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DETERMINATION OF SOME PARAMETERS OF TIHHE TOTAL
SOLAR ECLIPSE OF 11 AUGUST 1999 BY INVERSE
INTERPOLATION SPLINES

Vasile POP,Criaciun IANCU, Tiberiu OPROIU

Abgtract: The technigue of inverse interpolation spline luncltions is applicd lor che
determination of the instants carresponding to different phases of solar eclhipses, Using this
method, we compute the visibility conditions for the 11 Angust 1999 solar echipss m Daia-
Ware.

1 Introduction

The: tolal solar eclipses are important astronomical phenomena which, for a given site, oooar
with a periodicity of about 350 vears, However, there are exceptions; for instance, dunng
the second half of this century, both the 1510 of 15 February 1961 and thal of 11 August
1999 are visible as total in Romania. The next T3 ¥isible from onr country will ccour 1o
21.36.

The maxiroum of the eclipse oceurs when Lhe axis of Lhe lunar shadow cone is st minimom
distance from the Earth's centre, On 11 August 1999, this masamum will be on the Romaman
territory.

This paper proposes a method for Lhe delerminalion of the nstanls corresponding to

different phases of the eclipse, based on inverse inlerpolation splines,
2 Inverse interpolation quadratic splines
Consider Lhe function f: I — R, where I £ R, and the partition & given by the points

A={a=xg <2 <... <2y =5},

where [a,b] C [, Snppose that fis differentiable on Ja, 8], and f'(z) # 0, ¥ £ [, B]; denote
bw F = f[[ﬂ.b]:' the image of 'a, b throngh f.
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Frarm the above hypotheses it follows that f @ (a8 — ! is bijoctive, hence there exists
{1 F — [a,B], Since [ is differentiable on [a,b], f~1 will be differentiable on £, and its

derivative in & point f; = f{z), fi € ', i =D, n, has the form
FHf =1/ (=), i=Tn

Supposing thal Lhe equation
fiz) =0
has a roat ® & Ja, B, then [rom f{F) = 0 it results f~Y0) = &, while from f'[x) # 0,
W e a, b il results the uniqueness of 2. The algorithm for the solution of the equation
Flr) = 0 was given by lancu {1933}, Our applicalion assumes that [ is tabularly given,
thal i, we know the values [, = fla), fi € F, i = Don, and choose flm) = iy o
(F(w)— fl))/ (2 — zq) for which it is convenient to use the inverse interpolation quadralic

splines, So we construel a lunction of the form
Hily) = asy® + by + 2,
whose coefficients are uniquely determined by the conditions

Hz{fij = Ly,
Hi(fi) = D,
H fiv1) = 2iy1,

where
D,I:l = ].I."I_il'.fiﬂ"ﬂ:], Ir.-i"_l —_ ”-i ]Lfi::l__ e m.

These conditions are cquivalent to
o f7 b S e =y,

2aif; + b = I,
aefiy +hfis F o=@, i=0n—L

which provide unignely the coefficients ay, by, o = 0,0 — L, as follows:

il l_I'IEr'IH::TIEI |:-.r]
ti = (Ti+1 STyl

I'.Iz - ”: - Eﬂ;:__ir:'_.
0 = X — fIz.I"t2 — iDL,
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where [2, 24043 f] stands for the divided difference of lirst order of § with the first node 2,
t=0r- 1
Taking into account the faet Lhal

”:[fi—lz' = Dz o i=U0n—1, ﬂ‘",:, = 1/,
one obtains the recurrence forrula for the caleulation of the wlnes T, i = 1:
E|1*2_."I|I=.:I{|1E.IFJ I, i=dn—1.

I'her abowe relations determine uniguely the function H(y). If the eouation f{x) = 0 has
aroot I {f{x) = 0) in the interval {x;. x4 ) € |o.b). then an approxdimation of this root can
be: oblained with the formula

H;i(0) =¢; = T.

3 Numerical application

T'here exisl many mathematical models for the prediction of Lthe solar eclipses, The roeost
known snch moddel s that of Bessel. For everv solar eclipse, there arc computed the so-
called Besselian elememts, which are tabularly given in astronomical almanachs (soc o,
Seidelmann 1992). The elements of the TSE of 11 August 1999 were calenlated by NASA
{Espenak and Anderson 1997,

To caleulate the local visibilily circumstances, we have resorted to Lhe program S0-
LARFCL.BAS, in which we have introduced the geographic coordinates of DBaia Mare:
y = 47740 North, A — 23°35" BEast, I = 400 m above sea level. The caleulatioms were
performed between the mstanks U [initial) = A andlTT [final) = 14%, wilh n step of (.1
hours. For every moment [T, Tahle 1 lists:

- Lhe: powsition angle P, having the vertex in the centre of the solar disk, measnred [rom
the Northern point ol Lhe disk Fastwards;

- the: ungle V', having the vertex in Lhe contre of the solar disk, measured from the highest
position of the Sun fowards the zenith;

- the distance p between the observation site and the centre of the umbral circle on the
Earth’s surface;

- Lhe differences L, — p and L, -~ p, where L, and L; are the radii of the penumbral and

umhbral circles, respectively;



Table 1: Baia Mare: ¢

204

= 470" A = 23"35"; H = 400m
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- the eolipse magnitude, g = (Lo — P}/ (Le — l4)-

At the exterior contacts we have p = L., wheroas at the interior conlacts we have p = | L.
If || < p < L., then we have a pert 1l solar eclipso.

Fisure 1 uses the data listed in Table 1 to plot p = p(I7T). Observe that the curve
prosents a minimom at 77 = 11%, when the distance between Baia Mare and the axis of the
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Figure 1: pws. T

The: eurve (L, — p] a8 function of U7T, plotted in Fgore 2, intersecis Lhe (r-axis in two

points which eorrespond Lo Lhe instants of the firsl and [ourth contacts.
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Foor the first conlact we have considered the first 30 rows of Table 1, choosing the colummns
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I and 7, For the fourth contact we have considered the last ) rows of Table 1, choosing the
HELTLMC: liH.:l]IlI[!lIlH.

In & first approximation, (L: — ) 38 comsidered as inearly depending on 0T, as Tollows
4 = a + by,

where §y = (L, — p), 2 = UT; for y = 0 we have (UUT); = ghIE™ 327 030 and (177,
| 2h1§m207 5R2.

In & further approximation, (L. — ) 15 considered as quadeatically depending an I, as
[eallowes

i = a+ br + cx’,

where v huve oblainel (T7T), = 93556 460 and (U717, = 1 2R20™ 15° 304.

Resorting to inversa inlerpolation quadratic splines, we have obtained (I7T7; = 9°35™56°.6] 4
and (7T, = 12h20°705° 979,

Taking into acoomnd Lhe values provided by NASA: (TT), = 9"35™56°.8 and (1717 =
L2"20™06%.2, as well as those compuled by os via the three approximations, one oblains Uhe
() — " differences below,

Approgimation (UT)YA%4 — (UT)P™  (UTIAS - @T)7™

linear —35*.23 -+ " 62
i ralic l-5%.54 —97.10
splines +0°.34 +°.22

These results illustrate the efficiency of the use of inverse interpolation splines compared

with the classical approsimalion meihods,
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