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2 Mathching (shooting to fitting point) method
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I Main program:
PROGRAM shootingmethod
IMPLICIT NONE
INTEGER nvar,N2
PARAMETER (N2=1)
REAI dx,x1,x2,v(N)
LOGICAL check
COMMON / shootingm / dx ICommunicates with load, score, and derivs.
COMMON /caller/ x1,x2,nvar ICommunicates with shoot.
! USES newt
dx=1.e-4 IAvoid evaluating derivatives exactly at x = 0.
nvar=3 INumber of equations.
write(*,*) 'input initial guess for energy’
read(*,*) v(1)
x1=0.+dx !Set range of integration.
x2=15
call newt(v,N2,check) IFind v that zeros function f in score.
if(check)then
write(*,*)'shoot failed; bad initial guess'
else
write(*,'(1x,t6,a)") 'energy’
write(*,'(1x,f12.6)") v(1)
goto 1
endif
END Program shootingmethod
SUBROUTINE newt(x,n,check)
INTEGER n,nn,NP,MAXITS
LOGICAL check
REAL x(n),fvec, TOLF, TOLMIN,TOLX,STPMX
PARAMETER (NP=40,MAXITS=200,TOLF=1.e-4, TOLMIN=1.e-6,TOLX=1.e-
7,STPMX=100.)
COMMON /newtv/ fvec(NP),nn
SAVE /newtv/
I USES fdjac,fmin,Insrch,lubksb,ludcmp
INTEGER i,its,j,indx(NP)
REAL d,den,f,fold,stpmax,sum,temp,test,fjac(NP,NP),g(NP),p(NP),xold(NP),fmin
EXTERNAL fmin
nn=n



f=fmin(x)
test=0.
do11i=1,n
if(abs(fvec(i)).gt.test)test=abs(fvec(i))
11 continue
if(test.It..01*TOLF)then
check=.false.
return
endif
sum=0.
do12i=1,n
sum=sum-+x(i)**2
12 continue
stpmax=STPMX*max(sqrt(sum),float(n))
do 21 its=1, MAXITS
call fdjac(n,x,fvec,NP,fjac)
do 14 i=1,n
sum=0.
do 13j=1,n
sum=sum-+fjac(j,i)*fvec(j)
13 continue
g(i)=sum
14 ontinue
do15i=1,n
xold(i)=x(i)
15 continue
fold=f
do16i=1,n
p(i)=-fvec(i)
16 continue
call ludemp(fjac,n,NP,indx,d)
call lubksb(fjac,n,NP,indx,p)
call Insrch(n,xold,fold,g,p,x,f,stpmax,check,fmin)
test=0.
do 17 i=1,n
if(abs(fvec(i)).gt.test)test=abs(fvec(i))
17 continue
if(test.It. TOLF)then
check=.false.
return
end if
if(check)then
test=0.
den=max(f,.5*n)
do 18i=1,n
temp=abs(g(i))*max(abs(x(i)),1.)/den
if(temp.gt.test)test=temp
18 continue
if(test.It. TOLMIN)then
check=.true.

AY



else
check=.false.
endif
return
endif
test=0.
do19i=1,n
temp=(abs(x(i)-xold(i)))/max(abs(x(i)),1.)
if(temp.gt.test)test=temp
19 continue
if(test.It. TOLX)return
21 continue
pause 'MAXITS exceeded in newt'
END
I SUBROUTINE shoot(n2,v,f) is named "funcv" for use with "newt"
SUBROUTINE funcv(n2,v,f)
INTEGER n2,nvar,kmax,kount, KMAXX,NMAX
REAL f(n2),v(n2),x1,x2,dxsav,xp,yp,EPS
PARAMETER (NMAX=50,KMAXX=500,EPS=1.e-6)
COMMON /caller/ x1,x2,nvar
COMMON /path/ kmax,kount,dxsav,xp(KMAXX),yp(NMAX,KMAXX)
I USES derivs,load,odeint,rkgs,score
INTEGER nbad,nok
REAL h1,hmin,y(NMAX)
EXTERNAL derivs,rkgs
kmax=0
h1=(x2-x1)/100.
hmin=0.
call load(x1,v,y)
call odeint(y,nvar,x1,x2,EPS,h1,hmin,nok,nbad,derivs,rkqs)
call score(x2,y,f)
return
END
SUBROUTINE load(x1,v,y)
REAL dx,x1,v(1),y(3)
COMMON /shootingm/ dx
ISupplies starting values for integration at x1
y(3)=v(1)
y(2)=1000
y(1)=1
return
END
SUBROUTINE score(x2,y,f)
REAL dx,f(1),y(3)
COMMON /shootingm/ dx
ITests whether boundary condition at x2 is satisfied.

f(1)=y(1)



return
END

SUBROUTINE derivs(x,y,dydx)
REAL dx,x,dydx(3),y(3),v0,k
COMMON /shootingm/ dx
IEvaluates derivatives for odeint.

v0=474
k=7

dydx(1)=y(2)
dydx(2)=(-938.926/197.329**2)*(y(3)+v0*exp(-k*x)/x)*y(1)+15*y(1)/(4*x**2)
dydx(3)=0.0

return

END
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I Main program:

PROGRAM wavefplot

! driver for routine odeint
IMPLICIT NONE
INTEGER KMAXX,NMAX,NVAR
PARAMETER (KMAXX=200,NMAX=50,NVAR=3)
INTEGER i,kmax,kount,nbad,nok,nrhs
REAL dxsav,eps,hl,hmin,x1,x2,x,y,ystart(NVAR)
COMMON /path/ kmax,kount,dxsav,x(KMAXX),y(NMAX,KMAXX(
COMMON nrhs
EXTERNAL derivs,rkgs
OPEN(14 file="wave function.doc")
nrhs=0
x1=.0001

A4



x2=30
ystart(1)=1 linitial value for the wave function at x1
ystart(2)=1000 linitial value for the wave function derivative at x1
ystart(3)=-8.3369 IEnergy eigenvalue
eps=1.0e-4
hi=.1
hmin=0.0
kmax=100
dxsav=(x2-x1)/200.0
call odeint(ystart, NVAR,x1,x2,eps,h1,hmin,nok,nbad,derivs,rkgs)
write(*,'(/1x,a,t30,i3)") 'Successful steps:',nok
write(*,'(1x,a,t30,i3)") 'Bad steps:',nbad
write(*,'(1x,a,t30,i3)") 'Function evaluations:',nrhs
write(*,'(1x,a,t30,i3)") 'Stored intermediate values:',kount
do 11 i=1,kount
write(*,'(1x,f10.4,2x,2f14.6)") x(i),y(1,i)
write(14,*) x(i),y(1,i)
11 continue
END PROGRAM wavefplot

SUBROUTINE derivs(x,y,dydx)
REAL dx,x,dydx(3),y(3),v0,k
COMMON /shootingm/ dx
IEvaluates derivatives for odeint.
v0=474
k=7

dydx(1)=y(2)
dydx(2)=(-938.926/197.329**2)*(y(3)+v0*exp(-k*x)/x)*y(1)+15*y(1)/(4*x**2)
dydx(3)=0.0

return

END
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Abstract:

From the begining of the history of nuclear physics to now, using a model that is be able to
provide a good description of the nucleons behavior which is affected by the nuclear force
between them, has been in high importance. The hyperspherical harmonics expansion
method is one of the safest and most successful methods to study the many-particles
systems in the relativistic and nonrelativistic quantum mechanics. We want to find the
correct form of the Schrddinger equation for Triton three-nucleon nuclear system by this
method and then solve it in order to theoretical study of ground state and probability of
existence of excited bound state. For this purpose, using a potential that provide a good
estimation of ground state static propertice (energy and rms charge radius) is very
important in reaching a phenomenological model. First, we have used the Yukawa potential
as nuclear potential in Triton and in the next step for get closer to the experimental values
and real potential, we have added a correction term. in both cases the results have been
presented and compared whit experiment. We have used from the shooting numerical
method for solving the Schrodinger equation. it’s a suitable selection for exact solving of
this equation specially in the presence of those of potentials that there is not exact solution
for them (for example Yukawa potential). The shooting method is based on another

numerical algorithm such as Newton-Rafson root-finding and Runge-Kutta methods.

Key words: Hyperspherical space, Schrodinger equation, Shooting numerical method,

Triton, Binding energy
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