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Abatract

On the occosion of the tutal solar celipso of February 15, 1961 two spectrograms wore
obisined at the momenis of sccond and third conlact of tha eclipse. The speetrograms contain a
amooth transition of the phatospharic specirum hnin the chiomosphoric one and sice smsa.  Contl-
nunl regisiration has been nchloved by means of & moving plote combined with a slit spectrograph,
The method adoptad, and a descriplion of (he spoctiograph and tho chromospheric zpetrophatometic
1caulle olrtained Eavu heen published {Kubicela, 19G8).  In this study e 1961 eclipsn data hnva
heen wed (0 find the intensliy of solar continuum radiation dependent on heliocentric helghls
within tha last socond of eppaivont solar radlus,

The observational material

For this purposo ihe spectogram of the second contact has been chosen
which is pholometrically superior as was cstimated [rom the analysis of the
chromospheric  spoctrum. Because of lower speced of Lhe photoplale, this
spectogram covers beltor the low Intensily domain about the sensitivily threshold
ol the photoemulsion.

The spectogram contains a well defined, 800A wido, reglon of the spectrum
about the Hy line. The dispersion of the original negative is 12A/mm. The
scale in the dircction lpcrpcndicular lo the disporaion is such that 1 mm on the
plato corresponds Lo 313 km on (he sun in tho radial direclicn,

‘The photometric callbralion cnables one to oblain monochromatic inten-
sitles in arbitrary units. The transformation Into intensity values cxpressed in
terms of intensily of (ho conter of the solar disc has becn realised indircctly.

The measurcd continuum wavelengths have beon chosen satisfying the
fullowing conditlons: 1) Micropholomelric measuremenis on the specirogram
have to be made without interferonce with neighbouring spectral lines. The used
portion of the continuum also has to be as frec ol absorption lines as possible in
a high resolution spectriim, (Minnacrt ct al 194-0‘). This was dene with the aid
of the Utrecht Atlas, 2) The samc wavelength Intervals have Lo be frec of chro-
mosphoric cmission Iincs. The list of Mitchell (1947) aided such an examination.

In this way fivo wavelengths have been finally chosen. Thesc are contered
Al A= 4215A, A==4316A, A;=4836A, 2,=-1413A, and »s=:4477A,

Besides the already mentloned spectrograms there are G calibration spectra
obtained by a step slit filted on aftor tEe eclipse to the same specirograp and
Ethm taken in a similar way with different exposures, from 09.05 to 1%.30.

cy were used in evalualing the calibration curve and the Schwarzschild
exgg}m::}td In both cases previously oblained values (Kubiccla 1968) have been
confirmed.

*On lenva feom Astronnmiboal Oteervatory In Brigrade, Yugoslavia,
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Evaluation of the intensites

The second contact spectrogram and the calibration specira werc measured
by the recording microphotometer of Kodaikanal Observatory. With a ncarly
square slit, | mm on each sidc, that correspondsto 0.5A in the spectrum and
12.5 km height in the solar atmosphere for cach of five wavelengths, iwo photo-
metric scans have been traced in a direction perpendicular to the dispersion.

Before reduction Lo intensities, the photometric scans were smoothed to
avoid fluctuations caused by running shadows prior to second contact. Along
these smgothed profiles about 30 points, at 25 intervals on the sun, have been
measured.

In spite of somewhai larger errors which could be cxpected in the process
of numerical differentiation, small intcrvals between neighbouring measured
points were used in order to obtain better coverage of the intonsity curve at the
extreme solar limb. We minimize the scatter in the measured intensily values by
gcanning two independent profiles al cach wavelength and taking a mean value
of five intensily curves from the differcnt wavelengths.

According to the procedure described carlier (Kubicela 1968) application
of the calibration curve {0 photometric profiles gives observed intensities in arbi-
trary units. Afterwards, they have to be multiplied by the following faclor

sip=“’“p )

Here s is the length on the plate from the measured point to the point where the
extrapolated photographic density vanishes. Schwarzschild’s exponent, p, was
0.70. The quantity s is proportional to the exposure time ol the observed point
of the photoplate. Thus, the denominator at the left side of the equation (1)
ropresents the Schwarzschild correction. In this way the observed intensites

ong eny of the pholometric profilcs have been related 1o a unil of time, At the
samc time, the quantity s is proportional to the interval of heights in the solar
atmospherc which, al the observed instant, had nol yet been occulted by the moon.
The corrected intensitics can be considered aa intensities related 1o a unit of length
elong the solar radius. Then, the numerator of the left member of (1) converis

these intensitics into the intcgrated ones within the corresponding interval of the
golar radius,

At this stage of the ‘fhol.omctric procedure, it was found that it would be
uscful to have an indcpendent control quantity to check the photometric transfor-
mations and cspecially the application of Schwarzschild’s law. The 1961 observa-
ticn does not have any conirol of this kind. However, in Appendix I such a pro-
cedure has been briclly proposed. '

Further, the integrated intensilics obtained from iwo photometric profilcs
have becn scparaicly averaged at cach waveleugth, The transformation (o
intcnsity distribution along the apparent solar radius, ik (h), has been achieved by
numerical differentiation, Due to small intervals between neighbouring mcasured
points it was possiblc to usc only the Grst differences of the integrated intcnsities.

. In order 1o obtain a final mean value, the quantities i &, (h)...i Ay(h) werc
multiplied with cocfAcicnts 8.155, 2.183, 1.560, 1.146 and 1.000 respcctively,
They were derived by satisfying the condition that all five curves i Ay(h), afier
somc distance from the limb, have the same level in arbitrary intensily units,
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In this way we normalize the five curves on o one sysiem o clininate variation
caused by instrumental sensitivily at the different wavelengths,

The resulis

These “normalized intensities™;, I, arc presented in'Table 1. It containa,
1A (columns 2 to 6), their mean values I, in the same arhitrary units (column 7),
natural logarithms ol intensitics I, SL'O]LIITI.H B), I, expressed in per cent of the
ceniral inlcnsilK of the solar disc (column 9) and corresponding haghts in the solar
atmosphere in km (column 10).

Table T
No, Is213 Iasie  T13a6 I3 L4417 Im Inlm Im (%) T (kra)
1 2 3 4 5 6 7 8 9 10
1 4.3 2.1 G.1 1.0 1.4 3.6 1.283 1.3 +-230
2 6.1 3.3 8.2 1.9 2.6 5.0  1.611 1.8 -|-225
3 6.3 6.1 5.8 6.5 4.8 5.7 1.7l 2.0 -+200
4 12,1 G.7 9.2 8.2 +.2 8.1 2.0%4 2.9 +175
5 G.6 4.0 109 0.4 6.1 B2 2.105 2.9 -}-150
6 12.9 9.5 134 11.3 6.7 10.8 2.380 9.8 -+125
7  12.0 100 16,6  15.2 9.) 12.5  2.525 4.4 -k100
a 48 M40 198 165 13.2 157 2.758 5.6 - 75
9 21.8 196 23.0 165 15.2 19.2 2 9%0 G.H 50
10 22,7 19.9 22.8 233 12,8 20.8 3.015 7.2 - 25
11 24.6 26.0 23.7 25.2 17.7 25.4 3.152 8.3 0
12 29.3 26.5 28.0 26.% 21.2 26.4 3.278 9.4 — 25
13 32.5 35.8 %4.0 40.9 22.84 31.2  5.443 11.1 — 50
14 356 32.8 82,1 28,7 24.4¢ 80,7  3.430 10.9 — 75
15 38.5 35.8 4.2 az.1 27.7 33.7 J.510 12.0 —100
16 42.6 3l.2 92,1 81,7 3l.o 337 5.318 12.0 —125
17 3.7 39.0 4.8 298 304 357 3.578 12.7 —150
18 47.2 42,1 14.8 28.7 33.1 39.2 3.675 13.9 —173
19 47.0 46,8  4+.8 52.1 306.9 41.5 3.720 14.7 —200
20 37.4 42,1 384 3.8 39,2 303  9.678 14£.0 —225
21 41.0 35.4 53.3 42,2 344 42,1 3.73 15.0 —250
22 41.6 44.3 39.9 413.7 45.3 44.0 3.790 15.6 —275
23 41,0 4.9 41.3 3l.5 14.G 45.7 3.826 16.2 —300
24 44.2 4.4 47.0 48,7 50.4 16.3 5.840 1G.4 —325
23 47.2 48.3 31.5 45.9 13.7 47.3 3.860 16.8 —330
26 50.0 43.7 50.5 447 43.0 46.5  3.843 16.5 —3875
27 47.9 48.0 14,2 8.1 40.2 45.5 3.822 16.2 —400
28 47.2 49.9 40.6 41.4 44.8 3.810 15,9 —425
29  59.8 43.5 h2.6 3,908 18.6 —450
30 50.5 41.6 16.0 3.093 16.3 —475
31 47.4 45 .4 4G.5 9.841 16.5 —500
a2 50.5 50.5 8.930 17.9 — 525

I'he intensities I, have also been shown in figure 1 by open circles, and
the curve drawn through them as a heavy line.  The alscisa contains the heights
of column 10 of Tuble I, with the origin directly bolow the inflection-point of the
intensity curve. The inlensity scale on the left of the dingram i expresaed in arbi-
trary units, and the one on the right cxpresses (he intensity in per cent of the
ceniral intensity of the solar disc.npin a iypical eclipsc observation, il is very difli-
cult Lo establish the relation belween these two scales, An usnal method is the
extrapolation of observations outside an cclipsc (usually ona reliable intengity scale)
lo a region ns close o the solar limb as possible. The same procedurc has been
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adcoﬁstcd here. The intensity curve (2) given by Picrce and Wadell (1961) waa
used. Hence

I(0,0)=ah+bhpteh [1—pd, (! ﬂ;'] o (2)

Here p.== cos 8, where 0 is the angle between the direction towards the observer and
the radial direction at the observed point. The coellicients a A, b A, ¢ A arc tabula-
ted by Pierce and Wadecll. We have in the present study interpolated thesc for a
valuc of A==4850A. Equation (2) satisfics Lgc observations with high accuracy
within the interval 0.2<p<< 1.0, Wec have cxtrapolated it until p==0.003.
This cxtrapolated curve of lE.'iercc and Wadell 1o small values of . is shown in
Figurc 1 by the dashed curve,
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A comparison of the observed curve with the extrapolated Picrce-Wadell
curve within the height interval —200 o ~ 500 kin expresses the unit of our arbitrary
intensity acalc in per cent of central intensity of the solar dise. We thus find that
onc unit of the m'ﬁﬁu‘ar}' acale cquals 0,355 per cent of the intensity of the centre
of the solar disc. The maximum deviation between the two curves occurs at the
very.limb and amounts (o 1.4 per cenl.  An almost ideal agreement of the curves
could be achicved by the translation of one of them for about 35 km along the
abscissa and by the usc of a cocllicient 0.348 instead of 0. 355.

Ini,
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In figure 2, the natural logarithms of tbe intensity [, for i 0, arc shown.
It can be seen that the curve, within the interval of positive hcights satisfies
the cxponential expression

I==], e—vh o (3)

where the gradient y=7.4 %10~ em™. I8 rcciprocal, the scale height, H is
135 km. The limb intensity [,, amuonts to 8.4 per cent of the intensity at the center
of the solar disc,

With a rather high valuc of the scalc height this obscrvation joins some other
similar obscrvalions &. . Lindblad and Kristenson, 1953). On the other hand,
the theoretical valucs of H, under the assumption of hydrostatic cquilibrium and
temperature ol ahout 4500° arc sysicmaucally lower : H=>54 SMinna,crt,
1953) and H=84 km (Pagel, 1967). This discrepancy is, so far, uncxplained.
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APPENDIX 1
‘The Control Photometric Ticld on a Moving Plate

It is uscful to have a good control of photometric reductions when a moving
photographic plate is used as the radiation recciver in an cclipse observation. In
order to sccure such a control, the following procedure can be used.

The region ABCD of a movin%‘ghotnplale, P, Figure 1, is illuminated by an
artificial light source. ‘The feld ABCD does nol move with the plate. The illu-
mination is uniform, il lasts for some time during which time it is constant, but

P

_

T t JE F

Figure L1,
staris and ends abruptly. The wavelengths ol the radiation in the feld are identl-
cal or similar to the wavelengths in the spectrum which are obscrved in the EFGH

7
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regions of the plate. The length of the control ficld, d=A%, is somewhal bigger
than the total length, EF, described by the plate during the movement. The inten-
sity of light is such that the photographic density in the field ABCD nearly equals
the expected density in the ohserved spectrum.

'The desired illumination can be realized by a lifht source and an immov-
able mask with a window S;f‘ shape ABGDR immediately In front of the plate, or
by a suitable projector inside the camera ol the spectrograph. :

The process is the following. The illumination of the filed ABCD hegins at
the inatant t, after the plate has started moving and ends at the instant t, + At before
thgcrlate stops. In this way the plate is exposed (o the radiation from the coniro}
filed in the region A'BCD)’. The distribution of the photographic density along
the line T-~1I in Figure 1, is such that, after the corroct application of the calibra-
tion curve and the Schwarzschild’s law, the photometric profilc must be like
A’A;B.B shown in Figurc 2. Herc the abscissa contains the lengths, 1, in the direc-

Emux

v

»
h

d(t,)

F Y
: ]

dit+At)

tion of the movement of the plate. The ordinate represents the total radiani
encrgy, E, that a surfacc element of the plete receives during the exposure interval
between L, and T+t a, s the distance covered by he plale within the inlerval
at, and d (4,) and d (4, + at) arc the frst and the last illuminated positions respec-
tively of the field,

The encrgy L depends on the illumination, ¢, of the plate (the radiation
cncrﬁly received in a ‘unit of time by a surface element of the plate in & given wave:
length interval and of & given solid angle) according to
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Ty
E= I:dl. coee (1)

The limits of the integral (1), Ty and T, are the moments of the beginning and of
the end of illumination of the observed elementi on the photographic plate.
Becausc of constanl illumination, E depends on time only through these limits.

Within the three sections of the profile in Figure 2, the limits of the integral
(1) have the following valucs:

On the section A’A;  : T,=t (2)
Te==t; 41

On the scction AB, : T,=y (3)
Ta=1{,+1

On the scction BB : T,=t, (4)
T2=L

Here L is time connccled with distances, 1, on the plate by the equation of
movement

{=v.i+consl. (5)

where v is the constaul speed of the plate with respect 1o the non-moving illumi-
nated filed.

From (1) and (2), and from (I} and (4), il can bec scen that I% is a linear
function of time, and because of (5) il also depends lincarly on £, The sections A7A,
and BB} of the pholometric profile arc straight lincs with the slope that reverses the
sign when the variable moves from the lower to the upper limit of the integral (1).
As hoth limits in (3) arc constant, from (1) wo find E=const.=E,,.; thc section
A:B, in figurc 9 is a siraight line parallel to the abscissa,

The photometric control consisls in compatison of the observed profile I-I1,
Figure 1, with the shape in Figure 2. The degrec of al.grccmcnt of corrcaponding
acclions of the obscrved profile with straight lincs from Figurc 2 is the mengure of the
atlained accuracy in photometric transformations.

In practice, the amall sections A"A, and BB, of the profilc in Figure 2 will be
lost. Iiis a nccessary consequence of the existence of the sensitivily threshold of a
photocmulsion, but it docs not prevent the application of the described procedure.

In the case of a sufliciendy long spectrograph slit, where the length ofits pro-
jection, d’, in the planc of ihe photoplelc gatislies the condition d' AB++EF : alter-
natvely, the photometric field can be realized by uniform illumination ol a scction
of the lit itsell. At the first instant this radiation forms a spectrum in the IJKL
region of the plate. During the movement of the plate, on the surface I'JKL' a

iclure with photometric profiles analogous with the profile I-II, is being built. It
8 cwvlidcnt that such s photometric field can be analyscd in cach wavelength scpa-
rately,

MOIPOBE—82—2 DAOK [69—25-3-70—383.
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