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dynewp.core Sun Oct 17 21:09:09 2004 1

program dynewp_core
parameter (nd=50,nnd=nd+nd)
implicit real*8 (a-h,o-z) de lircdion e{ Vol
dimension gmat (nnd,nnd),ewr(nnd),ewi(nnd),ev(l,1),ivl{(nnd),
fvl (nnd), ind(nnd) , gmatl (nnd, nnd)

priz=-*, 'Ir~v+- n / number of expansior ncefficients’
-ead ~, n N l
' (L 444£L€Q
if (n.gt.nd) stop ’‘n>nd’ P“' PMQ
=Nt .
do i=1,nn
’ \
do j=1,nn lA.q‘ ‘\‘MQA"J%’L‘W mﬁ Mu(—l‘\k}-
gmat (i, j)=0.d0
enddo
enddo

do i=1,nn
ri=dfloat (i)
gmat (i,i)=-ri*ri

enddo W‘ ke &Wﬁ

do i=2,nn-2,2
gmat(i,i-1)=0.5d0*dfloat(i-1)
gmat(i,i+1)=-0.5d0*dfloat (i+1)

enddo

gmat (nn,nn-1)=0.5d0*dfloat (nn-1)

10 print *, ‘Input: pa,pe,dp,iflag / stops if iflag<0 / ',
. ‘dynamo numbers’ z”f’ oS
read *, pa,pe,dp,iflag

if (iflag.lt.0) stop ‘normal stop’ . . olbuibbkv e Llﬂg

do p=pa,pe,dp
ph=0.5d0*p

~do i=3,nn-1,2

gmat (i,i-1)=ph P‘olzp‘ MH«\- »&&W‘b,

gmat (i,i+1)=ph
enddo
gmat (1, 2)=ph

do i=1l,nn
do j=1,nn
gmatl(i,3)=gmat (i,3) Q’Y"}S o‘(_ Adoty
enddo
enddo

call rg (nnd,nn,gmatl,ewr,ewi,O,ev,ivl,fvl,ierr)} CMF%LGVVOV\ Og_ 0:,‘{«.-

if (ierr.ne.0) stop ‘ierr ne 0 in rg’

volusz, ((EISPACK)
call indexd (nn,ewr,ind) <f\\\-
print * ' 94&:4‘,«43 e‘f_ 0—\‘(\9‘-‘.\)"‘2‘4}7

print 1000, p,ewr(ind(nn)),ewi(ind(nn))

do i-1.3 R ( RecPes)
print 1010, ewr(ind(nn-i)),ewi(ind(nn-i))
enddo ,
1000 format (£20.10,24d20.10) 9‘4117%
1010 format (20x,2d20.10)
enddo -QM-('l 0.‘ Qw()
goto 10

end
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dynex.core Sun Oct 17 21:09:08 2004

program dynex_core
implicit real*8 (a-h,o-z)
implicit integer (i-n)
parameter (nxd=201,ntd=500)
real*4 bf(ntd, nxd)

de e losofior ef_

dimension x{(nxd),sinx(nxd),cosx(nxd),a(nxd),b(nxd), \“1hh1&&21

anaw (nxd) , bnew (nxd)

read *, nx,dtim,ntim,rp
ra2ad *, rauf,guen

if (nx.gt.nxd) stop ’‘nx>nxd’

nxl=nx-1
pih=dasin(1.4d0)
dx=pih/dfloat (nx1l)
dx1=1.d0/ (dx*dx).
dx2=1.d0/(2.d0*dx)

do i=1,nx
x(i)=dfloat(i-1)*dx
sinx(i)=dsin(x(i))
cosx(i)=dcos(x(i)}))
enddo

do i=1,nx
b(i)=dsin(2.d40*x (1))
a(i)=0.d0

enddo

do k=1,ntim
c Output of k, a, b

do i=2,nx-1
ipl=i+1
iml=i-1
da=cosx (i) *b(i)/(1.d0+quen*b(i) *b(i))
+(a(ipl)-2.d0*a(i)+a(iml)) *dxl
db=rp*sinx(i)*(a(ipl)-a(iml) ) *dx2
+(b(ipl1)-2.d40*b(i)+b(iml) ) *dx1l
-rauf*dsign(1.d40,b(i)) *b(i) *b (i)
anew(i)=dtim*da+a (i)
bnew (i) =dtim*db+b (i)
enddo
do i=2,nx-1
a(i)=anew(i)
b(i)=bnew(i)
enddo
a(l)=0.do
b(1)=0.d0
a(nx)=(4.d0*a(nx-1)-a(nx-2))/3.40
b(nx)=0.d0

enddo

stop
end
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dynim.core Mon Oct 18 09:29:30 2004 1

program dynim_ core

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

parameter (nxd=201,ntd=50,nttd=500) Q [.

dimension x(nxd),sinx(nxd),cosx(nxd),a(nxd),b(nxd) d&z i b G{L
,at (nxd-2),bt (nxd-2),ct (nxd-2) ,dta(nxd-2) N
,dtb(nxd-2),xa (nxd-2),xb(nxd-2) U‘lnc'-sf&?

rzad , . °_..v,dcdim,utim, rp

1_‘ead *, rauf,quen (‘«('AL f"{; FQ:'@OIWLQA
if (nx.agr.nxd) step ‘nx>nxd’

nxl=nx-1

nx2=nx-2

pih=dasin(1.d0) .
pi=2.d0*pih Ak aﬂ‘m"a Y artie bﬁa,

dx=pih/dfloat (nxl)

dx1=1.d0/ (dx*dx)

dx2=dtim/ (2.d0*dx) el
dx3=-dtim*dx1

dx4=1.+2.d0*dtim*dx1l ¢
do i=1l,nx $r'tl

x(i)=dfloat (i-1) *dx

sinx(i)=dsin(x(1i))

cosx (i) =dcos(x(i))
enddo

do i=1,nx2
at(i)=dx3
bt (i)=dx4
ct(i)=dx3

enddo Z
atn=at (nx2) ’§

ke eQouends

bo«w&? Cod figens

Ceeitfrtal «FJ—&@;

btn=bt (nx2)
atx=at (nx2)-ct (nx2)/3.d0
btx=bt (nx2)+4.d0*ct (nx2)/3.d0

do i=1,nx
a(i)=0.d0-
b(i)=amp*dsin(2.d0*x (1))
enddo

do k=1,ntim & %W\, G‘(_ HMQ_ ZOGf)
c Output cf variabkles £%~\\\“
o P»J— t"‘lt .
do i=1,nx2 u.d- ‘6\1244
il=i+1

dta(i)=a(il)+dtim*cosx(il)*b(il)/(1.d0+quen*b(il)*b(il))
dtb(i)=b(il)+dx2*rp*sinx(il) *(a(il+l)-a(il-1)) 4{19
-dtim*rauf*dsign(1.d0,b(il))*b(il)*b(il)
enddo

at (nx2) =atx
bt (nx2) =btx

. \ @
call tridag (at,bt,ct,dta,xa,nx2) S'dzu_'l\m 4 Ln‘aum&q
at (nx2) =atn
bt (nx2) =btn 0“(7‘““ L Recipes )

call tridag (at,bt,ct,dtb,xb,nx2)
do i=1,nx2
il=1i+1
a(il)=xa(i)
b(il)=xb(i) s Vasedb,
enddo
a(l)=0.d0

b(1)=0.d0 .
a(nx)=(4.d0*a(nx1l)-a({nx2))/3.d0 ‘E Lﬁ&umdab+j 'Uq£q97

b(nx)=0.d0

enddo P A @«-&9‘ bire. QD&P

stop
end
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Dynamo Equation — Exercises

D. Schmitt

DYNEW/P

For modes antisymmetric with respect to the equator, compute growth rate and frequéncyor
dynamo number$ < 0 and P > 0 and displayw(P) diagrams in the complex-plane (rough hand
drawing).

For the first excited oscillatory mode with < 0, determine the critical dynamo number up to four
significant digits and its frequency or period.

Check convergence of the frequency with respect to the number of expansion coefficients.

Display the magnetic field as a function of latitude and time for various critical modes and learn about
the butterfly diagram of fundamental mode and overtones for positive and negative dynamo numbers.

Adapt the code for symmetric modes and repeat.

DYNEX

For the antisymmetric mode & = —102, check stability and convergence for various spatial grids (e.g.
nx =11, 26, 51, 101, ...) and time increments. Compute at least 5 diffusion times and output only after
the first diffusion time as it is spoiled by initial evolution.

DYNIM

As for DYNEX, check stability and convergence. Estimate the computing recources for DYNIM com-
pared to DYNEX at similar accuracy for various grid spacings.

Optional

Adapt the code DYNEX for the Dufort-Frankel scheme and compare stability and convergence with the
results from DYNEX and DYNIM.
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