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4520.24 whïch in the chromosphere is much too strong; the high laboratory 
intensity too points to the supposition that it is a blend with another 
unclassi6ed Pe + line. From the horizontal displacements given to each 
multiplet (+ 1.55. + O.O. + 0.40) we can get the total transition �p�r�o�b�a�~� 

bilities of the multipIets relative to one another. by multiplying I{(which 
is 300. 5880. 2450) with these factors. So we find for the multipIets 

24P-14D' 2iP-l1p' 21P-liD 
84 59 61 

as the relative values of their emission in the ideal case of thin layers 
without selfabsorption in the conditions of temperature. pressure and 
excitation occurring in the chromosphere. 

Fig. 16. ObServed and theoretical intensities of the ionized iron muitipiets. 

Ionized titanium. 
For ionized titanium the multiplet systems. by the work of H. N. RUSSELL. 

are among the best and most completely known of all the elements. In 
the chromosphere the multipiets of the doublet system and one of the 
quartet system contain the strongest lines in this part of the spectrum. 
In the diagram 6g. 17 the logarithms of the observed intensities have 
been plotted against the logarithms of the theoretical intensities. whïch 
were found by multiplying the values fp4 by such coefficients as to bring 
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Fig. 17. Observed and theoretlcal intensities of the ionized titanium multiplets. 
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them all upon the same curve. It is seen that also here there can be 
drawn a simple curve, nearly straight, representing foe all of them the 
relation between theoretical and observed intensity 1). 

Only the multipIets containing strong lines have been used in tracing 
this curve, viz. the first five doublets of the list and one quartet. 

Por the fainter lines the uncertainty of their intensity becomes so much 
larger, that it is not weIl possible to continue the curve 1:0 the left side. 
Then there is an intercombination of the doublet and the quartet system 
(lP'-"D' ) for which it was possible to derive probability numbers from 
the sum rule; it is represented by rather strong chromosphere lines, the 
intensities of which are in sufficient accordance with the curve. (On the 
diagram they have been inserted afterwards and denoted by triangles). 
Por the other regular . m'itltiplets of either system, for which the strongest 
lines are rather faint in the chromosphere, the obs~rved intensities of 
these strongest lines may be used to derive from the curve the theoretical 
intensities and thus the total emission of the whole multipIet. The following 
table X gives for the different multipIets of Ti + the curve displacement, 

TABLE X. 

Multiplet intensities Eor Ti +. 

M.ltiplet EP EP' Log. Coeff. Ef Tota! 
Intenslty 

a 2D-a 2F 1.08 3.90 + .i7 35 104 

a 2D-a 20' 1.08 3.93 + .29 25 i9 

a 2G -a 2F 1.12 3.90 + . 10 63 79 

a "P'-a "D' 1.16 i .Oi - .74 300 55 

b "P'-a "0' 1.21 i .04 -2.25 300 1.7 

a 2P'_a 2D' 1.22 3.92 + .53 15 51 

11 2P'_a 40' 1.22 i.Di - .63 2i 5.6 

a 2H'-a 2G' 1.57 i .27 - .38 99 il 

b 2P'_a 2P 2.05 i.80 - .5i 9 2.6 

b 2P'-b 20' 2.05 i .85 - .28 15 7.9 

b 2F'-b 2G' 2.58 i . 27 -1.86 63 .86 

c 2D-c 2F 3.10 5.87 -1.73 35 ,65 

1) Attention may he drawn to some curlous dlscrepancies. The values In parenthesis. 
surrounded by a dotted ctrcle on the diagram. may be expected to lie above the curve because 
they posslbly contaln some blend. We find them. however. usually on or helow the curve. 
Thus we should conclude that these blends are only falnt . But in the case oE 4307.89 die 
Ti +- line coincldes with a strong Fe line (8). whtch may account Eor a chromospheric 
emission iO (cf. p. 91 the list Eor iron); still their comblned light fits weil into the curve 
Eor Ti -+ alone. The same in a lesser degree holds Eor i29i.10. 
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i.e. the logarithm of the coefficient. with which the probability numbers 
are to be multiplied. the sum totalof these numbers. and the resulting 
total emission of the multipiet. Two multipiets are included for which 
only 1 or 2 lines were present. sa that they have not been . included in 
the preceding lists. For every multiplet the excitation potential is given: 
1°. for the lower level (E P): 2°. for the higber level (E PI). 

Ionized scandium. 

The triplets of ionized scandium show a divergence. In bath of them 
the strongest line in the chromospberic spectrum is not the line with 
the highest inner quantum numbers. but the next line which after the 
formulae and the laboratory estimates should be fainter. This reversed 
sequence of intensities is confirmed by MITCHELL's estimates. wbich are 
10-12-10 for tbe first and 10-15-6 for the second triplet. It seems 
to be connected with the F level: it is perhaps not chance tbat the 
faint D-F triplet of Calcium sbows the same reversal. while tbe P-D 
and P-P triplets of Calcium and ionized Yttrium sbow the regular 
sequence. 

Other elements. 

The results for Ca. Sc +. Ti. Cr. Fe bave been plotted in the same 
way. Though the individual deviations are mucb larger here we find for 
all these elements a slow increase of log I witb log E. at a rate that in 
same cases even seems to be still slower tban for Ti +. In the same way 
as has been explained for Fe + and Ti + mean curves have been con~ 
structed for same of these elements. They cannot. of course. give evidence 
for tbe special figure of these curves. but they may be used to deduce 
tbe theoretical intensities of the total multipiets. The unity. in whicb 
these relative values are expressed. is arbitrary for each element: it has 
been chosen in such a way. tbat for all tbese elements and for Ti + 
tbe same theoretical intensity corresponds to the observed intensity 
1= 32 (log 1= 1.5). Thus in table XI tbe contents of the preceding 
table for Ti + should be added. and the results for Fe + are ineluded 
after reduction to the same unit. 

On the whole we see tbe intensity decreasing witb increasing energy 
of tbe lower level. indicated by tbe excitation potential. For titanium 
the transitions of tbe quintet system are clearly more intense than the 
transitions of the triplet system. For cbromium it must be remarked 
that the value for the first strong resonance triplet of the septet system 
depends on astrong extrapolation. sa tbat its numerical value cannot 
be very precise. 

3. The Helium lines. 

On our flasb plate the following lines of helium are present: 

Verh. Kon. Akad. v. Wetensch. (Ie Sectie) DI. XIII. E7 
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TASLE XI. 

Multlplet intensities for some other elements. 

E.P. E.P'. 
Total 

intensity 

Calcium 1 3P_2 3D 1.88 4.68 5.5 

1 3P_l 3P' 1.88 4.77 2.5 

1 3D-3 3F 2.53 5.23 0.90 

115-1 lp O. 2.79 15. 

lonized Scandium 13F-1 3F' 0.60 3.44 8.8 

1 3F -1 3D' 0.60 3.48 18. 

a ID-a ID' 0.30 3.21 81. 

Titanium a 3F'_a 3G' 0 .. 2.66 0.73 

a SF'-b SF 0.82 3.56 5.5 

a SP'_c SD' 0.82 3.70 3.3 

a 3P'_d 3D' 1.05 3.68 0.32 

b 3P'_e JF LH 4.22 0.87 

• SP'_d SD' 1.73 4.41 1.4 

a SP'-b sp 1.73 4.50 2.7 

a SP'_b 55' 1.73 4.62 0.66 

a 3G-e 3G' 1.87 4.66 0.69 

.3G-f3F 1.87 4.68 0.54 

a 3H'-c 3H 2.24 4.85 0.59 

Chromium 1 75-1 7P O. 2.91 39. 

155-1 SP' 0.94 3.70 1.15 

1 SD-l SP' 0.98 3.69 4.4 

1 5D-l SF 0.98 3.84 2.6 

Iron 1 3P-13G' 1.54 4.49 13. 

1 5P_3 SD' 2.19 5.00 9.2 

1 5P_l sS' 2.19 5.08 6.6 

1 7D'-m 7D 2.46 5.42 16. 

1 SD'-m sp 3.25 5.96 2.8 

lonized Iron 2 1P-I 1D' 2.68 5.65 37. 

2 4P_l 4P' 2.82 5.58 26 . 

2 4P_l 4D 2.82 5.56 27. 



TOTAL SOLAR ECLIPSE OF ]UNE 29. 1927 

4387.93 
4471.48 
4713.15 

2 IP-5 ·ID 
2 3P-4 3D 
2 3P-4 3S 

Int. 6 (Laboratory 
203 ( 

28 ( 

19). 
990). 
167). 

99 

To the intensity of the fust Hne corrections as described p. 79--80 
have been appHed; for the other Hnes the total intensity is given. for 
4471 derived by numerical integration over the broad profile curve. for 
4713 computed from the width at half height. The relative intensities 
nearly correspond to those measured in the Utrecht Laboratory I). 

ORNSTEIN and BURGER have found in the laboratory the remarkable 
phenomenon. that at low pressures (10-1 cm) the singulet Hnes of the 
helium spectrum predominate upon the lines of the triplet system; at 
higher pressures the reverse is the case. and the ratio between the triplet 
as a whole and the corresponding sin gul et line approximates to 3 : 1. 
The writers explain this by assuming th at the transition from the deepest 
term. which is a sin gul et term. towards the triplet terms is only possible 
by collisions with atoms and not by absorption of radiation or by 
collision with electrons 2). 

In the chromo sp here the pressure is so low that system transitions by 
collision cannot play a role. Since neither by the solar radiation a transition 
from the deepest singulet state to a triplet state is possible. the only 
possible cause for the strong intensity of the triplet Hnes is the process 
of recombination af ter collision. On the flash spectra photographed by 
MITCHELL and by DAVIDSON and STRATTON the Hé line 4686 is clearly 
visible. extending to 2000 Km. An explanation for the occurence of 
ionized helium in the solar chromosphere. which could not be understood 
on the basis of SAHA'S equilibrium theory. has recently been given by 
the impacts of particles of high velocity 3). 

4. Emission and absorption lines in strip c. 
In strip c of our flash spectrum. the flash Hnes are seen on a back~ 

ground of continuous sunlight originating from the extreme limb of the 
photosphere. The result is a very curious intermixture of absorption and 
emission. 50 that in the microphotometric record the Hnes are hardly 
recognised. It is even difficult to trace the Hne corresponding to the 
continuous spectrum. for a vale of the curve may be as weIl an interval 
between two emission Hnes as an absorption Hne; the very identmcation 
of the lines is thus closely connected with the exact drawing of the 
background. From the small part of this record reproduced in fig. 18. it 
will be seen how emission and absorption Hnes of ten occur side to side. 

I) D. BURGER. Onderzoekingen In het spectrum van helium: Diss. Utrecht 1928. 
2) Physica. 8. 111. 1928. A more extensive paper in the Zeitschrih für Physik is under 

press. Cf. J. STARK. Ann. Phys. 86. 530. 1928. 
3) R. W. GURNEY. M. N. 88. 377. 1928. _ W. ANDERSON. Zs. f. Phys .• 9. 719. 1928. 

E7* 
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50 that the wave~lengths seem considerably modified; in other cases, as 
for the Ca~line 4227, emission and absorption are almost equal and 
the line has disappeared. 

For the discussion of these puzzling combinations, MITCHELL'S catalogue 
of flash lines proves very useful. because it gives at the same time the 
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Fig. 18. A part of the 8ash spectrum in strip c. The lines are marked to the lower or 
the upper side, as the intensities of ROWLAND (absorption) or these of MITCHELL (emission) 

are stronger : where the two numbers are equal is put the sign O. 

estimated intensities in the photosphere (af ter ROWLANO) and in the 
chromosphere. We find, that in every case where MITCHELL'S chromo~ 
spheric intensity exceeds ROWLANO's the line appears in emlSSlon; 
and that in these cases where the intensity in the ordinary solar spectrum 
af ter ROWLANO prevails, the line appears in absorption. This is the 
key by which the interpretation of the spectrum c is made very easy. 
Even without measurements, this qualitative fact proves that the pro~ 
portionality between the intensity scales of ROWLANO for absorption lines 
and of MITCHELL for emission lines is certainly not bad. On ' the whoIe, 
the MITCHELL scale is a little too low for the faint lines, or too high 
for the strongest ones. 

5. Height of the chromospheric layers corresponding to our flash 
spectrogram. 

The width of the slit was 0,13 mm.; from the width of the strip con~ 
tinuous light, say 3 mm., the thickness of the segment of the photo~ 
sphere falling into the slit is found 0,07 mmo The exposure was estimated 
to durate from 4.5 to 2.5 sec. before totality ; on the other hand, the 
comparison of the emission and absorption Hnes in our record c with 
the photograph of CAMPBELL on a moving plate I) gives the time 3,5 
to 1.5 sec. We take the mean: 4 to 2 sec. and find that the distance 
of the moon' 5 edge from the point of contact was 0,032 mmo at the 

I) See E. E. CARPBNTBR, Lick Obs. Bull. Nr. 38-4, pI. IX, 1927. 



TOTAL SOLAR ECLIPSE OF JUNE 29, 1927 101 

beginning, 0,016 mmo at the end, as far as strip c of the spectrum is 
concerned. For the strips a and b these distances are smaller. because of 
protruding mountains of the moon. 

It will be seen that the reversing layer till a height of about 3000 Km. 
(0.07 mm.) was almost entirely included into the slit; near a and b, 
even greater heights were reached. and only layers higher than 5500 Km. 
must have been lost. 

We will now ask whether the mountai~s of the moon near a and b 
have reached the chromo sp here before the end of the exposure. 

A. We will assume first that the brightness i of the photosphere near 
the extreme limb of the sun remains constant. and then falls off at once. 
Let t be the time which the moon's edge in c needs at a given moment 
for reaching the limb of the sun; the total intensity of light giving the 
continuous spectrum is then I = it. And as the photographic action depends 

on If:P (for a constant illumination. on JId (ti') or Jf:P dl for a variabie 

illumination). the photographic intensity of the spectrum c exposed from 
i 

- 4 to - 2 sec. will be: iJf:P. dt= P ~ 1 (4p +1 - 2p +1). If the mountains 
2 

near a of b would protrude so far that at the end of the exposure it 
reached the basis of the chromo sp here. the photographic intensity of the 

2 

continuo us spectrum there would be iJf:P dt= P ~ 1 2p+t . The proportion 
o 

2p+1 1 
between the two intensities is 4p +1 _ 2p +1 = 2p +1 _ l ' Putting p = 0.82 

(see p. 30) we find the proportion 2.~4' That is to say: if the intensity 

1 
of the continuous spectrum near a or b is less than 2.54 of that near 

c. the mountains have reached the basis of the chromosphere before the 
1 1 

end of the exposure. Since the observed proportions are "8 and 6.2' we 

must conclude that the chromosphere has been totally exposed only 
during 1.1 sec. in a and during 1.2 sec. in b. and that for the deepest 
layers the intensities on the plate have been reduced in the proportion 

ei1 J.82 0.61 and Ci2J82 0.66. 

B. We mayalso assume that the brightness of the photosphere is 
gradually falling off towards 0 at the extreme limbo 50 that i = rt. r 
being a constant 1). By an argument as before. we find for the proportion 

1) See MOLL. BURGER. VAN DER BILT. B. A. N. 3.83. 1925. 
KIENLE & JUSKA. Zs. f. Phys. -t7. 426. 1928. 
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2p+2 
of tb.e intensities in c and a (or b): "ip+2 _ 2p+2 - 5.5-4. The observed 

proportions being ~ and 6~2' we conclude that the whole chromosphere 

has only been exposed during 1.7 sec. and 1.8 sec., and tbat tbe inten~ 
sities of tbe flasb lines bave been reduced for tbe deepest layers in the 
proportions 0.88 and 0.92. 

So long as more precise knowledge is lacking conceming tbe brightness 
of the photospbere at tbe extreme limb, we can only say that in the 
strips of our flash spectrum near a and b, the flash lines of tbe deepest 
chromospberic layers have been probably somewbat reduced in intensity, 
the reduction being equivalent to a factor of about 0.75 in a, and 
0.80 in b. 

Tbe arguments given in tbis section would be somewhat invalidated 
if tbe action of the atmospberic scintillation and possible imperfect 
focussing of the astronomical objective bad to be taken into account. 
In tbis case, only a part of the chromospberic arcs would perbaps fall 
into tbe slit, the absolute intensities would be found somewbat too smal!, 
but tbe relative intensities would probably remain true. However, we 
feel inclined not to attribute a great importance to these distu,rbances, 
remarking tbat the flash arcs on our plate have distinctly a curvature 
corresponding with the circumference of tbe sun' s image: the image of 
the cbromospbere on the slit must bave been sharp. 

It will be seen from tbis discussion, that there is an advantage in 
taking a flasb spectrogram somewhat before totality, so that tbe exposure 
ends just at 2d contact. Since tbe time of exposure is necessarily fini te, 
eitber tbe moon will bave covered al ready the deepest layers before the 
end of the exposure, or a faint background of continuous ligbt will be 
unavoidable. In botb cases a correction is necessary. 

6. The lines Hr and He -4-471 at different heights in the chromosphere. 
Tbe six plates taken near second contact, and showing Hr and He 

-4471 at successive stages, cannot be compared before prealable reduction, 
because tbe times of development and the temperature of the batb 
bave been different. However, the exact photometry is made possible by 
using their sisterplates, on wbich tbe spectrum of the constant standard~ 
lamp bas been pbotograpbed, and each of whicb bas been developed 
together with the corresponding eclipse plate. . 

The microphotometric measurement of tbese continuous spectra shows 
tbat their density curves are parallel within tbe errors of measurement; 
tbey are only sbifted a little with respect to each otber in tbe direction 
of tbe abscissae. It is therefore possible to determine tbe intensities of 
spectral lines on these plates by using the main transmission curve, if 
only the numbers found are afterwards multiplied by factors varying for 
tbe different plates from 0,7-4 to 1,00. 
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For both lines. the pr06les are determined at the regions a. band c 
on all the plates where they can be seen. The areas are taken. and the 
correction for FRAUNHOFER absorption is applied. We take account of 
the somewhat different exposure times by using SCHWARZSCHILD's law 
(p = 0.82. see page 29). and reducing all the observations to 1 second. 
The intensities found are given in table XII. 

TABLE XII. 

Intensities of the Hnes H l' and He H71 at different moments near 2nd contact. 

H l' He 4471 Mean moment 
No. of plate ~ ----------------------a b c a b c of exposure 

1719 1600 1710 203 188 -3 sec. 

2 338 413 641 i3 415 134 + 1.75 

3 172 250 393 41 +3 .5 

4 58 78 138 18 +5.0 

5 32 46 96 +6. 5 

6 21 ia H +8.5 

These intensities are now plotted against the mean moment of the 
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exposure. so that it is shown how 
the lines decrease in intensity af ter 
2nd contact. The curves for a. b. c 
must only differ by phase differences 
in the time. arising from thefact 
that the mountain of the moon near 
a reaches the limb of the sun earlier 
than the valley at c. From the con~ 
tinuous spectrum. we have estimated 
this phase differences to 2.5 sec. 
for a-co and to 2 sec. for b-c: 
from the H y curves. we get the 
values 1.5 sec. and '1 sec. Taking 
the mean. 2 sec. and 1.5 sec., we 
plot again the three curves. this 
time shifted over 2 sec. for a and 
1.5 sec. for b. 

The resulting curve (Bg. 19) shows 
Fig. 19. The decrease of the tota! intensity 

of the line H, after 2d contact. 
very clearly how the total intensity 

chromosphere Brst remains constant. then from the moment of 
decreases according to the exponential law e- 0.47 t . t being the 
seconds af ter 2d contact. 

of the 
totality 
time in 
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By differentiating. we obtain the rate at which the intensity in the 
chromosphere is falling off; in absolute units: 

780 . 1020 • e- o.'t7 t dt. 

Reducing the seconds to kilometers height H above the limbo we find 
that the emission of an arc of the chromosphere long 1 minute of arc 
(geocentric). broad dH. at a height H above the limbo in the unit solid 
angle. is 

H 

2.7 . 1020 e - 617 dH ergs per second. 

Hand dH being expressed in kilometers. 
The exponential form points to an atmosphere only partially supported 

by radiation pressure. For a normal hydrogen atmosphere. where solar 
gravity is only countrebalanced by the pressure gradient. the aequivalent 
height would be 160 Km. (for T = 5100°). Thus we find that hydrogen 
in the chromosphere is supported for 3/4 of its weight by radiation pressure. 

It may be asked if the highest part of the chromosphere has not been 
hidden by ODe of the jaws of the slit of the spectrograph. This is 
improbable; for then there ought to be an intensification of the chromo
spheric lines on both sides of the spectral strip. where the whole chromo
sphere would be intercepted by the slit. Now such an intensification is 
not found; and this cannot be ascribed to the moon covering already 
these points. for it is easily calculated that tbe moon overlaps only 
0.006 mmo farther there than in the middle strip of the spectrum. No 
more than 1 0/0 of the chromospheric light can have been lost by this cause. 

The decrease found seems very rapid. SCHWARZSCHILD. MITCHELL. 

DAvIDSON and STRATTON have found heights varying from 5000 to 8500 
Km. At the exponential rate. the intensity at the tips of the chromospheric 
arcs would only be from 10--4 to 10-6 of the intensity in the centre of 
the arcs. It is true that the photographic plate can record images within 

4471 

150 

·100 

.50 . 

-2 o 2 

Fig. 20. The decrease of the 
tota! intensity of the line He 
4471 af ter 2d contact. Dotted 

curve: the derived curve. 

a considerable range of intensities. but it 
seems more probable that in the higher parts 
of the chromosphere the rate of decrease is 
slower than the exponential one. We notice 
that the last part of our curve seems to give 
an indication in that sen se. 

For the heliumline 4471 the same construc
tions are made. but this time we plot the 
intensities on a linear (not logarithmic) scale 
(fig. 20). The curious fact is shown. that during 
the first seconds the curve gradually gets 
steeper. so that we would be compelled to 
assume that this helium line increases in in
tensity towards the higher chromospheric layers 
(cf. the dotted curve of fig. 20). This. if real. 

would be an interesting confirmation of the observations of DVSON: "the 

file:///ioioi
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helium lines are stronger in the higher than in the lower chromosphere" 1), 
and of DAVIDSON and STRATTON: "the arcs of helium are long but 
intrinsicaUy weak" 2). 

It wil be understood that this discussion is chieHy given as an iUustration. 
It shows that the method of discontinuous exposures near second and 
third contact can give valuable informations about the decrease of the 
intensity with the height in the chromosphere. In our case, the accuracy 
is impaired by the fact that no chronographic signals have been recorded, 
determining the exact moments at which every exposure has been started 
and finished; such signals are very easy to obtain. and for aU future 
photometric observations they wiU be of the greatest use. 

1) F. W. DYSON, Phi!. Trans. A 206. 449. 1906. 
2) C. R. DAVIDSON and F. J. M. STRATTON, Mem. R. A. S. M, 138. 1927. 
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