program Homework5_1

implicit none

real*4 V(-20:20,-20:20,-20:20),Vup(-20:20,-20:20,-20:20),width,delVtot,tolerance,r,pi

integer i,j,k,m,max,Niterate

call initial(V,Vup,width,tolerance,Niterate,max,r,delVtot,pi)

do m=1,max,1

call update(V,Vup)

call update(Vup,V)

Niterate=Niterate+2

call deviate(V,Vup,delVtot)

if(delVtot.lt.tolerance.and.m.gt.300)exit

enddo

call output(V)

stop

end

!subroutine!!!!!!!

subroutine initial(V,Vup,width,tolerance,Niterate,max,r,delVtot,pi)

implicit none

real*4 V(-20:20,-20:20,-20:20),Vup(-20:20,-20:20,-20:20),width,delVtot,tolerance,r,pi

integer i,j,k,max,Niterate

width=0.25

delVtot=0.0

r=5.0

pi=acos(-1.0)

tolerance=4.0/3.0*pi*r**3/width**3/100000

Niterate=0

max=10**(10)

do i=-20,20,1

do j=-20,20,1

do k=-20,20,1

V(i,j,k)=0

Vup(i,j,k)=0

enddo

enddo

enddo

return 

end

!soubroutine!!!!!!!!!!

subroutine update(Vold,Vnew)

implicit none

real*4 Vold(-20:20,-20:20,-20:20),Vnew(-20:20,-20:20,-20:20),width,r

integer i,j,k

r=5.0

width=0.25

do i=-20+1,20-1,1

do j=-20+1,20-1,1

do k=-20+1,20-1,1

if((i**2+j**2+k**2)*width**2>r**2)then 

Vnew(i,j,k)=0

else 

Vnew(i,j,k)=1/6.0*(Vold(i-1,j,k)+Vold(i+1,j,k)+Vold(i,j-1,k)+Vold(i,j+1,k)+Vold(i,j,k-1)+Vold(i,j,k+1))

endif

if(i==0.and.j==1.and.k==0)then

Vnew(i,j,k)=Vnew(i,j,k)+1/(6.0*width)

endif

if(i==0.and.j==-1.and.k==0)then

Vnew(i,j,k)=Vnew(i,j,k)-1/(6.0*width)

endif

enddo

enddo

enddo

return

end

!subroutine!!!!!

subroutine deviate(Vold,Vnew,delVtot)

implicit none

real*4 Vold(-20:20,-20:20,-20:20),Vnew(-20:20,-20:20,-20:20),delVtot

integer i,j,k

delVtot=0.0

do i=-20,20,1

do j=-20,20,1

do k=-20,20,1

delVtot=delVtot+abs(Vold(i,j,k)-Vnew(i,j,k))

enddo

enddo

enddo

return 

end

!subroutine

subroutine output(V)

implicit none

real*4 V(-20:20,-20:20,-20:20),width

integer i,j,k

k=0

width=0.25

open(1,file='possion-equation.txt')

do i=-20,20,1

do j=-20,20,1

print*, i,j,k,V(i,j,k)

write(1,1000) i*width,j*width,k*width,V(i,j,k)

1000 format(1x,1p,4(e12.5,2x))

enddo

enddo

close(1)

return

end
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TOLERANCE  ITERATION --NUMBER

0.67021    
         8

0.3351
               30

0.16755               112

0.03351           
324

0.00335              604
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Part（C）

program Homework5_1c

implicit none

real*4 V(-110:110,-110:110,-110:110),Vup(-110:110,-110:110,-110:110),width,delVtot,tolerance,r,pi

integer i,j,k,m,max,Niterate

call initial(V,Vup,width,tolerance,Niterate,max,r,delVtot,pi)

do m=1,max,1

call update(V,Vup,r,width)

call update(Vup,V,r,width)

Niterate=Niterate+2

call deviate(V,Vup,delVtot,r,width)

print*,delVtot

if(delVtot.lt.tolerance)exit

delVtot=0.0

enddo

print*,m,Niterate

stop

end

!subroutine!!!!!!!

subroutine initial(V,Vup,width,tolerance,Niterate,max,r,delVtot,pi)

implicit none

real*4 V(-110:110,-110:110,-110:110),Vup(-110:110,-110:110,-110:110),width,delVtot,tolerance,r,pi

integer i,j,k,max,Niterate

width=0.25/3.0

delVtot=0.0

r=5.0

pi=acos(-1.0)

tolerance=0.335103

Niterate=0

max=10**(10)

do i=-110,110,1

do j=-110,110,1

do k=-110,110,1

V(i,j,k)=0

Vup(i,j,k)=0

enddo

enddo

enddo

return

end

!soubroutine!!!!!!!!!!

subroutine update(Vold,Vnew,r,width)

implicit none

real*4 Vold(-110:110,-110:110,-110:110),Vnew(-110:110,-110:110,-110:110),width,r

integer i,j,k

do i=-int(r/width)+1,int(r/width)-1,1

do j=-int(r/width)+1,int(r/width)-1,1

do k=-int(r/width)+1,int(r/width)-1,1

if((i**2+j**2+k**2)*width**2>r**2)then 

Vnew(i,j,k)=0

else 

Vnew(i,j,k)=1/6.0*(Vold(i-1,j,k)+Vold(i+1,j,k)+Vold(i,j-1,k)+Vold(i,j+1,k)+Vold(i,j,k-1)+Vold(i,j,k+1))

endif

if(i==0.and.j==3.and.k==0)then

Vnew(i,j,k)=Vnew(i,j,k)+1/(6.0*width)

endif

if(i==0.and.j==-3.and.k==0)then

Vnew(i,j,k)=Vnew(i,j,k)-1.0/(6.0*width)

Endif
! for sor method  Vnew(i,j,k)=alpha*Vnew(i,j,k)+(1.0-alpha)*Vold(i,j,k)

enddo

enddo

enddo

return

end

!subroutine!!!!!

subroutine deviate(Vold,Vnew,delVtot,r,width)

implicit none

real*4 Vold(-110:110,-110:110,-110:110),Vnew(-110:110,-110:110,-110:110),delVtot,r,width

integer i,j,k

do i=-int(r/width),int(r/width),1

do j=-int(r/width),int(r/width),1

do k=-int(r/width),int(r/width),1

delVtot=delVtot+abs(Vold(i,j,k)-Vnew(i,j,k))

enddo

enddo

enddo

return 

end
width grid number    Jacobi iteration number   SOR iteration number

0.25
40
             30                      52
0.25/2
80
             438                     268
0.25/3
120
             1498                    692
0.25/4
160
             3260                    1344
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Problem2
program coil_magnetic_field

implicit none

real*4 z(-50:50),bx1(-50:50),by1(-50:50),bz1(-50:50),x(-50:50),bx2(-50:50),by2(-50:50),bz2(-50:50),r,dz,dx,dtheta,pi,theta

integer i,j

r=1.0

pi=acos(-1.0)

dz=0.03

dx=0.04

dtheta=pi/180

do i=-50,50,1

bx1(i)=0

by1(i)=0

bz1(i)=0

bx2(i)=0

by2(i)=0

bz2(i)=0

enddo

do i=-50,50,1

z(i)=i*dz

x(i)=i*dx

do j=1,180,1

theta=j*dtheta

bx1(i)=bx1(i)+1.0/4.0/pi*(z(i)+r/2.0)*r*cos(theta)*dtheta/((z(i)+r/2.0)**2+r**2)**1.5+1.0/4.0/pi*(z(i)-r/2.0)*r*cos(theta)*dtheta/((z(i)-r/2.0)**2+r**2)**1.5

by1(i)=by1(i)+1.0/4.0/pi*(z(i)+r/2.0)*r*sin(theta)*dtheta/((z(i)+r/2.0)**2+r**2)**1.5+1.0/4.0/pi*(z(i)-r/2.0)*r*sin(theta)*dtheta/((z(i)-r/2.0)**2+r**2)**1.5

bz1(i)=bz1(i)+1.0/4.0/pi*r**2/((z(i)+r/2.0)**2+r**2)**1.5+1.0/4.0/pi*r**2/((z(i)-r/2.0)**2+r**2)**1.5

bx2(i)=bx2(i)+0.0

by2(i)=by2(i)+0.0

bz2(i)=bz2(i)+1.0/2.0/pi*(r**2*sin(theta)**2*dtheta-(x(i)-r*cos(theta))*r*cos(theta)*dtheta)/((x(i)-r*cos(theta))**2+r**2*(sin(theta))**2+r**2/4.0)**1.5

enddo

enddo

open(1,file='ampere.txt')

do i=-50,50,1

write(1,1000) z(i),bx1(i),by1(i),bz1(i),x(i),bx2(i),by2(i),bz2(i)

1000 format(1x,1p,8(e12.5,2x))

enddo

close(1)

end
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