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1 O0o0o0Od

U 000 200000

n
sum:Zxk:1+x+a:2+~--+:U”
k=0

_ x”+1

1
00000000000 DbO00O0DO00bOooobObDz=£1000 sun1::1
—x

r=1000sum=1+n 000

)

1.1 00b0boodoobo

1 (234567890

2 program progO1l

3 write(*,*) ’n, x = 7’

4 read(*,*) n, x

5 write(*,*) ’n, x = ’,n,x

6 c

7 sum = 0.0

8 do k = O,n

9 sum = sum + X**k

10 end do

11 ¢

12 write(*,*) ’sum = ’,sum

13 ¢

14 if(x.eq.1.0) then ! IF (00O 0O) THEN
15 write(*,*) ’Exact = ’,n+1

16 else ! ELSE
17 write(*,*) ’Exact = ’,(1.0-x**(n+1))/(1.0-x)
18 endif ! ENDIF
19 ¢
20 stop
21 end

0000000 n=100,x=0.02 0000000000 000O000DO0OOO0DOOOOO
% n, x=7

% ?

% 100 0.02

% n, x = 100 0.199999996E-01
% sum = 1.02040803

% Exact = 1.02040815

gbooooooooooooo
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b 4+ 00000000bbbogd

program prog012
real*8 x, sum
write(*x,*) ’n, x
read(*,*) n, x
write(*,*) ’n, x = ’,n,x

?)

ubobooobooooobon

S(0)=1
S(k)=S(k-1)*x + 1
sum =S(n)

sum = 1.040 ! 1.0 U0O0O0OOOOOO oUUooouooooooand
dok=1, n

sum = sum*x + 1.0d0
end do

write(*,%*) ’sum = ’,sum
if(x.eq.1.0d0) then
write(*,*) ’Exact
else
write(*,*) ’Exact = ’,(1.0d0-x**(n+1))/(1.0d0-x)
endif
stop
end

’,n+1

gobooboobbooboobooobobooboobo

S = 1
S, = Sp_1z+1

O00000sum=5,000000000000

1.3

ogoooood

ooooono vogoo

read U Owrite U

FORTRAN DO 0OD0OUOU0OOOOODOOODOOOO

DO O OOOEND DO [

FORTRAN 00O QOQOQOQOodod ---i ~n000O0,a~h, o~zOOOOOO

IFOOO
IF (00O0O) THEN
gboobooboooboooon
ELSE
uboboooboooobooooo
ENDIF
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2 0000 (D01, function DOODOONO)

OO00 000 0OO0b000O0O

b 1
S'::j/ — dx
v
godooooooobooooooboooooobooooonoouooooo 5'::2(x/6——\/a)
gog

2.1 0J000O00O0ODOOOOOO (prog02.f)

program prog02
implicit real*8 (a-h,o0-z)

This program calculate the integral
sum = integral_a”b 1/sqrt(x) dx
by using the Mid-Point formula.

write(*,*) ’n, a, b =7’
read (x, *) n, a, b

© 00 NO O WN -
O o0 o0 o0 o0

10 write(*,*) n ="', n,”> a= ’,a,’ b=",b
11 ¢

12 sum = 0.0d0

13 dx = (b - a)/n

14 ¢

15 doi=1,n

16 x = a+ (i - 0.5d0)*dx

17 sum = sum + f(x)

18 end do

19 sum = sum*dx

20 c

21 exa=2*(sqrt(b)-sqrt(a))

22 write(*,*) ’Sum = ’,sum

23 write(*,%*) ’Exact = ’,exa

24 stop

25 end

DB C kskakokokok ok ok ok ok ok ok ok ok ok ok ok sk ok o o o ok ok ok ok ok sk sk sk sk sk sk sk sk sk sk sk sk sk ok ok ok ok o ok o o o o o ok ok ok ok ok ok sk sk sk sk sk sk ok ok ok ok ok
27 function f(x)

D8 € akskokokokok ok ok ok ok ok ok ok ok ok ok ok ok ok ok o o ke ok ok ok ok ok sk sk sk sk sk sk sk sk sk sk sk ok ok ok ok ok o ok ok o o o ok ok ok ok ok ok ok sk sk sk ok ok ok ok ok ok ok
29 implicit real*8 (a-h,o-z)

30 f = 1.0d0/sqrt(x)

31 end

Udboddlb n=10,2a=10, b=20 U0 U0O0OO0OO0O0OOOOO0OOO0OOOOO0OOOO
gooog

n, a, b =7

?

10, 10, 20

n = 10 a = 10.0000000000000000 b = 20.0000000000000000
Sum = 2.61929135954643399

Exact = 2.61971658966240017



22 00000000000 DOOOOO (prog022.f)
gbobobooooooobobobobobobbooobobobobobobUooobobo

©O© 00 NO Ok WN -

W W W WNNDNDNNMNDNDNNMDNDNMNNDMNNRE, PP PP P2 2 22
WNEFE, O OWOWNO”O P WNEFE, O OO NO O WwN~Oo

O o o0 o o0

program prog022
implicit real*8 (a-h,o-z)

This program calculate the integral
sum = integral_a”b 1/sqrt(x) dx
by using the Simpson formula.

write(*,*) ’n, a, b = 7’
read (*, %) n, a, b
write(*,*) ’n="’, n,”> a=’,a,’ b=",b

sum = 0.0dO
dx = (b - a)/n

doi=1,n
x1 =a+ (1 -1.0d0)xdx ' OOOO0O

x2=a+ (i - 0.5d0)*xdx ! OO OODO

x3 =a+ 1 xdx ! JOOGOO

sum = sum + (£(x1) + 4xf(x2) + £(x3))/6 ! 1:4:1 JOO0OOO
end do

sum = sum*dx

exa=2*(sqrt (b)-sqrt(a))

write(*,*) ’Sum = 7, sum
write(*,*) ’Exact = ’,exa
stop
end

C kKK %k %k 5k 5k 5k >k %k 5k 5k 3k 5k >k 5k 3k 3k 3k >k %k >k 5k 3k >k >k 5k 3k 5k 5k >k >k 5k 5k 5k >k >k >k 3k 5k 5k >k %k >k >k 5k >k >k >k %k 5k 5k >k >k %k >k 3k >k %k >k %k >k > %k %k %k %k >k % *k

function f(x)

C kokokokokokoskok sk okok sk ok ok ok sk ok sk ok sk ok sk ok ok st ok sk ok ok ook sk ok ok ook ook ook ook s ok ook ook o ok ook ook ok ok ok ok sk ok sk ok ok ok sk ok ok

implicit real*8 (a-h,o0-z)
f = 1.0d0/sqrt (x)
end

U0O0On00O0O0O0O0OO0OD0DO0ODOODODOODLOODODOODLOODO

ot



23 0O00OO0OOO

e implicit 0 (000O0O00D0D0D00D0)
...000004i ~n000,a~h, 0o ~z000000

e function DO U UODODN
O0000000Ofunction f(x) 00 DO0OU0ODOOO (program ... 000000 Oend
00000000000)00000000 1.0d0/sqrt(x) 00000000

program prog02
implicit real*8 (a-h,o0-z)

sum = sum + f(x)*dx
end

function f(x)

implicit real*8 (a-h,o0-z)
f=1.0d0/sqrt (x)

end

e FORTRAN O UOUOUO

e NUUD ---0O00O00O0O0OL0OOODLOOOLOOODO

24 00O0OO
241 OO0

gobooooboboobbooooobooboboooooooboboobboooooo
gboobobobobobo

(1) /Olwsinmv dz (2) /1 41— 22 dz 3) - /01 logz dx

0

U007 =3.14159 26535 89793 - - -0

242 000
gobooboobbooboobobooboobobooboonobooboobo



2.5 FORTRAN JOO0OO0ODODOOOOO(DOOO
O00000oooooooooo

(000 IE= |00
sqrt (x) NG ooo
exp(x) e” goog
log(x) log,(z) oooo
log10(x) logo() o000
sin(x) sin(x) o000
cos(x) cos(z) o000
tan(x) tan(z) o000
asin(x) sin~!(x) oo0ooo
acos (x) cos 1 (x) ooooo
atan(x) tan~!(x) 00000
atan2(x,y) | tanl(z/y) |00 OO0
sinh(x) sinh(x) Oo0o0o0o0
cosh(x) cosh(x) Oo0oooO
tanh (x) tanh(x) O0oooO
abs (x) || 000

26 OUO0O0O0OOOOOoOO...

Ubob00d progo2.f UUDOOOOOOODODOOOOOOOOOODDOOOODOOOLODOO
O0((@00)bo0oo0oooooooooo



3 0000 (0O 2)

OO0O0CO0O0D0OO00OO0COOOsubroutine 0O0O0O0O0OO0ODOOOOOOODOOODOO

3.1 000000000D0OD0ODOO0OO0O0 (prog03.f)

1 program prog03

2 implicit real*8 (a-h,o-z)

3 write(*,*) ’a, b = 7’

4 read(*,*) a, b

5 write(*,*) ’a = ’,a,’ b = ’,b

6 exa=2*(sqrt (b)-sqrt(a))

7 do n=10,100,10

8 call chuten(a,b,n,sum)

9 dx=(b-a)/n

10 err=abs (sum-exa)

11 write( *,800) n, dx, sum, exa, err, err/dx/dx

12 write(16,800) n, dx, sum, exa, err, err/dx/dx

13 enddo

14 c234567

15 800 format(1x,i3,5(1x,f10.7))

16 c

17 end

18 © kokokokokskskkokkokokokokokokokokokokok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok o o ok ke ok ok ok ok ok ok sk sk sk ok sk sk sk sk sk sk ok ok ok ok ok ok ok ok o o
19 subroutine chuten(a,b,n,sum)
D0 € Kkskskokokokokok ok ok ok ok ok ok ok ok ok ok ok o o ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok o o o ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok
21 implicit real*8 (a-h,o0-z)
22 sum = 0.0d0
23 dx = (b - a)/n
24 c 00000000OO0O0ODDOOOOO0OOO0OOO0OOOOODOO
25 c 0000000 0OOODOO
26 C —mm T *
27
28
29
30
31 ¢ - *
32 sum = sum*dx
33 end
B4 okokokokokokokokokokok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok o o o ok ok ok ok ok ok ok sk sk sk sk sk sk sk sk sk sk sk ok ok ok ok ok ok ok ok ok ko ko ok ok ok ok ok ok
35 function f(x)
36 kkokokokokokokokokokokok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok o o ok ok ok ok ok ok sk sk sk sk sk sk sk sk sk sk sk ok ok ok ok ok ok ok ok ok ko ko ok ok ok ok ok ok ok
37 implicit real*8 (a-h,o-z)
38 f = 1.0d0/sqrt(x)
39 end

3.2 0000 function JO0OOOO0OOO subroutine OOOOOOOOO
(prog032.f)

000000000000 f(x) 0000000000000 000O0DOO0OLOO0ODOOO
gbobooboobboobooday



1 program prog032

2 implicit real*8 (a-h,o0-z)

3 external f1

4 a=0.0d0

5 b=1.0d0

6 exa=2.0d0

7 do n=10,100,10

8 call chutenf(fi,a,b,n,sum)

9 dx=(b-a)/n

10 err=abs (sum-exa)

11 write( *,800) n, dx, sum, exa, err, err/dx/dx

12 write(16,800) n, dx, sum, exa, err, err/dx/dx

13 enddo

14 800 format(1x,i4,5(1x,f10.7))

15 end

16 C skokokokoskoskskokokokokokokok ok ok ok ok sk stk sk sk sk sk sk sk sk ok ok ok ok ok ok ok ok o o o e ke ok ok ok ok ok ok ok sk sk sk sk sk sk sk sk sk sk ok ok ok ok ok ok o o o o o
17 subroutine chutenf (FUNC,a,b,n,sum)

18 © skokokokoskoskskokokokokokokok ok ok ok sk sk skeske sk sk sk sk sk sk sk ok ok ok ok ok ok ok o o o o o ke ok ok ok ok ok ok ok sk sk sk sk sk sk sk sk sk sk sk ok ok ok ok ok o o o o o
19 implicit real*8 (a-h,o-z)
20 external FUNC
21 ¢
22 sum = 0.0DO
23 dx = (b - a)/n
24 c 000000000O0DOOOOOOO0OO0O0OO0OOOOODOO
25 cO00000O00O0OOODOO
26 C mmmm o e e e *
27
28
29
30
31 ¢ *
32 sum = sum*dx
33 end
B4 © kkkskokokokokkokskokokok ok okokokok sk ok skok ok ok o ok sksk ok ok ok sk sk sk ok ok ok sk ok ok ok o sk sk ok ok ok ok sk ok ok o o sk sk ok ok ok ok ok ok
35 function f1(x)
36 okokokokokokokokokokok sk sk ok sk ok sk ok ok ok ok ok ok ok sk sk sk ok ke ke ok ok ok ok ok ok ok sk sk sk sk sk sk sk sk sk sk sk sk ok ok ok ok sk sk sk sk koo ok ok ok ok ok
37 ¢ function f1(x)=pi*sin(pi*x)
38 okokokokokokokokokokok sk sk ok ok ok ok ok ok ok ok ok ok ok ok sk sk o o e ke ok ok ok ok ok ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok ok ok sk sk sk s koo ok ok ok ok ok
39 implicit real*8 (a-h,o-z)
40 pi=4*atan(1.0d0)
41 fl=pi*sin(pi*x)
42 end

3.3 OO0Uooond

subroutine 0O O OOOOOONO

000000000000 00000000 subroutine 00O

0000000 subroutine chuten(a,b,n,sum) D000000000 (program ..
O0000000end0000O0OO00OODODO)0000DOO0O0OOOOOOOO a,b,n0
00000000 ssemOOO0O0O0O0OO



c234567
program prog03
implicit real*8 (a-h,o0-z)

call chuten(a,b,n,sum)
end

subroutine chuten(a,b,n,sum)
implicit real*8 (a-h,o0-z)

sum = sum + f(x)
end

function f(x)
implicit real*8 (a-h,o0-z)

f=...
end

e do n=000, ODOO, OOO

DOK=0O0O0O, OO0 ¢, DO0O)
Cooo)
END DO

(0)k=1000 10000 100000000000 ODOODO

DO K = 10, 100, 10
(Coooo)
END DO

00000000001 00000000K DO 100000)

e write(unit,format): 0O OOOOOO
O: write(16,800): ft.16 OO0 800 00000 format OO 0O

e 800 format(1x,i3,5(1x,f10.7))

- 0000 1~500000

-nx U0 n00000in0O nO0000O
5(...)00¢(C.H)yO0s000000ft0.70D000O00O0ODO 7TO0OODO

e external [
OO00000000000ooooboiboOObexternal £ 0000000000000
O00oo0ooooooooooooooooooooonoobooo

c234567
program prog032
implicit real*8 (a-h,o0-z)
external f

10



call chutenf(f,a,b,n,sum)
end

subroutine chutenf(f,a,b,n,sum)
implicit real*8 (a-h,o0-z)
external £

sum = sum + f(x)
end

function f(x)
implicit real*8 (a-h,o0-z)

f=...
end

34 UOUOUOUOO 1
0000000000 (ex031.f00 ex032.f) DO ODOD0OODOOOOOODOOOOOOODOOO

o IO [

000 FUNC, OO a,00 b,JOONOOOOOOOOOOOO sum OOOOOOO
o000
subroutine daikeif (FUNC,a,b,N,sum)

goobooooobooobobgoob o0b 10000 10000000DODLOOODOO
000000 Az 00000DO0DOOCOCOOOOO

ex031.f
googoobon
o 0[O
OO0 FUNC, OO &, 00 b, 000 NOODOQDO Simpson 000000 sumOO0O00O3
gboooaoo

subroutine simpsonf (FUNC,a,b,N,sum)

gooboooobooobgobgob o0b 10000 10000000DODLOOODOO
000000 Az00000DO0DOOCOCOOOOO
ex032.f

goooooboon

0000000000000 o00oO0OO0o0000DOoOO0o000OD (booooOoo
00)000000000000000000000000000O000000000 (read
0000000000000 0O000ooOOo00oOOOoOoD)0DooO0COOOo0OoOoDOOO
Az 0000000000000 00O0OCO0OOOOO0OOO0O0OOO (DODU0DOO)00OO
gboboobooooooooooo

11



3.5 Double Exponential 00 00000000000000 (prog033.f)

O000: 0 O0O@MFORTRANT7 OOOOODOOOOUOO(DODOODODOODOOOOD)
uboboooboobobooboobobooobaoobooo

§ = /abf(x) do= [~ 1e®) 9 ar

b—
o(t) = 5 ? tanh (g sinh t) +

b+a

gb2000000000000000000000000000 —co 00O co0OO
gbobodgboobbuooboobboobooobboobuoaobbooboobbodo

1 program prog033

2 implicit real*8 (a-h,o0-z)

3 ¢

4 c This program gives the integral

5 ¢ integral_0~1 FUNC(x) dx

6 c by using the Double Exponential Formula
7 c by Takahashi-Mori

8 ¢

9 c Functions integrated in this program are
10 c

11 ¢ f0(x)=1.0d0/sqrt (x)

12 ¢ f1(x)=pi*sin(pi*x)

13 ¢ £2(x)=4*sqrt (1.0d0-x**2)

14 ¢ £3(x)=-log(x)

15 ¢

16 external f1,f2,£3,f0

17 a=0.0d0

18 b=1.0d40

19 c
20 hmax=4.7d0
21 ¢
22 exal=2.0d0
23 exa2=4.0d0*atan (1.0d0)
24 exa3=1.0d0
25 ¢
26 write( *,’(a)’) ’# n dx Erril Err2 Err3’
27 write(16,’(a)’) ’# n dx Erri Err2 Err3’
28 do n=5,50,5
29 call DEint(f1,a,b,n,suml)
30 call DEint(f2,a,b,n,sum2)
31 call DEint(f3,a,b,n,sum3)
32 c
33 errl=abs(suml-exal)
34 err2=abs (sum2-exa2)
35 err3=abs (sum3-exa3)
36 c
37 write( *,800) n,hmax/n,errl,err2,err3
38 write(16,800) n,hmax/n,errl,err2,err3

12



39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89

800 format(1x,i4,4(1x,gl1.4))

enddo

end

C k3K 3k 3k 5k 5k 5k >k 5k 5k 5k 3k 5k 5k >k 3k 3k 5k 5k >k 3k >k 3k 3k >k 5k >k 3k >k 5k 5k >k 3k >k 3k 5k >k 5k >k 5k >k 3k 5k 5k 5k >k >k >k 3k 5k >k 5k >k 3k 3k %k 5k %k >k >k %k 5k %k 5k %k >k %k %k k %k

C
C
C
C
[}
C
[}
C
C
C

(el

subroutine DEint (FUNC,a,b,n,sum)

3k 5k >k 3k 3k 3k 5k >k 5k 3k 3k 3k 3k 5k >k 3k 3k 3k 3k >k 5k >k 3k 5k 5k 5k >k 3k >k 3k 5k >k 5k >k 3k >k 5k 5k >k 5k >k 3k 5k >k 5k >k >k >k 3k 5k >k 5k >k 3k 5k 3k 3k %k >k >k %k 5k %k >k %k >k %k %k >k %k

This subroutine calculate the integral
sum = integral_a"b FUNC(x) dx
by using the Double Exponential formula (Takahashi-Mori).

sum= integral_{-infinity} infinity FUNC(phi(t)) d(phi)/dt dt
phi = (b-a)/2*tanh(pi/2+*sinh(t))+(b+a)/2

>k 5k >k 3k 3k 3k 5k >k 5k >k 3k 5k 3k 5k >k 3k 3k 3k 3k 5k 5k >k 3k 3k 5k 5k >k 3k >k 5k 3k >k 5k >k 3k 5k >k 5k >k 5k >k 3k 5k >k 5k >k 5k >k 3k 5k >k 5k >k 3k 5k %k 3k %k >k >k %k 5k %k 5k %k >k %k %k k %k

implicit real*8 (a-h,o-z)
external FUNC

tmax=4.7d0
dt=tmax/n
pi=4.0d0*atan(1.0d0)

sum = 0.0d0

do i = -n,n
t=1ixdt
s=sinh(t)
phi=(b-a)/2*tanh (pi/2*s)+(b+a)/2
dphidt=pi/2*cosh(t)/(cosh(pi/2%*s))**2%(b-a)/2
sum=sum+FUNC (phi) *dphidt

end do
sum = sum*dt

end

>k >k 3k 3k 5k >k >k 3k 5k 3k >k >k >k 5k 5k 5k >k >k 3k 3k >k >k %k >k 5k 3k >k >k >k 5k 5k 5k >k %k >k 3k >k >k %k >k 3k 5k >k >k %k %k 5k 3k >k %k >k >k >k >k >k %k %k 5k >k >k %k >k %k >k >k Xk %k %k >k >k

function fO(x)

>k >k 3k 3k 5k >k >k 3k 5k 3k >k >k 3k 3k 5k >k >k >k 3k 3k 5k >k %k >k 5k 3k >k >k >k 5k 5k 5k >k %k >k 5k >k >k >k >k 5k >k >k >k >k >k 5k 3k >k %k >k >k >k >k >k %k >k >k >k >k %k >k %k >k > %k %k %k >k >k

function f0(x)=1.0d0/sqrt (x)
0 < x < eps it returns 1.0d0/sqrt(eps)
x <0 it returns O

>k >k 3k 3k 3K >k >k >k 5k 3k >k >k 5k 3k 5k >k >k >k 3k 5k 5k >k >k 5k 5k 3k 5k >k >k 5k >k 3k >k >k 5k 3k 5k >k >k >k 3k 5k 5k >k >k >k 5k 3k >k >k >k %k >k 5k >k >k %k >k >k >k %k >k %k > > %k %k %k >k %

implicit real*8 (a-h,o0-z)

eps=1.0d-32
if(x.1t.0) then
£0=0.0d0
else if(x.1t.eps) then
£0=1.0d0/sqrt (eps)
else
£0=1.0d0/sqrt (x)
endif

13



90 c¢
91 end
02 C kAR AR KKK KKK oK KK ok K oK Kok ok ok Kok Kk ok K ok Kok sk ok K ok sk ok K ok Kok sk ok K ok ok ok K ok Kok
93 function f1(x)
04 C kR kKRR AR KK kKoK KK ok KoK Kok ok ok Kok ok ok K ok Kok ok ok ok ok sk ok ok Kok o sk ok ok ok ok ok ok Kok
95 function f1(x)=pi*sin(pi*x)
OB C kkokkakkkok ok KoKk ok ok ok Kok ook ok o ok Kok ok ok Kok ook ok K ok Kok ok ok ok ok sk ok ok o Kok sk ok K ok ok ok ok Kok
97 implicit real*8 (a-h,o-z)
98 pi=4.0d0*atan(1.0d0)
99 ¢
100 fl=pi*sin(pi*x)
101 ¢
102 end
103 C kskokskorokkokokokokkokok ook oKk ook ok Kok ook ok ok ok ook ok o ok ok ok o sk ok Kok ook ok o ok ok o ok ok Kok ook ok ok ok ok ok o ok o Kok
104 function £2(x)
105 C okskokskorokskokokokokskokok ook kok ook ok ok ok ook ok ook ook ok o ok o kok o ok ok ok ok ook ok ok ok ko o ok ok ok ok ook ok ok ok ok ok o ok ok Kok o
106 ¢ function f2(x)=4*sqrt(1l.0d0-x**2)
107 ¢ x|l > 1 it returns O
108 C skokskokskokokkokokskok ok ok ook ok ok ok ook ok Kok ook ok ook ook ok o ok ook ok o ok ok K ok ook ok o ok ook ok o ok ok K ok ook ok o ok ook ok ook o K ok
109 implicit real*8 (a-h,o0-z)
110 ¢
111 if (abs(x).gt.1.0d0) then
112 £2=0.0d0
113 else
114 £2=4xsqrt (1.0d0-x**2)
115 endif
116 ¢
117 end
118 C okskokskorokkokokokokkokok ook kok ook ok Kok ook ok ook ook ok o ok ok ok o ok ok ok ok ook ok o ok ko o ok ok ok ok ook ok ok ok ok ok ok ok Kok o
119 function £3(x)
120 © kskokskorokkokokokok ok kok ook ok kok ook ok Kok ook ok ook ook ok ook ok ok o ok ok Kok ook ok oK ok ok ok o ok ok ok ok ook ok ok ok ok ok ok o Kok
121 ¢ function £3(x)=-log(x)
122 ¢ 0 < x < eps it returns -log(eps)
123 ¢ x <0 it returns O
124 C okskokskokokkokokkok ok okok ook ok ok ok ook ok Kok ook ok ook ook ok o ok ook ok o ok ok Kok ok ok ook o sk ok o ok ok Kok ook ok K ok o ok ok o ok o K ok
125 implicit real*8 (a-h,o-z)
126 ¢
127 eps=1.0d-32
128 if(x.1t.0) then
129 £3=0.0d0
130 else if(x.lt.eps) then
131 f3=-log(eps)
132 else
133 £3=-1og(x)
134 endif
136 ¢
136 end
ooood

apl 47: £90 prog033.f
£90: compile start : prog033.f

14



*0FORT90 V01-04-/A OO
xJO000oo0o
«*Jgoogn
«Jgoogno
*Jgoogn
«Jgoogno
xJgooan
«*J0oogn
apl 48: a.out
dx

# n
5
10
15
20
25
30
35
40
45
50

0
0
0
0
0.
0
0
0
0
0

.9400
.4700
.3133
.2350
1880
.1567
.1343
.1175
.1044

= PROG
= DEIN
= F1
= F2
= F3
= FO
= 0006

033
T

, 00oooogooo

Errl

.4048
.2161E-02
.4557E-05
.5803E-08
.5318E-11
.3b553E-14
.2220E-15
0.000
0.4441E-15

O O O O O O o

.9400E-01 0.4441E-15

Err2
0.9390E-01
0.4287E-04
0.5213E-08
0.7003E-12
0.8882E-15
0.1332E-14
0.000
0.8882E-15
0.000
0.4441E-15

15

Err3
0.1450E-01
0.3120E-05
0.2562E-09
0.1377E-13
0.000
0.2220E-15
0.1110E-15
0.1110E-15
0.000
0.000



3.6 UUodon
gbooboooobbbuoooobobobuoooon

0000000 "How to Run” OO0
file:///home/Your_userid/CompPhys_html-HUOCW/LESSON/compile.html
ooooooon
ooooo0ooo0o0o . (bo0o0) 0 ,(b0o0)00Do0O0o00oOOo0oooOoOo0Oo
oooopoooooboo0o kesrrOooooOOooooooOoOoooobooooooDbbooooo
000 15 0000000000000 0000000000 (DOODODOoOoo)ooo
00000o0ooooo0o0O (0 ,0000) 000000000 ooooOoooon)

*0FORT90 V01-03-/B O 0O
KCHF049K 12 15
O00o0oOooooooooo
«x0 00000 = MAIN
«x0 00000 =o0001, OOOOO =0001, OOOOOODOO = 12

boobobooboooboobobooobobobooooboboooboobooogan
goooobogoboopoooobobbooomobooboooboboobDDO 7agout” O
O00000000000000OFL O Unsatisfied symbols D00 (DODOOO0OOOOO
O000000)000000000000000000F1 (0000 f1, fortran 000000
00000000000)00000000000 (muledO c-s0)00000O0OO

*0FORT90 V01-04-/A OO
x000000 REIDAI
x0 00000 F
x0 00000 =0002 , 00000OO0ODOOO
/usr/ccs/bin/1d: Unsatisfied symbols:
F1 (code)

Mule OOOODOOOO

OO0mule 0O0OO0ODOOODOOOOOOOODOOO ODOOOOODOOODOOOODOOO
goboobogooobgod

OO0c-o0U00OOOODOOOODOUOUDOUOOD ODDOOODODOUOO(...JOODODODODOODO)
gooboob c-odbOODDOC-1i00Db0O0DDOODDDO

Odmule00000O000DOO0OOOOOOODOOOODOOOODOOOODOOOOD
gooboobooobbooooo

O0c-x c-wOOOOOUOO (D0O0DD0O0OUO0O0OO0OOD)0 save0 0000 (DODOOODO)
gbobobobooboboooboobboobbobobo ooboobooobooobooaooo
00 00000 File — Save Buffer As... 00 O000O0O00O0OO

Odmule 00O0O00O0O0DOOOOOCOODOOODOOO
gobooboobooobg c-gdon

oooooooooooboboOooooooobooon
file:///home/Your_userid/CompPhys _html-HUOCW/LESSON/mule-short.html
file:///home/Your_userid/CompPhys_html-HUOCW/LESSON/mule-first.html
ooooooooo
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4 00000 O0O1. 0000000000

000 n0O0000OO00D0OODO y(1)=10000000000O0OO0O0O0ODOOOOOOOOO
000000000000 y(e)=+2z000O

dy _y

dx 2x
000000000000 b0000o00o0LObOb0oooooOLoooOo’o0”UUooooDo
0200000000

Yk = Yk—1 + f(@p—1,y8-1) Az

41 000000000 O0O0O0OOOOOO0O (prog04.f)

1 program prog04

2 C

3 C This program solves the differential equation

4 C dy/dx = y/2x

5 C by using the Euler method.

6 C

7 implicit real*8(a-h,o-z)

8 C

9 write(*,*) ’n=7’

10 read(*,*) n

11 C

12 xi = 1.040 ! Initial value of x

13 xf = 2.040 ! Final value of x

14 yi = 1.040 ! Initial value of y

15 dx = (xf-xi)/n ! Mesh size

16 C

17 x = xi ! Initial Conditions

18 y =vyi ! Initial Conditions

19 C
20 open(16,file="prog04.dat’) ! open(unit,file=’filename’)
21 write( *,*) x,y,abs(y-sqrt(x))
22 write(16,*) x,y,abs(y-sqrt(x))
23 do k =1,n
24 dy = f(x,y)*dx
25 X =x +dx I x(k) = x(k-1) + dx
26 y =y +dy P yk) = y(k-1) + dx * £f(x(k-1), y(k-1))
27 write( *,*) x,y,abs(y-sqrt(x))
28 write(16,*) x,y,abs(y-sqrt(x))

29 end do
30 C
31 stop
32 end
33 kkskskskskokokokokskokokosk ok sksksksk ok ok sk sk sk sk ke ok sk sk sk sk ok sk sk sksk sk ok sk sksk sk ok sk sk sk sk sk sk ke sk sksk sk sk sk sk sk sk sk ok ok sk ok
34 function f(x,y)
35 C skekskokokokokokkokokok ok ok o koK ok ok ok o o K ok ok ok ok R K ok ok ok ok o oK ok ok ok o o K sk oK ok ok o sk oK ok ok o o sk sk ok ok ok o kK oK ok ok o o koK
36 implicit real*8 (a-h,o0-z)
37 f = 0.5d0*y/x
38 end

17



4.2 0O00O0OO0OOO0
e J00UUODO (DDDODO)ODODO

1. 000000
W _ b2y g(y) f(z) de
_— = _— — =
da gly

2. DDD--'u:y/xDDDDDDDDDDDD

Y fyfr) —a G bu=f) (w=y/o)

3. 100ooooooo ---000 =00 +000000000

/

ﬁ +p(x)y = q(z)
— Y = exp [—/mp(x’)d:ﬂ’} C+/x q(z)) exp{/x
(cooooo)

4. y"=f(y) OO ---u=dy/de 0000 DODOOODO

p(:v") d$”} dx']

d? d d
L=ty —u =t Huzdi:i\/z/yﬂy')dwc

e JJUJUDOOD (ODD)DDD

1. 00poog:
Yk = Yp—1 + f(@p—1,yp—1) Az
2. 0000000:00b0o000obooououoooooo
Ye = Yk—1 + f(w/7 y/) A.’L’ )
¥ = zpo1+Az/2 Y =ypo1 + f(@k—1, yk—1) Ax/2

3. 000o0onOon
4. Heun OO 0O

e open(unit, file="filename")

4.3 0000

() DOOoOoO0OO0O0ODODOO0O0OD ex0O0O0OOOONOOOODODOODODODOOOODOODOD
oboboobboobboddez=20000000000000 ax0000000
gbbogobuoobbooboobboobuoobooobooboooboab

(2) D0O0OO0D0OODOOO0OOOO0O0OOOOOOOOOODOODOOODOOOOODOOOD
obooobooobooo

(3) 000000 vO0O0ODDODOO0OO0OD0D00D0000 e?0000000000000
UO0v>00000000000¢g0O0O0O0DOO0ODOOOODOOOOO

dv 9
m— =mg — v
a M

O00000m=1,a=01,¢g=98000 »(t+) 000000000000 OOO0OO
O00000O0w(t=0=000000

18



4.4 Gnuplot OOOOOOOO

4.4.1 0O0OO0OOO0ODOOOODOODOOO

U000 gnuplot U0 OO000O0D0OO0O0DOO0ODOO0ODO0OOOOOODOODOOODOO
gbbodgboogbooon
apl: gnuplot

GNUPLGOT

Unix version 3.7

patchlevel O

last modified Thu Jan 14 19:34:53 BST 1999

Copyright(C) 1986 - 1993, 1998, 1999
Thomas Williams, Colin Kelley and many others

Terminal type set to ’x11°

gnuplot> plot sin(x) (plot OO OOOOCOOO)

gnuplot> plot "progO4.dat" (plot "OOODOO" O 1, 200000000

gnuplot> plot "prog04.dat" , sqrt(x)

(plot "OOOQAd™,
(gnuplot OO O)

ag, oDooooo)

gnuplot> quit

4.4.2 00O0O0O0OO0OO0OO0OOOOOOOOOOO0
O00000000000000000 (progh4d.plt) DOODOOOOO

plot "progO4.dat", sqrt(x)
pause -1

0000000000000 00(@CO00000000ODODO000000) 0 gnuplot O
goobogod

apl: gnuplot progO4.plt

bgobobodbubbdbUdpause NOUNDODOOUOOODOOOOOOOOOOO
00000ONOOOODOO (0000000000 Window OOOO)000O0OO0OOOOO
gbooboboobob

1
0.8
0.6
0.4
0.2

0

-0.2
-0.4
-0.6
-0.8

-1

ih(x)

-10

10

15

14

13

1.2

1.1

1

"prog04.dat" u 1:2

19

15

14

13

12

1.1

1

"prog04.dat" u 1:2
sqrt(x)

o

/x"




5 00000 0020000000000 ((@MCDOO0OO00O0)

gbobooboobbooobooobooobooboobobooboobooboooboboo

d
000»,0000000000 x(O)zQ.O,%(O)zODDDDD
mﬁ—d%——m sinx
az ="

0000 0<t<10000000000000ODOOOOOOD tO000O0O0ODO (D000
0)2000 (00000O0O).000000 FEO0O00O0OOO0OOOOOOOOOOO0O0O0O0
O0g/¢=980000000

ubobooobodn v= %% googod

gf——>v dv
e

Ubb00dz,vo000o0oooooooo

—=gsinx

dat ¢

5.1 0000000000000 00000000 (progos.f) DD OO

ooobObbOO0oooooooobbbooooobooooobooDbb0ooo0UuoobDHome-
page O O0OO0OOOODOOOOOOODOODOODODOOOODODODLDOOOODODOOO
gbooboooooooooo

1 program prog05

2 L.,

3 ¢ Parameter inputs

4 write(*,*) ’# n=7’

5 read(*,*) n

6 c

7 dt = .....

8 ¢

9 write( *,800) t,x,v,energy(x,v)

10 do i=1,n

11 vO = v ! dx/dt at (x,v)
12 fOo = f(x) ! dv/dt at (x,v)
13 ¢

14 x1 = x + dt*v0

15 vl = v + dt*f0 ! dx/dt at (x1,v1)
16 f1 = f(x1) ! dv/dt at (x1,v1)
17 ¢

18 dx = (vO + v1)*dt/2 ! Improved Euler
19 dv = (f0 + f1)*dt/2 ! Improved Euler
20 c
21 t =1t + dt
22 x = x + dx
23 v =v + dv
24 write( *,800) t,x,v,energy(x,v)
25 end do
26 ...,
27 ¢

20



28 800 format(4(1x,f15.7))

29 end
30 C skskokokokskokokok ok sk sk ok sk sk s ok sk sk sk sk ok sk sk sk ok sk sk s ok sk sk sk sk ok sk sk s ok sk sk sk sk ok sk k sk sk sk sk sk ok sk sk 3 ok sk sk sk sk ok sk sk ok ok 3k 3 ok
31 function f(x)

32 C k3K 3k 3k 5k 5k 5k >k 5k 5k 5k 3k 5k 5k >k 3k 3k 5k 5k >k 3k >k 3k 3k >k 5k >k 3k >k 5k 5k >k 3k >k 3k 5k >k 5k >k 5k >k 3k 5k 5k 5k >k >k >k 3k 5k >k 5k >k 3k 3k %k 5k %k >k >k %k 5k %k 5k %k >k %k %k k %k
33 e
34 f=.....

35 end

36 C skekskskskokokokokokskokok sk ook skskok sk ok ok ok skok sk sk ok sk sk sk sk sk ok ke sksksk sk s ke sk sk ok sk e sk sk sksk ok s ke sk sksk sk sk sk sk sk sk sk ok ki sk ok
37 function energy(x,v)

38 skekskskkokokokokokskokok sk ok ok sk skok sk o ok sk ki sk sk ke sk sk sk sk sk ok ke sk sksk sk s ke sk sksk ok sk e sk sk sk sk ok e ke sk sk ok s ke sk sk sk sk sk ok k sk ok
39 implicit real*8 (a-h,o-z)

40 g = 9.840 ! gravitation constant

41 energy = ....

42 end

5.2 JOOOO4QG4U
e NUUOOODODLOOODLOODDOOODLUOODLDOODO
e JJUJOUDODOD (LDD)DDD

1. 00000
2.0000000
. 00b0b0ob:000ooooooobooooobooboonDog

% =f(z) — zp=ax_1+ f(xk1>2+ @) A

4. Heun 00O 0O

t, 2 =xz4_1+ flag_q1) At .

53 0DU00D0OUO0ODOOD0ODOODDOOODOOOOgnuplot OOOO0OOO
goboobogbobooboobobooboobbooboobbooo

e II0InUDUOODOODOODN progds.in 0 mule UOUODOUOODOODOONOO n=2000
0000020000 1000000000000 OOOOO0OODOODOOOO)DOO
UOsave UUOODDO0OOO0ODDOOOOOODODODOOOOODDODOODOOOO
oD n 000 progs.inUUOOODODLOOOOOONO
U000 read UOprogds.dat UOUDOUODOODO writeUOOOODO
00 prog05.dat U000 ODIOOOOOOOOOODOO (rm progd5.dat) DO OO
ggooon

apl xx: £90 prog05.f
apl xx: a.out < prog05.in > prog05.dat

e U00prog0ds.dat D UOUDOODOODOODOOODOOODODOODOODOOO
O0o0o0oooooooboooboboo0oo00oooooon gnuplot 00000000 O
U0 prog05.p1t U DO ODODOODN
O00o0oooooooooobooooooooooooboooDbobO fortran program
oboobobobob eboboboOobDOobDOoOOOoU0ObOO0O0OU0#0DLOOLOODO
ubooooooooooooooooooDg
00000000 saveDODOOOODODODODODODDO
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apl xx: gnuplot prog05.plt

O0o00000o0O00ooO0o0ooooOo0o0ooO0o0ooOooooOoo(moooo
O0000ooooooon)

apl xx: cp /wwwl/s-0007/PRINT/lesson05/prog05.plt .
apl xx: gnuplot prog05.plt

oooooooogg ?

2.5 6
2
15 | 47
1+ 2|
05t
0r > 0
-05
a1t 27
-15 + 4t
2| i
25 . . . . -6 . . . . . . . . .
0 2 4 6 8 10 -25-2-15-1-050 051 15 2 25
time X

00000 redirect (<,> 0000000000 (direction) 000O0)00000000O0O0
gooooo

e NUUDOOD open UDODOODDOODOOO
e NOODODOODODOODOOOODOOODLODOO

e NOIDOOODODOOODOODODOODOOOODLDOOLOOOODOODLDODn
gbobogboobobododa bod

e JI0UIDOODOODUODLODOODLOOODOOLODOODODOODLOODO
00000 (0000o00o0ooO00o0o000oooooOOo0oD)0ooOooOo

e 00 prog05.dat 0000 IODO0DOOOODODOOOOOOOOO (rm progd5.dat)
dooooooooooao

uboboobooobobooobobboobdlbopen 00000000000

54 0O0O0OO

() 0000000000000 0O00O0O000O0O0OOOO0O00DOOO0OUOOOOO0OOO
goooboobbooooboooooboboboooooooboboboooooo
U000 exO51.£f 0000000

(2) DO0O0O0O0O0O0OU00OOUOOODOOOOOOOOOOO

d21?%_ dz 4 mw? Feost
m—-x — mw-ITr = COS
a2 Tt

oboobobooooooboodOOm=F=1000000000w, yOODO
oboobooobooboooobooobogoobbbooogboooobooooobon
UbobOo0obod exo52.£f 0 00O0O0OOO
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(3 (2) 0000000000000 OOOOOODOODOOO0OOOOOODOOO %, 00 v,
U0+, 0000 4at, 0000 gam, UOO0OUO omg OO OOOO0OOO0OODOODOODOO
oooooooon

subroutine impeul(x,v,t,dt,gam,omng)

gboobobooobobooobooboooboooobooboobooobooobooboaon
ex063.f JOODOODOO

prog05.plt

1 # 0000b00b00obo0oboboboboobobooboboobo

2 #000000000000000

3

4 #1000000: D0OOODOODODO xODODODOODOODODODODOODOO
5 # set xlabel ’label’ U x UODOOODOOOOOOO

6 set xlabel ’time’

7 set ylabel ’x’

8

9 # 00000000OO0O0ODsin(x) > x 000000OOO0ODOOOOOODO

10 # 000 £(¢+) OOOO0Oo0Od

11 # 00000000 x0O0O0O0fx) ODO0OOO0O0O0O0OoOoOO0O0

12 g=9.8

13 xi=2.0

14 £(t) = xixcos(sqrt(g)*t)

15

16 # plot ’filel’ using n:m UUn UUO0OU0O0O m OOOODO x, y OUUOQOGQGQO

[y
~

# plot ’file’ with lines OO O0ODOOODOOODODODO
plot "prog05.dat" using 1:2 with lines, f(x)

N = =
o O

# pause -1 0OOO0O0OOO0ODOOODOOO (ODOOODOOO) DOOOO

21 # 000000000 0ODOO0O0OO0O0

22 pause -1

23

24 #2000000: OO0 (OODO) ODDOO (boOoooDoOoH b
25 # 0000000 DOO0OOOO0ODODOO

26 set xlabel ’x’

27 set ylabel v’

28 plot "prog05.dat" using 2:3 with lines

29 pause -1

30

31 #3000000: ObOOOo0obOooboboobobooboobbodo
32 set xlabel ’time’

33 set ylabel ’Energy’

34 plot "prog05.dat" using 1:4 with lines

35 pause -1

23




6 00000003 0000000000 (OboOooog)

Kepler 0O O OO0

darz 3
000 Euer00000000000000000000000000000000OO

7o = (4,0), 9o =(0,0.4)

goboobogbboob t+=50000 n=20000000000000000O00D0OO0

6.1 000000 O0O00OOODODOOOOOOOOODO (progo6.f) DODODOO

ooooobbobb ae 00000 100000004 subroutine onestep UL DO DOONO
Oooooooooooooooob 20000 (fx, fyy 0000000000 D0Dfunction
UOdodgd subroutine force U UODOODODODOOOOOOONO

oooooobobobobooobobobooboog...oboboobobobUobooob o
Homepage U0 00O UODOODOODOODOOOODODOODOOOO0OO0OOO0DO0OO0OOODO
oboobobobobobobobo

program prog06

Kepler Motion in the x and y coordinate system
by using the improved Euler method
subroutines:

onestep(x,y,vx,vy,dt)

force(x,y,fx,fy)

engang(x,y,vx,Vy,eng,ang)

© 00 NO Ok WN -
O o0 o0 o0 o o0 o0

[y
o

= e
DS W N -
[e]

H
B
H.
ct
ct -
[V]

[}

1]

Q
¢ O
H B
Q.

[
ct
('R
[e)

B

= e
o O
fe)

call engang(x,y,vx,vVy,eng,ang)
write(*,800) x,y,t,eng,ang
doi=1,n

= e
© 00 N

call onestep(x,y,vx,vy,dt)
t =t + dt

NN
= O

N N
w N
o
=}
o}
Q.
o

c

24 800 format(5(1x,f15.7))

25 end

DB C kokokokokok ok ok ok sk ok sk ok ok ok ok ok sk sk sk o ok ok ok ok ok ok ok ok sk sk sk sk sk sk sk sk sk sk s s s s o o sk sk sk ok o ok ok ok ok ok ok ok ok ok sk sk sk sk sk sk sk sk ok ok

27 subroutine onestep(x,y,vx,vy,dt)

DB © KKK K KKK KoK ok ok ok ok ok ok ok ok o o o o ok ok ok ok ok ok ok oK ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok o o o o ok ok ok ok ok ok K KoK oK ok ok ok ok ok ok
29 implicit real*8 (a-h,o-z)

30 c

31 c¢ Force at x,y

32 call force(x,y,fx,fy)

24



33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

c Trial Propagation and Force at x,y

x1 = x + vx*dt
yl =y + vy*xdt
vx + fx*xdt
vyl = vy + fy*xdt
call force(xl,yl,fxl,fyl)

vx1

¢ Calculate the shifts of x,y,vx,vy in Improved Euler method

dx = (vx + vxl)*dt/2 ! Improved Euler
dy = (vy + vyl)*dt/2 ! Improved Euler
dvx = (fx + fx1)*dt/2 ! Improved Euler
dvy = (fy + fyl)*dt/2 ! Improved Euler

c Real Propagation in Improved Euler method

X = x + dx
y=y+dy
vx = vx + dvx
vy = vy + dvy

end

sk ok o sk sk ok o sk ok o sk ok o ok sk ok o sk ok s sk ok o ok sk ok o sk ok o ok sk ok o ok sk ok o K ok o o sk ok o ok sk ok o ok ok o o sk ok o ok sk ok o K ok ok o sk ok ok
subroutine force(x,y,fx,fy)

sk ok o sk sk o sk ok o ok sk ok o ok sk ok o sk ok o sk ok o ok sk ok o sk sk o ok sk ok o ok sk ok o sk sk s sk o s ok sk ok o sk sk o ok sk ok o ok sk ok o sk sk ok o sk ok ok

implicit real*8 (a-h,o-z)

end

ok ok ok ok ok K ok o oK ok K ok ok oK ok Kk ok K oK K ok ok ok K ok o ok ok K ok Kk ok K ok o Kok sk ok oK ok sk ok ok o ok ok sk ok ok ok ok ok ok Kok
subroutine engang(x,y,vx,vy,eng,ang)

stk ok ok ok ok K ok o Kok K oK ok K oK ok ok oK oK oK ok o ok ok K ok o ok ok K ok ok ok K ok o Kok ok ok K ok sk ok ok o ok ok sk ok K ok ok ok ok K ok
implicit real*8 (a-h,o-z)
eng = (vxxvx+vy*vy)/2.....
ang = ....
end

6.2 00OOOOOO

U0Dbo0bO0o0bbOOFoRTRAN DO ODOODOOODODOODLOODLOOODO0ODLDOO
gboboobooobboooon

6.3 gnuplot 0000000

gooboboooooouoo1boboboboboboooooobDooDobLD FOODODOD
oo LQd

p
1
E:|U2T7 L="x0=x-vy—y- v

gooooooooooobobooboboooooboobobooobobooomoon
obobobooboooooooooo

25



gooboogobodoE>00000000E=00000000FE<00D0O0O0O0ODO
gbboobooooobooboboooboouoooboooboooboobbooobooobooobooboon
0000000000000 0000D0000000O0000D00000000 (progo6.dat)
00000000 (0000000000 a.out > prog0d6.dat 00 )0 0O O U Homepage
goboobooobuooboooboobbooobooboo

apl xx: gnuplot prog06.plt
gonoogoogooodg

prog06.plt

1 set xzeroaxis # x UUUUQogg

2 set yzeroaxis # y UUDODOOOO

3 # 0J000b0oobobooboobbooboobbooobnbD # 0DbhOooboaoo
4 set xlabel "x" # x 0000000 x0OODODODO

5 set ylabel "y" # y UUUOUOUOODO yOOOOOO

6

7 #u l using UUOw 1 0 with lines DD O OONO

8 # using U with OO0 title "..." OD0O0O0OO0OOO0ODOOO0OOOOODOOO
9 plot "progO6.dat" u 1:2 title "Keplar Motion" w 1

10 pause -1

Kepl‘ar Motion’

6.4 UJUUOUUOOOOOOOO

0000000000 0ob0bob0oobo0b0ob0ob0odDOD Homepage D OODOODO
gobooboooooboooo

6.5 UU4Uu

() bOoOoOo0oU0OOO0O0O0UO0OOU0O0OOO0OO0D0DOOOO0OD0ODOOOOODObOODOOOO
obooboboboboboboboooooboooooooobooobL PO LOODO
ubboobuoabbood

26




(2 DO0OOOO0OO0DO0DO0OOODOOOOODOODOO

d%r

TT’
5 = 1"
dt T

On=—-20Kepler U0 UOO00O0n=1000000000000n000

x =4, vyi=0.70000000

16

14t
12t

10

6.6 [

AN oM B O ©
———

-12 -10 -8 -6 -4 -2 0 2 4 6

n=-1, x=4, vyi =0.4000
00000t =200000000000

. "prog06.dat” u 1:2 —— . . . .

T~ "ex06l.dat"'ul:2 ——— | "prog06.dat” u 1%
T~ 4k "ex06l.dat"u1:2 ——— |

S~ | "ex062,dat" u 1:2\; - - -

-~ [N . - ~ \
, , . AN

goboobdogon...

U000 mleD00O0O0D0OD0OO0DOODOODODOD

(1) mule OO0D0OD0ODO C-x m (mailmode) DO ODODOOOOOODOOOODOOOODO

(2) 00O0OToe: UDUUU Email 00000000 DO0O0ODOOOOOOOODOODODOO

cc

(carbon copy) 0O OO (cc: s0300xxy) DO OO OOOOSubject: JOODO

Prog06 DO OO OODOO

(3) —-text follows this line--0 0000000000 OOOC-x i (insert file) 00O
progl6.f I UDOODOOODOODLOODODOOO

(4) 0000000000000 0O0OD0OD0OO (DDOO0O0O --text follows this line-- [
O00)oooooooo

(5) 000000000 ODOO0DODOOUOOOODOOD

To: Teacher@server

cc: s0300xxy

Subject: Prog06

-—text follows this line--

gbobooboooboooobooboood

gboobooooooooooon
program prog06

Kepler Motion in the x and y coordinate system
by using the improved Euler method
subroutines:

onestep(x,y,vx,vy,dt)

force(x,y,fx,fy)

O o o o o o0

(6) DO00ODDOOOOOOOO Cc-c C-cO0O00ODODOOOOOOO C-c C-.qOOOO0OOO

27



7T UJO00O00O0O —2000 Newton [

0000000000000 ¢(>0)00000000000O0OOOOOOOO

cx=¢e "~

71 0ODO00000bO00b00o0bo0

00000 O0<z<1/c000000000OOOO0OOOOOOOOOOODODOOOODO
gboboogooo

© 00 NO O WN -

B W W W WWWWwWWWNDNNDNDNNNNNDNNDMDNRERERRPRERRRRRPR B 2
O ©W 00 NO O P> WNEFE, O OWONOOPE WNEFE, O OOWwNO O P WwWNNE=- O

program prog07

¢ This program solves the equation c*x = exp(-x) by using NI-Bun-Ho.

o o o o o0

C

implicit real*8 (a-h,o0-z)
Statement function (00 )
f(x)=c*x - exp(-x)

0000 ——=—====———————— *
eps = 1.0d-10 ' DOo00O0
dom= 1,50
¢ = m*x0.1d0 ' 00000 cO00O0QOoOooO
a = 0.0d0 ' £(0) = -1, £(1/c)=1 - exp(-1/c) > 0
b = 1.0d0/c ' OO000£(x)=0 OO0 o<x<1/c OOOODO

(b-a) U000 n 0O 200000000000000
Oooooooooooo
(b-a) /2%*n
000 eps (UOOO) OOOOOOOOO
n > log((b-a)/eps)/log(2.0d0)
n = int(log((b-a)/eps)/log(2.0d0))+1
fa = f(a)
I B B B Rt S *
I B *

(a + b)/2.040

o]
]

fx = f(x)
if(fx .eq. 0.0d0) goto 20 fx =0 000000O0OCOO
if (fx*fa .gt. 0.0d0) then ! IF (...) THEN
a=x ' f(x)xf(a) >0 O0O0O0OOO x 0O b OO
fa = fx ' DOo0o0ogdod (x, b) DOOO
else ! ELSE
b=x ' f(x)*+f(a) <0 000000 a0 x OO
end if ! END IF
end do
20 continue I goto 20 UOOOOODO
write(*,100) c,(a+b)/2.0d40 ' 00000o0o0on
end do
O00000O00 =====mmmmm e e e e e e *
100 format(2(1x,f15.7))

end

28



7.2 Newton UOOODOOOOOOOOO
obobU zs000Db0Ob0ODbObD0ObObOObLObOO0 2+dz 0000

flx+dz) = f(z) + f'(2)dz

Oo000O00de 000000 OOOO0ODOOOOOOODOOOODOOODOO n—o0oOO
UO00b0b0b0ob0obUobO Newton DODODO

Ty = Tpn—-1 — f(xn—l)/f/(xn—l)

1 program prog072

2 ¢

3 ¢ This program solves the equation c*x = exp(-x)

4 c by using Newton’s method.

5 implicit real*8 (a-h,o-z)

6 c

7 ¢ Statement function (O O0O)

8 f(x)=c*x - exp(-x)

9 df (x)=c + exp(-x)

10

11 c U000 —===———————-m oo *
12 eps = 1.0d-10 ' oDooogn

13 c 0000000 -——————————————— oo *
14

16 c 0000 —————————————— *
16 dom= 1,50

17 c = m*x0.1d0 ' DOoo0bd cbOOobooooo

18 x = 0.0d0

19 nl =1
20 do n=1,1000
21 fx = £(x)
22 nl =n
23 if (abs(fx).1lt.eps) goto 20 ! DUOOOODOOOOO
24 dx = -fx/df (x) ! Newton [J
25 x = x + dx
26 enddo
27 20 continue
28 write(x,100) ¢, x, n1 ! JO00O0O0O0OO0OO0OOOOOOOOO
29 end do
30 c 00000000 —=—————————m— oo oo o o m *
31
32 100 format(2(1x,f15.7),1x,1i4)
33 end

73 ODOooOooog
e JO0UDOUDUODOD —ODOODO Newton U

e FORTRAN 0 if 0000000 OOOOO
uboboobuoobboodxtd yobbhoobOoooobooo

29



7.5

00 |00 [00
x.1t.

y | ¢ <y | less than
.le.y | x <y | less than or equal to
.gt.y | * >y | greater than
.ge.y | * >y | greater than or equal to
y
y

.eq. x =1y | equal to
.ne.y | x #y | not equal to

MMM MM

000 (statement function)
000000000000000O0000000D0000000 (implicit ... O
real*8 a, b0 000 )000000 (write, read, x=x+a, ... 0000)000
O0o0ooooooooooooooooooooooooooooooooooon
oooood

goto [
goono
Newton OO 0O OO
e’ —e 7
y=tanhx = ——
el e~ 7

O000 tanh 'y 0000000000 Newton 0000000000000 DOy
Ubdbo<y<1lO0O00OO0

D000 y 00000000 f(z) =y—tanha 00000 f(x) =000 20 tanh ™y
000000000000 x=000000000000]|f(x)l]<ed0000O0ODOO
Uooouobbobbobbegbbobonooogag

uoboboboboooooboobbooooooobooboboooooooosoboooo
00 «0000000000000000000v2?00000000000~00
ocmooobooobo AOOOO0OOOODOOOOOOODOOODOOODOOODOO
gooooboobon

gobooboobbooboobbooboobbon

dv 2,2
m— = —vya“v° +m
dt Y g

oobooobbombOOO0oDDbOO0O0O0

l.o(t)00000vw=000000000000D0000O000OD0O0O0ODOO0OOO
Ozt)0DOOOODODOOOOOO

2. 000000« 0x(t)=h000000000000000O0O0O0O0O0O0O0O0O
Oooooboboooooobobobg=98,y=1000000000000 a,m,h
uboboobobooboboo2ombOb00bO0o0boboboboobooboboon
gboobooboobbooboobbooboo

gobooboboogdgn...

U000 muleD000O0O0O0O0OO00O0OO0O0O0OO0O0O0O00O00O0O00O0 progo72.£f 000000
goobooboogoo
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8 Uibbboobuobudobb: o0 booa

8.1 OLUdUUl.:d0b0bbOoOooobbboodn

0000000000000 ooo0ooooooooooooooooooong z,y00O
Oooooooe0nonOOD0ObOOO000vwOODODOOOOOOOOOooooOO

dz dvy 9

— = m—— = —ya“vzv

dt F) ya vV,
d;y_ dvy

= m- = —ya*v,v —mg (1)

dodooooooobibyDDODD0De D mOOO0O00O0O0000o0000000 v =
,/vg—FvZDDDDDDDD

2(0)=0, y(0)=0
v2(0) =vgcosB, vy (0) =vgsinb

gooooooon

l.ggbobobobooboobooboobodybuooboobuooboboboboboobo
OO0 (progo8l.f) UODUODUODODUODOODOOg=98m=100000000

000060 =m7/4,v9=20,a=01,y=10000000000000000000
oboooooboobobdy=0000000000000000D0OODOOOODOO
ogboogooog

2.000000000D0AODOODOLOy=000000D 000000 2¢00DO
U0obooboobooobooDg (progos2.fH)y <0000 0OODOODOODLDOO
0 (0o0O0O0O000)DoDoooooooooooooO

3. 0000000000 0000ODO00O0O 20000600 2,00000000000DO
O00OO0O00000 (progos3.£)000D0O0O0O0OCO0O0O 000 OODOODDOCODO
000000000000 00000000O00O00O00O0O00O0OD0O0OO (0=m7/4)
ubobogoboabooban

82 JUUOUOOOOO
82.1 OOOO

ugb gooog

Ugboboobbodiblu=30,a=02 m=1,~v=100000000000
00000 00000 OO0ODOO0ODDOODODOO0O0O degree0D0O0O0DODOO0O
0000000230 (0o0)0ooo

822 [0O0O0OD0OO0OOO0ODOODDOO

gboobooooboobooboooboooboobmoobobooboooboon
gbobobobobobobobob

e NUUIDOOODODOUODLOODDOUOOMIObOObOODODDLDOODLOOOLDDOObOOODnDO
0O00000ooO0o0oOoO0ooOOo0oo0o0ooOo0ooOooo0ooOoooDoD coodo
0000000 (Fortran 00O0O0O0O0O0OODO)DO

e I0IU0UUOUODOUDDN (reed0000UOOUD)00DOODOOOO(UDOOO
O00000000000000000000ooOoOoOooooooon)
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8.3
8.3.1

Subject O ODUOUODOOODOOO0ODOOODOODOOO repo8s 000000

gbobooboobooboboobo
gbobogoobooboobbooboobboobooboooboobooon

oogd
0000000 (prog081.f)

0000 (Weekl0OOOOOO 1.) O0OO0O0OOprogo6.f 00 OOOO0OOOOODODOODO
U U subroutine onestep, subroutine force U U DODOOUOOOOOOOON

00000 (progo8t.f) OODODO

C

© 00 NO O W N -

W WWWWWNDNNDNDNDNNDNNMNDNDDNNNMNNERPRRPRRPR PP P22
O WONEFP, OO0 NOOO P WNEFE O OWOONO O WN = O
O (¢} (¢} (¢} O (¢}

program prog081

IF GOTO LOOP Start
10 continue
call onestep(x,y,vx,vy,t,dt,ga)
write(*,....) x,y,t
if( y .ge. 0.0d0 ) goto 10
IF GOTO LOOP End

>k 5k >k 3k 5k 3k 5k >k 5k >k 3k 3k 3k 5k >k 3k 3k 3k 3k 5k 5k >k 3k 5k 5k 3k >k 3k >k 3k 5k >k 5k >k 3k >k >k 5k >k 5k >k 3k 5k >k 5k >k >k >k 3k 5k >k >k >k 3k 5k 3k 5k %k >k %k %k 5k >k >k %k >k %k %k *k %k

subroutine onestep(x,y,vx,vy,t,dt,ga)
sk ok o ok sk o sk ok o sk ok o ok sk ok o sk ok s ok sk ok o ok sk ok o sk sk o ok sk ok o ok sk ok o ok ok o o sk ok o ok sk ok o ok ok o ok sk ok o ok sk ok o K ok ok o sk ok ok

X = x + dx

end
sk sk ok ok ok ok o ok ok ok ok ok ok ok s ok ok s ok ok sk ok ok s ok ok sk ok ok sk ok ok sk ok sk sk ok sk sk ok sk sk ok sk sk ok sk sk ok sk ok ok sk sk ok s ok ok ok ok s ok ok sk ok ok ok ok

subroutine force(vx,vy,fx,fy,ga)
sk ok ke sk sk o ok sk s o sk o o ok sk o o sk s s sk o e ok sk o o sk sk o sk o o ok sk o o sk sk s sk o o sk sk o o sk sk o sk ok e ok sk ok e sk sk ok sk ok ok
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832 y=0000 z=2, 000000 (progos2.f)

00000000 y<00O000O0OO0O0O0ODO ¢t=x,0000000000D0000DO0O0O0O

000000000000000D0 z=2,0000000000000000000000

00000000000 0000000ONewton JO0DOO0OO0O0O
00000000000 subroutine (onestep, force) OO OODOODOO

O0O0D00O (progos82.f) DUDOO
(prog081.f 00O OOOO onestep, force 10D ODODOIOODOMO)

1 program prog082

2 ..

3 10 continue

4 call onestep(x,y,vx,vy,t,dt,ga)

5 ...

6 if( y .ge. 0.0d0 ) goto 10

7 c

8 call solveyO(x,y,vx,vy,t,ga)

9 xf=x

10 write(*,100) theta, xf, t

11

12 end

13 © kokokokokokokokokokokokokokok ok ok ok ko ko ok okookok ok sk sk ok ok ok ok ok ok ok sk sk sk sk ok ko ok ok ok ok ok sk sk ok sk ok ok ook ok ok ok sk ok ok ok o ok ok ok
14 subroutine solveyO(x,y,vx,vy,t,ga)

15 © sokokokokokokokokokokokokokokok ok ok ok ok ok ko ok ok ok ok ok sk sk ok ok ko ok ok ok ok sk sk sk sk ok ko ok ok ok ok ok sk sk ok ok ok ok ok ok ok sk ok ok ok ok o ok ok ok
16 ...,

17 ¢

18 eps = 1.0d4-10

19 don=1, 1000
20 if (abs(y).1lt.eps) goto 20
21 dt = .....
22 call onestep(x,y,vx,vy,t,dt,ga) ! OO0 dt DOOOO0O
23 enddo
24 write(*,*) " I cannot find the position where y = 0."
25 20 continue
26 c
27 end

833 0000U0DOUODOO 2 U0DOODODO (progd83.1£)

O0MeO00000 2, 000 subroutinel
subroutine solvexf (v0,theta,ga,dt,xf,tf)

goooooooooooboboboobDDDODDOO progos2.f D OONODDOODOO subroutine
Jooddooooo

000000000000 0D00D00000000 do loopdDOO AODODOODOODO
000 subroutine solvexf [0 call OO OON

O0O0Db0O0O0000D00D0 subroutine (onestep, force, solvey0) DO D ODOO
ooad

00000 (prog083.f) DO OO
(prog081.f 00 IO OO0 onestep, forcelprogd82.f D0 I O DOOO solveyod OO
00oooooo)
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1 program prog083

2 L.,

3 do i =1, 89

4 theta = dble(i)

5 call solvexf(v0,theta,ga,dt,xf,tf)

6 write(*,100) theta, xf, tf

7 end do

8

9 end

10 © kokokoskokokokkokokokokokokokokokokokok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok o ok ok ok ok ok ok ok ok sk ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok o o
11 subroutine solvexf(vO,theta,ga,dt,xf,tf)
12 C kokokokskokkokokokokokokokokok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok o o ok ok ok ok ok ok ok sk sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok o o
3 L.

14 pi=.....

15 t = 0.0d0

16 = ...,

17 L.

18 10 continue

19 call onestep(x,y,vx,vy,t,dt,ga)
20 ...,
21 if( y .ge. 0.0d0 ) goto 10
22 call solveyO(x,y,vx,vy,t,ga)
23 xf = x
24 tf =t
25 ¢
26 end

834 =2, 000000 000000 (@OD0O0O0O00OO rep08.£)

0000 10°<6<90° 00000 zpJO0O0D0O0O0O0O0O0O0O0O0MOOOOOOOOO
000000000 Af<oO1I°O0D000D0O00O00O0O0O0OOO0.01°000 ;0000
ooeoboimuoobboobooooboooon

O0000000000000(1)¢ 0000000 subroutine solvexf O call 00 (2)
rx, 000000 (00000000000 2, 000000000000)00000000
(2 0000000000000 O000DOO0O00D0DU0OODODODOOODOOOO

84 0LUUUobO

O000o0o0O000ouoooDbOo0bDD Homepage UOODODOOOOO ftnchek OO O
oooooOoooOoOobo0ooDboboDoD mule0OOOODOOODOOODOOOODOOOO
U00000D00b0b0O0 Homepage DO DUODOODOODODODOOOODOODOD
oo00OoO00ooOOo0o0oO0DOO0OoOooDObOOo0bOOOmule0DOOOOO PCODOOO
gooooo
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9

g

goboooboood

(0,))000000000O0OOODO0OO000O0OODOODOOOOOOOOO

9.1 ODuooobbboodobbboooobbbooan

© 00 NO O WN -

DD D P D WWWWWWWWWWNDNMNNNDMNMNMNMNMNMNRERRPRRPR PR BPB PB 2P
D WNEFE O OO0 NSO P WNE O OO NOD OGP WNE O OO NOD O WND - O

program prog09
This program analyzes the distribution of random numbers [0,1)
generated by

function rnd

O o0 o o0

implicit real*8(a-h,o0-z)
integer*4 iseed
c dimension = vector
dimension hist(50)
¢ Initialization
iseed = 123456789
n = 100000
dx = 1.0d40/50
do j = 1,50
hist(j) = 0.0d0
end do
c Make Histograms
doi=1,n
x = rnd(iseed)
j = int(x/dx)+1
hist(j) = hist(j) + 1.0d0
end do
¢ Output
do j = 1,50
write(*,100) dx*(j-0.5d0),hist(j)/n/dx
end do
100 format(2(1x,f10.4))
end
C KoKk ok 3 ok ok 3 ok oK 3 ok 3 ok ok 3 ok ok 3 ok ok 3 ok 3K 3k ok 3 ok ok 3 ok K 3 ok 3 3k ok 3 ok ok 3 ok 3K 3 ok 3k 3k ok 3 ok ok 3 ok ok 3 ok 3 ok ok 3 ok ok ok K K ok

function rnd(iseed)

C A AR KK KA K KKK oK oK Kok K Kok K KK ok KK ok K ok ok oK ok Kok oK ok ok Kok ok K ok Kok K ok K
implicit real*8(a-h,o0-z)

c...32 bit (=4byte) machine
integer*4 iseed,il,ic,ih

il = 843314861
ic = 453816693
ih = 2**30
xmax = 2.0d0**31
c
iseed = iseedx*il + ic
if(iseed.1t.0) iseed = (iseed + ih) + ih
rnd = iseed/xmax
c

end

35



9.2 UJUoooon
e NOODDOODDOODO

e NOODODOODODO

dimension hist(m)

hist(i) = ..

e JOODODODODOO

9.3 4Uuog
(1) booOoO0oO0oO0O0O0O0OoOoOoOoOOoO0OO0UOOOooOOooOOOoOOO

(2) 0000 (0,1)00000 2,2, 00

1, /22 +23<1000
y:
0 /x?+23>1000

boobybOoobobobbobooboobboboobobobooboobooo
ugbbobooobboooboobbooboobbooboooboboobooan

(3 D000 (0,1))D0000 29,2200

y1 = cos(2mxy)y/—2log(x2)

yo = sin(27z1)(/—2log(x2)

ubobdy,ype OO0 O0DOO0OO0DbO0ObLOOo0ooLobOo0obD oo 1booono
ubbooobooboobbooboobooobooboonoa

(4 D000000OOOO0OODOOOCOOO0OO0OODOOO0ODOODOOOOOODOOOD
ooboobooboobooooobooooboooobobobooboobooooo
gboboooboooooooobooboobooobooboboobobooboboo

l.n=0k=00000

2.n010000

3.001/60 k010000

4. k=500000000000002.0000

b0 n0000000000DL00O0DO0OO0DODOODLOO0ObO0O0ODbLO0DbOnObOODO
ugbboobooboobbooboo

94 00OO0O0OOOODOOD..
00000 (2)0000 mle000000O0O0OOOOOOOOOO
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10 o2 0o0boobooobouoouoboboon

20000000000 o0ooboobobooboboboooboboobOobobobo
gobooboobboobooooo

P(ps) = exp(—p2/2mksT)
Pa) = V2mmkgT

0000000000000 0 m=1000000000 kg=R/N4=1(RO0OOOOO
N,0OO0OO0OO0OO0O0)000000 E=NkT 00000000 OOOOO
md 000000000 O0OO0OOOO00O4

10,1 00000000 Boltzmann DO0O0OOODOOODOO

1 program proglO

2 C

3 C O0O0D0OD00ODO Monte-Carlo U UODOUODOODODODOLDODOO
4 C function rnd OO0 OO0O0OO0O0OOMOOCOOCOOO)YOOO0O
5 C

6 implicit real*8(a-h,o-z)

7 integer*4 iseed

8 real*8 hist(-50:50),p(2,10000)
9 C

10 C OO0 ——====———————— *
11 cOO0OO0OOoDoQ

12 iseed = 123456789

13 pi = 4*atan(1.0d0)

14 ncol = 100000

15 n = 10000

16 dx = 0.0240

17 cOOoOoOoDOoOd

18 open(16,file="progl0.dat’)

19 C
20 cOODOOOOOOODO
21 do j = -50,50
22 hist(j) = 0.0d0
23 end do
24 cUOODOOOOOOO
25 px = 0.0d40
26 py = 0.0d40
27 doi=1,n
28 p(1,i) = rnd(iseed)
29 p(2,i) = rnd(iseed)
30 px = px + p(1,i)
31 py = py + p(2,1)
32 end do
33 pPx =px / n
34 py =py /n
35 cUOOOOOO odOoOoO
36 doi=1,n
37 p(1,i) = p(1,i) - px
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38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78

p(2,i) = p(2,i) - py
end do
C
cUtldboood. DooUdoUudod necol DOOOOO =-==========—————- *
C
do k =1, ncol
codooooooooooooon

il =int(rnd(iseed)*n)+1
i2 =int(rnd(iseed)*n)+1

coboboooga

px = (p(1,i1) + p(1,i2))/2

py = (p(2,i1) + p(2,i2))/2

pr = sqrt((p(1,i1)-p(1,i2))**x2+(p(2,i1)-p(2,1i2))**2)/2
choboboooooouoon

theta = 2xpi*rnd(iseed)
p(1,i1) = px + prxcos(theta)
p(2,i1) = py + prxsin(theta)
p(1,i2) = px - pr*cos(theta)
p(2,i2) = py - pr*sin(theta)
end do
C
COOOODODODODN —=—=—=m——m—mmmmmm oo

energy = 0.0d0
doi=1,n
CPx U dx DOOOOOOOOOOO

k = nint(p(1,i)/dx)
if(k.ge.-50.and.k.1le.50) then
hist(k) = hist(k) + 1.0d40
endif
energy = energy + (p(1,i)*x2 + p(2,1)**2)/2
end do
T = energy / n
cooono
do j = -50, 50
X = dx*j
write(16,100) x, hist(j)/n/dx, exp(-x**2/2/T)/sqrt(2*pix*T)
end do
choOoooooo

100 format(3f10.4)
end

10.2 0OO0O0O0OO0O

e I0OOODOOODODOOO
dimension hist(n:m)
e JJ0OIODOOODOO

dimension p(2,10000)
p(l,i) = ..
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e JOUODOUODODODOD

10.3 0OO0O0O0O

1. 00000000000 b0b00 ncol DOODOO0DOO0OOOOO0ODOO0ODODOODO
obooboboobooooooooooooooooooooooo

2.00000000O030Db00b0bOoO0ObO0ObDbOoO0ObOo0ObLDbOoOn
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