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ALGORITHM 65
R. SMARZEWSKI and H. MALINO WSKI (Lublin)

DETERMINATION OF THE SOLUTION
OF AN ABEL INTEGRAL EQUATION

1. Procedure declaration. The procedure inteqAbel determines the
approximation f,(s) of the solution f(s) of the integral equation

Fsf(s)
(1) g(t) =2f ds, te[0,R].
¥ Vs2—1¢2
This approximation f,(s) is defined by
2 -
(2) Fals) = f 1/t2—82 a, selo,Rl,

Where g, i8 a spline function of degree m = 21 —1 (1 < I < n) interpolating
the function ¢ at the nodes t,, 0= t1 <t <...<t, =R, and given by
J=1

Wwith
0, 1) 0 if <ty
T ittt
Data:
8 — an arbitrary fixed point from the interval [0, R];
m — degree of the spline function (3);
n — number of nodes of the spline function g¢,;
R — upper limit of integrals in (1) and (2);

alfa[0:m], beta[1:n] — arrays of coefficients of g,;
T[1:n] — array of nodes of g,.
Result:
f — approximate value of f(s) defined by (1).

Other parameters:
E — label (outside of the body of the procedure integAbel) to which
a jump is made when either s < 0 or s > R or 8 = 0 and a, # 0.

Remark. Note that in the last case we have f,(0) = oo (see [2]).
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brocedure inteqgAbel(s,m,n,R,alfa,beta,T,f,E);
Yalue s,m,n,R;
intezer m,n;
Xeal s,R,T;
array alfa,beta,T;
dabel E;
bezin
integer i,i1,ip,j,m1,m2,mMm,8i,8i1,81,sm,spl,epn,v;
Zzeal r,r1,r2,R2,Rp,Rsq,s1,82,8p,8q,8qtj,sum,suml,t2,tj,tp;
Boolean B;
if s<.0Vs>R
ihen g0 Io E;
ml :=m=1;
n:=n-1;
82 :=8%8;
R2 :=RxR;
8q:=8qrt(R2-52);
Req :=R+8q;
if s=.0
ihen
bezin
if alfa[1]+.0
lhen 2o fo E;
sum:=,0;
Rp:=1.0;
Zor i:=2 giep 1 zntil m do
bezin
Rp :=Rp><R;
sum:asum+a]:fa[i]><i><Rp/( i-1)
sngd i;
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f:=betal1]=xRp/m1;
je=2;
£9 1o next
end s=.0;
r:=1n(Rsq/8);
sum:=alfal1]xr+2,0xalfal2]xsq;
f:=,03
if R=s
Xhen g0 1o fing
it1:=1;
Lor i:=4 giep 2 uptil ml1 gdo
hegin
i1e=11+41;

sum1 :=sum1+81xRpxsp/ ( sm>mm );
8p :=8px<82;
Rp:=Rp/sq;
I : =M =2 ;
s8l:=8lx(il=v);
S : =EmxV
end v;
sum:=sum+ixalfa[i]=xsum1
end i3
i1:=0;

— Zastosow. Matem. 16.3
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for i:=3 giep 2 until m do
bezin

it1:=i1+1;

sp:=82;

8l:=1;

smei=i-1;

ip:=i«2;

Rp:=Rtip;

Lor v:=2 gtep 1 untdil i1 4o
kegin
Rp:=Rp/R2;
8l :aslxip;
sm:=amx(ip=1);
ip:=ip=-2;
sum :=sum1+81xgp=Rp/sm}
8p :=8p*82
end v;
sum:=sum+ixalfa[i]x(sqxsum1+sl=spxr/sm)
end i;
Ji=1;
next:
m2 :=mi-1;
Zor j:=J giep 1 mmiil n do
kezin
tj:=T[3];
sas<t];
tp:=tjtml;
t2:=tjxtj;
iz B
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then sqtj:=sqrt(t2-s2);
S8i:=gil:=8l:=am:=1;
i1:=0;
sp:=1,0;
sumi:=,0;
Lor i:=0 gtep 2 uptil m1 do
Legin
r2 s=8ixgp/sil;
gi:=six(i+1);
si1s=si1x(i+2)}
Sp :=8px82;
81:=,0;
Rp:=1,0;
spl:=1;
spms=i;
for v:=1 gtep 1 uniil i1 do
Legin
ip s=i=2x%v+1;
r1:=8plxRp/spm;
Rp:=Rpx8s2;
spl:=splxip;
spms=spx(ip=1);
it B
then »1:=r1x(sqxRtip~sqtj=<tjtip);
81:=a81+01
snd v
81:=if B ihen s1+r2xIn(Req/(t+8qt])) glag-pq<sl+x@xr;
sum1s=sumi+sl/em=<tpxs1;
8l smplx(ml=1)x(m2-1);
=g (1+1 ) (1+2);
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il1:=i1+1;
if tj+.0
then tp:=tp/t2
end i
tji==t];
tp:=t]tm2;
8l :=m1;
sms=1;
i1:=0;
for i:=1 gtep 2 until m2 do
hegin
81:=,0;
r2:=1,0;
Rp:=sqti;
spl:=spm:=1;
mms=i;
11:=11413
Lor v:=1 giep 1 until i1 do
begin
r1:=8pl/spm><r2/mm;
s1:=81+r1<(if B then Rp-sqtjt(i-2xv+2) glge Rp);
spls=splx(il=v);
Spm:=sSpmxv;
s=mm-2;
r2 3=1r2%82;
. Rp:=Rp/sq
end v;
suml :=suml+s8lxtpxsi/am;
8l :=8lx(m1~i)x(m2=-i);

sme=am=(i+1)=<(1+2);
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if t3%.0
ikhen tpi=tp/t2
end i;
£:=f+betalJIxsum?
snd Js
f1==,3183098862x%(swn+nx<L);
fin:
end inteqdbel

2. Method used. The method presented in [2] has been used. Addi-
tionally, the numerically stable method from [1] is proposed to determine a,
and g, in (3).

3. Certification. The procedure inteqAbel has been tested on the
Odra 1204 computer. The obtained results and the time of calculations
have been given in [2].
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ALGORYTM 65
B. SMARZEWSKI i H. MALINO WSKI (Lublin)

WYZNACZANIE ROZWIAZANIA PEWNEGO CALKOWEGO ROWNANIA ABELA

STRESZCZENIE

Procedura integAbel wyznacza aproksymacje f,(s) rozwigzania f(s) réwnania
calk.OWego (1). Aproksymacja f,(s) okreSlona jest przez (2), gdzie g, jest funkcja
Sklejang stopnia m= 21— 1 (1 < I < n), interpolujgeq funkcje g w wezlach #;, 0= ¢ <
Sh<..c< i, = R, i dang wzorem (3).
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— dowolny ustalony punkt z przedziatu [0, R];
— stopien funkcji sklejanej (3);
— liczba wezléw funkeji sklejanej g,4;
— gbérna granica calek w (1) i (2);
alfa[0:m], beta[I:n] — tablice wspélezynnikéw g4;
T[I:n] — tablica wezléw g .

M8

Wynik:

f — przyblizona wartosé f,(s) dla f(s) okreslonego przez (1).

Inne parametry:

E — etykieta (poza treécig procedury imteqAbel), do ktérej nastepuje skok, gdy

8< 0 albo s> R, albo 8 =01i a; # 0.

Uwaga. W ostatnim przypadku mamy f4(0) = oo [2].

W procedurze inteqAbel zastosowano metode szczegélowo opisang w [2]. Do
wyznaczania wspélezynnikéw a; oraz §; w (3) autorzy proponujg numerycznie stabilng
metode z pracy [1]. Wyniki obliczeri, wykonanych na maszynie Odra 1204, zamiesz-
ozone w pracy [2], wykazaly poprawnoéé algorytmu.



