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program freefall

I This is a program to investigate the free fall

I 2005/5/12 Written by T. Ohtsuki

I Runge-Kutta method, subroutine used

I derivs is used as a subprogram, using "contains".

I This makes parameters in the procedure derivs global variables

implicit none ! Always begin with this statement
integer,parameter::double=selected_real kind(14)

real(kind=double), parameter::zero=0.0_double,one=1.0_double,half=0.5_double
real(kind=double),parameter::pi=3.1415926535897932

integer,parameter::nd=2 ! dimension of the equation
real(kind=double),dimension(nd)::y,dydx,yout &, EEIIRIILTESE
real(kind=double)::deltat,t,tmax,analytic

integer::i,nmax

real(kind=double),parameter::g=9.8 double,gamma=1.0 double

external:: derivsfreefall

deltat=0.05_double

t=zero
y(1)=zero !initial velocity, #H#A{EL LR EHSD
y(2)=zero !initial position



tmax=5._double
nmax=int((tmax-deltat/2._double)/deltat)+1

do i=1,nmax
call derivsfreefall(nd,t,y,dydx) ! #5 %# %KD
call rk4(nd,y,dydx,t,deltat,yout,derivsfreefall) 2%z FE > TAE (TR R E
y=yout

end do

tmax=deltat*nmax

analytic=-g*tmax/gamma-g/gamma**2*exp(-gamma*tmax)+g/gamma**2 | Z Z 538 LV AR LY
print *,tmax,y(2),analytic

end program freefall
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lememmmmem e eeee Subroutines ---------------=-----
SUBROUTINE derivsfreefall(nd,x,y,dydx)

I subroutine derivs

' nd: dimension of y

I x: time (usually time independent)

I dydx: first derivative w.r.t. time, not a partial derivative

IMPLICIT NONE
integer,parameter::double=selected_real kind(14)

integer::nd

REAL(kind=double), INTENT(IN) :: x

REAL(kind=double), DIMENSION(nd), INTENT(IN) :: y
REAL(kind=double), DIMENSION(nd), INTENT(OUT) :: dydx
real(kind=double),parameter::g=9.8_double,gamma=1.0_double

dydx(1)=-(g+gamma*y(1)) g, gamma are global values ! CCIXZAREZ S

dydx(2)=y(1)
END SUBROUTINE derivsfreefall



SUBROUTINE rk4(nd,y,dydx,x,h,yout,derivs) _ are s ——
R | CNIFIERBITARAENSLY,
I This is a Runge-Kutta subroutine I’k4.f90& L—C-{%ﬁ

I 2005/5/11 Written by T. Ohtsuki
|
IMPLICIT NONE
integer,parameter::double=selected_real_kind(14)
integer::nd
REAL (kind=double), DIMENSION(nd), INTENT(IN) :: y,dydx
REAL (kind=double), INTENT(IN) :: x,h
REAL (kind=double), DIMENSION(nd), INTENT(OUT) :: yout
INTERFACE
SUBROUTINE derivs(nd,x,y,dydx)
IMPLICIT NONE
integer,parameter::double=selected_real_kind(14)
integer::nd
REAL (kind=double), INTENT(IN) :: x
REAL (kind=double), DIMENSION(nd), INTENT(IN) :: y
REAL(kind=double), DIMENSION(nd), INTENT(OUT) :: dydx
END SUBROUTINE derivs
END INTERFACE
REAL(kind=double) :: h6,hh,xh
REAL(kind=double), DIMENSION(size(y)) :: dym,dyt,yt

hh=h*0.5_double
h6=h/6.0_double
xh=x+hh

yt=y+hh*dydx

call derivs(nd,xh,yt,dyt)
yt=y+hh*dyt

call derivs(nd,xh,yt,dym)
yt=y+h*dym
dym=dyt+dym

call derivs(nd,x+h,yt,dyt)
yout=y+h6*(dydx+dyt+2.0_double*dym)
END SUBROUTINE rk4
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program freefall ! OrbittTH9 %

I This is a program to investigate the free fall
I 2005/5/12 Written by T. Ohtsuki
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I derivs is used as a subprogram, using "contains".

I
I
I Runge-Kutta method, subroutine used
I
I

This makes parameters in the procedure derivs global variables

implicit none ! Always begin with this statement
integer,parameter::double=selected_real kind(14)

real(kind=double), parameter::zero=0.0_double,one=1.0_double,half=0.5_double
real(kind=double),parameter::pi=3.1415926535897932

integer,parameter::nd=2 ! dimension of the equation!, E{F:EE) T <{@E N DEE)LD Thd=2x2=4
real(kind=double),dimension(nd):.y,dydx,yout

real(kind=double)::deltat,t,tmax,analytic

integer::i,nmax

real(kind=double),parameter::g=9.8_double,gamma=1.0_double, ZtlEL 5% <74E 5
External:: derivsfreefall | Z#ildderivsplanetiZZ &,

deltat=0.05_double

t=zero

y(1)=zero ! initial velocity, #1HiE+LLUAREHD
y(2)=zero ! initial position



tmax=5._double
nmax=int((tmax-deltat/2._double)/deltat)+1

doi=1,nmax ! CCIEe<{EZE{TELLN!
call derivs(nd,t,y,dydx)
call rk4(nd,y,dydx,t,deltat,yout,derivs)
y=yout

end do

tmax=deltat*nmax

analytic=-g*tmax/gamma-g/gamma**2*exp(-gamma*tmax)+g/gamma**2 | Z 1538 H L Vs AT
print *,tmax,y(2),analytic

end program freefall
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Read *,x
Print *,Xx

BE, INIZEHETHMEZ M ERYT DM EE

open, close, read, writeZ{#>

open(l,file="planetorbit.txt” ) | 774 JLplanetorbit.txtz1&ED H T ELTEE

| AZ1THCTH2THI0THEDLLY,

| EBDIT7AIVEHITT, xILLIZ, ylF10[2ELDETHE
Write(1,'(€14.7))pi**3 | ‘(=) TEZTAZTIET. cNITIEHEEIPLYA
Write(1,'(f14.7))pi**3 | ChlIIEHEEHELPUA,

NABEDIEZELY, B FTHIELSERR
G Z X (D) AR O5HT D EBEHEEL, BADNMNLEL2EE B ELD, 6HTLLLTZEX
close(1)

Open(1,file="planetorbit.txt”)
Read(1,*) x
Close(1)
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program planetorbit

I This is a program to analyze the planetary motion
I 2005/5/19 Written by T. Ohtsuki

I Runge-Kutta method, subroutine used

I derivs is used as a subprogram, using "contains".

use ConservationLaw YRFRIZF VI THED1—ILZEFED
implicit none ! Always begin with this statement
integer,parameter:.double=selected_real kind(14)
real(kind=double),
parameter::zero=0.0_double,one=1.0_double,half=0.5_double
real(kind=double),parameter::pi=3.1415926535897932
integer,parameter::nd=4 ! dimension of the equation
real(kind=double),dimension(nd)::y,dydx,yout
real(kind=double)::deltat,t,tmax,energy,AngularMomentum
integer::i,nmax

external:: derivsplanet

deltat=0.05_double
tmax=5._double
nmax=int((tmax-deltat/2. _double)/deltat)+1



t=zero

I y(1):vx,y(2)=vy,y(3)=x,y(4)=y
y(1)=one !initial x-velocity
y(2)=zero !initial y-velocity
y(3)=zero !initial x-position
y(4)=one !initial y-position

call ConservedVariables(nd,y,energy,AngularMomentum)
open(1,file="planetorbit.txt’)

write(1,'(5f14.7)"t,y(3),y(4),energy,AngularMomentum

do i=1,nmax
call derivsplanet(nd,t,y,dydx)
call rk4(nd,y,dydx,t,deltat,yout,derivsplanet)
y=yout
t=t+deltat
call ConservedVariables(nd,y,energy,AngularMomentum)
write(1,'(5f14.7)"t,y(3),y(4),energy,AngularMomentum
end do
close(1)
end program planetorbit
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lememmmmem e eeee Subroutines ---------------=-----
SUBROUTINE derivsplanet(nd,x,y,dydx)

I subroutine derivsplanet

' nd: dimension of y

I x: time (usually time independent)

I dydx: first derivative w.r.t. time, not a partial derivative

IMPLICIT NONE
integer,parameter::double=selected_real kind(14)
integer::nd

REAL(kind=double), INTENT(IN) :: x

REAL(kind=double), DIMENSION(nd), INTENT(IN) :: y
REAL(kind=double), DIMENSION(nd), INTENT(OUT) :: dydx

dydx(1)=-y(3)/sqrt(y(3)**2+y(4)**2)**3
dydx(2)=-y(4)/sqrt(y(3)**2+y(4)**2)**3
dydx(3)=y(1)

dydx(4)=y(2)

END SUBROUTINE derivsplanet
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module ConservationLaw

implicit none
contains

subroutine ConservedVariables(nd,y,energy,AngularMomentum)

IMPLICIT NONE

integer::nd

integer,parameter::double=selected_real_kind(14)
REAL(kind=double), dimension(nd),INTENT(IN) ::y
REAL(kind=double), INTENT(OUT)::energy,AngularMomentum

energy=(y(1)**2+y(2)**2)/2._double-1._double/sqrt(y(3)**2+y(4)**2)
AngularMomentum=y(3)*y(2)-y(4)*y(1)

END subroutine ConservedVariables

end module ConservationLaw
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