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- SUMMARY: During the Total Solar Eclipse of February 16, 1980, observable
- from India, besides many kinds of research programs, the sequence of eclipse phases
- was taken photographically for the astrometric purposes. All relevant parameters
~ of this eclipse are derived, including AT, T),,2, XRS etc. e

’ . .

1LLINTRODUCTION  Small Refractor of BAO was used. The aperture of
N ' e e 18 objective is 60 mm, the focal length is 85 cm.

e .. . . There were attached a Barlow lens (yielding 1.62
Total D“""ﬁ their stay in India at the time of the magnification of the solar image), an O 2.8 filter
~-bqta ?ola.r dlﬁ?ﬁ. - F ?bruarg 116’ cllgag‘tthe m§m-i - (orange) and a Zenit ES camera on the tape of an
Observatory (BAON ] A coe Brace hoironomical  pOTOKEMIKA N Mikrofilm. A total of 65 pho-
Observatory (BAO), J. Arsenijevié and I. Vince, pho- tographs was taken. out of which 6 out of (2 b
tographed among others, following the proposal of f grap d 4 after) eclinge The at e h o o diti ©
“the first author, the run of the phases of this inter- '°'¢3nd a.er') cciipse. 1he atmosp et con ttions -
esting phenomenon. The team led by A. Kubigela, "ere very good: a cloudless sky without cirri, but hot -
~also a member of the BAO expedition, was located with a sha,de temper&ture_ 9f +36°C. E _
in the centrality-line region, near Jawalagera, Kar-  Unfortunately, shortly after the beginning of
“nataka District, at the following geographic coordi- the photographing the team had problems with the
“nates ST quartz clock put at its disposal by the National Or-
: | N ML e ga_nisinﬁ Committee of India. Probably due to the
A= =57 31 too high temperature the clock rate hecame irregu-
. lar. For this reason the mode of time registering was
¢ =+15°5057",  changed so that time was measured according to the
' ' quartz watch of one of the expedition members (JA).
‘"This watch was compared with the IST signals (In-
. dia Standard Time) emitted by the Indian National
2. OBSERVATIONS Physical Laboratory. It is important to notice that
LT - - over several days it preserved an unchanged state of
o For the’ burtose of ohetor - L (Kubicela. —8?%. Nevertheless, for the témeda,ta, In_view of the
G or the purpose oi p ot,ograp Ing u i_ce a, _ 3pphed mode Of obse:rVin ’?eye -é&l’n _one could
1981) an adapted Askania finder refractor from the not account for any accuricy exceeding )1-2 seconds.

‘where the altitude above the sea level is h = 400 m.
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" Table 1. Prediction of the Solar eclipse of 1980 February 16 for central line

Ephemeris
Longitude

La.titude

Ephemeris
Time

Dura.tlon Wldth of | Altitude |

—_-_ mﬂes _

Clearly, this circumstance obliged us to change

~ the concept of our task formulated originally and to
use the available observational data only for the pur-

- pose of classical-parameters deriving and determin-

 ing of the times of the main eclipse phases, such as

the first and the last contact between the solar and
lunar discs, as well as concerning the maximum and

the slze of the given phase at that instant.

Since the plan of our expedition envxsaged as-
trophysical observations during the totality, the pho-
tographing performed at our request were interrup-.

ted about 15™ before and after the maximum-phase

“instant (from 10°! - 10°'UT). In this way we got two
- independent series of photographs contalnmg 35, and

- 26 items respectivelly. -

~ Based on the experlence with Tra,nsms of Mer-
cury across the Solar disk we decided to preserve in -

~ this paper such a division and to present the ob-

By determining the distance between the horns ( ml
and m2) are determined, by fixing the photometer at
the position correspondmg to the reading (y1+y2)/2.

Then the width of the solar uneclipsed disc d is mea-

sured and by setting on the limbs also its diameter
2R. Provided negatives are offering a sufficient con-
trast, these measurements are ea,sﬂy performed with.

high precision. -
The results of our mea,surements each one he _

' ing based on two settings, are presented in Table 1;

Fig. 2 contains the corresponding plot a time func
tion where o = lO(cr/ZR) -

tained results, as well as the conclusions reached by *~

~ their analySIHg and comparmg w1th predlcted theo—,

~retical, va,lues |

3 OBSERVATIONAL RESULTS
' REDUCTION AND INTERPRETATION

 The negatlves were measured on the Zeiss pho-
tometer with an accuracy of +0.001 mm following

the procedure applied at our Observatory in the case
- of an earlier eclipse (Proti¢, 1968). The film tape

- placed between two glass plates, one of them having
a device enabling its easy manipulating, is brought

by rotating the plate carrier on the photometer into

- such position that the intersection points for the solar

~and lunar discs are along one of the wires (in Fig. 1
~ points ml and m2 along the thread denoted as y—y).
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~ Fig. 2. Eclipse phase variation in time.

~ Obviously & = f(t) is a uniform, but asym-

metric, function with an extremum at the instant
of the conjunction between the Moon and the Sun

{maximum eclipse phase) and it can be very satis-
factorily approximated by the following relation

8 = Ao + A1 Al; + A2AL? 4 ABa @)

(_vé,riant ) cL T
where for the sake of brevity

o At; =t —tg

has a simplified form

 Au=Bo+Bio+ Bac? + B (2)

(ariant I S
Sith 1, 1s denoted the initial instant chosen arbitrar-
 Bearing in mind the experience concerning an

earlier paper (Protié-Benigek, 1984) in the analysing

of these results, as already mentioned, each group
I8 treated separately. Though both variants are ap-
glied, the second one is preferable as more suitable o o : S . ,
because 1t"yields explicitely the time data whichwe L
P _(T4 - toz) = 427™ 8475 = +27m50 S 85 o

~ hence

want to determine, whereas the purpose of variant I
18 rather the verification of the results. R
... Thus, in view of the results from Table 1 and
choosing as initial instants: =

C te = 9"2T™B6 0 UT

to2 = 10"56™522 0 UT

ot by an inverse one given by M. Proti¢ (1961) which

corresponding to the mean times of the obs"erved— n-
terval for each group, we determine by using the

least-square method the most probable values of the
- parameters By (k=0,1,2,3), namely:

~ Group ' ~ GroupII L
By 4444615  —40.8961
B, —0.08878 ~0.01733
‘B3 +0.001995 ~0.000754

o It is found for the correlation factors within

' Group I 0.99998 and 0.99997 within Group II. This
fact alone proves that the application of (2) is com-

pletely justified. Besides, the standard errors also
indicate that the estimate concerning the accuracy

of registered times is realistic.

»

- H, as usually, the instants of the first and
last contacts between the solar and lunar discs are
denoted T; and Ty corresponding to the condition
o = 10.0, relation (2) yields after substituting the
corresponding valuesfor B, -

 (Di—te)= 3o smsae T

(Tl)a: 8h54m01€23 :i: 0.55 UT

C (T), = 11"14™42 5 85 £ 0.68 UT.

119



-

ARSENLJEVIC. L. VINCE, A. KUBICELA and J. LAZENDIG
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1 | 8 - -

2 |8 52 00 . . 12.985

3 | 8 55 00 -32.933 |  9.8788 12.992
4 | 8 57 00 .30.933 {  9.6555 12.989
5 | 8 59 00 98.933 |  9.4085 12.993
6 |9 O01 00 26.933 |  9.1532 12.996
7 |9 03 00 94933 |  8.8989 13.010
8 |9 05 00 92.933 |  8.6757 13.007
9° | 9 07 16 .20.667 |  8.3962 13.038
10 |9 09 08 .18.800 |  8.1708 13.014
11 |9 10 55 17017 | 7.9544 12.962
12 |9 14 25 13517 | 7.5248 13.007
13 |9 15 16 .12.667 |  7.4200 13.000
14° |9 17 25 10517 |  7.1582 13.000
15 |9 19 31 -8.417|  6.8994 13.007
160 | 9 21 25 .6.517|  6.6649 13.006
17 |9 24 52|  -3067| 6.2380 ©12.993
18 |9 2 52|  -1067| 59898 -~ 13.007
1 j9 |9 28 52/  0933| 57200 | 12984
20 |9 30 51 2917 |  5.4792 12.991
21 |9 32 52 4.933 |  5.2360 12.988
22 |9 35 22 7433 |  4.9159 13.016
91 |9 37 s2|  9933| 45995 | 12992
24 |9 38 52| 10933 |  4.4699 12.969
25 | 9 40 52 12.933 | 42100 | 12984
| 26 |9 42 52 14.933 |  3.9459 13.004
27 | 9 44 52 16933 |  3.6929 12.960
28 |9 46 52 18.933 |  3.4277 13.000
29 | 9 48 52 20933 |  3.1762 12.994
30 |9 50 52 92.033 |  2.9041 12.988
31 |9 52 52 24933 |  2.6464 12.988
32 |9 54 52 26.933 |  2.3924 12.985
33 | 9 56 52 28.933 | 21275 12.992
34 | 9 58 52 30.933 1.8483 12.976

1

30

"Note: -~ - o - - - . ,
~In the case of photographs No 9-16 for which the registered 1imes were unreliable (the clock went oul
of order as related) a correclion is applied based on the curve derived after "five points third degree” by
‘smoothing in five points. - R - B
- Because of one (or a group of) unsuccessful photograph there is a confuston concerning the identifica-
tion of photographs No 36-40 on the film tape and consequently in the registered times. The correspondence
S es‘iablish;? )cm the basis of the measurements after which they are incorporated in the general run of the
curve ¢ = f(t). S o ' S -
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- .Fig. 3. The progress of the solar eclipse of February 16,
- 6x9 cm film camera of M# Harrinder
- Jawalagere’s low latitude (® = 12°).

1980. Exposures made every 10 minutes with an ordinary
Sing. Note the steep afternoon descent of the Sun corresponding to the
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3 refractor D=60 mm, F=850 mm
fractor D=66 mm, =300 mm.

, using a re

1é and I. Vince, using
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'I‘able 3. Observational and measured data for the II group of photos

-
- . L]
. ot
£ 0
a b . L . . . -
N -
. '
' .
. ; . .
5

36* |10 29 00 :-f-26_ 000 | 50001 | 12991
37* (10 33 00}  -22.000 | 26713 | 12.990
38" (10 36 00|  -19.000| 30965 | 12.994
39° |10 39 00|  -16.000| 3.5376 - 12.989
- 40* (10 41 00|  -14000| 3.8292 | 13.011
41 |10 43 00|  -12.000 | 4.1060 12.996
42 |10 45 00|  -10.000 | 4.4021 12.987
43 |10 47 00|  -8.000| 46811 | 12.990
44 110 49 00|  -6.000| 4.9600 13.011
45 |10 5 00|  -5000| 5.1197 12.991
46 |10 51 00|  -4.000{ 5.2621 12.998
47 |10 53 00 | .--2000' ~ 5.5419 | 12.992
48 |10 55 00 0000 | 58427 - 13.018
49 |10 57 00|  2017] 6.1286 | 13.000
| 5 10 59 00  4.000]| 6.438 | 12982
| 81 11 01 00f(  6.000| 6.7177 - 13.018
52 |11 03 00| 8.000 7.0264 - 12.996
53 (11 05 00| - 10.000 | 7.3291 12988 |
54 |11 07 00| 12000| 7.6164 12.999
| 5 |11 09 00| = 14000 7.9028 ©13.032
56 {11 11 00| 16000 82144 | 13.010
57 |11 13 00] 18.000 | 85145 13.020
58 |11 15 00}  20.000 8.8206 | 13.032
59 |11 17 00| 22000 9.1018 | 13.020 |
60 |11 19 00|  24.000| 9.4133 13.038
61 |11 21 00| = 26.000_ 9.7167 | 13.036
62 |11 23 oo..__.__ B e _13 012

On the other hand substltut.mg t1 = Tma,, and
equalmg the two obtained relatlons solved for & we

| easﬂy find

" Gumas = —0. 25050 + 0 071402

whence lt. follows o

- maxlmum

. Tinas = 10"14’"10 196£0162 UT
l-'-where the mean between the errors determlned for
) Tl aﬂd T4 IS assumed as the root-meamsquare error .

T’

| ma:t:
3 o

.o as a mean value R

'10"14""1.0-8 69 7

0.0027‘.:?3

whlch after substltutmg in relatlons (2) ylelds the_-
- solutions for the lnstant od settmg iIn of the phase

— 10’*14"'11 s 92 UT -

@

(10

" method for ¢

ASTROMETRIC ASPECT OF 1980 INDIAN TOTAL SOLAR ECLIPSE

G'maz:')/lo ;“' 1 025 .
By ap]ﬁlymg variant I and the least-square
e found parameters A; we obtain re--

It 1S not dlfﬁcult to conclude that the hmse

. a.mount at tha.t mstant 1S glven by the followmg ex-
pressmn .

~~ sults almost completely comcudmg Wlth those given
o -here (dewatlons less than 0 ¢ 15) as was expected.

‘If as the coordinates of the observing site are
-.taken those of Jawalakhere and the theoretical times

~ asderived, we find by means of the classical Bessellan o
- ,procedure after two approxlmatlons - -

 Ty=8M53m56 64 UT
Ty =10M2750¢ 97 UT
- Th= - 10"14™13 ¢ 38 UT
T3 =10"15™35¢ 78 ur
. D= 10" 4”‘28*’80 UT
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where I;hé correction AT: TE -U T 1S assﬁmed to
be equal to +50.°°60. S
' ‘The maximum phase calculated here 1s
. M=1029.
o Applying direct calculation (interpolation
method, i.e. calculating the topocentric apparent

1.e.
relative positions of the Sun and the Moon, for ap-

plying the corrections Aam : +0 ° 014 and Adm : .
—0" 56 given in AE1980, p.343) with an interval of

1™ around the predicted times for the first and last - . ; . 2 .
. ted times for the Nrst and jasy o 4ions in the longitudes of the node and perigee of

outer contacts, in two ways, i.e. without taking into
account the irradiation and including its amount of

.'.

+1° 54,__it.is found:

“without irradiation

with irradiation

Tyor= 853531 02 UT Tacr=11"24™31286 UT

calCulated classically. Therefore, they are addopted
for the comparison with the observed ones so that

- we ﬁ-:n.d: '

. (0-0)
- ATy 4+ 4359
- ATy - 2342
AT, . 414305 .

- ATn+5142
- Taking into account the irradiation we obtain

AT 4+ 8223
AT, 410 399

. AT, +9!6l

~If we omit in the former case the deviation of —2 * 42
at the mean instant, it is obtained (O — C)m = +9°

32, a value different by about 0 ° 3 from the latter

one. S D . _
~ " Though, most likely, such significant (O — C)
should be partly attributed also to the unreliable co-

- e e ~derstandable.
Tic = 8*53m57¢ 06 UT Tyc = 11"24™28¢73 UT . .

' ' ' - . " Acknowledgements — After the long period elapsed
" since the eclipse observation in 1980 in India till the
' some personalities,

problems. R ..
' Last, but not least, we wish to express our

4. CONCLUSION

~ Since this eclipse took place at the time when
the Moon was at its descending node and relatively
~ near the perigee, it would be of interest to examine
" the behaviour of the residuals if it had been at the
apogee and also for the case of the ascending node,
perigee or apogee (total and annular eclipses). On
the basis of this material one might reach some con-

clusions concerning the secular and periodical vari-

lunar geocentric orbit. In addition, one might also
explain oscillations found in some fundamental con-

 stants (nutation and precession, for instance). The-
 refore, the importance of any further photographic

observations of the solar, and lunar eclipses i1s un-

publishing of the present paper

who at that time contributed exceptionally to the

success of our expedition, are no longer with us.

J. C. Bhattcharyya, Indian National Eclipse Coordi-

of the Indian Institute of Astrophysics, Bangalore,

" for the exceptional efforts made by them in prepar-

ing our camp and their help In solving encountered

gratitude to all Yugoslav institutions for their spon-

soring our expedition.

- This work is a part of the project " Astromet-
rical, Astrodynamical and Astrophysical investiga-
tions” , supported by Ministry of Science and Tech-

nology of Serba.
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'ACTPOMETPMJCKHU PE3YJITATH TIOCMATPAHbA TIOTITYHOT' CYHYEBOT
[IOMPAYEHWA Y MTHINJU 1980. FOIVHE

B [porih-Bermmex!, J. Apcenmjesuh’, V1. Bunue!, A. KySudena® n J. Jlasennnh?

lAcm.pouomcrca oncepeamopuja, Boazuna /7, 11000 beoepaod, J yeocnaeu Ja

. -“zKameOpa 30 aCMpPOHOMUJY, Mamemamuuku gaxyamem, Ynueepsumem y beozpady, Cmyderumcku mpe 16
S 11000 Beogpao, Jyeocaasuja ' !

YK 523.9:520.86:52118
IIpemxooHo caonuimerse

16, geOpyapa 1980. rommHe 4naHOBH ekcrieau- - HocMmartpama cy peanuzopa nypoutiom Askania
~ uuje AcTpoHoMcke oricepsatopuje Yy Beorpaay cHu- 6.0/85 cm, kxoMe je nomato Barlow coumso (ynehaine
MU cy Tok (asa mompatema CyHua, Gopabehu y  ciuke CyHua 1.62 nyta). Kopuwhen je gunrep O 2.8
~ Nnmnjn Hemaneko om mecra Jawalagera, KapHataka. y kamepa Zenit ES ca drnmoMm PorokeMmnka Mukpo-
- S , B ¢ruiM N oproxpomartcke eMysnsuje. -

Y TOKy ABOYACOBHOr MHTepBajia IOCMATpama  ACTPOMETPHCKM TapaMeTpH OBOI NOMpadeHa:
- gﬁeangzoaano je 66 cHumaka, on kojux cy 62 6una AT, Thax, AR UTH. W3BeZeHN Cy ca 3al0BOJbaBajy-
- obpaheHa. o : - - .

NOM TaYHOCTMU.
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