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ALGORITHM 67
H. MALINOWSKI and R. SMARZE WSKI (Lublin)

DETERMINATION OF THE SOLUTION
OF ABEL INTEGRAL EQUATIONS, II

1. Procedure declaration. The procedure inteqAbel?2 determines the
approximation f,(s) of the solution f(s) of the integral equations

(1) g(t) = —'/—t{—(_i?ds, te[o, Rl,
and
R )
c f(s)
(2 n— [ L% a4 teqo, B
) o0 = [ o tel0, B

These approximations f,(s) are defined by

(3) f‘a(s)=3(g(0)+s ”“—“’dt), s € (0, B,
T ; Vsz— g2
and
2 R 2 gL
(4) fd(s)=—§-(—i()—— /g“ _—dt), s € (0, R],
T \VR2—s2 J Viz—s?

Tespectively, where g, is a spline function of degree m = 2k—1 (1L.< k< n)
Interpolating the function g at the nodes t;,, 0 =1, <t,<...<t, = R,
and given in the form

(5) g4(1) = D A+ D) B0t 1) (¢ — ;)"
1==0 j=1
with

0 ift<t
o, 1) ={1 if 1> 1
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brocedure inteqAbel2(m,n,s,F,R,g,4,B,t,L);
Yalue m,n,s,R;
integer m,n;
Xeal s,R,g,T;
array A,B,t;
Boolean F;
if -FAs=R
ihen f:=.0
slse
hegin
integer i,k,m1,j, v;
xeal s2,R2,Rsq,Ri,si,Rp,sum2,tj,tj2,bj,s8k,sp1,ci,cil, tp1,
hi;

R2:=RxR;
Req:=sqrt(R2-s2)

end -F;

h1:=h[1]:=if F ihen 1.5707963268 glge ~1n((RiRsq)/s);

£:=A[1]xh1;

Ri :=RaqxR;

8iz=8;

£ox i:=3 giep 2 until m do

kegin
hli):=((i-2)x2xh{i=2]=Ri)/(i~1);
fe=P+ixh[il=ali];
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Ris=RixR2;
iL F
lben
begin
h(i=1]:=81i;
fi=f+aixAl1-1]%(i-1);
8it=gixg2x(i=1)/1
and ¥
engd i;
if -F
iben
hegin
k=03
Ri:=82/(R2-82);
Rp:=Rsq/Ri;
for i:=2 giep 2 yptil m do
Legin
sp1:=,0;
k:=k+1;
8i:=Ri;
mls=i=1;
for vi:=1 gtep 1 until k do
kegin
sp1:=spi+si/m1;
ml:=mi=2;
8i s=gixRix(k-v)/v
sad v;
h[1]:==Rpxsp1;
Rp:=Rp<(R2-82);
fi=feixAli]xh[1]
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end i
sad -F;
sum2 :=B[1]xh[n];
n:=n=1;
for j:=2 giep 1 uniil n 4o
kezin
t3=t(Jj];
AL ssEINF
lhen 20 1o EY;
tJ2:=tjxt];
sis=tjt(m=1);
cili==tj/s;
ci1:=if F then arctan(eci1/sqrt(1.0-cilxci1)) elge if s<tj
then -1n(s/(tj+sqrt(tj2-s2))) elge .0;
bjs=six(hl+cit);
gis==-pix(m=1)/t3;
mis=1;
k=03
iz F
ihen
hegin
Ri:=sqrt(s2-132);
Rp:=Rixt];
:=1,0;
sp1:=tj2/s2
eng F
slee
if s<t)
ihen
kegin
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‘skimtj2=-92;
Rimaqrt(sk);
Rpc-;m.xtas
sp1i=a2/8k
and -PAs<ty;
Zor 1:=2 giap 2 yntil m do
hagin
AL 2tIAP
ihan
hagin
ol=h[1];
0i13=,0
;md 2tiA-F
alas
Rhegdn
oi=,0;
ki=k+1;
iz P
lban tp1:=1,0/8
alas
hegdn
tp1:=1,0/8k;
ni=i=1
and -~F;
Zor vi=1 gtap 1 umiil k 4o
hagin
cis=ci+tpi/m1;
tp1:=0,5%tpixepi=(if F ihen v+v-1 glge i-(v+v))/v;
iL P
lbhap m1:=mi-2
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and v;
Ri s=Rixgk;
ei:=jf F thaep h[i]xcixRi glga h[il+cixRi;
ci1:=((i=1)xg2x%ci1+Rp)/1i;
Rp:=Rpetj2
snd -~(s2tjA-F); ~
bj:=bj+sixeci;
81 s==gix(m=1)/(1ixt]);
bj:=bj+six(h[i+1]+cit);
8l tm=gix(mei=1)/((i+1)xt])
and 1i;
sum2 s=gum2+bj><B[ J]
and s
E1:£:20,63661977236xe%(g/(if F ihap o glse Rsq)+f+mesum?)
and FVsR,inteqAbel2

Data:
— degree of the spline function (5);
— number of nodes of the spline funection ¢,;
— an arbitrary fixed point from the interval (0, R];
Boolean variable; if ' = true, then equation (1) is
solved, otherwise equation (2) is solved;
— if F =false, then R denotes the upper limit of
integral (2), otherwise it is inessential;
g — if F' = true, then g is equal to ¢g(0), else to g(R);
A[0:m], B[1:n] — arrays of coefficients of g,;
t[1:n] — array of nodes of g,.

Result:
f — approximate value of f(s) of equation (1) if ' = true or of (2) if

F = false.

b~} New s 3
I

2. Method used. The method from [2] has been used. Additionally,
the numerically stable method from [1] is proposed to the determination
of A; and B, in (5).

3. Certification. The procedure inteqAbel2 has been tested on the Odra
1204 computer. The obtained results of calculations have been given in [2].
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ALGORYTM 67
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WYZNACZANIE ROZWIAZAN ROWNAN CALKOWYCH ABELA, II

STRESZCZENIE

Procedura inteqAbel2 wyznacza aproksymacje f4(s8) rozwigzania f(s) réwnania
catkowego (1) lub (2). Aproksymacja f4(s) okre§lona jest odpowiednio przez (3) lub (4),
gdzie g, jest funkcja sklejang stopnia m = 2k —1 (1 < k < n), interpolujaca funkeje ¢
w wezlach ;, 0 =1, <{, <...<l, = R, i dang wzorem (5).

Dane:

— stopien funkeji sklejanej (5);
— liczba wezléw funkeji sklejanej g4;
— dowolnie ustalony punkt z przedziatu (0, R];
zmienna boolowska; gdy F = true, wtedy rozwiazywane
jest réwnanie (1), w przeciwnym razie — réwnanie (2);
— jeéli F = false, to B jest gérng granics calki (2), w przeciwnym
razie — jest nieistotne;
g — jedli F = true, to g jest réwne g(0), w przeciwnym razie za$
9(R);
Af0:m], B[1:n] — tablice wspéleczynnikéw g4;
t[1:n] — tablica wezléw g4.

Wynik:

f — dokladna wartodé f4(s), aproksymujaca rozwigzanie f(s) réwnania (1), gdy

F = true, lub réwnania (2), gdy F = false.

W procedurze infeqAbel2 zastosowano metode szczegélowo opisana w [2]. Do
Wyznaczania wspélezynnikéw A; oraz B; w (5) autorzy proponujg numerycznie sta-
bilng metode z pracy [1].

Obliczenia, wykonane na maszynie Odra 1204, wykazaly poprawno§é algorytmu.
Wyniki obliczeri przedstawiono w pracy [2].
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