r

NELY

8|
N

L“.Lﬂ/ Z“z

P

ay
7

'

U

A

-

9

’ 5&4[€¢

iy

{

Slgv NA— O

§) 3¢ -39

(wll¢

|+

Sepecdbde L |

3 s HvA e

(%,
2
S

ac

A

-

b

7

S| ]

>0 o

-

(g
ns

DT

~
{

A A

L Z

dq

i

Q
&4

(3')

1)
!l -

fl
[ g (13D I/

[
/
X

AT
<J
L 4
L

A i 19

D

(W]

e

~12

1]

e

aq

']NDY\ ;

ZARY 7
Q 4
b
D4
Loy [>d

Iy

W | twe MOWIT W)

fh
o

=
Sulak
[ Wea

3

—T




v ||

i

7>
tM
/]

Wwe
/

A

i

/]

)

e
Ao Vo

A\ \ = R
e T Q | Hmw| => =
— S e e
S — T s = SRRIREE
— j— 7 L ~a "R b, 7) r.
\ .Unuw\ —~ ™ \(nvﬂ . N b L A =
L N /v i~ = g 5 7 < - . lﬂ.! —
¢ — < .vl 'l.@\ M\O‘W! \V 2 ) SN L LN
3 ¥ \ & A“rr.&.. i ) MII_ il - o — M ] {n” L /W/
1= B " el [ ™ \mT H ™ _— 3V R W R T IR
i L) - o /U\ AW@ - i - \ ﬂu w|
J Y~ s T Ju__m.“.ﬁ - - M_ =~ .u@ 1 T ity | i 3
] \ < P - 1 17 0 = . 3
GW r) o —+ . ) t . Lm._.\ e rle \af $ b
e A = W L (! > B IE lw\ / ) T
ﬂ\d = .- i 15 < Mr ofd & uﬂ ad
o I S —t -~ B
- e S q = | ST
< < S < v —=|aq ST =
3 = S sy >
- — S 3
e , S &S




==
3
—— o “
p -y
llae) N N R (S e IS
[N 4 - bl S y— "
L o a N ‘”} — /‘ W” —_— — X
Fa & = > SIE = VS 8- sy
ENEEEL IR IR == N = TR &
. < R t ¥ .
S Bl e » = ] [ A d ] =l NEEYER = |
//ll ~ mT J alr ﬂ& ” am 5 “ 7 < .\AMl .|.\T jr + &\ r.tl ‘
AN 1 =D + - r.c..... < N -+ P S L/
1 > o > < o & .
,. 2 Lo -+ S| o~ N - - ) L
o - —— lo 7W > > A V) e b
+ -~ P = i <N \x 2| A ] [F : +
1 S — nb = ~ —
L ( .P ﬁ- 'IWJ — nlu 5 p‘ .l”..- I—,\ n/\..J = f/ )
ST, £ B[ F P X <] S TS
=
.TM a.r\v + - L la _ N M\u IS ') 3 \'a)
S \.l— \w.\ m m V_\u _._r - -.- 3 3
- i (V) oD o il \ e < < S ,,w. e
~—- . - o ol [an| ™Y [on) [ B
(— { - 4 4 7 2 l\
ﬁ_ 7\)\ Ry e - < Gm LY a | Ll -+ - I~
7 & XN £ ~es N i | N ] —
S ~ ) = q
- ) il l& : Zn. n..rm I A | o w/h../; /wuw)«
~ ik ik _ | | TO W% :
A ! it 11 ! \ I ! _
AT ) | gl (il W " “ i
L/ =~ a_ S M.w o T
IRl B
- s P
S . A
..IM Sy
>
=
.




a5 MD ~
< o J
S ﬂ/g.kz g. g- .Wl — N N
'l‘- ” *L
E _ N [ 1M
.wrl V. W —- r
7\. {.W - Q QQ e
Nis |l T |- & oN ~+
S I B SR
F = A(L
/ o 99 I )
[ B o) N i 3 ”
N (W)
AZ% 3 MU,..G.. e //Ml\ A 3
.llm o~ ..k rfO.N v
= b o 1o N
T b S N o
> r .M a2} ﬁA " ﬂﬁ ot N \ |ﬂ"—.~l/y I —
~ - ] = | Y| 7\,\ ~<| ) /\#
) n 0 ( ™M 2
R N |wv G il " ) 1]
— bl ) ~
{ ’ ==
o MAU e
> " ;
€] U m 1
~ grlr




N A |
© NI _ \
A \“l/. ™ G £ [
o< 111 - o M | N 1 b ~ \
I, Iy 4 LT el LY 7N ]
A e O e
e 2 C - =~ 7 x X
w ~f ..T OJ m” H ~ —) . l—r
T & L Sim 59) 4. | |e¥ TR
- ol o) 4 |l : 5 e
h. / N N
; £ B
D) “+ ~ ) |
e § + L [k ™M T [ 1 | L
£ 9] Y Ll | T N ~ [
9 — (VS Flx x £ p &)
| % V L . SO B Ky < = :
N V) %_ o~ ) o N ﬂu ~—— S (&
MRS S =1l [
X =N &S : N P N
P 8 | el o PNV bad L et
Oo ~ VRS
N 1« i _
, =P il H 1! [l | | i
[ X5 —= <
fl\u g | T o % Hn
N
= |8
3 =
2wl L
= fiy
(—




3 [+
~— b ) (\l_ ,
I ) _
- - N ~ (W] | V.MU T \
S oy IR + ] \ \
e’ “/ n \ : ( ’/
Y >
~3 = ..@+ H/ a.W - névﬁm : o\u ‘ \
1 - Hl \ hll \ e : . Iv I
_n _ ://xJVuT,, o~ il B as
Y} | =3 Lm | T = = __ \.le fJ.b n“\u \
> | N S { Sk s : |
- ! fln 1 IQ_.Hl — — 0 ~. —\| <O ?dk
. = ) s 3 -
- L : — P a = | S
=) i ™ S - s ¢ = - :
q Q| IV MW; /.l\ :
.. 9
= L =~ . B ] <
rWVo ] N - () Pt ‘ | T V v nuy :
< O = A.,. >l - i
| iy L | P EE il /
' I . «Q g = c r |
o —= ~ || = .Um__.b ke el R =
| ~T N I ==
T 2 Fn = NIE ..W ¥ i §
N | ! _ 3
< | ) It T = : A ! i
— \ )5 ¢ > i
S = N AR |
| .llﬂ.A I Z-U L \n \A\ )
o ~
[~ l.m I g =i _ ;
: | L
! //ﬂL e 3>
|1 =~ ¥
B _—— / d ’
V)




P
o \ ;
> o
B >
N
S, N
NG —_—
. | <L
N ~ mv\, ru | ld N
= N = %
e N N ! =
— X =
o ; . . y
| on Aem .
> |fl 4— H ” /
> || N ® ~ Y A T T e
- , — o L3
.H ~¢ .V_MU \Y V / N
™ Lo 1 o -~
>l | I ~ - \ — S
d W«U Nl 4 mrud ._. S V i
= b ) > il = e | =2 U
N} — L[> T e = [~
= - ~ B3 =
4 T bR = " > .
~ - R 1Tm | TS & o~ I ]
A PN L oo | =R | o Ny LA
> I v‘v N
[ L | = < N
. R S<
=2 3 S =
) < Y
I( rt




hy
Io% ?v/, =
- ] ~ . /,
S . G
P X = AN
- - o
£ = ) N3
. H” — L..u.
L | | p
QJ ly AZ = ?J
L X
L4 L - \ g
= / ? > -+ <
s . < 1k o)
~D[[ = S S e = i 2
e | [ ) L= + ~_
‘ L = \ M &)
- 8] e Ntz N ]
S~ -— - \

V) =+~ et} = L I L ).5
h o I\ ( | N C —AX
e —— 1 LI a=n |
N —| = = Zhmth

] M/.CL © e = = ..v /3
N e ~| = N ¢
= _ ™ 5 N
. =
| £l
—H I 1 I
[
3 s

(V1 ILAY]

AN

el LGy




B
- //1
I ,
Q. \ X X
A RN _
l
- g ) >
P \HW s =
e} : q |
D 3) o || ™
N\ Py B
< =Y - m — > — <
™~ D) y
- - ~ .uwu ~
f.! O v \V \/
— = ) IM 1 1
P P
) el M ~ = R)
M 1 I 7 N S : m =
5] a4 — S V N
Y IS = A==
i S | 2B
! v_ nW o - o > il
S N = < I~ =
A( VVD N w.l.’

o’

L

10)

N




j

L)
/

| - »
== [ [ a -
>N g,
. ] = \
T oA o ~ ey ~—
e = =R
P ﬂl,/ T~ ~ /J ) il i
4 > \ 2N
b (NP R EEr IEES
T— < S
> | N SN I3
> ; & -
2 AL =T IS N = S m =
» / / &' /I\
4 : g ] s ﬂU
, =t > | |
~ e =B o2 [ )
_ T = 5> = o
I.* i, ¥ 9 7 % + L.V
| ! _ . = ~
! 1l ¢ : _./a X . |
™ _ 1l
Al =
| © ER




s
na IV SN
) NHE \ B | JSI =] [T |J
T SR S S e IS
e EE NSRRI SE TS R
S8 3 LS - SESIERN AN ,M
ECEL MO REE SRS N >TE S
T I NERECER-HNF \ m @
1 = /+ w Aw IM n.h A Jﬂ\
Q | ) [gort T LT T N Y
- EEE 2 S| ot I . N
4 1% 1S L Il [N (™ i M AR RN
ST g |9 Y, ST -~ N
( I L IST T[S T =Ly |9 ?
NEEENYEEESERR S S P [ EE T
T =¥ AVw N — \le .l_,w = ,Auu W
_ RN Q . A IS 7a~au . AL
= lJ |3 I ~ LY TR 1o
VP =) l.\»h.l\. mv \M _ {“.Mu 3 .A X :pum 3
@ (W4 A,D ~ N,. ID. =~ L | "
= i | " Vo) l!: ol J M,U )
=3 ¥ X
il = =
L == 3T
s < I%L -M W == ..M\ ,Amj
< B e R
9
L\
6=




[4

ya

Is facly & prndend L.

2 =
= \
9 | 4 ~e wl H i L I —_ Ag /
v e I S ﬂv < /W .v /% /m WU
N ™~ f@ oL S~ /WV.U nrw SN 0 UM
S e W = ST LI T T T RSP RSN
M,Iu ] T <= P | E | NE 5
™ = > cx ( ) J 1ol el [ ~ /cﬂM X
. - AL N M A ] s [~~~ —X
IR (¥ 3 (NN I S R TS
; 3 ST RS N T RS T
U N J— .AIT (JI/ -~ /Wl \) nynv n%.ﬂ - lr/ﬂ W W f IAAV
Ul . W =~ lif - = 1 AL X~ S 1D o
W ST o - LT N TS IGRY, 3
S N1V el T TR 381 TN i
NN 1113 % = BNA IR BN
SS9 M | S ~ N S L d SN [TRIY S s
== |3 J FENENS ! RS NEIRS A
f..W = D Y~ 3 @V2 ) L d M v N <~
A \ I / X ) 9 SENUNNEFEN Q
N ) L <N M M B < < P Muo /~ ) C
d « - g 12 S LA M9 =
S o ) RS ED
X
3l
S




M
TR ) : (
IEFEEIN .% ) 0
ﬂ - ) [ I%J we lu”}u ll’U
=~ = /N_\I/..H/ 1% IR 2
S Is I3 135
=N =D (8 . @ S SIS
A e A LR K
I s e a0 SEEETEECIEE
SNERS T .A SO
= L TR d u _— —_ 3 ol — ) @Ul MtU
‘lw Aﬁ A .,_.t M M; HW fm O i " - lw
SELINE T SIS T _ rINLS
A 2 B L o
LIS o SowasmRLIe A
-~ T - i = 3 =0 NI ~
I |MA lm' ~ 0./ o = .
£, y ] eS| [ i ~ = B
o 3 Y 3 IE N
g 9 O | 3 K D) J e
- = =t . N % o—
== | V) pad W A ~
% A%M | 1 W ..WI M \V.nlu W
NEEES R 4= L ) VAN
! ~ ,
Ca
(_-L




\ A
L ..IFAV N\ i V \
3 S iC(HE R Iy RS
¥, < N s m SN Jruw ~ /A.n\wu, S B
< W S /L a a4 /l/u N /w
=3 § 1 J 1§ [ 0 . NESER
h T S QL IS b LRI
N = 13 K} , T [N_3 , 12 7] 3
) ~_ \1:// " .., . S4 :IL L o ) sﬁ .W “m i nhfW
S g < 8 ; VN S 15 == 13—
= =+ | T 3 alNERNENEES \ e IEE NS
= g & . | TH 13 T AN NS R
i S T T TR S e S e S R T e
| | e IS | Lol LTSI B ™ S 3 15 [l |3~
SN 9 (g T S TS ] Y-S
TV A B E =S R T T h T TR RIE
T O E S RN UNEERIN Il B
TS 3T - NS N3G
, AR R NSRS Nt IR E
! J Y| [ A =S K S|
a1 Ly AERIEESAY T ~ 1 TRNEY
‘ ; 3 S8 QSN
— | o/ ﬁ Iﬁ N ) | s S
I 2 B TN g
| INES
=
/3 QD
L/} =P




|
3 3 ARENES: ‘
(IR ENEAVERN R ™ in IR 2N\ o )
IERdNECEE R RE NN MENEEE R A
R L3 1 \ . o 1 [ [S-X1-03] [& = L 3=
I AN R EEEON o | 3 [ RTRL s N WY [ IS 3
ol N BT Iy | o5 [ 3] [ = =L T
<L =1 RIG; i RSP S 2 |5+ 4 b
R : 2 LA WL RITT IR S
{ERNNRAE SRS e B I i I e S (IR
L S Q== K T 3 S ,
| sl [, b I el I Y S S B P —= 3 Y
3 B ot 3 1k NE] S =gl L 3
S S 3 7Y i ST LT 14 8N [ S \MM Y
3 O B b S N IS 3
J 1) A [ s , AN NN = >
o DN =3 = 15 -g 5 3 43 A [ b
.y g Ky I R MEE L MEFS=F )
= C + S| PP > ¥ T N s i 2 =
mf M” .W | J /.rD \ o \ { \ w u
bRy N -0 2L LIS S A (3] [ 5 | RS~ (1S
S \ N M X W.l’n/#l\p T ) U
= ]
nh.\r




H o i s
0.8
0.6 -
04—
0.2 —

0 _

-15 -10 5
-In(1+2z)
N%& A Qu (o= doked G | Q- (durked i)

Ov (&;h ; \V\N Ak\ d \H A &\m

(e ¢

\ — Pl \m\@é, ?&&

0

b )



0.4 —

0.2 —

0 T

- -15
\\*_o\ﬁcﬁ .N mcﬂ,(( >

,,@;;_, —fz<

/ I
. e

Q\J .w\nﬁ;ﬂ

XL
\

Uy




0.5

-15
i

/ e 3

i

W #\ \u\w)

-10
fie

-In(1+z)

Pourcs —

5
far qrrabiahe




-0.5

-1.1

-15
NN WQ\S\R\ N\\

NC\ mﬁn

-10

Lo i

-In(1+z)

PV

-5 |

w) }QA ‘W %.Aﬁb T < r




] IIIllIJ] | Illlllll | Illlllll_L

15 -10 -5 ¢
Nm\ - \\ e \Ew o -In(1+2) |
g gt - laer ard o, Pe .a\.ws \.?:r Bilna Ty /

[ i , , Ve )l ,\ L 1e ‘
( r,_k\, 1 »\(. 3 \\n «\V\, \ Wl o=zXl (| (e il



HOdL /c

] _ ] _ _ _ _

0.5 H 15

er :\:coﬁT sﬁ.¢ UNMA T 3 erlru wﬂ m\.I p QN;\

\qﬁ#é«lrét ﬂaﬁb,r\\h \\5? ?J v\. n\f\x\\ Tn\n\
! e zpoanhall pebtabt A LAc

Nx\ \\\Fﬁ m




program powerlaw_quintessence
implicit none

integer np,nvar,N,M
integer nok,nbad,1,j,nint,nz,ndat
parameter (M=4,np=1000,nint=100,nz=50,ndat=31)

double precision ystart(M),x1,x2,eps,hl,hmin
double precision y(M,np+1),x(np+1)

double precision ophi(np+1),or(np+1),omCnp+1)
double precision wphi(Cnp+1)

double precision xg(nint),dxg(nint)

double precision ophi@,or®,omd

double precision wint,Hubble(np+1),wp

double precision HLCDM,H0t@,hub,cHo

double precision terml,term2,term3

double precision dL(nz),z(nz), Nlow

double precision zdat(ndat),dLdat(ndat),err(ndat)
double precision chi2,dLtheor

external derivs,rkqgs

I Setting parameter values

hub=0.7d0
cH@=2.998d0/hub I in Gpc

! Number of differential equations to solve
nvar = M
! Setting up grid where the solution is to be found
do i=1, np+l
x(i)=-dlog(1.d0+2.d7)+dlog(1l.d@+2.d7)*(i-1)/np

end do

! Initial conditons

ystart(l) = 5.d-5
ystart(2) = 1.d-8
ystart(3) = 0.9999d0
ystart(4) = 1.d9

y(1,1) = ystart(l)
y(2,1) = ystart(2)
y(3,1) = ystart(3)
y(4,1) = ystart(4)

! Accuracy, step size and minimum step size, required by the ODE solver
eps = 1.d-7

hi = 1.d-

=1

! Loop over grid, find solutions on each grid point



do i =2, np+l
x1 = x(i-1)
x2 = x(i)
call odeint(ystart,nvar,x1,x2,eps,hl,hmin,nok,
nbad,derivs,rkqgs)

do j =1, nvar
y(j,1i) = ystart(j)
end do
end do

Generate data for plots

do i =1, np+l
ophi(i)=y(1,i)**2+y(2,1)**2
or(i) = y(3,1)**2
om(i) = 1.d@-ophi(i)-or(i)
wphi(i)= (y(1,i)**2-y(2,1i)**2)/0ophi(i)
end do

open(8,file="densities_power_law.dat")

open(9,file="EoS_power_law.dat")

open(10, file="weff_power_law.dat')

doi=1, np+l
write(8,*)x(1),ophi(i),or(i),om(i)
write(9,*)x(i),wphi(i)
write(10,*)x(1),y(1,1)**2-y(2,1)**2+y(3,1)**2/3.d0

end do

close(8)

close(9)

close(10)

Calculating the Hubble parameter

ophi@=ophi(np+1)
or@=or(np+1)
om@=om(np+1)

do i =1, np+l
wint=0.d0
call gauleg(x(i),@.d@,xg,dxg,nint)
do j = 1,nint
call interpld(x,wphi,np+1,3,xg(3),wp)
wint=wint+(1.do+wp)*dxg(j)
end do
terml=or@*dexp(-4.d0*x(i))
term2=om@*dexp(-3.d0*x (1))
term3=ophi@*dexp(3.d0*wint)
hubble(i)=dsqrt(terml+term2+term3)
end do

Output results for plotting

open(8,file="hubble_power_law.dat"')



doi=1, np+l
write(8,*)x(i),hubble(i)

end do

close(8)

Calculating the Hubble parameter in LCDM for comparison

open(8,file="hubble_LCDM.dat")

do i = 1,np+l
terml=om@*dexp(-3.d0*x(1i))
term2=1.d0-om@
HLCDM=dsqrt(terml+term2)
write(8,*)x(i),HLCDM

end do

close(8)

Calculating the age

HOt0=0.do

call gauleg(x(1),x(np+1),xg,dxg,nint)

do i =1, nint
call interpld(x,hubble,np+1,3,xg(i),terml)
HOtO=HOt0+dxg(i)/terml

end do

write(*,*)'HO*t0 = ', HOtO

Calculating luminosity distance

doi=1, nz
z(i) = 2.d0*i/nz
Nlow=-dlog(l.d@+z(i))
dL(i) = 0.d0o
call gauleg(Nlow,0.d@,xg,dxg,nint)
do j =1, nint
call interpld(x,hubble,np+l,3,xg(j),terml)
dL(i)=dL(i)+dexp(-xg(G)D*dxg(j)/terml
end do
dL(i) = dL(i)*dexp(-Nlow)
end do

Output of results for plotting

open(8,file="dL_power_law.dat"')

doi=1, nz
write(8,*)z(i),dL(1)

end do

close(8)

Loading SN1a data

open(8,file="sndata.txt")

do i = 1, ndat
read(8,*)zdat(i),dLdat(i),err(i)

end do

close(8)



Calculating chiA2

chi2 = 0.d0

open(8,file="expcompare_power_law.dat"')

do i =1, ndat
call interpld(z,dL,nz,3,zdat(i),dLtheor)
dLtheor=dLtheor*cHo
write(8,*)zdat(i),dLtheor
chi2=chi2+(dLtheor-dLdat(i))**2/err(i)**2

end do

close(8)

write(*,*)chi2

end

The following routines make up the ODE solver, and they are taken from
"Numerical Recipes in FORTRAN" by Press, Teukolsky, Vetterling and
Flannery

subroutine derivs(x,y,dydx)
implicit none

double precision x,y(4),dydx(4)
double precision s62,term

s62=dsqrt(6.d0)/2.do
term = 3.d0+3.d0*y(1)*y(1)-3.do*y(2)*y(2)+y(3)*y(3)

dydx(1)=-3.do*y(1)+s62*y(4)*y(2)*y(2)+.5d0*y(1)*term
dydx(2)=-s62*y(4)*y(1)*y(2)+.5d0*y(2)*term
dydx(3)=-2.d0*y(3)+.5d0*y(3)*term
dydx(4)=-2.d0*s62*y(4)*y(4)*y(1)

return
end

SUBROUTINE odeint(ystart,nvar,x1,x2,eps,hl,hmin,nok,nbad,derivs,
*rkqgs)

INTEGER nbad,nok,nvar ,KMAXX,MAXSTP ,NMAX

double precision eps,hl,hmin,x1,x2,ystartCnvar),TINY

EXTERNAL derivs,rkqgs

PARAMETER (MAXSTP=10000,NMAX=5@,KMAXX=200,TINY=1.d-30)

INTEGER 1i,kmax,kount,nstp

double precision dxsav,h,hdid,hnext,x,xsav,dydx(NMAXD,xp(KMAXX),
*y(NMAXD,
*yp(NMAX, KMAXX) , yscal (NMAX)

COMMON /path/ kmax,kount,dxsav,xp,yp

x=x1

h=signChl,x2-x1)



1

12

13

14

15

16

C (0 Copr. 1986-92 Numerical Recipes Software Vs1&v%1jw#<?4210(9p#.

nok=0
nbad=0
kount=0
do 11 i=1,nvar
y(i)=ystart(i)
continue
if (kmax.gt.@) xsav=x-2.d@*dxsav
do 16 nstp=1,MAXSTP
call derivs(x,y,dydx)
do 12 i=1,nvar
yscal(i)=dabs(y(i))+dabsCh*dydx(i))+TINY
continue
if(kmax.gt.@)then
if(dabs(x-xsav).gt.dabs(dxsav)) then
if(kount.1t.kmax-1)then
kount=kount+1
xpCkount)=x
do 13 i=1l,nvar
yp(i,kount)=y(i)
continue
Xsav=x
endif
endif
endif
1 f((x+h-x2)*(x+h-x1).gt.0.d@) h=x2-x
call rkqs(y,dydx,nvar,x,h,eps,yscal,hdid,hnext,derivs)
ifChdid.eq.h)then

nok=nok+1
else

nbad=nbad+1
endif

1f((x-x2)*(x2-x1).ge.0.d@)then
do 14 i=1,nvar
ystart(id=y(i)
continue
if(kmax.ne.@)then
kount=kount+1
xpCkount)=x
do 15 i=1,nvar
yp(i,kount)=y(i)
continue
endif
return
endif
if(dabsChnext).1t.hmin) pause
*'stepsize smaller than minimum in odeint'
h=hnext
continue
pause 'too many steps in odeint'
return
END

SUBROUTINE rkck(y,dydx,n,x,h,yout,yerr,derivs)



INTEGER n,NMAX
double precision h,x,dydx(n),y(n),yerr(n),yout(n)
EXTERNAL derivs
PARAMETER (NMAX=50)
cu USES derivs
INTEGER 1i
double precision ak2(NMAX),ak3(NMAX),ak4(NMAX)
double precision ak5(NMAX),ak6(NMAX)
double precision ytemp(NMAX),A2,A3,A4,A5,A6,B21,B31,B32,B41
double precision B42,B43,B51,B52,B53
double precision B54,B61,B62,B63,B64,B65,C1,C3
double precision (4,C6,DC1,DC3,DC4,DC5,DCo
PARAMETER (A2=.2d0,A3=.3d0,A4=.6d0,
*A5=1.d0,A6=.875d0,B21=.2d0,B31=3.d0/40.d0,
*B32=9.d0/40.d0,B41=.3d0,B42=-.9d0,
*B43=1.2d0,B51=-11.d0/54.d0,B52=2.5d0,
*B53=-70.d0/27.d0,B54=35.d0/27.d0,
*B61=1631.d0/55296.d0,B62=175.d0/512.d0,
*B63=575.d0/13824.d0,B64=44275.d0/110592.d0,
*B65=253.d0/4096.d0,C1=37.d0/378.d0,
*(3=250.d0/621.d0,C4=125.d0/594.d0,
*(6=512.d0/1771.d0,DC1=C1-2825.d0/27648.d0,
*DC3=(3-18575.d0/48384.d0,
*D(C4=C4-13525.d0/55296.d0,DC5=-277.d0/14336.d0,
*DC6=C6-.25d0)
do 11 i=1,n
ytemp(i)=y(i)+B21*h*dydx(i)
1, continue
call derivs(x+A2*h,ytemp,ak2)
do 12 i=1,n
ytemp(i)=y(1)+h*(B31*dydx(i)+B32*ak2(i))
12 continue
call derivs(x+A3*h,ytemp,ak3)
do 13 i=1,n
ytemp(i)=y(i)+h*(B41*dydx(i)+B42*ak2(i)+B43*ak3(i))
13 continue
call derivs(x+A4*h,ytemp,ak4)
do 14 i=1,n
ytemp(i)=y(i)+h*(B51*dydx(i)+B52*ak2(i)+B53*ak3(i)+B54*ak4(i))
14 continue
call derivs(x+A5*h,ytemp,ak5)
do 15 i=1,n
ytemp(i)=y(i)+h*(B61*dydx(i)+B62*ak2(i)+B63*ak3(i)+B64*ak4(id+
*B65*ak5(1))
15 continue
call derivs(x+A6*h,ytemp,ake)
do 16 i=1,n
yout(i)=y(i)+h*(Cl*dydx(i)+C3*ak3(i)+C4*ak4(i)+C6*ak6(id)
16 continue
do 17 i=1,n
yerr(i)=h*(DC1*dydx(i)+DC3*ak3(i)+DC4*ak4(i)+DC5*ak5(i)+DCo*
*ake(i))
17 continue
return
END



C (O Copr. 1986-92 Numerical Recipes Software Vs1&v%1jwi#t<?4210(9p# .

SUBROUTINE rkqs(y,dydx,n,x,htry,eps,yscal, hdid,hnext,derivs)
INTEGER n,NMAX
double precision eps,hdid,hnext,htry,x,dydx(n),y(n),yscal(n)
EXTERNAL derivs
PARAMETER (NMAX=50)
Ccu USES derivs,rkck
INTEGER 1i
double precision errmax,h,xnew,yerr(NMAX),ytemp(NMAX),SAFETY,PGROW,PSHRNK,
*ERRCON
PARAMETER (SAFETY=0.9d@,PGROW=-.2d@,PSHRNK=-.25d@,
*ERRCON=1.89d-4)
h=htry
1 call rkck(y,dydx,n,x,h,ytemp,yerr,derivs)
errmax=0.do
do 11 i=1,n
errmax=max(errmax,dabsCyerr(i)/yscal(i)))
11 continue
errmax=errmax/eps
ifCerrmax.gt.1.d@)then
h=SAFETY*h*(errmax**PSHRNK)
ifCh.1t.0.1d@*h)then
h=.1d@*h
endif
xnew=x-+h
if(xnew.eq.x)pause 'stepsize underflow in rkgs’
goto 1
else
ifCerrmax.gt.ERRCON)then
hnext=SAFETY*h*(errmax**PGROW)
else
hnext=5.d@*h
endif
hdid=h
X=X+h
do 12 i=1,n
y(id=ytemp(i)
17 continue
return
endif
END
C (C) Copr. 1986-92 Numerical Recipes Software Vs1&v%1jw#<?4210(9p#.

I Routines for interpolation, from the same source

SUBROUTINE interpld(x,fx,np,npol,x1,fx1)

! input arrays: x(np),fx(np) ->FUNCTION f(x)
! value x1 the point



output value  fx1 -> f(x1)
mp: x(mp)< x1 <x(mp+1)
mp=1 IF x1 < x(1)
mp=np IF x1 > x(np)
npol= # of interpolation points
IMPLICIT REAL*8(Ca-h,0-z)
REAL*8 x(np),fx(np),x1,fxl,df
INTEGER mp,np,1,npol
IF(x1.EQ.xC1))THEN
fx1=fx(1)
ELSEIF(x1.EQ.x(np))THEN
fx1=fx(np)
ELSE
CALL LOCATE(x,NP,x1,MP)
L=MIN(MAX(MP-(npol-1)/2,1),NP+1-npol)
IF(mp.EQ.Q.0R.mp.EQ.np)THEN
IFCmp.EQ.@)THEN
WRITE(6,*)'warning x1= ',x1,' and x(',1,')= ",x(1)
ELSE
WRITE(6,*)'warning x1= ',x1," and x(',np,'D= ",x(np)
ENDIF
WRITE(6,*)np,npol
DO i=1,np
WRITE(6,*)1,x(i),fx(i)
ENDDO
ENDIF
CALL POLINT(x(CL),fx(L),3,x1,fx1,df)
ENDIF
RETURN
END

SUBROUTINE locate(xx,n,x,j)
IMPLICIT REAL*8(CA-H,0-2)
INTEGER n,j,jl,ju,jm
REAL*8 x,xx(n)
jl1=0
ju=n+l
10 IFCju-3j1.GT.1) THEN
jm=Cju+j1)/2
IFCCxx(n).GT.xx(1)).EQV.(x.GT.xx(jm))) THEN
jl=jm
ELSE
ju=jm
ENDIF
GOTO 10
ENDIF
j=jl
RETURN
END



SUBROUTINE polint(xa,ya,n,x,y,dy)
INTEGER n,NMAX
double precision dy,x,y,xa(n),ya(n)
PARAMETER (NMAX=10)
INTEGER 1i,m,ns
double precision den,dif,dift,ho,hp,w,c(NMAX),d(NMAX)
ns=1
dif=dabs(x-xa(1))
do 11 i=1,n
dift=dabs(x-xa(i))
if (dift.1t.dif) then
ns=i
dif=dift
endif
c(id=ya(i)
d(id=ya(i)
ikl continue
y=ya(ns)
ns=ns-1
do 13 m=1,n-1
do 12 i=1,n-m
ho=xa(i)-x
hp=xa(i+m)-x
w=c(i+1)-d(i)
den=ho-hp
if(den.eq.0.d@)pause 'failure in polint’
den=w/den
d(i)=hp*den
c(i)=ho*den
12 continue
if (2*ns.lt.n-m)then
dy=c(ns+1)
else
dy=d(ns)
ns=ns-1
endif
y=y+dy
13 continue
return
END

I Routine for Gauss-Legendre integration, also from the same source

SUBROUTINE gauleg(x1l,x2,X,w,n)

INTEGER n

double precision x1,x2,x(n),w(n)

DOUBLE PRECISION EPS

PARAMETER (EPS=3.d-14)

INTEGER 1i,j,m

DOUBLE PRECISION pl1,p2,p3,pp,xl,xm,z,z1

m=Cn+1)/2
xm=0.5d0*(x2+x1)
x1=0.5d0*(x2-x1)
do i=1,m



z=dcos(3.141592654d0*(i-.25d@)/(n+.5d@))
continue
pl=1.d0
p2=0.d0o
do j=1,n
p3=p2
p2=pl
pl=C(2.d0*j-1.d@)*z*p2-(j-1.d@)*p3)/j
end do
pp=n*(z*pl-p2)/(z*z-1.d0)
zl=z
z=z1-p1/pp
if(dabs(z-z1).gt.EPS)goto 1
x(1)=xm-x1*z
x(n+1-1)=xm+x1*z
w(i)=2.do*x1/((1.do-z*z)*pp*pp)
w(n+1-1)=w(i)
end do
return
END



