE b Jeia o3 @ aadl Slgbd (gb Jol mabpd) Sl ST 3
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G S am bl plasaal f(x)=x7 -5 bl dr st QU el
5 x=10 al aks b e gl s 3 JoY) Ladll e (2) 5,24

O0O0OO0O00 000

10

(Tolx ) 10° % 5 (DX ) A=05

Program 12
Computational Physics class
Physics Department
Damascus University —
student Name :
Date:
FUNC(X)=X*X-5.
TOLX=1.E-06
X=1.
FOLD=FUNC(X)
DX=.5
ITER=0
CONTINUE
ITER=ITER+1
X=X+DX
PRINT *ITER,X,SQRT(5.)-X
IF ((FOLD*FUNC(X)) .LT. 0) THEN
X=X-DX
DX=DX/2
END IF
IF (ABS(DX) .GT. TOLX) GOTO 10
STOP
END

ek iy b —2
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ERIE] Z\QW\ BYa) NI Lfl'c NUCH I
(Xi _Xi—l)

X=X —F(X)-
i+l i ( |) f(Xi)— f(Xifl)
Pl de st el e e
bW dk, [0,2] J) 3 x*-5=0
C ____________________ .~ I S ——  ——
c Program 13
c Computational Physics class
C Damascus University - Physics department
C ____________________ e e e e e et - -
c student Name :
c Date:
C ______ " e e e e e e e e
real xI,x2,xtmp
real fl,f2,toler
integer iter
c Initialize iterations' number.
iter=0
c Maximal error in the approximation.
toler=0.00001
o Initial guesses.
xI=2.
x2=3.
C Evaluate the function f(x)=x**2-5 at x=x| and at x=x2:
fl=xI*xI-5.
f2=x2*x2-5.
C If the new iteration does not give the same result of
the
C previous iteration
C within toler do the following:

do while (abs(x2-xl).gt.toler)
C**  New iteration.
iter=iter+
xtmp=x2-f2*(x2-x1)/(f2-l)
xl=x2
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X2=xtmp

C** Evaluate the function f(x)=x**2-5 at x=xI and at x=x2:
fl=xI*xI-5.
f2=x2*x2-5.
end do

C** Print result:
write (*,*) 'The zero of f(x) is:",xl.

10 format (‘obtained after ',i3," iterations.")

write (*,10) iter
stop
end

1053y (35 Ay b—3
Gkl g ol B ) A o g AW ) S B by e den
=t sV

it = Xn — f(xn)
F'(x,)

f(X) =cos(x) —x dsladl ol st QL) sl e

X

Program 14
Computational Physics class
Damascus University - Physics department

student Name :
Date:

newton raphson method

OO0OO0O0O00OO0O0OO0

real x1
real f1,df1,toler
integer iter
(o initialize iteration
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iter=0

C maximum error in the approximation
toler=0.00001
C initial guess
x1=1.
c evaluate the function f(x)=cosx-x and its derivitive at x=x1:

fl=cos(x1)-x1
dfl=-1.*sin(x1)-1

c if the new iteration does not give the same result as
c the previous iteration within the toler do the following
do while (abs(f1/df1).gt.toler)
c new iteration
iter=iter+1
c evaluate the function f(x)=cosx-x and its derivitive at x=x1.:

x1=x1-f1/dfl
fl=cos(x1)-x1
dfl=-1.*sin(x1)-1
end do

o print results
write(*,*) ' the zero is:', x1
write(*,10)iter

10 format('obtaind after’, i3, ‘iterations’)

stop
end

o 33 5 bl i o F dadll Slshad o gl mabpl) claelb (ST 8
gl gl 5 ST s ol G b e ads fuad ) A4 O

ail Wyl (S g Osmdl— i Aide AW Al A it QU1 el
5 glall s (3 Ogudly (0 Bl b b gl 5 O3ydll el 131) L2y

@bl el pe 185
f(x)=x*-x-10=0

df/dx=4x3-1
3¢ +10
"oaxi-1
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Program 15

Computational Physics class
Physics Department
Damascus University
student Name :
Date:

Newton raphson method

OO0O0O0O0O00O0O0O0O0

implicit real*8 (a-h,0-2)
start guessing
x=2.0d0
write (6,10)x
17  continue
anum=3.d0*x**4+10.0d0
denum=4.d0*x**3-1.d0
y=anum/denum
write(6,10)y
10 format (d20.10)
if (dabs(x).gt.4.0) goto 41
if (dabs(x-y).LT.0.0001) goto 43
X=y
goto 17
41 write (6,11)
11 format (' there is a root somewhere else’)
43 continue
stop
end

(@]

telpedl) (o DMy —
IS e 35087 8 3 0SY 22 Y1 Bsd) Bl sl |
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= 0<z<a
V(z) =< z<0
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0<z<a 2 -V =E
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NCEURE NN
w(z)= A sin(k,z)+ B, cos(k,z)
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p(z—>0)=0 5 w(z—>-—0)=0

A, =0 1055 O et sl
.Bl=0 djggdfu.ég;tz=o Mﬁ&_ﬁ;’w l//'jlr// d}ggdfuéj
Ll z=a Kk

A sin(k,a)+ B, cos(k,a)= B,e "
A sin(k,a) = B,e

! e S
Ak, cos(k,a)=—B,k,e "
el o
k, cot(k,a) = —k,
1N
Kk, = _hzsz s k=MEY,)
AE 2 eadl

N
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program 11 paswn) [2,3] JU1 e sk Jdd OF ad Y1 mldl Ly 13
Ul & fO)=cosx—x mW Jlasel G5 5 (B) Wbl i oLt

o L§.’L~J\
X

10.4985965 — x>
(E+V,) Jaill corl -

f(x) = tan(x)+

D et A A W
sshin Ldsl S 5 oa LS LU (5) @Dl pisans 13U -

e bat sl plasl e W wlal) bl 2l Oles e -l
s W) sl
f(x)=e*(5-x)-5

Aol day il By Al oda o 34 (3 Ogudl) Fsd b pdsanl -3
Wbl 3 ezl g L) el Jus
ol cwle 13) (ApaeT =cONSt. ) ond) a=15Y) 066 3 cold) dad o) -4

hc
ki T

max

X =

h=6.62. 103* J.sec., c=3.10% m/sec, k=1.38. 102 JI°K
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b

Program 16

Computational Physics class
Physics Department
Damascus University
student Name :
Date:

cubic spline code

IMPLICIT REAL*8 (A-H,0-2)

DIMENSION
X(20),Y(10),Y2(10),XA(10),YA(10),Y2A(10),U(100)
print*," input the variable from the table'

DO 4 N=1,7

READ* X(N)

4 CONTINUE

DO 5T=1,7
READ* Y(T)

5 CONTINUE

YP1=-0.00071

YPN=0.00072

N=7

CALL SPLINE(X,Y,N,YP1,YPN,Y2)
N=7

do 7 1=1,7

print*," input the required value '
READ* A

CALL SPLINT(X,Y,Y2,N,A,B)
PRINT*B

STOP

END
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11

12

SUBROUTINE SPLINE(X,Y,N,YP1,YPN,Y2)
IMPLICIT REAL*8 (A-H,0-2)
PARAMETER (NMAX=100)
DIMENSION X(N),Y(N),Y2(N),U(NMAX)
IF (YP1.GT..99E30) THEN
Y2(1)=0.
U(1)=0.
ELSE
Y2(1)=-0.5
U(1)=(3./(X(2)-X(1)))*((Y(2)-Y(1))/(X(2)-X(1))-YP1)
ENDIF
DO 11 I=2,N-1
SIG=(X(1)-X(I-1))/(X(1+1)-X(I-1))
P=SIG*Y2(I-1)+2.
Y2()=(SIG-1.)/P
U)=(6.*((Y (1+1)-Y(D)/(X(1+1)-X(1)-(Y(D)-Y(I-1))
JOX()-X(-1)))/(X(1+1)-X(1-1))-SIG*U(I-1))/P
CONTINUE
IF (YPN.GT..99E30) THEN
QN=0.
UN=0.
ELSE
QN=0.5
UN=(3./(X(N)-X(N-1)))*(YPN-(Y(N)-Y(N-1))/(X(N)-X(N-1)))
ENDIF
Y2(N)=(UN-QN*U(N-1))/(QN*Y2(N-1)+1.)
DO 12 K=N-1,1,-1
Y2(K)=Y2(K)*Y2(K+1)+U(K)
CONTINUE
RETURN
END
SUBROUTINE SPLINT(XA,YA,Y2A,N,X,Y)
IMPLICIT REAL*8 (A-H,0-2)
DIMENSION XA(N),YA(N),Y2A(N)
KLO=1
KHI=N
IF (KHI-KLO.GT.1) THEN
K=(KHI+KLO)/2
IF(XA(K).GT.X)THEN
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KHI=K
ELSE
KLO=K
ENDIF
GOTO 1
ENDIF
H=XA(KHI)-XA(KLO)
IF (H.EQ.0.) PAUSE 'Bad XA input.’
A=(XAKHI)-X)/H
B=(X-XA(KLO))/H
Y=A*YA(KLO)+B*YA(KHI)+
* ((A**3-A)*Y2A(KLO)+(B**3-B)*Y2A(KHI))*(H**2)/6.
RETURN
END

Gk
DA ) e Wlas ool AT Je 2 Sl leldl) a1 3

Phase | -110 -80 -40 -10
Magnitude | 7.98 8.95 10.71 11.70
30 80 110

10.01 8.23 7.86

(cubic spline) =S gl Jan ) sl pd) plasizal =3
QU ) e 33 L) Jgud pluseab

Phase -100 -60 -20
Magnitude 8.37 9.40 11.39
20 60 100
10.84 8.53 7.89
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Bl plasial (x=1) 2eddl ke sin(X) mbd J¥) gzl et QU el
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Program 18
Computational Physics class
Damascus University - Physics department

Date:

C
c
C
c
£ student Name :
c
c
c
C

X=1.
EXACT=COS(X)

10 PRINT *, 'ENTER VALUE OF H (.LE. 0 TO STOP)'
READ *, H
IF (H .LE. 0) STOP
FPRIME=(SIN(X+H)-SIN(X-H))/(2*H)
DIFF=EXACT-FPRIME
PRINT 20,H,DIFF

20 FORMAT (' H=',E15.8,5X,ERROR="E15.8)
GOTO 10
END

(g3l folS1—2
AU Bl (i) plasial Lade SIS o] S
ZJJ,};L.U al Z.LJL —1

JEOOK=NE fo fy+ Fo £y 4t 2 £y)
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.result.txt)

Program 19
Computational Physics class
Damascus University - Physics department

student Name :
Date:
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10

integer n

real func(0:1000),a,b,s

real x,h

get the boundries of the integral

write(*,*) 'Enter the interval bounds a and b’

read (*,*) a,b

prepare file for results

open (unit=1,file="results.txt")

write(1,*) 'the value of the integral of the function exp(x**2)'
format (‘from',f4.2, 'to' f4.2)

write(1,10)a,b

write(1,*) 'N S the Integral'

Get the number of points

write(*,*) 'Enter the number of points N (0<N<1001):'
write (*,*) 'Enter N<O to stop'

read (*,*) n

if( n.gt.1000.0r.n.It.1) goto 3

the step value between points

h=(b-a)/n

compute the value of the function of on the N points
do 1i=0,n

x=a+h*float(i)

func(i)=exp(x*x)

continue

compute the value of the integral

call simpson(func,n,a,b,s)

print results

write(1,*) n,s

write(*,*) n,s

goto 2

stop

end

subroutine to compute the value of a definite integral
subroutine simpson(func,n,a,b,s)

integer n

real func(0:1000),a,b,s
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10

s=0

s=func(0)+func(n)

doli=1,n-1

(1-mod(i,2)) equals O if i even and equals 1 if i odd
Ss=s+2*2**(1-mod(i,2))*func(i)

continue

s=s*(b-a)/(3*n)

return

end

2 s

2

Iy, e ol LSS sy Ol s Bl b pisuiy QU bl

[(result.txt) cabe (3 U 02y oS 390

Program 20

Computational Physics class

Damascus University - Physics department
student Name :

Date:

integer n

real func(0:1000),a,b,s

real x,h

get the boundries of the integral

write(*,*) 'Enter the interval bounds a and b’

read (*,*) a,b

prepare file for results

open (unit=1,file="results.txt")

write(1,*) 'the value of the integral of the function exp(x**2)'
format (‘from',f4.2, 'to' f4.2)

write(1,10)a,b

write(1,*) 'N S the Integral’

Get the number of points N

write(*,*) 'Enter the number of points N (0<N<1001):'
write (*,*) 'Enter N<O to stop’
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1

read (*,*) n

if( n.gt.1000.0r.n.lt.1) goto 3

the step value between points
h=(b-a)/n

compute the value of the function of on the N points
do 1i=0,n

x=a+h*float(i)

func(i)=exp(x*x)

continue

compute the value of the integral
call trapez(func,n,a,b,s)

print results

write(1,*) n,s

write(*,*) n,s

goto 2

stop

end

subroutine to compute the value of a definite integral
subroutine trapez(func,n,a,b,s)
integer n

real func(0:1000),a,b,s

s=0.

s=(func(0)+func(n))/2

do 1i=1,n-1

s=s+func(i)

continue

s=s*(b-a)/n

return

end

subroutine trapz(func,n,a,b,s)
integer n

real func(0:1000),a,b,s
s=0.
s=(func(0)+func(n))/2
do1li=1,n-1

s=s+func(i)
continue
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s=s*(b-a)/n
return
end

L S e S
seed i mell . (0,1) B e exp(x) pldl oSS ot QU1 sl
U sk (Random f pliscal o5 gy adlsaall 2BV g dkee Ty

RUERE- VO WU W

C ____________________ o= SO - O OO OCOOOoOe— R —
c Program 21

c Computational Physics class

C Damascus University - Physics department

C ..................... S ———
c student Name :

C Date:

C ______ o ' e e = e ————
C MONTE CARLO Method integration

C ____________________ e e e e e e e I

c This program computes a Monte Carlo style estimate of
c the integral exp(x) between 0 and 1. (= e-1)

o
C____ ________ —— N e R e
double precision sum,e,ranl, x, error, monte

real xxx

integer N,i

integer*2 value

parameter ( e = 2.718281828459045d0 )
*

* |nitialize the "seed" used in the Random Number
* Generator, and set the accumulated SUM to zero.

*
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o S

*  * ¥ X

* % * ok

R S

value =1
call seed( value )
sum =0.d0

Calculate the function a total of 1,000 times, printing
an estimate of the integral after every 10 evaluations.

DOi=1, 100

Evaluate the function another 10 times. SUM is the
accumulated total.

DOj=1, 10
call random( xxx )
XgE XXX
sum = sum + exp(x)
END DO

The function has now been evaluated a total of
(10 *i) times.

N=i*10
MONTE =sum /N

Calculate the relative error, from the known value
of the integral.

error = abs( monte - (e-1.d0) )/(e - 1.d0)
write(*,*) n, MONTE, error

END DO

End
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Jrl o0 C o ow QW) Joad) Ly d s (Ll ble ) C e

P (atm) C F

1 0.9940
10 0.9370
20 0.8683
40 0.7043
60 0.4515
80 0.3429
120 0.4259
160 0.5252
250 0.7468
400 1.0980
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sin" 1k K(k)

0° 1.57079 63270
10° 1.58284 28043
20° 1.62002 58991
30° 1.68575 03548
40° 1.78676 91349
50° 1.93558 10960
60° 2.15651 56475
70° 2.50455 00790
80° 3.15338 52519
90° 00

Gl Jgadl e Gl SIS ey Aol ptsna)
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¢ Program 22

¢ Numerove algorithm

¢ inintegrating Schrodinger equation
real k
real toler,psip,psiold
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c getinitial value of the wave number
write(*,*) 'Enter the starting value of the wave number k:
+ (k<0 to stop)'
read (*,*) k
if (k.It.0.) goto 20
c initial value of the step
dk=1.
toler=1.E-05
c integrate the equation with the initial value k
call intgrt(k,psip)
psiold=psip
c change the value of k
10  k=k+dk
Cc integrate again with the new value of k
call intgrt(k,psip)
c if psip changes values backup ( the secant method)
if ((psip*psiold).It.0) then
k=k-dk
dk=dk/2
endif
o if convergence is not acheived try again
if (abs(dk).gt.toler) goto 10
write (*,*) '
write (*,*) ' the result is: '
write (*,*) k
20 stop
end
subroutine to integrate schrodinger equation using
o the numerove method
subroutine intgrt(k,psip)
real k,psia, psiz,h,const
integer nstep
C number of steps
nstep=100
c step value of normalized x
h=1./nstep
c left boundry condition
psim=0.
psiz=.01

o
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const=(k*h)**2/12.
do 10 ix=1,nstep-1

¢ Numerove method equation:
psip=2*(1.-5.*const)*psiz-(1.+const)*psim
psip=psip/(1+const)
psim=psiz
psiz=psip

10 continue

c the result achieved
write(*,*) ' The wave number:'k
return
end

tiorgh! Wslal Lol (i1 —2
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. k=3.14

¢ Program 26
REAL K
K=1.
DK=1.
TOLK=1.E-05
CALL INTGRT(K,PHIP)
PHIOLD=PHIP

10 CONTINUE

K=K+DK

CALL INTGRT(K,PHIP)

IF (PHIP*PHIOLD .LT. 0) THEN
K=K-DK
DK=DK/2

END IF

IF (ABS(DK) .GT. TOLK) GOTO 10

EXACT=4.*ATAN(1.)

PRINT *, ' eigenvalue, error ="K, EXACT-K
STOP

END

SUBROUTINE INTGRT(K,PHIP)
REAL K

DATA NSTEP/100/
H=1./NSTEP

PHIM=0.

PHIZ=.01

CONST=(K*H)**2/12.

DO 10 IX=1,NSTEP-1
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PHIP=2%(1.-5.*CONST)*PHIZ -(1.+CONST)*PHIM
PHIP=PHIP/(1+CONST)
PHIM=PHIZ
PHIZ=PHIP
10 CONTINUE

PRINT *, K,PHIP

RETURN

END

Ogwly Aina—3
lteration with sl xe IS 38 o Oguls: Bslas £ sk LU bl
t o > oL sl coverrelaxation
Vix+Viy = f(x,Y)
tpadal el sl 4
4" =4 +%(¢ik+1,j B+ by b — A5 +8)
overrelaxation factor ¢b-jul el @ o
U s (3 (DO dedss plisanl U siae 3 21 byadl Jsol g
28 b el (Se oSS s f(x,y) =0

C Program Poisson

c a program to solve poisson equation on rectangular area
c the over relaxation method is used

C parameters used are
¢ NWIDE - number of nodes in the x-direction
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¢ NHIGH - number of nodes in the y-direction
¢ F(X,Y)- R.H.S function for poisson equation
c TOL - tolerance to stop iteration

cW - over relaxation factor

cH -MESH size

Real U(100,100),SUM,UAVG,RESID,CHGMAX,TOL,W,H
INTEGER NWIDE,NHIGH,NHP1,NWP1,1,J
F(X,Y)=0.0
DATA NWIDE,NHIGH, TOL,W,H/16,8,0.001,1.4,1.25/
NHP1=NHIGH+1
NWP1=NWIDE+1

DO 1 1=1,NHP1
U(1,1)=0.0
U(I,NWP1)=100.0
1 CONTINUE
DO 2 1=2,NWIDE
U(1,1)=0.0
U(NHP1,1)=0.0
2 CONTINUE
5  SUM=0.0
DO 10 I=1,NHP1
SUM=SUM+U(1,1)+U(I,NWP1)
10 CONTINUE
DO 20 I=2,NWIDE
SUM=SUM+U(L,1)+U(NHP1,1)
20 CONTINUE
UAVG=SUM/FLOAT(2*NWP1+2*(NHIGH-1))
X=0.0
Y=0.0
DO 30 I=2,NHIGH
DO 30 J=2,NWIDE
U(1,J)=UAVG+H*H*F(X,Y)
30 CONTINUE
PRINT 199,W
DO 50 KNT=1,100
CHGMAX=0.0
DO 40 I=2,NHIGH
Y=(I-1)*H
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DO 35 J=2,NWIDE
X=(J-1)*H
RESID=W/4.0*(U(1+1,J)+U(I-1,J)+U(l,J+1)+
+ U(1,3-1)-4.0%U(1,J)+H*H*F(X,Y))
IF (CHGMAX.LT.ABS(RESID)) CHGMAX=ABS(RESID)
U(1,9)=U(l,J)+RESID
35 CONTINUE
40 CONTINUE
IF (CHGMAX.LT.TOL) GOTO 55
50 CONTINUE
55 PRINT 200,KNT,CHGMAX
DO 45 1=1,NHP1
PRINT 201, (U(1,3),J=1,NWP1)
45 CONTINUE
W=W+0.1
IF (W.LT.1.8) GO TO 5
199 FORMAT(///
+ 'ITERATION WITH OVER-RELAXATION FACTOR OF 'F5.2)
200 FORMAT(/'AFTER ITERATION NO ',I13,MAX CHANGE IN
U=,
+ F8.4,'U MATRIX IS")
201 FORMAT(1X,9F8.2)
STOP
END

QW) Ut 3 slans el Jokis mils
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PARTIAL OUTPUT FOR POISSON.F
ITERATIONS WITH OVER-RELAXATION FACTOR OF 1.40

AFTER ITERATION NO. 29 MAX CHANGE IN U =  .0008 U MATRIX IS
.00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 100.00
.00 .08 .17 .28 .44 .66 .99 1.46  2.16
3.20  4.75  7.10 10.73 16.64 27.10 48.34 100.00
.00 .14 .31 .52 .81 1.22  1.82 2.70  3.99
5.90  8.72 12.91 19.19 28.72 43.41 66.25 100.00
.00 .19 .40 .68  1.05 1.59 2.38  3.52  5.20
7.68 11.31 16.63 24.40 35.64 51.58 73.24 100.00
.00 .20 .43 .73 1.14  1.73  2.57 3.81  5.63
8.30 12.20 17.90 26.14 37.87 54.04 75.13 100.00
.00 .19 .40 .68  1.06 1.60 2.38  3.52  5.21
7.68 11.31 16.63 24.40 35.64 51.58 73.24 100.00
.00 .14 .31 .52 .81  1.22  1.82  2.70  3.99
5.90  8.72 12.91 19.19 28.72 43.41 66.25 100.00
.00 .08 .17 .28 .44 .66 .99 1.46  2.16
3.20 4.76  7.10 10.73 16.64 27.10 48.34 100.00
.00 .00 .00 .00 .00 .00 .00 .00 00
.00 .00 .00 .00 .00 .00 .00 100.00
ITERATIONS WITH OVER-RELAXATION FACTOR OF 1.50
AFTER ITERATION NO. 26 MAX CHANGE IN U =  .0008 U MATRIX IS
.00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 100.00
.00 .08 .17 .28 .44 .66 .99 1.46  2.16
3.20  4.76  7.10 10.73 16.64 27.10 48.34 100.00
.00 .14 .31 .52 .81  1.22  1.82 2.70  3.99
5.90  8.72 12.91 19.19 28.72 43.41 66.25 100.00
.00 .19 .40 .68  1.06 1.60 2.38  3.52  5.21
7.68 11.31 16.63 24.40 35.64 51.59 73.24 100.00
.00 .20 .43 .73 1.14  1.73  2.58  3.81  5.63
8.30 12.20 17.90 26.14 37.87 54.04 75.13 100.00
.00 .19 .40 .68 1.06 1.60 2.38 3.53  5.21
7.68 11.31 16.63 24.40 35.64 51.59 73.24 100.00
.00 .14 .31 .52 .81 1.224° 188> B @ J3.99
5.90  8.72 12.91 19.19 28.72 43.41 66.25 100.00
.00 .08 .17 .28 .44 .66 .99 1.46  2.17
3.20 4.76  7.10 10.73 16.64 27.10 48.34 100.00
.00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 100.00
:4:;5L\ Usee—4
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o’y _12%
o> cox?
U e AW sl psins ca
Xj +AX
y(x,,At) =y} =1[f(xi +Ax)+ f(x; —Ax)]+i Ig(v)dv
2 2C % Ax
X +AX

= %[yﬂl +y? J+ 2—1C [9(v)dv

X, —AX
A sglas Job Toy 1Y) oLk AU B0 pasenis

- . : . AX
i =yl g S Y At = E

C PROGRAM WAVE

C ____________________ e e e ==

¢ This program solves the one dimensional wave equation

c the initial displacement of the vibrating string

¢ X=0 to X=XLENare given by F(X), the initial velocities

c are given by G(X), the end points are assumed fixed

C .................... i s S ——

c the relation used is U(l,J+1)=U(1+1,J)+U(I-1,J)-U(l,J-1)

C EXCEPT FOR THE FIRST STEP, WHERE THE VALUE IS
GIVEN C BY:

C U(1,1)=0.5*(U(I-1,0)+U(1+1,0))+0.5/C*INTEGRAL OF

C THE INIT VEL

C PARAMETERS ARE:

C X - DISTANCE ALONG THE STRING

C DX- INCREMENT OF DITANCE

C XLEN- TOTAL LENGTH OF THE STRING

C N- NUMBER OF SUBDIVISIONS

CT-TIME

C TLAST- FINAL VALUE OF TIME FOR WHICH SOLUTION IS
C DESIRED

C F(X)- INITIAL DISPLACEMENT

C G(X)- INITIAL VELOCITIES

C TDM- VALUE OF TENSION /MASS=C SQUARED
C U- DISPLACEMENT AT EVEN TIME INTERVAL
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C V- DISPLACEMENT AT ODD TIME INTERVALE

REAL
U(100),V(100),X,DX,XLEN, T, TLAST,F,G, TDM,SUBDX,XSUB,
PI
INTEGER N,NP1,1,J
COMMON XLEN,PI
C DEFINE SOME INITIAL VALUES
DATA X,N,T/0.0,9.0,0.0/
PI=4*ATAN(1.0)
XLEN=9.0
C  GET SOME INITIAL DISPLACEMENT
NP1=N+1
DX=XLEN/FLOAT(N)
U(1)=0.0
U(NP1)=0.0
V(1)=0.0
V(NP1)=0.0
DO 10 1=2,N
X=X+DX
U()=F(X)
CONTINUE
WRITE THE INITIAL DICPLACEMENT
PRINT 200, (U(l), I=1, NP1/2)
NOW GET DISPLACMENT AFTER FIRST STEP
AND USE SIMPSON RULE TO INTEGRATE
SUBDX=DX/10.0
XSUB=DX
DO 30 I=2,N
SUM=0.0
XSUB=XSUB-DX
DO 20 J=1,19,2
SUM=SUM+G(XSUB)+4.0*G(XSUB+SUBDX)+
+ G(XSUB+2.0*SUBDX)
XSUB=XSUB+2.0*SUBDX
20 CONTINUE
V(1)=0.5*(U(I-1)+U(1+1))+
+  0.5/SQRT(TDM)*SUBDX/3.0*SUM
30 CONTINUE

ON®) O'S
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T=DX/SQRT(TDM)
PRINT 201, T,(V(1),1=1,NP1/2)
C COMPUTE UNTIL TLAST IS REACHED
35 IF (T.GE.TLAST) STOP
DO 40 1=2,N
U()=V(I-1)+V(I+1)-U(l)
40 CONTINUE
T=T+DX/SQRT(TDM)
PRINT 201, T,(U(l),I=1,NP1/2)
DO 50 1=2,N
V(1)=U(I-1)+U(1+1)-V(l)
50 CONTINUE
PRINT 201, T,(V(1),I=1,NP1/2)
GO TO 35
200 FORMAT(// 'SOLUTION TO VIBRATING STRING
PROBLEM'///,

f 'INITIAL DISPLACEMENT ARE '// (1X,11F9.4))
201 FORMAT(/'AT T=", F5.2/(1X,11F9.4))
END

C  DIFINING F(X) AND G(X)
REAL FUNCTION F(X)
REAL X

F=0.0
RETURN
END
REAL FUNCTION G(X)
REAL X
COMMON XLEN,P
G=3.0*SIN(PI*X/XLEN)
RETURN
END

L}\:J\ JJJ\;L‘ L} sloss cﬂbj«.ﬂ Jca..‘lﬁ cﬂ.’b
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OUTPUT FOR WAVE.F
SOLUTION TO VIBRATING STRING PROBLEM

INITIAL DISPLACEMENTS ARE
.0000 .0000 .0000 .0000 .0000

AT T = .50

.0000 .5027 .9447 1.2728 1.4474
AT T = 1.00

.0000 . 9447 1.7755 2.3821 2.7202
AT T = 1.50

.0000 1.2728 2.3921 3.2229 3.6649
AT T = 2.00

.0000 1.4474 2.7202 3.6649 4.1676
AT T = 2.50

.0000 1.4474 2.7202 3.6649 4.1676
AT T = 3.00

.0000 1.2728 2.3921 3.2229 3.6649
AT T = 3.50

.0000 .9447 1.7755 2.3921  2.7202

\

AT T = 4.00 °
.0000 .5027 .9447  1.2728 1.4474

AT T = 4.50
.0000 .0000 .0000 .0000 .0000
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X J aJol dad b ¢
X:=1
AL LY root e sl ¢
root(f(xX),X) = 0.739648
:SCady o
x=1

root(693:€ — 04552 + 3155 — 15, 0,932

X:=1

root(x — 3 —In(x),x) = 4.505

X:=2

root(e_ X _ cos (x),x) =1.292
f() =e-(3-% — 2

X=1

root(f(x),x) =2.821
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Given
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Find(x,y) —
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Given
2-x+y=5—2-z2
y3+4-z:4
z
Xy +z=¢e
sol := Find(x,y,2)
sol =
Ol o SlhenlI—2
IS e Bghian Ly 0y
123
a=|452
167
M\J&(Jw)bbmb}m»ji
11
v=| 3
7
) Oﬁ o
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bM\ oda B g.)LMo- @hxw 9
la] =28
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5 100

15 115
25 124
vx:=| 35 vy =| 155
45 177
55 188
65 200

:W‘ (‘\v\}d«ﬂb LL&J\ oda P .u,g 1 sl &.’lw
vs = cpline(vx, vy)
1(20 il Mz ) & ahlall Gsual) 2 i) i o)) dlens pod &

interp(vs,vx,vy,20) =
kil OYsll j>—5

Ll s o) dslall G O de S35 odesolve ol plasin) bz

dy® = f(t.y) y(t0) = y
dt

f(t,y) =sin(t) + 1
y

t0:=0 y0:=1

t1=8n

N := 1000
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Given

y'(t) = f(t,y(1) y(t0) = y(

y = Odesolve(t,t1)
Ll dsl) > mathcad i

See R34 (A Bl b Se LS
d2
4=ox(1t) + X(1) = t
dt

x(0) = 4 x(5) = 131

Given

o

2
45X(1) + X(1) = t
dt

X(0) = 4 x(5) = 13.F

x:= Odesolve (t,5)
Lk Aol > mathcad g s
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f(x) = x4 - x2 +9
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3Vb -Vd -Ve =10
3Ve -Ve -V =10

2Vp -3Vy4 +Vg =0
2VptV. -6V, +Vyt+2Vh =0
V. -3Ve  +2Vy =0
VetVe -3V, =0

VetV -3V, =0

Va, Vb, Ve, Qt’}&‘ (v:-g '*\-?'jij MathCad plisal oYalall oda J>-
D Vda Ve| Vf1 Vg, Vh

DAl ) e e pdl uaT e 2 S Sluldll st 3 -4

Phase | -110 -80 -40 -10
Magnitude | 7.98 | 8.95 | 10.71 | 11.70
30 80 110
10.01 8.23 7.86
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Phase -100 -60 -20
Magnitude 8.37 9.40 11.39

20 60 100

10.84 8.53 7.89
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Solar System Data

Body Mass (kg) Mecan Radius (m)  Period (s)  Distance from Sun (m)
Mercury  3.18 X 10%° 2.43 X 10¢ 7.60 X 10¢ 5.79 X 1010
Venus 4.88 X 103 6.06 X 10° 1.94 X 107 1.08 X 10
Earth 5.98 X 10* 6.37 X 10° 3.156 X 107 1.496 X 10!
Mars 6.42 X 10% 3.37 X 10° 5.94 X 107 2.28 X 101
Jupiter 1.90 X 10%7 6.99 X 107 3.74 X 108 7.78 X 101
Saturn 5.68 X 1028 5.85 X 107 9.35 X 108 1.43 X102
Uranus 8.68 X 1025 2.33 X 107 2.64 X 10° 2.87 X 1012
Neptune  1.03 X 102%¢ 2.21 X 107 5.22 X 10° 4.50 X 10!2
Pluto ~1.4 X 10%2 ~1.5X 108 7.82 X 10° 5.91 X 102
Moon 7.36 X 1022 1.74 X 108 — =

Sun 1.991 X 103%° 6.96 X 10% — i

VS\}Q\ LY J;-i o q5)$\ 3.9}« .3 Jj-”.’
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TABLE 14.3 Escape
Velocities for the Planets,
the Moon, and the Sun

Planet Veso (km/s)
Mercury 4.3
Venus 10.3
Earth 11.2
Moon 2.3
Mars 5.0
Jupiter 60
Saturn 36
Uranus 22
Neptune 24
Pluto 1.1
Sun 618
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(0 5d) Sl s ) sl

6. = 270,955,2070,2070,631,631

1 Jj.\.z-
PARAMETERS FOR DiaTomMic MOLECULES
0,, °K Q,, °K oy Al Doy, ev
Hy 6210 85.4 0.740 4.454
N2 3340 2.86 1.095 9.76
(07 2230 2.07 1.204 5.08
(/0] 3070 2.77 1.128 9.14
NO 2690 2.42 1.150 5.29
HCI 4140 15.2 1.275 4.43
HBr 3700 12.1 1.414 3.60
HI 3200 9.0 1.604 2.75
Clg 810 0.346 1.989 2.48
Brg 470 0.116 2.284 1.97
Iz 310 0.054 2.667 1.54
2 Jgd
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EnTROPY OF GASES AT 1 ATMOSPHERE PRESSURE

o Sspect; Scaly
Gas T,°K cal-deg~!-mole~! cal-deg~!-mole~!
A 208.1 37.0 36.4
Cd 298.1 40.1 40.0
Zn 298.1 38.5 38.4
Hg 298.1 41.8 41.3
N2 208.1 45.8 45.9
O2 298.1 49.0 49.1
HCl 208.1 44.6 44.5
HBr 298.1 47.5 47.6
NH3 239.7 44.1 44 .1
CO2 194.7 47.5 47.6
CH3Br 276.7 58.0 57.9
.3 Jgdr

ENTROPY OF GASES AT 1 ATMOSPHERE PRESSURE

D20 298.1

e Sepects Seal,
T,°K cal-deg=!-mole~! | cal-deg—!-mole~!
298.1 47.3 46.2

| 184.6 48.5 47.4
| 99.7 39.5 36.7
298.1 45.1 44.3

46.7 45.9

|
|

Scu] |
_— ,,’777 —
1 ‘R]n 2=14
1 Rln2 = 14
8 Rln4 = 2.7
8 Rln (3/2) = 0.8

8  |RIn(3/2) =08
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Periodic Table of the Elements

Inert
Alkali Metals Gases

. Alkaline Earth Metals Nonmetals Halogens.
. . Transition Elem ents (Heavy Metals) ......

[21 |22 |[23|[24 |[25 |[ 26 |[27 |[ 28 |[ 29 |
B¢ Ti 1) Cr || Mn Fe || Co Hi || Cu
39 40 || 41 42 | |43 [| 44 |45 (]| 46 || 47
Y Zr [(Nb ||Mo ([ Tec || Ru |(Bh || Pd || Ag
57 e 75 T4 75 i T T 79
La Hf || Ta W || Re||0Os Ir Pt || Au
(59 |[104] EEWE 109 Wﬁ
Ac || RT | Ms | [ Hs | 110 ] |11 |
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Table 4

Sl SR g BLSH .2 Jour

Density and atomic concentration

H ax He 2«
0.088 The data are given at atmospheric pressure and room temperature, or at the 0.205
stated temperature in deg K. (Crystal modifications as for Table 3.) at 37atm)
Li 7sx | Be B Cc N2k | O F Ne s«
0.542 | 1.82 247 |3516 |1.03 1.51
4.700 | 12.1 13.0 176 4.36
3.023 | 2.22 1.54 1.44 3.16
Na s« | Mg Al Si P S Cl 93k | Ar 4k
1013 | 1.74 _— Density in g cm™? (10°%kg m™?) —_— 270 |]233 2.03 1.77
2.652 | 4.30 Concentration in 1022 cm~? (10 m™3) 6.02 |5.00 2.66
3.659 | 3.20 Nearest-neighbor distance, in A (107m) ——— 286 |2.35 2.02 3.76
K s« | Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Brizsk| Kr 2k
0910 | 1.53 | 299 | 451 6.09 |7.19 7.47 7.87 |89 8.91 8.93 713 |591 5.32 577 j481 405 |3.09
1.402 | 230 | 4.27 5.66 7.22 833 |8.18 |850 |897 |9.14 |845 |6.55 510 J4.42 J4.65 |3.67 2.36 2.17
4525395 |325 |289 |262 |250 224 248 250 | 249 |256 |266 |244 J245 |3.16 232 4.00
Rb s« | Sr Y Zr Nb Mo |Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe 4k
1629 | 258 |4.48 | 651 8.58 10.22 | 11.50 | 12.36 | 12.42 | 12.00 | 10.50 | 8.65 729 |576 |6.69 |6.25 |4.95 378
1.148 | 1.78 302 |429 |556 |6.42 7.04 7.36 |7.26 |6.80 585 |4.64 383 J291 331 294 2.36 1.64
4837 | 430 | 355 |317 286 272 |271 265 |269 |275 289 J298 |3.25 281 291 286 |354 |434
Cs s« | Ba La Hf Ta w Re Os Ir Pt Au Hg227] Tl Pb Bi Po At Rn
1997 | 359 |6.17 13.20 | 16.66 | 19.25 | 21.03 | 22.58 | 22.55 | 21.47 | 19.28 | 14.26 11.87 | 11.34 |9.80 }9.31
0.905 | 1.60 | 270 |4.52 555 |6.30 |6.80 7.14 706 |662 |590 426 |350 |3.30 |2.82 267 — —
5235 ] 4.35 373 | 313 |286 |274 2.74 268 271 277 | 288 |301 346 |350 |3.07 334
Fr Ra Ac
10.07 Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
= = 2.66 6.77 |6.78 7.00 7.54 |5.25 789 |827 |853 |880 |9.04 |9.32 6.97 |9.84
376 291 2.92 293 — 3.03 J204 |3.02 322 |317 |322 |326 |332 3.02 339
365 |363 |366 359 |396 |358 |352 |351 |349 |347 |354 |388 ]343
Th Pa u Np Pu Am |Cm Bk cf Es Fm Md No Lr
11.72 | 15.37 | 19.05 | 20.45 | 19.81 | 11.87
304 401 4.80 520 426 |29 |— —_ —_ - —_ —_ —_ —_
360 |321 275 j262 |31 361
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rR(r)
n=1 0.50
‘I \\1 =0
\ 0.25
! \
~ | r in units
10 of a,
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—— rR(r)
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Differences between Fortran 77 and Pascal:

o Fortran doesn't use assignments with := or end of
statements with ;

« Fortran doesn't have reserved words, it has short
identifiers, the identifiers do not have to be specified

« Fortran does not have records, pointers, user-defined
types, scalar types, subintervals, but it has COMPLEX and
DOUBLE PRECISION

e Fortran 77 does not have WHILE and REPEAT

« Fortran did not get IF THEN ELSE ENDIF until 1978

e« Abad CASE in Fortran 77. Fortran 77 is not able to nest
functions and subroutines and does not permit recursive
calls

« Fortran has very good input and output, but those facilities
are very difficult to learn

« Fortran has separate compilation

e Fortran manages national characters in comments and
output

e Blanks are not significant (except now in the fixed form of
Fortran 90)

e Mixing of integers and floating-point numbers is
implemented differently

e Arrays in Fortran 77 have to be assigned values using an
explicit loop
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Fortran programs are usually less well structured than
Pascal programs

Argument association is different

Common data are treated differently
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Introduction

Those statements we do not recommend have been indicated
with the question mark "?" and in serious cases even with two

guestion marks "??".
Specification of program units:
PROGRAM - main program
FUNCTION - function, FUNCTION can be preceded
by some of the specifications of the
variables below, except IMPLICIT
SUBROUTINE - subroutine
??ENTRY - extra entry in subprograms
? BLOCK DATA - common data, usually given initial values
Specification of variables:
IMPLICIT - default IMPLICIT REAL(A-H, O-Z), INTEGER(I-N)
IMPLICIT NONE - not standard, but very useful, it is available
in Fortran 90. Gives the "Pascal convention”

that all variables have to be specified. For
Sun and DEC the same effect can be obtained
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with the switch -u in the compilation command

INTEGER

REAL

DOUBLE PRECISION

COMPLEX

LOGICAL

CHARACTER CHARACTER*4

Additional specifications:

DIMENSION - can also be given directly in the type
specification,
as well as in a COMMON

? COMMON - common storage area for variables that are
in several program units

??EQUIVALENCE - common storage area for several variables
in the
same program unit

PARAMETER - makes a variable into a constant with a certain
value

EXTERNAL - tells the system that the identifier is an
external function or an external subroutine

INTRINSIC - tells the system that the identifier is an
intrinsic function (or a subroutine, only in
Fortran 90)

SAVE - saves the values between exit or return from one
subroutine into the new call of the same
subroutine or function

DATA - puts initial values into variables
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Executable GOTO statements:

GOTO snrl - ordinary GOTO statement (jumps to the
statement with
number snrl)

? GOTO (snrl, snr2, snr3), integer_expression
- conditional GOTO statement. If the integer
expression is 1, 2 or 3, execution jumps to
statement number snrl, snr2 or snr3 (an arbitrary
number of statement numbers snr are permitted).

??GOTO statement_number_variable, (snrl, snr2, snr3)
- an assigned GOTO statement, jumps to the statement
number that equals the statement
number variable (an arbitrary number of
statement numbers snr are permitted).

??GOTO statement_number_variable
- this is an assigned ordinary GOTO statement, it is a
combination of the first one, GOTO snrl, and
previous one, GOTO statement_number_variable
without
a list of permitted alternatives.

??ASSIGN statement_number TO statement_number_variable
- statement number variables can not be assigned with

an ordinary assignment of the type (integer
variable = integer expression), it has to be
done with the ASSIGN statement. The statement
number variable can then be used for an assigned
GOTO statement and in the ordinary GOTO statement
and also in connection with FORMAT.

? IF (numerical_expression) snrl, snr2, snr3
- arithmetical IF-statement, jumps to statement number
snrl if the expression is negative,
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snr2 if the expression is zero,
snr3 if the expression is positive

Other executable statements:

IF(logical_expression) statement

- conditional statement: if the logical expression
is true, the statement is performed, in the
other case execution jumps directly to the next
statement. The statement here is permitted to
be an ordinary assignment statement or an
ordinary jump statement (GOTO statement) or a
call of a subroutine.

IF(logical_expression) THEN ! Complete alternative statement.
...Statements... ! Variants without the ELSE-part as well

ELSE I as with nested ELSE, or with
...Statements... ! ELSE replaced by
ENDIF I ELSE IF (log_expr) THEN
I also exist.

CONTINUE - continuation, does nothing. It is recommended
for
clean conclusion of a DO-loop.

STOP - concluding statement, stops execution.

END - concluding statement, stops compilation of the
program unit and also execution if it is
in the main program.
If END is found during execution of a subprogram,
an automatic return to the calling program unit
is executed (replaces the explicit RETURN statement).

? PAUSE - pause statement, stops execution temporarily
(implementation dependent).
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DO statement_number variable = varl, var2, var3
- DO-loop.
Floating-point numbers are permitted as variables
in the DO-loop, but they are not recommended.
It is preferable to use integers.

Input/output statements:

OPEN - open a file before the program can use it.

CLOSE - close afile. A file that has not been closed can
usually not be read.

READ - input

WRITE - output

PRINT - previously output to line printer, now a synonym to

WRITE. It works on a standard unit.
INQUIRE - inquires about file status.
REWIND - rewinds a file to the beginning.
BACKSPACE - rewinds a file one record.
ENDFILE - marks end of file.

FORMAT - Fortran speciality (see below).

Call statements:

CALL sbrtn - call a subroutine sbrtn.

fnctn - a function is called by giving the function
name fnctn.

RETURN - return from the subprogram (subroutine or
function).

FORMAT-letters:

Example Comments

Floating-point F F8.3 8 positions, out of which 3 are
number used for the fractional part
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E E14.6 14 positions of which
6 are used for the decimals
4 - for the exponent
1 - for the sign
1 - for the starting zero
1 - for the decimal point
1 - for a blank character
D D20.12 asE, butfor double precision
G G14.6 asF, if the number can be given
within the field, else as E

Complex numbers as a pair of floating-point variables

Logical L L1

Character A A7 7 characters are available in A7
string

"' 'Example’ Conventional character constant
nH 7HExample Hollerith constant (obsolete)

Positioning  Tn n positions from the left
TLn n positions towards left
TRnN n positions towards right
nX n positions towards right

No newline $ this is used if you wish to

do input in direct connection
with an output, to stay on
the same line. Not standard!
Not Fortran 90!

Discontinue  : if the list does not contain
any more elements the
format is also finished here

New record / normally a new line

Binary B not Fortran 77 but Fortran 90
Octal O not Fortran 77 but Fortran 90
Hexadecimal Z not Fortran 77 but Fortran 90
Output SP + is written
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SS + is not written
S standard (normal SS)
In all alternatives a minus - is written for negative values

Input BZ blanks are interpreted as
zeroes
BN blanks are not regarded as

anything (blanks are skipped)

BN is standard using the ULTRIX, when punched cards were
used,

BZ was the standard. Compare with BLANK = "ZERO" and
Blank = "NULL" in the OPEN-statement.

Scaling factor kP:
Input: with an exponent, no action.

Without exponent, the number

is multiplied by 10**(-k)

before assignment, which means

a change of the value.
Output: with exponent, the mantissa

is multiplied by 10**k and the

exponent is reduced with k,

which means no change of the

value.

Without exponent, the

number is multiplied by 10**k

before the output, which means

a change of value.
NB!S, SP, SS, BN, BZ and kP are valid until the end of the
FORMAT or until a new one of the same kind appears. To scale
with kP is good with E-format on output, because then you avoid
that the first digit is zero, and you get more information into less
space on the paper. To scale with kP is catastrophic using F-
format, but it was of great interest when punched cards were still
in use.

311



A very good and complete description of input and output in
Fortran, including the use of the FORMAT-letters, is given in the
book by Adams et al (1992).
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(1) Using fixed form it means LOGICAL L, i.e. the variable L is
specified as logical. Using free form you will get a syntax error.

(2) REAL, PARAMETER :: K=0.75

(3) INTEGER, DIMENSION(3,4) :: PELLE

(4)

INTEGER, PARAMETER :: DP =
SELECTED_REAL_KIND(15,99)

(5) REAL (KIND=DP) :: E, PI

(6)

REAL (KIND=DP), PARAMETER :: E = 2.718281828459045_DP,
Pl =3.141592653589793_DP

(7) No, it is not correct since a comma is missing between REAL
and DIMENSION. In the form it has been written, the statement is
interpreted as a specification of the old type of the floating-point
matrix DIMENSION (with the specified dimensions), and an
implicit specification of the new type of a scalar floating-point
number AA. Formally, it is a correct specification. The variable
name DIMENSION is permitted in Fortran 90, just as the variable
name REAL is permitted in both Fortran 77 and Fortran 90, but
both should be avoided. The variable name DIMENSION is of
course too long in standard Fortran 77.
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(8) Yes, itis correct, but it is not suitable since it kills the intrinsic
function REAL for explicit conversion of a variable of another type
to the type REAL. It is however nothing that prevents you from
using a variable of the type REAL with the name REAL, since
Fortran does not have reserved words.

(9) No, itis not correct, at COMMON you do not use the double
colon at the specification. The correct specification is the old
familiar one: COMMON A

(10) variables A and B are assigned the specified values, but the
whole rest of the line becomes a comment.

(11) No, on the second row the blank space after the ampersand
(&) is not permitted. It interrupts the identifier ATAN into two
identifiers AT and AN. If the blank is removed the two lines
become correct. Free form is assumed, since & is not a
continuation character in fixed form.

(12) The statement is not permitted, but might not be detected
until execution time. You can instead write

WRITE(*,*) ' HI''
or

WRITE(*,'(A)") ' HI''
which both write out the text HI on the standard unit for output. If
you wish to give the text, which you wish to print, directly where
the output format is to be given, this can be done with either
apostrophe editing as

WRITE(*, "(" HI )™
or with the obsolescent Hollerith editing

WRITE(*, "(4H HI)")
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(1 3) They write large and small numbers with an integer digit, six
decimals and an exponent, while numbers in between are written
in the natural way. In this case we thus get

1.000000E-03

1.00000

1.000000E+06
Numbers from 0.1 to 100 000 are written in the natural way and
with six significant digits.

(14)

SELECT CASE (N)
CASE(:-1)
I Case 1
CASE(0)
I Case 2
CASE(3,5,7,11,13)
I Case 3
END SELECT
(15)
SUMMA =0.0
DO1=1, 100
IF ( X(I) == 0.0) EXIT
IF ( X(l) < 0.0) CYCLE
SUMMA = SUMMA + SQRT (X(1))
END DO
The English word sum is not suited as the variable name in this
case, since this is also an intrinsic function. Summa is the
Swedish word for sum.
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C ____________________ I . . I ———

G Program

c Computational Physics class

C Damascus University - Physics department

C ____________________________________________

- student Name :

C Date:

C ______ = e e T o o o o o e o

c Least square method

C _______________________ R e e e R

¢ THIS PROGRAM IS USED IN FITTING A POLYNOMIAL TO A
SET OF

c DATA THE PROGRAM READS IN N PAIRS OF X AND Y
VALUES AND

¢ COMPUTES THE COEFFICIENTS OF THE NORMAL
EQUATIONS FOR

¢ THE LEAST-SQUARES METHOD.

¢ PARAMETERS ARE :

c X, Y - ARRAY OF X AND Y VALUES

c N -NUMBER OF DATA PAIRS

¢ MS, MF - THE RANGE OF DEGREE OF POLYNOMIALS TO
BE

¢ COMPUTED

c THE MAXIMUM DEGREE IS 9.

cA - AUGMENTED ARRAY OF THE COEFFICIENTS OF THE
NORMAL
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c EQUATIONS
c C - ARRAY OF COEFFICIENTS OF THE LEAST-SQUARES
c POLYNOMIALS.

REAL*8 X(100) ,Y(100) ,C(100) ,A(10,11) ,XN(100) ,SUM
BETA
INTEGER
N,MS,MF,MFP1,MFP2,1,J,IM1,IPT,ICOEF,JCOEF
C  READ IN N, THEN THE X AND Y VALUES.
C READ* N, (X(I),Y(l), 1 =1,N)
DATA N/11/
DATA X/0.05,0.11,0.15,0.31,0.46,0.52,0.7,0 74 0 82
* 0.98,1.17,89*0.0/
DATA Y/0.956, 0.89, 0.832, 0.717, 0.571, 0.539, 0 378
* .37, 0.306, 0.242, 0.104, 89*0.0/
¢ READ IN MS.MF. THE PROGRAM WILL FIND
COEFFICIENTS FOR
c EACH
¢  DEGREE OF POLYNOMIAL FROM DEGREE MS TO
DEGREE MF.
C  READ* MS,MF
DATA MS,MF/1,7/

C COMPUTE MATRIX OF COEFFICIENTS AND R.H.S. FOR
MF

C DEGREE
C HOWEVER, FIRST CHECK TO SEE IF MAX DEGREE
REQUESTED

¢ ISTOO LARGE. IT CANNOT EXCEED N-I. IF IT DOES,
REDUCE TOc  EQUAL N-l AND PRINT MESSAGE.
IF (MF .GT. (N-)) THEN
MF =N -1
PRINT 200, MF
END IF
5 MFP1=MF+1
MFP2 = MF + 2
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do 10 I=1,N
XN()=1.0
10 continue

DO 30 | = 1,MFP1
A(l,1) = 0.0
A(ILMFP2) = 0.0
DO 20J=1,N
A(1,1) = A(1,1) + XN(J)
A(ILMFP2) = A(I,MFP2) +Y(J)*XN(J)
XN(J) = XN(J) * X(J)
20 CONTINUE
30 CONTINUE
C COMPUTE THE LAST ROW OF A.
C | MOVES ACROSS THE COLUMNS,
C J SUMS OVER THE N VALUES.
DO 50 | = 2,MFP1
A(MFP1,1) =0.0
DO 40 J =1,N
AMFPL,1) = A(MFPL,1) + XN(J)
XN(J) = XN(J) * X(J)
40  CONTINUE
50  CONTINUE

DO 70 J = 2.MFP1
DO 60 | = 1,MF
A(1J) = A(I+1,3-1)
60 CONTINUE
70 CONTINUE

PRINT '(///)’
PRINT* '  THE NORMAL MATRIX IS: '
PRINT ' (/)
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PRINT 201, ((A(I,J), J=1,MFP2), I=1,MFP1)

PRINT '(//)'
C  NOW CALL A SUBROUTINE TO SOLVE THE SYSTEM. DO
THISFORc EACH DEGREE FROM MS TO MF. GET THE
LU DECOMPOSITION
C OFA.

CALL LUDCMQ(A,MFP1,10)
C RESET THE R.H.S. INTO C. WE NEED TO DO THIS FOR
EACH
C DEGREE
MSP1=MS + 1
DO 95 | = MSP1,MFP1
DO90J=1,11
C(J) = AJ,MFP2)
90  CONTINUE
CALL SOLNQ(A,C,1,10)

IM1=1-1
C NOW WRITE OUT THE COEFFICIENTS OF THE LEAST-
SQUARES
¢ POLYNOMIAL.
C

PRINT 202, IM1, (C(J), J=1,I)
C COMPUTE AND PRINT THE VALUE OF BETA = SUM OF
DEV
C SQUARED DIVIDED BY (N-M-1).
BETA =0.0
DO 94 IPT = 1,N
SUM =0.0
DO 93 ICOEF =2,1
JCOEF = | - ICOEF + 2
SUM = ( SUM + C (JCOEF) ) * X(IPT)
93  CONTINUE
SUM = SUM + C())
BETA = BETA + ( Y(IPT) - SUM )**2
94 CONTINUE
BETA=BETA/(N- )
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PRINT 203, BETA
95 CONTINUE
200 FORMAT(//' DEGREE OF POLYNOMIAL CANNOT
EXCEED N - I."/
+ ' REQUESTED MAXIMUM DEGREE TOO LARGE -

+ 'REDUCED TO ',13)
201 FORMAT(1X,9F8.2)
202 FORMAT(/' FOR DEGREE OF ',12," COEFFICIENTS
ARE'/I

+ ' 'B5X,11F9.3)
203 FORMAT(9X, BETA IS ',F10.5//)
STOP
END
Cc
SUBROUTINE LUDCMQ(A,N,NDIM)
C SUBROUTINE LUDCMQ :
C THIS SUBROUTINE FORMS THE LU EQUIVALENT OF THE
SQUARE

C COEFFICIENT MATRIX A. THE LU IS RETURNED IN THE A
C MATRIX SPACE. THE UPPER TRIANGULAR MATRIX U HAS
ONES
C ON ITS DIAGONAL - THESE VALUES ARE NOT INCLUDED
IN
C THE RESULT.

REAL*8 A(NDIM.NDIM),SUM

INTEGER N,NDIM,,J,JM1,IM1,K

DO 301=1,N

DO 30 J=2,N

SUM =0.0

IF (J .LE. 1) THEN

IM1=J-1

DO 10 K = 1,JM1

SUM = SUM + A(I,K)*A(K,J)
10 CONTINUE

A(1,J) = A1) - SUM

ELSE
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IML=1-1
IF (IM1 .NE. 0) THEN
DO 20K = 1, IM1
SUM = SUM + A(I,K)*A(K,J)
20 CONTINUE
END IF
C TEST FOR SMALL VALUE ON THE DIAGONAL

25 IF (ABS(A(l,l)) .LT. .OE-10) THEN
PRINT 100, |
RETURN
ELSE
A1) = (A(1,J) - SUM ) / A(lL,I)
END IF
END IF
30 CONTINUE
RETURN
FORMAT ('reduction not completed because small value’,
+ ‘found in divisor in row ', 3I)
END
SUBROUTINE SOLNQ(A,B,N,NDIM)

C SUBROUTINE SOLNQ :
C THIS SUBROUTINE FINDS THE SOLUTION TO A SET OF N

LINEAR

C EQUATIONS THAT CORRESPONDS TO THE RIGHT-HAND
SIDE

C VECTOR B. THE A MATRIX IS THE LU DECOMPOSITION
C EQUIVALENT TO THE COEFFICIENT MATRIX OF THE

c ORIGINAL EQUATIONS, AS PRODUCED BY LUDCMQ. THE
¢ SOLUTION VECTOR IS RETURNED IN THE B VECTOR.

REAL*8 A(NDIM,NDIM),B(NDIM),SUM
INTEGER N,NDIM,|,IM1,K,J,NMJP1,NMJIP2

C DO THE REDUCTION STEP
B() = B(l) / All)
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DO 201 =2,N
IML=1-1
SUM =0.0
DO 10K = 1.IM1
SUM = SUM + A(1,K)*B(K)
10 CONTINUE
B(l) = ( B(I) - SUM ) / A(l,])
20 CONTINUE

Do 40 J=2,N
NMJIP2=N-J+2
NMJP1=N-J+1
SUM=0.0
Do 30 K=NMJP2,N
SUM=SUM+A(NMJP1,K)*B(K)
30 continue
B(NMJP1)=B(NMJP1)-SUM
40 continue
RETURN
END
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First order methods

tdsY Al e Jl A b
X(t + ) = x(t) + h. f (x(0),1)

X(t +h) = X(t) + h. f (x(t +h),t + h)
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Second order method
Mid point rule diall deadl sucls

X" = x(t) +g.f (x(t),1)

X(t+h) = x(t)+h.f(x*,t+gj
1l as suels
X(t +h) = x(t) +g{f () 0)+ f (x(t+h)t+ )}

Heun’s Method 0s.» 42 b
X" = x(t) + h. f (x(t),1)

x(t +h) = x(t) + g.{f (x(t),t)+ f(xxt+h)}

sl g e G b

Single-stage high order methods

) Al e B -y 2 b
X(t+h)= x(t)+%[F1 +2F, +2F, +F, |
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F, =h.f(xt), F2:h.f[x+%,t+gj

F3=h.f[x+%,t+gj F, =h.f(x+F,t+h)
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Multi-step High order methods

Adam-Bashforth two step method

x(t+h) = xt) 4 h(g (.03 Tt~ h))
Adam-Bashforth three step method
X(t+h) = x(t) + h(g X0 F (- Rht=h)+ S 1t 20) —2h)j

Adam-Bashforth four step method
55 59
X(t+h)=x(t) + h.(ﬂ f(x(t),t)-ﬂ f(x(t—h)t—h)+
il ;
24
Millen’s Method:
Xt +h) = x(t—3h) + h(g (0.0 & £t -h)t-h)+ S £ (xt~an) - zh)j

(xt - 2h)t~2h)~ 2 1 (xt ) —3h)j

Adam-Moulton two step method

X(t +h) = x(t) + h@ F(x(t+h),t+ h)+§ f(x(t),t)—é F(x(t—h)t— h)j

Adam-Moulton three step method
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x(t+h) = x(t) + h[g f(x(t+h),t+h)+
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Viu=f
u(x,y) =a(x,y), forx=a,b or y=cd
X; =a+iAx fori=01L---n
y, =a+ JAy for j=01---m

Ax=(b—-a)/n
Ay =(d—-c)/m
11 2 e gl alslas
(D7 + D (x,, ;) = F(x,,v)

U(Xi,1, Y5) —2u(X;, ;) +u(Xi, Y5)
AXZ

Dfu(xi'yj) =
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U(Xiayj+1)_2u(xi1yj)+u(xilyj—1)
Ay?
tgled) GBI axs 4,040 by 2l
ux,,¥,)=9(ay;), u(x,y;)=9y;) forj=12--m
u(x,¥,)=9(x,c),  u(x,y,) =9(x,d) fori=12,---n

Diu(xi’yj):
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N _ vy
ot
(0 by 2l
u(x,y,t)=g(x,y) forx=a,b or y=c,d
EVCIRCAN ISP [

u(x, y,0) =u,(x,y)
Healdanlb obludl (o g S
x;=a+iAx fori=0,1,...,n

y=c+jAy forj=0,1,...m

t, = kAt fork=0,1,...,
Ax=(b-a)/n
Ay =(d-c)/m
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u(xo, ) = gla, yy), ulx,. y;) = gb,y;) forj=1,2,....,m
w(xs, Yo) = glai, ), w(x;, Ym) = glx;,d) fori=1,2,...,n

EVCRCI ISP [
W, ¥ 0) = uglxpy) fori=1,2,...mj=0,1,....m
bl |4 Jjj iy
ulas, Yj, ter1) = W, Yo b)) + AHDZ + DPHulx;, Y, b

2At  2At
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Program 17
Computational Physics class
Damascus University - Physics department

student Name :
Date:

Just a program to check FFT.

Complex*16 a(8)

Integer i, k, inv, N

k=3

N = 2**k

DOi=1,N
aii)=0

END DO

ai3)=1

inv=0

call FFT( a, k, inv)

write(*,*)a

end
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¢ This subroutine performs the Fast Fourier Transform by

¢ the method of Cooley and Tukey --- the FORTRAN code
was

¢ adapted from

¢ Cooley, Lewis, and Welch, IEEE Transactions E-12

c

¢ The array A contains the complex data to be transformed,
c m'islog2(N), and INV is an index = 1 if the inverse

c transform is to be computed. (The forward transform is

c evaluated if INV is not = 1.)

Complex*16 A(1), u, w, t

Double precision ang, pi

Integer N, Nd2, i, j, k, I, le, lel, ip
Parameter (pi = 3.141592653589793d0)

This routine computes the Fast Fourier Transform of the
input data and returns it in the same array. Note that
the k's and x's are related in the following way:

IF K=range ofk's and X =range of x's
THEN delta-k =2 pi/ X and delta-x =2 pi/ K

When the transform is evaluated, it is assumed that the
input data is periodic. The output is therefore periodic
(you have no choice in this). Thus, the transform is
periodic in k-space, with the first N/2 points being
'most significant’. The second N/2 points are the same
as the Fourier transform at negative k!!! That is,

FFT(N+1-i) = FFT(-) ,i=1,2,....,N/2

OO0OO0OO0O0O00O00O0O000O00O00O0O0O0OO0O0

N =2"m
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Nd2 = N/2
j =1
DOi=1,N-1
IF(i.lt.j) THEN
t =A(])
A() = A()
A@) =t
ENDIF
k = Nd2
100 IF(k.lt.j) THEN
&k
k =k/2
goto 100
ENDIF
j =j+k
END DO
le=1
DOIl=1,m
lel =le
le =le +le

u=(1.D0, 0.DO)

ang = pi / dble(lel)

W = Dcmplx( cos(ang), -sin(ang) )
IF(inv .eq. 1) W = Dconjg(W)

DOj=1,lel
DOi=|,N,le
ip =itlel
t =A(ip)*u
A(ip)= A(i)-t
A(l) = A(i)+t
END DO
u=u*w
END DO
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END DO

IF(inv .ne. 1) THEN
DOi=1,N
A() = A(i) / dble(N)
END DO
ENDIF
End
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#include<iostream>
#include<cmath>
using namespace std;

void bisection(double,double,double,int);
double f(double);

int main()

{

int imax;
double a,b;
double epsilon;

cout<<"Enter the limits of the original search interval, a and b : \n";
cin>>a>>b;

cout<<"Enter the convergence criteria : \n";

cin>>epsilon;

cout<<"Enter the max number of iterations allowed : \n";
cin>>imax;

bisection(a,b,epsilon,imax);

return O;

}
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void bisection(double a,double b,double epsilon,int imax)
{

double x1=a,x2=b,x3;

double f1 = f(a),f2 = f(b);

for (int i = 1;i<=imax;i++)

{
x3=x2-f(x2)*(x2-x1)/(f(x2)-f(x1));
if (fabs(f(x3))<epsilon)

{
cout<<"There is a root at x = "<<x3<<" with function
value of "<<f(x3)<<endl;

return;

}

else

{
X1=x2;
X2=X3;
f1=f2;
f2=f(x3);

}

}
cout<<"After "<<imax<<" iterations, no roots was found
within the convergence criterion"<<endl;

}

double f(double x)

{ const double pi=2 * asin(1);
\ return (exp(-x)-sin(0.5*pi*x));
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#include<iostream>
#include<cmath>
using namespace std;

void bisection(double,double,double,int);
double f(double);

int main()

{

int imax;
double a,b;
double epsilon;

cout<<"Enter the limits of the original search interval, a and b : \n";
cin>>a>>b;

cout<<"Enter the allowed error : \n";

cin>>epsilon;

cout<<"Enter the max number of iterations allowed : \n";
cin>>imax;

bisection(a,b,epsilon,imax);

return O;

}

void bisection(double a,double b,double epsilon,int imax)

{

double x1 = a,x2,x3 = b;
double f1 =f(a),f2,f3 = f(b);
double width = a - b;
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if (f1*f3 >0)
cout<<"No roots in the interval [a,b] \n";
else
{
for (int i = 1;i<=imax;i++)
{
x2=(x1+x3)/2;
f2=f(x2);
if (f1*f2<=0)
{
3 = 12§
X3 = X2;

fl\H12;
X1 = X2;

}
if (fabs(f2) <= epsilon)

cout<<"There is a root at x = "<<x2<<" with
function value of "<<f2<<endl;
return,
}

}

}
cout<<"After "<<imax<<" iterations, no roots was found
within the convergence criterion"<<endl;

}

double f(double x)

{ const double pi=2 * asin(1);
} return (exp(-x)-sin(0.5*pi*x));
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#include<iostream>
#include<cmath>
using namespace std,

void newton(double,double,int);
double f(double);
double df(double);

int main()

{

int imax;
double a;
double epsilon;

cout<<"Enter the limits of the start point : \n";

cin>>a;

cout<<"Enter the allowed error : \n";

cin>>epsilon;

cout<<"Enter the max number of iterations allowed : \n";
cin>>imax;

newton(a,epsilon,imax);

return O;

}

void newton(double a,double epsilon,int imax)
{

double x = a,y;

for (int i = 1;i<=imax;i++)
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y =f(x);
X = X - (y/df(x));
if (fabs(y) <= epsilon )

{
cout<<"There is a root at x = "<<x<<" with function
value of "<<y<<endl;
return;
}

}
cout<<"After "<<imax<<" iterations, no roots was found
within the convergence criterion"<<endl;

}
double f(double x)
{ const double pi=2 * asin(1);
return (exp(-x)-sin(0.5*pi*x));
}
double df(double x)
{ const double pi=2 * asin(1);
} return (-exp(-x)- 0.5 * pi * cos(0.5*pi*x));
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#include<iostream>
#include<cmath>

using namespace std;

void trap(double,double,double);
double f(double);
int main()
{
double a,b,step;
int res;
cout<<"Enter the integration limits :\n";
cin>>a>>b;
cout<<"Enter the step's number : ";
cin>>res;
step = (b-a)/res;
trap(a,b,step);

return O;
}
void trap(double a,double b,double step)
{
double integ=step*(f(a)+f(b))/2;
for (double i=a + step ;i < b ;i =i+ step)
integ = integ + step*f(i);
cout<<"the integration Value is : "<<integ<<endl,
}
double f(double x)
{
return 1/x;
}
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#include<iostream>
#include<cmath>
#include <cstdlib>
using namespace std;

void monte(double,double,int);

double f(double);

int main()

{
double a,b;
int point_num;
cout<<"Enter the integration limits :\n";
cin>>a>>b;
cout<<"Enter the points number : ";
cin>>point_num;
monte(a,b,point_num);

return O;
}
void monte(double a,double b,int point_num)
{

double x,mean = 0;
double integ;

for (double i = 1 ;i <= point_num ;i++)

{
x = a+((double(rand())/RAND_MAX)*(b-a));
mean = mean + f(x);

}

mean = mean / point_num;
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integ = mean;
cout<<"the integration Value is : "<<integ<<endl;

}
double f(double x)
{

return 1/x;
}
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