
E X T R E M E  L I M B  O B S E R V A T I O N S  O F  Ba n • 4 5 5 4  

A N D  M g  i A 4 5 7 1  

ROBERT J. RUTTEN 
Sterrewacht ' Sonnenborgh ', the Astronomical Institute, 

Utrecht, The Netherlands 

(Received 25 June, 1976) 

Abstract. Profiles of the Ba II 3, 4554 resonance line and the Mg I • 4571 intercombination line are 
presented, observed near the limb of the Sun. They are obtained from eclipse spectrograms with good 
spectroscopic resolution and an accurate height calibration. The reduction of the observations is 
described and detailed profiles are given for a range of viewing angles (1/cos 0 = 4-22). 

1. Introduction 

In this paper eclipse observations of the Ba IIh 4554.0 resonance line and the 
M g i  h 4571.1 intercombination line are presented. These lines are valuable 
probes of the solar atmosphere. The Ba II /~ 4554 line (6 2SI/2-6 2P~ is the 
only readily observable Ca ii K-like resonance line other than H and K. This line 
is formed around the temperature minimum and is particularly sensitive to 
non-thermal broadening, i.e. collisional damping and large-scale motions. The 
Mg ~ h 4571 line (3 1 S o - 3  3P~ has well-known diagnostic value based on its LTE 
source function. The relative populations of its upper and lower levels are 
completely controlled by collisions, so that their ratio is in LTE throughout the 
photosphere; at most small deviations occur in the chromosphere (Athay and 
Canfield, 1969; Altrock and Canfield, 1974). This property has been exploited in 
various analyses (e.g. Altrock and Cannon, 1972, 1973a, b, 1975; Rutten, 1973). 
Disk observations of this line with high spectral resolution have been given by 
White et al. (1972). 

Observations of these lines at the extreme limb have the advantage-  as for 
other l ines-  that the center-to-limb variation is extended with its extreme range, 
where the change in the height of line formation is much larger while the change 
in viewing angle is much smaller than on the disk. Line profiles observed at the 
limb are therefore valuable in the analysis of line formation (cf. Wijbenga and 
Zwaan, 1972). However, detailed line profiles from the limb have never been 
published. 

For the chromospheric spectrum the most extensive material presently available 
is the tabulation of integrated line strengths by Dunn et aL (1968). For high layers 
knowledge of line strengths rather than profiles does not represent a severe 
limitation since the lines become optically thin and display simply the decline of 
their upper-level population density. But for most lines the disk profiles are not 
very sensitive to these cbrorrrospheric layers so that such data do not give 
constraints on the formation of lines observed on the disk. 
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Closer to and within the limb resolved profiles are needed. Such profiles must 
be obtained during an eclipse. Extreme limb observations outside eclipses yield 
even in optimal seeing conditions qualitative information only, due to disk 
straylight and the unreliability of the height calibration (cf. Livingston and White, 
1974). These problems can be overcome in eclipse observations, where the Moon 
supplies a complete cutoff of disk straylight as well as a reliable position indicator. 
However, it is difficult to record line profiles of good quality in the few seconds 
available. 

This paper presents detailed line profiles from the extreme limb for the first 
time. The observations were obtained at Miahuatlan, Mexico, by the Dutch 
expedition to the March 7, 1970 eclipse. 

The observing program, the instrumentation and the eclipse spectrograms are 
described elsewhere (Houtgast, Namba and Rutten, 1976; henceforward called 
Paper I). In the present paper the reduction procedures are discussed and the 
results for the h 4554 and h 4571 lines are given. 

2. Observations 

A slit-spectrograph was used to photograph the spectrum of the extreme limb of 
the Sun. 

Earlier, slit-spectrographs were applied at eclipses only by Redman (1943, 
1955). The use of the slit ensured maximal spectral resolution independent of 
image degradation by seeing or by errors in guiding or focus of the telescope. A 
coelostat followed the Moon accurately; the wavelength range 4545-4579/~ was 
photographed at a dispersion of 1.7 A mm -1 on 70-mm Eastman Kodak Tri X 
film. Further details are given in Paper I. 

Twenty-eight spectrograms were obtained just prior to second contact. They 
are listed in Table I. Reproductions of selected spectrograms are shown in Paper 
I. The determination of the height scale will be discussed in section 3. At the start 
of the series the spectrograms are slightly overexposed due to seeing excursions of 
the image on the spectrograph slit. These resulted in temporary occultations by 
the Moon of the aperture of a photomultiplier that was placed in the spectrum 
and controlled the exposures. It did not measure the whole width of the spectrum, 
but only a small part transmitted by a slit placed parallel to the dispersion 
direction (cf. Paper I). 

Unfortunately this aperture was more frequently occulted than the remainder 
of the spectral width (Figure 1). Towards the limb, the overexposure decreases 
because the solar crescent became so narrow that the seeing excursions caused 
occultations of the whole width of the spectrum. The occultations spoiled the 
absolute intensity calibration because the recorded exposure times are no longer a 
good measure of the incident intensity. (Spectrogram 19 is underexposed due to 
an error in the automatic exposure circuit.) 

A qualitative description of the behaviour of various lines has been reported 
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earlier (Houtgast et al., 1971). A not yet understood phenomenon is the tilt 

shown by all lines. Interpreted at first as an accidental rotation of the spectro- 
graph slit, it may have a solar cause since similar tilts were noted later by Houtgast 
and Namba (1975) in 1973 spectrograms and in previous slitless eclipse observa- 
tions. 

The spectrograms do not show fine structure, except for two Bailey beads close 
to the limb. 

3. Geometry of the Observations 

Eclipse spectrograms from a slit-spectrograph do not contain distinct position 
information in the spectrograms themselves; separate event registration is neces- 
sary to obtain an accurate calibration of the height scale of the observations. 
(Height is defined here as the projected radial distance above the solar limb.) A 
slit-jaw movie camera, a strip chart chronograph and two tape recorders were 
used (cf. Paper I). 

The tapes were read out on paperchart with a multichannel UV recorder at 
high speed (29 cm s-~). The moments of opening and closing of the shutter blades, 
the exposures of the slit-jaw movie (and various shouts of the observers) were 
determined in local (crystal-clock) time with a resolution of 1 ms; the calibration 
to UT using recorded radio time signals is accurate to within 3 ms. The exposure 
times are given in Table I. 

The slit-jaw movie was used to determine the location of the slit on the solar 
image and the zero point of the height scale (i.e. the moment at which the 
projected solar limb crossed the slit). 

The movie frames show the slit and the crescent very well. The individual 
mountains and valleys of the lunar limb are discernable in projection when the 
crescent breaks into beads. They can be identified with the details of the predicted 
lunar limb (Figure 1 of Paper I) by comparing the successive frames of the film, on 
which the lunar limb is scanned by the contracting horns of the solar crescent. 
Figure 1 shows two examples. The identification of the beads yielded the position 
angle of the slit during the observations. The slit was found to have been at 
40.3 ~ NESW, 13 ~ away from the intended valley at contact point. Its orientation 
was nearly tangential to the limb, slanted at an angle of 18 ~ (Figure 1). 

Second contact took place at the expected position angle (27.5~ The predicted 
moment of contact was 17h29m03.5 sUT (Paper I), while the observed contact 
(last bead vanishes on the movie) was at 17h29m03,0~+0.3SUT. However, an 
estimated value for AT (39.0 s) was used, and a correction must be applied for the 
1.1" deep valley. A prediction obtained afterwards with the definite value of 
AT(40.34 S) gave 17h29m01.7~UT for the mean lunar diameter. Since the pro- 
jected speed at which the valley was covered was 0.369"/s, the predicted 
disappearance of the last bead is at 17h29m04.7 ~, or 2.3 s later than observed. This 
difference points to a quite plausible error of 1-2 km in the coordinates of the 
site. 
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TABLE I 
Eclipse spectrograms 

Number of 
spectrogram 

Begin of exposure End of exposure 

UT Height (km) UT Height (kin) 

3 17h28m9~16 -13570 17h28m9~19 --13562 
4 14.18 12178 14.28 12152 
5 18.55 10966 18.70 10926 
6 23.63 9559 23.69 9542 
7 27.85 8388 27.92 8370 
8 33.20 6905 33.31 6875 
9 37.99 5575 38.09 5549 

10 41.45 4916 41.62 4569 
11 44.16 3867 44.39 3801 
12 48.26 2729 48.41 2688 
13 48.66 2618 48.83 2570 
14 49.09 2500 49.29 2444 
15 49.50 2385 49.74 2319 
16 49.99 2249 50.20 2190 
17 50.45 2120 50,74 2041 
18 50.99 1971 51.20 1913 
19 51.46 1842 51,58 1809 
20 51.83 1739 52,31 1604 
21 52.51 1551 52.93 1434 
22 53.18 1365 53.52 1269 
23 53.72 1198 54.36 1036 
24 54.62 965 55.06 843 
25 55.31 773 55.75 652 
26 56.00 582 57.04 -294 
27 57.28 -225 58.31 +58 
28 58.56 + 129 17h29m07~22 2529 

The  movie  f rames also show that  the image of  the M o o n  did not  move  relative 

to the slit dur ing the half -minute  pr ior  to second contact  in which all impor tan t  

spec t rograms were  taken.  

The  height  scale of the spect rograms was derived f rom the observed  m o m e n t  of 

contact  for  the slit and the calculated speed at which the solar limb was covered 

there  in the radial direction. A t  that  m o m e n t  and posit ion angle the latter 

a m o u n t e d  to 0.385 "/s or  277.3 km/s. The  observed contact  for  the slit was at 
17h28m58.1~• which agrees with the predict ion for this posit ion angle 

(17h29~00.3 ~) when  the - 2 . 3  s correct ion is applied. 

The  resulting heights for  the spect rograms are en tered  in Table  I. They  are 

reliable to within 100 km (systematic error;  their relative accuracy is much better).  

The slit-jaw movie  yields fur thermore  an estimate of the seeing. The  d iameter  

of the seeing disk was est imated to have been  about  5" or 3600 km on the Sun, 
f rom measurements  of  the extent  of the smallest details along the pro jec ted  lunar  

limb and of  the radial widths of  the beads at the m o m e n t  that  they disappear.  The 
bad seeing is in ag reemen t  with the absence of  fine s tructure in the spectrograms.  
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Fig. 1. Observed and predicted lunar limb at second contact. The radial scale of the predicted limb 
features is exaggerated fifty times. Two frames from the slit-jaw movie are superimposed. They were 
taken shortly before slit-contact and shortly before second contact, respectively. The predicted and 
observed features correspond very well. The slit is visible on the original frame. Its orientation is 
indicated at the predicted limb. The projected width of the slit was 0.73" or 524 km on the Sun. The 
location on the slit corresponding to the aperture of the monitor photomultiplier in the spectrum is 
close to the mountain at which the slit intersects the lunar limb (this location was indicated by a 
needle, glued on the slit-jaw mirror, which is visible on earlier frames). The light line that intersects 

the crescent at right is a fiducial thread. 

The  observat ions  do not  represent  the spectrum of the part  of the disk covered by 

the slit only but  a weighted mean  of the contr ibut ions f rom all layers outside the 

lunar  limb. This was confirmed by scans of the last spect rograms made  in the 

Bailey beads and be tween  the beads that  show no differences in line profiles (after 

convers ion into intensity) larger than their noise. The height  values given in Table 

I therefore  represent  lower cutoffs of the contr ibut ion funct ion only. 

Hansen  et al. (1970) have published Sacramento  Peak  Ha filtergrams and 

M a u n a  Loa  co ronagraph  observat ions  for 7 March  1970 and the surrounding 

days. They  show no part icular  activity at the limb at the observed posit ion angle. 

The large coronal  s t reamer  observed  at about  this posit ion was based on an 

extended active region that  passed the east limb already on 3 March.  

4. Microphotometry 

The spect rograms were scanned with the old Ut rech t  m ic ropho tome te r  (Houtgast ,  

1948). This double-sl i t  ins t rument  was upda ted  by adding a He idenha in  posit ion 

encoder  and digital registrat ion on punched  paper  tape, resulting in a measur ing 

speed of 100 samples/s and a posit ional accuracy of 1 / z m  (Rut ten  and Van  

A m e r o n g e n ,  1975). The spect rograms were cut f rom the film, c lamped be tween  
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glass plates and measured at 4/xm intervals with projected slit widths of 6 t~m. 
Because the microphotometer adjustments are not perfectly reproducible and also 
because small deviations of the focus over the travel length of the plateholder 
carriage produced variations in the measured transmission, the clear film along 
the spectrum was also scanned, averaged over short segments and used to 
normalize the spectrum transmission. Characteristic curves were determined 
from the numerous calibration spectrograms taken on the eclipse films before and 
after the eclipse and on the following day. Separate curves were constructed from 
spectrograms made with a 7-step weakener, with different combinations of neutral 
filters and with various telescope apertures, all for separate exposure times (0.4 s, 
0.8 s and 2 s). The scatter in the individual curves was found to be rather large, 
especially for the step-weakener data since these contain the overlying center-to- 
limb variation of the solar image for which only coarse corrections could be 
applied. The differences between the curves for different exposure times are 
smaller than the scatter; therefore a single composite characteristic curve was 
derived, with extra weight given to the neutral filter data. 

The uncertainty in the intensity calibration is largest for the continuum of the 
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Fig. 2. Part of the tracings around 4554/~ from spectrogram 12 (bottom) and spectrogram 25 (top). 
Ordinate: relative intensity (continuum= 100) with a vertical offset of 30% for the top tracing. 
Abscissa: relative wavelength (zero-point unknown). Some identifications are indicated. Note the 
emission wings of Ban  A 4554 and the emission profile of Fe It)t 4556 in the top tracing. The 
granularity of spectrogram 25 is less than for spectrogram 12, but shorter microphotometer slits had to 

be used for this spectrogram because of Bailey beads; the noise level is therefore similar. 
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Fig. 3. Part of the tracings around 4571 ,~ from spectrogram 12 (bottom) and spectrogram 25 (top). 
Labeling as in Figure 2. The larger noise in the top tracing is due to shorter microphotometer slits. 
Note the emission wings of Ti tI h 4572.0 and the emission profile of Ceti h 4572.3 in the top tracing. 

early spectrograms due to their overexposure. These spectrograms show also an 

increasing density and graininess towards the short wavelength end. The calibra- 
tion of the far wings of the it 4554 line is therefore less reliable than for the 
A 4571 line. However,  the reliability increases towards the limb. 

The profiles of both lines were sealed to hand-drawn continua, determined in 
the windows at 4553 A and 4556.7 A for the A 4554 line and the windows at 

4568 .A, and 4573.5 A for the it 4571 line. The continuum fits for the h 4554 
profiles are hampered by less good windows and the increases of density and 
granularity towards the film edge of the early spectrograms. Corrections for 

spectrographic straylight are incorporated in the restoration procedure discussed 
below. Examples of rectified scans are given in Figures 2 and 3. 

5. Restoration 

The tracings are very noisy due to the graininess of the sensitive emulsion and 
distorted by the finite resolution of the spectrograph. The use of a slit during the 
eclipse had the advantage that the instrumental profile was not influenced by 
irreproducibles as telescope focus, guiding and atmospheric seeing, so that it could 
be determined separately. The A 6328 line of a H e - N e  laser was photographed at 
night with a wide range of neutral filters, in three different polarization directions 
(cf. Paper I). 
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The resulting spectrograms show many ghosts. These are doubled by internal 
reflection in the beam-splitter used to feed two film magazines with spectra of 
different intensity (90% reflected and 8% transmitted). The secondary image is 
negligible compared to the ghosts for the (reflected) eclipse spectrograms (relative 
intensity 7 x 10-6), but in the red the beam-splitter coating was transparent so that 
the secondary image is appreciable in the transmitted laser spectra. 

The laser spectrograms were scanned with the same microphotometer adjust- 
ments as the eclipse spectrograms, so that effects of sampling resolution are 
included in the restoration. The scans were converted into intensity with a 
separate characteristic curve for the red wavelength region and the short exposure 
times used. It was constructed from the neutral filter data and the secondary 
images. The instrumental profile was assembled by fitting logarithmic intensity 
plots from the various exposures together. No dependence on polarization was 
found. The test was made because the transmission of the spectrograph was very 
sensitive to the polarization of the incoming beam of light, and effects on the 
instrumental profile were feared from changes in grating illumination. A later 
analysis of the spectrograph of the McMath telescope at Kitt Peak by Breckin- 
ridge (1971) also showed a large influence of polarization on transmission due to 
Wood's anomalies, but only slight changes at most in the instrumental profile. 

I ~ l ~ ~ l ~ f a e ~ h l ~ n d  refers to 6328 A while the eclipse spectra 
are centered on 4560,~; transformation of the instrumental profile to this 
wavelength is necessary. The various contributions have different wavelength- 
dependence and must be scaled separately. The core of the measured profile at 
6328 ~ has a Gaussian shape while its wings show the familiar (zi)t) -2 decay with 
superimposed ghosts (cf. Griffin, 1969). The core has a halfwidth of 34/xm (or 
15.2 m,~), in agreement with the expected value (spherical aberration of the 
collimator: 30 ~m; grating resolution: 13/xm). The total wavelength-independent 
contribution (spherical aberration, diffusion in the emulsion, microphotometer 
resolution) was therefore assumed Gaussian in shape with a halfwidth of 31.5 gm 
or 18.6 m/~ at 4560 ~ ,  while the grating contribution to the core, also Gaussian, 
was scaled in ~ with the wavelength ratio. The resulting core at 4560 ,~ is 
Gaussian with a halfwidth of 32.4/~m or 19.1 m,~. The (A;t) -2 wings with the 
ghosts were also scaled with the wavelength ratio and extrapolated to lower 
intensity levels using log-log plots. The resulting instrumental profile is given in 
Figure 4. It shows the common property of single-pass spectrographs that the 
halfwidth gives an overestimate of the resolving power (here ~ 240 000) because 
the wide wings and the ghosts degrade the spectral purity appreciably. These are 
the chief sources of spectrograph straylight. Therefore the correction for straylight 
is best done by including the wings in the restoration procedure, especially when 
emission lines are present in an absorption spectrum. 

The deconvolution of the observed spectra with the instrumental profile was 
achieved by dividing their Fourier transforms, using the ALGOL '60 Fast Fourier 
Transform procedure given by Singleton (1968). Deconvolution by direct Fourier 
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The instrumental profile of the eclipse spectrograph at 4560 A. The upper curve shows the 
core on an expanded wavelength scale. 

transformation has advantages over previous methods (Burger and Van Cittert, 
1933; Van de Hulst and Reesinck, 1947), apart from the simple machine 
implementation. It allows an asymmetric instrumental profile, and also the use of 
a close approximation to the 'optimum' noise-filter given by 

Ps(s) 
�9 (s)  - (1) 

Ps(s)+ PN(S) ' 

where s is the Fourier frequency variable and Ps and PN are the true signal and 
noise powers, respectively. 

I refer the reader to the excellent review of Fourier restoration procedures by 
Brault and White (1971), and discuss only aspects in which the eclipse spectrog- 
rams differ from their examples. The correction for the instrumental profile is 
unusually large and the noise level also, so that instability poses a problem. In 
other words, the transform of the instrumental profile is not much wider than Ps 
and intersects the observed power spectrum close to the point where Ps ~ PN SO 
that the division of the transforms causes noise enhancement already at low 
frequencies. Consequently, optimum filtering is required. 
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Power spectrum for part of spectrogram 25. 

An example of the measured power spectrum is given in Figure 5. Tapering 
windows were applied at the ends of the 4096-point data segments. Various noise 
components were identified from scans of homogeneously exposed film and scans 
without any film in the microphotometer. Their pattern is more clearly seen in 
Figure 6 which shows an average of four transforms. The steep rise at left 
represents the spectral lines and has the expected shape (- t ransform of Voigt 
profile: Ps ( s ) - exp  (-as~-blsl)). The constant power above 150cy/A is white 
noise due to the microphotometry, especially to the low digitizing resolution of 8 
bits only. The gradual slope in the middle is due to photographic grain. This 
contribution extends to high Fourier frequencies. It necessitates the small sampl- 
ing interval of 4 gm (or a high Nyquist frequency above 150cy//~, here at 
212 cy/A), to avoid aliassing. Not only the lines but also the grains must be 
oversampled! The noise contribution was found to decrease below 10 cy/.~. The 
optimum filter was determined from averaged power spectra with a low-frequency 
extrapolation of the noise power based on the grain-only tracings. 

The instrumental profile was normalized in the measurement domain and the 
Fourier shift theorem (Bracewell, 1965, p. 104) was applied to center it in the 
Fourier domain. The effects of the restoration are illustrated in Figure 7. The 
lowest trace shows the result when the inverse filter (1-@(s))  is applied, 
demonstrating that no signal is lost. However, this does not imply that no noise 
remains. The lowest trace shows also the reduced granularity for low intensities, 
which in principle invalidates the optimum filter given by (1). This expression is 
based on the condition that signal and noise fluctuations are not correlated, 
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Average of the power spectra of four segments of spectrogram 25. Various components are 
indicated. 

whereas emulsion granularity depends on incident intensity. In principle it would 
be better  to filter the line cores and the continuum separately (for instance by 

convolution in the measurement domain with the reverse transforms of two 
separately determined optimum filters). However,  the quality of the present 

observations does not warrant such sophistication. 
The whole restoration procedure was checked on calibration spectrograms 

taken at the center of the disk after the eclipse. Long microphotometer  slits could 
be used to reduce the noise level. The restored scans were compared to photo- 
electric double-pass scans from the Jungfraujoch spectrometer,  kindly provided 

by Dr  L. Neven (Royal Observatory, Uccle-Brussels). The central depths of 
various lines were compared and found to agree quite well: to within 4% of the 
continuum intensity, while the restoration introduces corrections of up to 15%. 
Near the limb where the lines are weaker and wider the corrections are not so 
large (5-10%).  

6 .  T a b u l a t i o n  o f  P r o f i l e s  

The scatter from scan to scan _is still appreciable after the noise filtering, due to 
low-frequency noise and to errors in the local continuum levels and in the 
photometric calibration. I have used the redundancy in the number of spectrog- 
rams to increase the precision of the profiles. This was possible over most of the 
height range where the true changes in the profiles are smaller than the observed 



14 ROBERT J. RUTTEN 

E 
D 
L 

0 

O- 
09 

3 
0 
L 

0 0 0 ( 
o Lo 

> 

) 

) 

@ 
O_ 
09 

"O 
0) 
L 
0) 

c 

�9 
�9 

L 
.+.> 
0 
@ 
In 
@ 

-O 
@ 

O 
-+) 
0) 
@ 
L 

!-572.9 

r 
r 

~572.0 

i Cr 14571.7 

FeI 4571,4 

g14571.1 

C 

- 0  

I3.. 
E 
D 

- 0  

o 0 o o o o  o o 
~0 o Lf~ o 

t 'q 

o 

& 

> 

0 

�9 

u~ 



EXTREME LIMB OBSERVATIONS OF Ba II 3, 4554 AND Mg x h 4571 15 

scatter. The positions of the centers of the h 4554 and h 4571 lines were 
determined on the restored tracings from the location of the zero of a third-order 
least-squares fit to the derivative of the profile, defined by Ik+2--Ik-2 where k 
counts the 4/zm samples. The profiles were subsequently sampled at multiples of 
10 m~, from line center. Tables of the variation of I(AA) with 1//z were thus 
determined, where tz is the cosine of the viewing angle 0 of the projected lunar 
limb at mid-exposure (0 is the angle between the line of sight and the local 
normal to the solar surface). Examples are given in Figures 8 and 9. The variable 
1//x permits a better representation by low-order polynomials than the height. 
Second-order polynomia! fits were determined by multiple regression (cf. Davies 
and Goldsmith, 1972, p. 276). The profiles for 1 / ~ > 2 2  (he ight>-500km:  
spectra 26, 27 and 28) were not included since for these the true changes in the 
profiles are larger than the scatter. From the polynomial fits final profiles were 
obtained. They are given in Tables II and III and in Figures 10 and 11. They are 
spaced equidistantly in 1//x to facilitate inversion of the center-to-limb variation 
(cf. White et al., 1972. The scaling constant A in their definition (2) is unity.). 

95% confidence limits (Student's t-test) are included in the tables. They 
estimate the reliability of the profiles with regard to the observed scatter, but may 
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Fig. 8. Measured  intensities at two wavelengths in the profile of Ba u A 4554, relative to the local 
cont inuum (dots). The polynomial  fits (full lines) and the 95% confidence levels (dashed lines) are 

indicated. 
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Fig. 11. Profiles of Mg I )~ 4571 from the extreme limb. Labeling as for Figure 10. 

underestimate the true errors since systematic errors are possibly present in the 
restoration and in the photometric calibration (Section 4). 

An estimate of the systematic errors is obtained by comparing the eclipse 
profiles of the A 4571 line to the profiles published by White et al. (1972) for the 
region of overlap. The latter are the result of time-averaged photoelectric scans 
made with the spectrometer at the MeMath telescope and may be regarded here 
as ideal. Figure 12 shows the comparison. The agreement is very good. The 
differences exceed the 95% confidence limits appreciably only in the far wings. 
Systematic calibration errors due to overexposure were indeed feared for high 
intensities (cf. Section 4); fortunately the overexposure decreases towards the 
limb so that the systematic errors are not at all serious. However, they will be 
larger for the wings of the )t 4554 line. 

Finally, Figures 13 and 14 show parts of restored scans of spectrograms 26, 27 
and 28. Their reliability is lower because no least-squares fitting procedure was 
applied. Also, it should be noted that the uncertainty in the zero point of the 
height scale (~<100km) is important in the interpretation of these profiles, 
especially for the continuum, and that the only truly chromospheric spectrogram 
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EXTREME LIMB OBSERVATIONS OF B a  II A 4 5 5 4  AND Mg I h 4 5 7 1  23  
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Fig. 14. Parts of the restored scans of spectrograms 26, 27 and 28 around Mg I A 4571. Labeling as 
for Figure 13. 

(No. 28) was an 8.7 s exposure. During this time the Moon covered 2400 km, 
more than the full emission height of the two lines. 

7. Discussion 

The observations given here represent the first spectral line data from the extreme 
limb in the form of detailed profiles. Their precision is sufficient for detailed 
analysis. 

The contrast in behaviour of the two lines is remarkable. The Mg i ~ 4571 
'LTE '  line stays in absorption throughout the outer limb (Figure 11). The minute 
emission wings shown at 1/tz = 20 are not significant. The line turns abruptly into 
emission at the limb (Figure 14). The slight self-absorption shown in its core on 
spectrogram 27 is barely significant. 

The Ba II ~ 4554 K-like resonance line exhibits line wings in emission above the 
local continuum already at 1//z = 16, or 1400km within the limb (Figure 10). 
These emission wings are definitely significant, and will be analysed in a subse- 
quent paper. 

At  the limb the line becomes a strong self-absorbed emission line, and shows 
asymmetry in its two emission peaks (Figure 13). 
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