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SUMMARY.

By means of photographie photometry, the contours of soveral strong lines 1n the sun's speetrum have been obtaifind for
various pomts of the sun's dise hotween the centre and the limb, and the equus alent widths has e been denved from the contour

curves. The lines studied were H, Hg, Hy, HJ, tho H and K lines of 1onsed ealetum and the $226 line of neutral ealeium

It 18 found that tho resulual mtensities in every part of all the hines studied are greater ns the hmb 18 approached than at the
contro of the dise, This is consistent with our previous knowledge of the tendeney of the wings of lines to disappear towards the
sun’s limb, but the common appearance of ines becommg wider at the hmb is partly due to the relative insensitiveness of the

eyo to the famt wings, for actnally both in the core and m the wings the residual intensity 14 elways (for the lines studied) greater
towards the imb.

The residual intensities, cquivalent widths and corresponding number of atoms lymg ahove 1 em? of the sun’s surface are given
for dufferent points on the sun’s dwse 1n Tables I to VIT.

It 18 of interogt to compare th"- offeets of the grentor inclmntion to the vertieal of the path through the atmosphere for the
caan of torreatrial lines produced by the narth's atmosphere, with the imb offeet for solar ines UTaing 9 hines of the B band due to
terrestrial oxygen it was confirmed that their equivalent wudth mereases proportionately to the square root of the number of ab-
sorbing molecules, the residual intensity 1n the hines being deercased at all poruta of the contour with inereasing zemith distance
In the sun the effect 15 1n tho opposite direction as the welmation of the path through the reversing layer imncreases (as occurs
towards the limb), and the differonce 18 duo to the fact that near the limmb of the sun the cffeetive level of tlm‘photosphero 18 higher
than at tho centre of the dise, whereas yn the case of terrestnal hnes the background of continuous spectrum is unchanged for
both high and low sun.

Tho chango in contour of solar lmoes as the limb 1s approached 18 the combination of two oppusite cffects, namely (1) an in-
crease in the number of effcctn o atoms duoe to the gregter longth of path when it 18 1nchined to tho vertical, tending to strongthen
the line and increase its equivalont wulth, and (2) & ilecrmao in the number of atoms due to the fact that the effective level of
the photosphere 18 higher at the limb, tonding to weaken the hne and clecrease its equivalent width The first effect can be
allowed for from geometric consmidorations so that the gsecond effect car oo measured from the changes m the contours towards
the imb. Hence we have derived the concentration of atoms at differ at levels in the sun’s reversing layer 8a given in Table X.

The electron pressure derived from the ratio of neutral to jomsed atoms, 18 about 2 x 10-* atmeospheres et all the levels
Sonsidered.
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[t the two wedge 1cdarned to had boen used o mmlu posstion  thar trwn parencwes w ubilb v by
smilu (although not wdentical £ they were constructed independently of cach oth 1) but th b v
hows how diffcrent are th i (ffective transparencie due to thar different poati oo th je 1 ouar o
ment Yot the re ult obtuncd there wis satistawtory agreement o the cont urvidln Ttun 1wt !
wid (oan these two diffaent po trony

Lhe theory of the tormution of b orption hnes has been formulated meny times We hadbl ¢
the mcthod of Un old % whe wu the fir t to deduce the number of absorbing atom< i telbar atms o j
h wed that ab orption inc Culd be awccunted for by the seattenng, effect of th o all Tk b
He made use of the v vue 1 the sclogtive scattermn,. cocfhaent avenly Vot fromthe cle 1 alth
g, by bound ele ctrons namely
) 2
;):*((,4 (}[l_\ﬂz Af th
wher ¢ 19 the scattang cocfiaent per em length

A 19 the wavelength 1t the eentre of the absorption line

N 15 the number of absorbing atoms per ¢ ¢

f 1 the o allatory strength for the particnlar line
and the remamng, tams have thar usual sigmficance

-

Ih¢ above (xpression only applics 1n the absence of Doppler browdenmg du ¢ th m tan
Ing atoms 1 the hme of aght 1n the absence of collisions between the atem uw ko jr oor 4
thvince of the Stark ¢ ffoct due to mteratomic electrne fild  Inthe proseme £ D pglir ks i}
pression may only be strictly apphed to the wing, of the ib crpton hne uhp uth fute n
umfficted by the Doppler displacements which come mte con aderatuen
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No exact expression has yet been given for the contour of an absorption line produced by an atatosphere
of finite thickness. The best that can be done is to use approximations made under simplifying assumptions,
Jchuster showed that if we assume a definite photospherie surface at the base of a homogeneouy seattering
stmosphere, the contour of the resulting absorption line will be given by

1
" l4eg - -+ = - @
where 7 i the ratio of the intensity in the line to the intensity of the photospheric radiation,
¢ is the scattering coefficient of the atmosphere,
and H is the height of the atmosphere.
Substituting Unséld’s expression for the scattering coefficient, it will be seen that the contour of an absorp-
tion line broadened by scattering will be of the form
1

R o
where o — 2me®) 2NSH[3m%s,

The actual contours found for Fraunhofer lines do not follow the above form for 7. Neither the contours
which are published in this bulletin nor those which have been published by others resemble that given by the
above equation (3)  Unsold and others have sometimes interpreted their results by tuking the widths uf: lines
ab a certain value of r. - Thix corresponds to selecting a point on the actual contour where it is cut by the theo.
retical contour given by (3).  Naturally, the results obtained will depend on the value of y selected,

Also, the intensty at the centre of an absorption line predicted by equation (3) is not verified in the actusl
measures of absorption lines in the sun and stars.  According to equation (1) the seattering coefficient at the
centre of the line, where (A=) is zero, i3 infinitely large and therefore the ahsorption of photospheric radia-
tion should be complete, making the central intensity zero, Actually it is found that the central intensities
in Fraunhiofer lines are considerable, being of the order of at least 10 per cent even for strong lines.  {t <hould
be mentioned, however, that since the work published in this bulletin was completed, Thackeray.d using a
monochromator in front of the slit to reduce scattering in the spectrograph, has found much smaller central
intensities particularly for the resonance line of neutral caleium, 34226 1f the results of Thackeray are
correct, they remain difficult !;10 explain, Some attempts have been made by Woolley ® and by Steomgrin?
to interpret the appreciable intensities found at the centre of Fraunhofer lines as fiuorescence effeets in the
manner suggested by Rosseland.  Whether these interpretations are weil based or not, it ix difficult to see why
the calcium Line 4226 should have the lowest central intensity as found by Thackeray. Whatever may be the
processes in stellar and solar atmospheres which eause appreciable intensties in other hines, it is nut casy to g
why A 4226 line should he an exception.

The evidence of the central intensity in the terrestrial lines in the Fraunhofer spectrum should not b
neglected, It iy shown later in this bulletin that the lines i the Fraunhofer spectrum which are !flml wrtain!'_x
conditioned solely by pure scattering are lines in the terrestrial bands due to al:morp'tim h}"!ll’*"‘ in the carth's
atmosphere. Take for instance the B band due to molecular oxygen. If any lines in the Fraunhofer spectrum
should have the zero central intensity predicted by the scattering theory, they are fm:m ’m"}_‘ as t!‘mw }:4 the*R
band, the photometric results for which are given in 2 later section of‘ this bulletin, .\nu"lg::tﬂ the l:v:u t;
there given, we may state that the central intensities of the lin?s pxamined are f’f the mft;: o g‘; :’; :ﬁ th
the sun’s continuous gpectrum. This deviation from the predicted zero value is 20 m :‘: ttening within
1o possibility of explaining it as due to defective experimental conditions such as interna

the snontraoranh
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pectrum wlth ot b xpe ted from the theory of scattering con.iderably more confide nee has bee n placed
m bl tun foom the cquinvalont widths of abyorption hines than in the deductions from actual mn:oun
The v tent width of i absorption hine 1s defined as the wadth of continuous spectrum which would contain

the am onorgy 1 the totd §
L ¢ totu nergy absorbed inthe hne  It13expresscd by f (1-r) d)  In the asc where

:i" Deppler widenng o mall the cquivalent width of a hine 19 readily obtaned from ¢ quation (3) and 18 gven
"

2 ~
w-T¢ 2
. I SEIINATL. @
i Doppler widemng, 14 large «nough to be the prinaipal agent in broadening an absorption hne the «qw
vale nt width s given by 8

W= A NfH )

Actually nather (4) nor (o) corresponds to solar conditions for the wide lines which we are conmdering, 1n thig
bullctin -~ Under actual «onditions where the Doppler widemng 18 not neghgible but not large enough to he the
controllin, (nt we can only regard (4) as an expression for the upper hmit of VfH and () as the lower hnnt
It must lso be note d that Unsold has shown ® that for the oseillatory strengths f terms which he has designat d
by /' hould be uscd  He has caleulated the f valuesfor Ho H f and Hy  Tor resonance ine  such
the H & Klincs of (vt and the 4226 hine of Ca the f value are the same as the oscillatorv strengthes

The hine of the B band in the Fraunhofer spectrum have been vanously used ¢ for the verifieation of the ¢ x
pression (4) for the cquay Alent widths of absorption Iihes 23 2 funetion of the number of ab orhing atoms when the
1nes are produced by pure seattering  In the case of Fraunhofer hines due to absorption m the euth  atmo
pherc the Dopplir widaung the effect of atomie eothsions and the Stark effect can all he assumed to e nph
gible and we have m these lings an 1deal case of absorptaon hnes produced by pure seattcring The numbi r ot
(fle (trve atoms 3 ari s with the altitude of the sun  All that 13 necessary for the tests1s there fore to mahe phot
mctric mesurcs of pectrum photographs taken at high and low altitudes of the sun pre furably on the samc day
As the previous e ults of (afferent observers were not in exact agreement measures of some of the ltnes in th
B band have bien made 1t the Kodukanal Observatory in view of the importance of the mattcr Photographs
were taken of the B hind with the sun at a zemth distance of 72 and at a remth di tance of 23 each with 1ty
own standarchng, spectium for photometrs  The hnes cho en for measurem(nt were the mme hne  from
A\ 087 650 to 6870 959 Two photographs were taken at low altitude  bor zemth distances up to 72
the longthy of the paths through the wr and conseque ntly the number of absorbing atoms mas be a3 umed t¢
b proportional to the sccant of the zemth distance It 18 sufficient to quote the mean for the 1bove 9 Lin

I 4

Ri f u alentw ith f 1 wanlh ghsun
10

Rt f ant fzenthdst nce

Ilns result shows that the proportionality of the equivalent width to the square root of the number of abaorh

g, atoms 1s actully rehsed when the lines are conditioned by pure scattering Although the results confiem
hat the equivalent widths of the hines of the B band are proportional t ¢l

the scattcrmg theory in showing
sqnar¢ root of the number of seattering atoms vet the central intensities n thew lines are very diffirent f om

the zcro value predictcd by the theory of scattering  With lugh sun the central inb natus of the Y ines m o

ured wernge 42 per cent of the continnous background and with low sun 6 per cent  Since absorption in
the carth s atmosphere fulfils almost Jdeally the condrtions required for the apphication of the theory of abwo p
tion by scattcung and yeb shows appreciable central mtensities 1n the absorption kines 11 would seem that the
ccntral ke nsties 1n the Fraunhofer line may he due to the defects of the watteming theory rather than i

obsenre physica) processes 1t the reversing layer -

Lnoll St andkloy 7t At 1hysk 1314 1430
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The photowsetne reaalts for the vanous lines studied at the Kodaikanal Obwervatory are given below
Tﬂhl('h I ra VIH and 1n ﬁg-. I to 8, which ar¢ tht.' averages fmm 9 OF thore platm, Sinee 1t was e ,mﬂ-]u t

TabLe L—Carcrem Ling 2 4226,
Revidual intrnsity, Equivalent width, and Number of aloms abovr 1 cm? of phutosph rs

Bn * . . . . b 0-14 0-63 077 086 0 o
Cw () . . . . 10 0-808 0-760 0-638 0310 03 0- 109
A 208

v cooo | 180% | 18:8% | 18-3% | 18:8% | 19465, | 0% | 2219
O 20-8 29-0 227 23+4 24-2 26-2 26-9
4 10t . : 262 7.8 28-3 29-9 31-6 35-1 36.7
£ 15 . ... 31-6 33-8 33-7 38-6 7.2 42:2 448
I 31-1 39-7 38-7 4140 42-5 47-9 309
O T 44-1 459 45-6 46-4 413 519 53.3
80 . . L. 50-5 51-1 49-1 51-4 51-6 358 392
435 | . . 54-5 55-1 53-8 55-3 561 588 62-3
40 .0 . 580 59-4 57-1 58-3 58-4 | 6l-4 847
45 . . L. 60-9 61-9 59-9 61-0 608 63-4 86-7
5 . . . . 63-2 042 62-2 63-3 63-4 853 o8-8
+£60 . . . . 877 685 66-6 68-2 67-6 69-8 70
r00 . . . .| 23 72.6 71-1 73:3 72:0 74-0 75-8
£8 . . . . 784 78-7 76-2 78-0 71-9 79-1 79.3
£90 . . . . 85:2 82-8 81-5 82-9 833 83-8 83-0
00 . . . .| 815 85-1 848 86-0 8-3 81-1 861

R
Equivalent width . .| 1-35A 1-33 1-40 1-35 1-34 1-24 1-2]
i —

“NHperem?, . .| 310x10%  3:02 3-35 3-09 3.0 2-84 2-40

* Bin § = distance from centre of disc ex.l;l'BBSOd in radii.

ilf-?:n‘t?;: ;r li;xgrli’e;;iez;i‘nf:’n:a:n:entm of line were determined but are not here reproduced.

#* By formula (4); £ = 3 .- NH = W X 100587,
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i | |
f I TR " 760 0 AN 0 Al TR ; won
o !
|
" 14, Ly 4" 16 1, 17-4% n 6, a1, 20w,
+F | 21 22 234 L T N6 i W
i i 24 4 8.7 272 A\t MR 37 2 - 2
1 pLE K 34 a3 3402 34 2 1 ! LRI
L . 3244 353-2 RE] 8 185 8 37-0 IR ] i
i . £ K 4.-!- 2 43 8 47-5 41 7 b2 T
t 4 . al b 540 53-8 56 2 "R gt i
BT . oty 2 63 2 U} 633 MU IR M
to . . 66 2} 0.3 B8 2 i 3 B b Tin TN
n . 1] 75-7 T8 75 0 643 ANz Y
LA . . L1 815 K-l LR 73 L] w1y
S R
Etpuvalnt waith . S WA 9-20A 8RR A 9-28A N g FARRIRY noxy
. o e - - - —
**Nilperem?! o o | f-d0. 10 9 93 925 10-10 a4 Iy e 3

*Smmg)  dwtanes from contro of dise exprossed m radi,

§ 100 umts 823 A, 0ort A 12+1 units.
t Contours for intermedinte pomts near centra of lne were determine] hut

** Ry formula (4); t = 13 -. NH = W?x 10%/8-53.

are not hern reproadnend,



Tanta II1.—K Liws or Toxmszp Cavorox.
&ﬁhdhwmﬂmEhﬁdmhdwhmdﬂhwaqwhmﬂhnlmﬂﬁﬁMMmhm

Bing* . . . . 0 0-44 0:65 017 0-88 095 0-08
Cwg . . . o 0-898 0-760 '0-638 0510 0312 0-199
(A=A, §

o . . . . 14:0% 15:3% 16-79 16-9% 18-29;, 20-3% 21-2%
L85t . .. . 18:2 19:0 20-6 , 314, 25-6 28-0
+10t . . . . 22:0 23:0 . W 262 313 33-6
% 1 25-2 262 28-4 30-1 355 98-8
420 . . . . 28-4 29-4 31-8 33 _ 40+8 43-0
£30 . . . . 35-2 354 87.9 392 41-8 50+8
+40 . .. . 42:5 426 45-1 4680 581 57-5
150 . . . .| s 406 518 585 58-9 640
60 . . . .. 882 51:5 592 50-6 0d-4 695
+70 . . 68-4 662 - 67-3 67:1 70-0 746
£8 . . ., .| ms. 72.4 78:8 133 711 781 792

: ‘ it
Equivalent wigth . . 10074 | 101 | 1060 10-44 10-09 9-68 8-54
T
**NHporom! . ., | 10-85xl10ts | 10-80 1051 10-20 9-53 878 8-83

*Sin § = distance from centre of disc expressed in radii.

§ 100 units = 8:82 A, or 1 A = 120 units.
% Contours for intermediate points near centre of lino were determined but are nok bere reproduced.

* By formuls (4) ; f = 2/3, .-. NH = W3X104/10-69.
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Tasre IV.—Ha Lies,
Residual intensity, Equivalent width, and Number of atoms above 1 em? of photosphere.
Hin § * .o 0 0-44 0-65 0-77 0-86 0-95 0-98
Cos () . 1-0 0-898 0-760 0-638 0-510 0-312 0-199
(A-2,) 8

0 . 25-1% 2549, 2849, 26-99, 27-9% 29-0% 29-1%
t+ &t . 25-8 26-2 27-3 278 28-8 30-0 30-0
+ 10t . 28.2 284 20-8 302 30-9 322 32.0
+ 15 33:0 330 34-4 34.5 35-2 36-1 36-0
F 2 . . 41-4 40-4 42-7 42.2 43-4 43-8 43-8
+ 26 . . 51-8 51-0 53-7 53-3 53:9 555 55-2
k30 . . 61-0 60-5 64-4 63-6 656 88-6 684
4 36 . . 67-0 67-6 70-0 711 13-4 79-1 79-6
4. 40 . . 70-9 -2 734 752 71:9 83-8 86-2
+ 46 . 73-3 733 75-4 77-8 80-6 866 89-1
+ 50 76-2 752 76-8 79-4 82-4 88-4 90-9
+ 60 . _ 780 78-1 79-8 82-2 85-1 90-7 93-2
+ 70 . L 80-6 807 82-6 842 86-8 922 94-6
£8 . . . 82-4 822 838 85-8 88-1 93-1 95-0
P00 L 83-8 838 857 87-1 89-6 94-0 957
+100 " ses 84.8 86-8 88-4 90-4 94-8 96-2
Equvalent width 0—-105-. 1:56 A 1-66 1-47 1-41 1-31 1-13 1-07
Do. 105—388 0-97A 0-97 0-85 0-76 0+65 0-31 0-24
Total E. W. . . 2-53A 2-53 2.82 2.16 1-98 1-44 1-31
Total number of atoms| 12:0%10% [  12-0 10-1 8-71 %0 388 3-20

above om? of photo-

sphere,

*Sin § = dwstance from centre of disc expressed in radii.

§ 100 units = 222 A,or 1 A = 450 units.
+ Contours for intermediate points near centre

** By formula (4); £/ = 7-59, .. NH = W1 101%/0+536.

of line were determined but are not reproduced.
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Residunl intensity, Equivalent width, and Number ¢ atoms above 1 cm? of photosphere.

Bun g *. : 0 0-44 0-65 E'u 0-77 0-86 0 95 098
Cos § 10 0-898 0-760 0-638 0-510 0-312 0-199
(—2,)§ ,

0 24-1% 25:7% | 26-6% 27-29, 27-09 2859 29.20
+ 5% . 25-6 26-9 27-6 28-2 28-2 29-8 30-3
£ 10t 28-8 29-9 30-9 31-4 31+0 32.6 33.9
4 15 33-4 34-3 353 36-0 35-9 37:0 38-4
+ 20 39-2 400 41-8 42-8 42-7 448 466
+ 25 . 45-3 460 480 49-3 49-8 534 56-5
+ 30 . . 50-9 52-2 54-1 56-0 66-8 62-7 660
£ 36 . . 565 57-8 60-2 6l-4 63-8 69-1 729
+ 40 . . 60-1 61-3 64-0 64:8 67-9 73-3 772
+ 60 ., 65-4 66-2 69-2 69-9 73-4 789 8.4
+ 60 . . 68-6 69-2 72-0 40 76-8 83-0 837
+ 70 . . . 71-0 71-2 45 76-1 79-0 849 877
+ 80 . 73:0 73-1 76-4 71-2 80-6 86-5 88-5
+ 90 . . .| 10 749 77-8 78-9 82-1 BT-7 89-2
4100 . . . 6+8 788 79-4 80-0 83-4 883 90-2
+120 . . 78:6 79.5 81-4 84-0 84:4 88-8 91-5
£140 . . . 818 83:0 82-8 82:5 85-6 90-9 92-1
Equivalent width 0—150. |  1-454 141 138 1-25 118 Al

Do. 150—800]  1:814 1-70 1-59 1-45 1-34 0-835 0-70

Total W. 3:26 A 311 2-92 270 2-52 1-83 1-80
Total number of atoms 4'04x101J' 3-66 3-24 2-76 3-40 131 0-97

above 1 em? of photo-

sphere. i

*Sin § = distance from centre of dize expressed in radii
§ 100 unite = 1:39 4, or 1 & = 71:8 unlt determined but are not here raproduced.

% Contours for intermediste points near centre of line were

** By formuls (2) ; £ = 0-68l, ... NH = Wax 107264,
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g
4 0
LN | ' Lu
(v 713 i
" . 28 89,
ool . v 6
o . . 350
s 41 2
" 48:0
20 53 9
S0 58-4
Pl 61 3
{ut 63-6
. ) 64 8
L 662
|, . . 68-4
e, . . . 70-9
LS, . . . 73-6
(L B . . 17-0
Elon | 79:2
Founalomt wylth 0 <105 1204
ba 105 400 098 A
Tatal W, 2164A
Total number of atoms 7-92 % 1017

above 1 em? of photo-

sphoro
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TasrLe VI.—H Y Lne

cduad vty Lyueoaont wudth, and N umbs r of atvans abesr 1 end® rgf plmhhll}ltl't

29 2
33-
40-

4
4
47 6
53 6
58-2
62 0
64 2
65 8
66 6
68 8
711

73-7

79-4

fre e ——

14

(87

779

10> | 033 0 86
760 0 63 0 3la
28 39, 28 99 29 49,
29 38 30-9 315
34 8 35-4 36-8
41-9 43-5 45 ¥
48-8 51-4 331
556 38-4 60-8
606 62-8 65 7
634 66-0 68-8
64-8 68 2 170
66-0 69 3 72 0
67-2 70-2 72-3
69-3 72-4 T4 2
71-4 750 76 6
73-9 77 2 78-4
76-4 800 80:6
78-8 829 83-0
1-18 1-09 104
0 98 "8 079
216 1-87 183
7 92 394 5.7

0 ouo [LIRZAY
4 312 " 1Yy
31 vo, 3 70,
335 36 7
38 8 480
484 o3
ay 4 bd b
66 v T
T TYN
T g 2
76 4 34 7
i 853
rLRL NV T
TYn a7
b NT o~
F A N
AR e
b7 I o
th *hy u
"o o
i oM ol
|
1 b 1y

*Sm § -- distance from centre of disc expressed 1n radi.

§ 100 unte = 1 52 A, or 1 A = 65 9 umts.

ore
t Contours for intermediate pomnts near centro of lme w

** By formula (4), £ = 0-191,. . NH = \'3x 1017/ - 589,

determmed but are not here reprindis i
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Tasre VII.—H3 Lk

'l ol yt J fl » . . ., »
e dudanter Oy Equeralent o idth, and Number of adums abaer 1 e 0 f !

- - e e . —— ————

eyt ; ! 0 44 065 "3 0 S ; T ' '
P () Lo 0-898 0 760 U 63 T TN :‘ notas
(A-r); ‘

" . 4159 31-89, , 33 0y, 34-19; 36 79, Y IICN (F Y
bt . . SR 34-0 35 2 369 38 6 M e
1o . . 87 7 38-§ 402 420 44 6 51 8 ol

b . 43-2 43-6 45-4 48.2 51-5 ol n Wit

oo, . 487 48-2 50-4 J3-8 5743 L8 b N b
P, . . . 52-0 52-0 54 2 57-8 613 73 4 Ih
_— L 55 2 857 57-5 61-2 63-1 76-6 6
Y . 58 0 58-4 60+ 4 64 2 67 4 792 T

m o, . . 60 4 61-1 62-2 66-4 701 K101 sty

1o . . . 62-4 62 6 64-1 68-2 TI-R 825 N b
Loon . 64 4 63:7 65-6 69-4 74-8 S3-4 w3
J 6, . 67-2 66 7 68-2 720 76-0 84-8 ; St
4 %, . . . 70-1 69-2 70-6 75-0 78-1 86-3 N
I 71-4 71-1 72-5 763 795 86-9 e
P, . ’ . 72 6 117 . 13-4 76-9 79 8 Kb-1 nho
(L Ce 72.8 21 73-8 77-9 8 3 Mo+ A M
Eyuvalont wadth ¢ 103, 1:34 A 1-33 1-28 1-16 1-05 0 v

Dao. Jos 235 0 58A 0-59 036 0-47 U 45 1-25 no2n
Tolal W . ‘ 1-92 A 1-92 1-84 1-63 1-50 1-ud I
Total number of atoms| 13-4%x10Y7 13-4 12-3 9:6 82 i e
abwvo 1 em?  of photo- /
sphoro :

*Nmm § = distanco from centroe of disc expressed in radu.

§ 100 umits —= 1-604, or 1 A = 62-3 units rodis
1 (‘ontours for mtermediate pomts near centre of line were determinsd but are nut here reprodu .

*¥ By formula (4) ; £ = 0-1,.. NH = W#x10%[-2765.
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TaBLE VIII.—MzaX CONTOUR OF 3 SIMILAR LINES IN B BAXND.
Residual infensities expressed as percenlages of continuons specirum.

Distance from centre of hne (10 units = 0-219 A),

ECTY = T

© o

10

11

12

13
14
15
16
17
18
19
20
21
22

Becant of Zenith Diatance.
1-09 334
42-1% 26- 59,
435 27-2
49.2 28-4
57-4 34-0
65-0 4]1-8
71-8 49-8
8.2 57.8
83-0 65-8
87-5 73-4
01-2 80-1
93-4 84-4
95-8 884
97-0 90-4
97.-8 92-4
08-4 04-1
98-8 95-5
99-2 96-8
99-4 97-6
99-6 98-0
09-8 93-8

100 99T
100 po-8
100 100
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nbtarte pleotodraphs wien the sky mmlitionswereum-url}' idenl as poasible, e pl i s wer t !
e Yt vt

abngt 11y ' v the v .
f;w ;t! s?l:-'a :':::11:"l:'u:fnt:}:~u‘:,9;\rj :;':f:?;:.l :l::lsj; a;:: lﬂim ?35 of the ;mlf’ﬂ image u'm practivaliv b 2 eal for alt
e e from the coate of 'HH' s dise for nl:l th‘aml ront of the kl-!t i dmv.nhﬂ u'n oA “n,. wonte
frone the comtonr evirves by it vmingnee the area nfﬂ(.P ates, The equivalent ‘Ma!!h* of th \é W nhitdid
Grve over the whnle '.H'h.h tof thes Ve ’ Tt should 1 o e It the w"f"""m" ot ot the s anton
vert . Ity * noted that the value obtained fir ¢ et et wpdthy of
e awile Tiaw-< b el to i conubrable extent on the point to which the extreme extnt of 1y G, s pnde
teestretel, aud voeequently that it is necessary to estimate the limits of the width of the s s e st 1y o
prossibile Tl ctimation 13 lugely o matter of judgment, especially in thowe regions of the spevtrum whh
are rrelin Hinesm which ense it s often diffieult to decide the limits of the absarption line, o w0 0 -
where the red or the violed wing is less confused by foreign lines than the other, it is useful fo awatime thot
the peeal extent cannot be very different on the two sides, The importance of the contribution of the wings '
tie dotal «quivalent width may be judged from the results given in the tables IV to VI \lthangh 1l
amennt of ahsorption in the wings is small, the extent of the wings may be so great that the contribution 1o
the eeguivident width hecomes considerable.  Looking at table IV for the Ha line, the exact contours ar visven
ip to 100 units from the contre of the line, which is equivalent to 2-2 A, At this point the intensity of th-
i b risen to 85 per cent, of the intensity of the continuous spectrum, The exact contour of the line Loy
this point is unimportant but it is important to fix the total width of the line. It was found to e suficient to
determine this totul width of the line independently of the contour of the central portion of the line, The
sontour of the contral portion of the line was determined from a large scale photometric record, ir., with the
hronide paper on which the record is obtained moving at its maximnm speed relative to the speed of the plate,
As the exact contour in the wings is not important, the extreme width of the wings was estimated from record»
m ule with the minimum speed of recording so that & considerable length of the spectrum on each side of the
lin~ could ho included in the record. Exact contours were thus obtsined only for the central portions of the
lin+, and approvimate contours used for the wings, the Hmits of which were determined onoe for all for each
pusition on the sun’s dise from one photograph. No sppreciable error in the equivalent widths can Iy
introduced in this procedure. Reverting agsin to table IV for the Ha line, the equivalent width within 2-30 A
grom the centre of the line is 1-56 A but the equivalent width beyond this point amounts to 0-08 A, In the
wings of the line it is not the exsct shape of the contour which is important, but rather the great extent of the

wing hefore the feeble absorption shades off into the continuous spechrum.

To derive the number of effective atoms in the sun’s reversing layer from the equivalent widths in the aboye
tables we adopt the method of Unsdld, Let us look first at the results for hydrogen, The f' values %%;‘
first 3 Balmer lines were calculated by Unsold namely, 7-50 for Ho, 0681 for HR and 0191 for Hy. ke
the results for the higher members of the Balmer series will be neglected in the end, it is not worth while cal.
culuting the f' values for HS, but it has been taken a8 being of the order of 0-1.

oentmofthem’sdiwweaeethatuwemmwmmﬂm values

: ilues for the
Taking first the valu the conditivne of pure seattering

. ive absorbing atoms inorcase. This is heeause
:::\1tzsiiivﬂi;;ﬁe;rﬁ?ﬂe gL, thencg&uae being principally the Stark effect whuli 1+ gmnfvr the higher
we ascend in the Balmer series. The conditions of pure scattering ar: most noarly apprierhed in the esse of
the He line, and wo shall take the values for this Hne av the nmrvs't approacl we ¢ 1 to the nnm:;rﬂi
hytlrogen atoms in the 2-quantum state. Using formula (4), we obtain for the upper lin ot to the number o

. . B I8
hydrogen atoms in the 2-quantum state in the sun's reversing layer the value 12-0 x 10'3 atoms ;wr #quars
. f the sun's surf: This valne being an upper limit there ~eems tu Iir 1o good reasom for departing from
em of the sun’'s surtace. R
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W nowtwnic the vanatie 1 ¢ juvalent width across the unsdise  Although we are takin {1 40ld s
formn 5 for dcdu ing the numh 1 of itoms 1n the sun s reversing r the rcsults for the vamition v th
dse d not really much depend on the particular formula used but are rather dcpendent on the 5.l ump
tion that the  quivalint width of a line 18 & measure of the total number of absorbing atoms There 1 much
morc ground tir the correctness of this assumption than there 18 for the assumption that absorption lines are
firmed by purc scittcrin,  Whatever may be the conditions 1n the sun s reversing layer causing the Fraun
hofcr Inc ¢ he broadencd beyond their so-called natural width the chuef effoct of therr vanation m width
wr 9 the sun i ¢ must be the variation mn the number of absorbing atoms Whatever role we give to other
cases of broadinng 1 the sun s reversing layer bemdes that of pure scattering this role will be played to a
snilar extent at all parts of the suns dise  Seoondary effscts may doubtless arise from these other causes of
hrovlemne as 2 result of the fact that near the hmb of the sun the hines arc formed at a higher effective level
than at the centre of the un s dise but in » first exsminatron of the problem we will neglect these effects For
the proscny thtircfore we witFmake no other assumptaon regerdmg the farmation of absorption hnes than that
the ¢ puvalont width measures the number of absorbing stoms wang Unedld s law of scattering merelv for con
venenec not vitally affc eting the nature of the results obtemed

(o, bul tothe ca c of th B band f ovygen hines formed by absorpion in the earth s atm> ph re we
31w that when the path through the atm 1 hcre 18 inchined to the vertaoal the effective width of the Iines i
tt v ind the mbensity 9t the contre of t line decrca ee 3 the linea become broader and stronger In
th 2 of the sun s reversing layer the i linat n of the path fth 11 to the vertacal becomes greater as
w approach the sun « hmb and we mght have ¢x; fcdan eff ¢ nmlu te th c1ee of the B band had it not
bien well known that the observed eoffect 1s 1 the 1, omte it tion Tt 11 I n been K 1own that near the
sun himb the ¥1 wunhofer lines become wider that thar wing  n the ecntrary b me weaker and the central
absorption hecom¢ w aker This at once shows that the m¢thod of form ition of the Fraunhofer ines 1n the
sun s reversing layer 18 disumlar to that of the terrestrial oxyvgen ines A lttle conmderation wall shuw that
the esscntial diffcrence 1n the two cages 1 1n the diffcrence in the behaviour of the continnoue background In
the ca ¢ of the setting sun the background of eontinuous spectrum 13 the same as when the sun 18 overhead.
This does not applv in th (wse of nchned and vertical T from the photosphere throagh the sun s reversing
laver In ths ca ¢ th nsity of the background f ¢ nfanvous spectrum 1 weaker at the hmb of the sun s
disc than at the ecntre the phenomenon bewng known ¢ the darkemng of the sun s kmb  The cause of this
pheno nenon has been explained with umversal accptance & due to general absorption i the xun ¢ reversing
javer and to the temperature gradient mn the sun A9 the nclnstion of the rays of continuous spectrum -
erc ases towards the hmb of the sun the intensity of the continucus speetram emerging in the durection of the
obscrver bocomes weaker by genersl abaorption kipressed 1n othe wards, the effective bvel of general
absorption 13 lugher at the hmb than at the «entr «fth dix andass resalt of the falhng temperature gradient
1n the sun the (mssion from the higher level 1s weaker than that from the lower Tndred the darkemng of

the sun limb 1« the best evidence we have of a falling te mperature gradient with hesght 1n the sun

We mav claborate thus pomt further  [ooking at the san s dix 1o the light of the cants N v

re d wn to a depth suthoent to be thﬁ: b:” and the ;‘“
whieh 1= res
tinu us spoctrom 1s of an intenaty (oM ponding, to the temperature of the :mw«minadw;a ‘”:t
Atth un lmb complcte opaaty isreached at a Ll or keved than st the [ tun tho atmosghers shoo! |
of th fongcr path duc to the greatr i hnation of th jath to the yrbes !

annot powstbly ot the abway tion

al » shew scle G ¢ abacrption m additien to the gen s il d::#mmnh:;ﬁ;’“m therefore the atomsw b

ty
'Y ¢t fatoms Ivin bddow the depth f cemplete opact o
are fle ©4 ¢ 1w ing the absorption i st nd to} < diythe i the sun {racamwred vertically) ¢ « hm
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)n the cther hand tho er ¢ rum
o fi (v number of atem % wi procred tomard th suy o

le ok through the sun atmosphe

Vthodi ¢
t rvn hmb ¢f the sunner & ¢ th



ks we the o tore .h‘*"" two opposing tendencies, (1 the smaller number of atoms above the higher lovel tending
v i b the width of the abworption line, and (2) the greater inclination of the path of light tending to in-
crey o the witlth of th.v line.  We see from the tables [ to VII that the former tendeneyslightly preponderates
o tnnshe the equivalent widths at the limb actually less than at the contre of the dise.  In the ease of the

FUNY BT h‘d’ example, we see that near the sun'’s limb the equivalent width is abont one half of it< value

vt contee o the dise, For the H & K lines of (fa+, the effect is smaller and we find very Tittle change in
Hio copuyalont wilthountil very elose to the limb, for the apparent changes up to 0-86 radii from the centre
s probaddy vo read significance,

FUtarning now 1o the actual equivalent widths of the dmes in different parts of the solar dise, we see from
the Lalde s 1 1oV H that these widths gradually diminish towards the limb of the sun, the diminuion beng more
repiel oo the limb is approached,  As we have stated previously, the equivalent widths found for the different
pottit~ of the solar dise are taken to be measures of the number of absorbing atoms above the photosphere in
the ditechion of ohservation, It follows therefore from what we have said above that we are measuring the
cieet ol only of the number of atoms lying above the level of the photosphere, & level which is higher the
nearer we approach to the limb, but also the effeet of the inereased length of path through the reversing layer
4~ the inehnation to the vertical of the direction of observation increases when we approach the limb of the sun.
As wee approach the limb we' havo first the effect of raising the photospherie level which is measured by the limb
durkening in the continuous spectrum, and secondly, we have the effect of the inelinition of the path through
fhe reyersing laver above this level. The increase of path due to its inclination to the vertical through the
peyversing Javer is determined by geometrical considerations in the case of a homogenous atmosphere, namely
oo tional to the cosine of the angular distance of the point of obscrvation from the centre of the sun’s disc.
For b aetial reyersing layer this is not strictly acourate but in view of the present unsatisfactory state of the
theot s of formation of absorption lines, a more accurate computation is not justified.

Tl elutnee in contour of Fraunhofer lines ag the limb is approached is apparently in different senses in
ditle vent parts of the hne. Hale and Adams?! have shown that the absorption in the wings is lass at the limb
that at the centro of the disc, but that the core of the line is wider (apparently implying greater absorption).
The tetual contours as illustrated in figures 1 to 7 do however show that at the limb the absorption is less in
all part s of the line and not in the wings alone. The apparent contradiction is due, to some extent (but not
eutirely), to physiological causes. The apparent effect of the core being widened at the limb is partly due to
eness of the eye to the feeble absorption in the wings, causing the eye to misjudge
background. Nevertheless the change in contour in different
The change in contour of a solar line as the limb is
the sun sinks lower in the sky. The exact
but it shows that the structure

e physiological insensitiv
the widil of the core compared to the continuous
parts of the line as the limb is approached is not simple
approached 18 markedly different from the change in the B band &s
complicated bebaviour of the solar lines is not clear,

interpeetation of the more
hat of the earth’s atmosphere.

of the reversing layer is not so simple as $

pretation of our results may be stated, in effact, as follows, The equvalent
r of absorhing atoms sbove a certsin level in tho wun,

f atoms above & higher level in the san.  Therefore,
the Jhiforence hetween these two equivalent widths measures the number of atoms hetween the two levels, :fmi
¢ density of the atoms between thes levels, The varving

1 e Jeyels are known we obtein immediately th : | ) ;
melination to the vertical of the path of light through the reversing layer is allowed for by geometrival consi-

der vtpons.,

Oup argument for the inter
wiith ab the centre of the sun’s disc measures the numbe

The couivalent width at the limb measures the number o

change of effsctive lovel of the photo.

have to translate the
m the coefheient of general

g argument we therefore
this o78 the enn  Thix is drtermined fro

B fore we can apply .
\ hed into actual depthe 1n

st s the b s appro

PUrtab s and Adams, A 23,300.1907.



sheorption in the sun The effective level of the photosphere dwnrly depends on S Sovel ot which complete
opacity is reached and thus in turn depends on the genoral absorplion cosfliciont. Ml !* from his expression

for the grners] absorptin coeficient mayxroug’{.:%)! has caloniated the levels in the sun as a

function of opacity His results have been modified by Chandrasckhar 3 who, by usng a more probable
value for the mean atomic weight of the constatutents of the sun s atmosphers obtains temperature gradienta
in the sun sbout 40 times smallcr than those of Milne W shall bere use the values given in Chandrasekhar s

Table 11

Miine s and Chandrasekhar s values for depths in the sun are exnressed as s fimotion of the optical depth
in light of tho continuous spectrum  Milne has shown that Unssid s procedure of measuring the distanoes from
the oontre of 8 hine at which the remdual intensity has nisen to half of the background inteavity correeponds
to measuring the number of absorbing atoms above an optical depth of 7=} Instead of shese 30-called half
widths wo have used the equvalent wadths We here adopt the same effecive opfacal depth although our
procedure differs shghtly in that we have used equvalent wadths m place of Une3ld s so-called half widths
butthediﬂ’erencemnotmportnntfortheremlhdo'mbm depend om the actual opiical depth chosen
changing the adopted value for 7 from § to § produces onfy o sight chenge in the resslts. We bave there-
fore taken the effective optacal depth of the photosthere at all points of the sun s dise 88 v} the path to
this optical depth being mnchned more and more to the vertiosl sx we appeonch e ¥mb of the mm. These

mchined depths have been converted into vertioal depths from gromeirioal conmderations by multiplying by the
corfne of the angular distance from the centre of the sun s hes, Thaé s, we heve taken the lovel of the photo-
sphere to be at a vertical optacal depth of 7=} c0s 0 The actwel dephbs 1t the san oceresponding to the
above vertical optical paths have been cedculated from Chandrasekher’s squations in & meuster muiilar to the
values givenin hus table II Tables I to VII show that the changes m the equivelens widihe of the ines stucred
aresmalland:omewhatmegu]uunhlnwthaﬁmboftham Tt was thenplore fopnd sufinent to denve
the results from three points only on the sun s daso b the following disinmes from the ealre of the sun s diso
measured 1n radis namely 0 0 86 and 0 98 The posnt at 0 86 tadix grwes xovslis for & depll in the sum almost
midwav between the depths corresponding to the other two ponts Por these thees poinis the resalts denived

from Tables I to VII are as follows —
L
Tapry IX —NUMBER OF ATOMS PER CM® AROVE SCSWNRRNT ENGETTS.

Tuuibey of aboms par tm? sbows .
8in 0 Cos 0 T T h - oot -
(S-qoneiome)
0 10 0 338 5348 0 130 x| ML X 230 x 10t
0 86 0 510 0 170 5118 136 km. 36 s I8
1
0 98 0 199 0 0686 4948 387 km LY s

I‘romthesemsnlts“ﬂmﬂ‘em“

the sun, as given n the followng
layer as extending to a height of 600

table In the last bwo
kms (as derived frcm eclines

rows of the tabile we hove talus the whels reversing
rossiin}tt and thnds the wember of sloms in

1 Milne Phil Trens Roy Soc $28 431 1939
13 Chandrasekhar M N R A 8,03.150.1953

14 Handb d Ashophymk IV p %12



1he chromospheére is negligible compared with the number in the reversing layer ;
being, according to Unsgld!?, less than 1: 109, » the setusl proportion for e

TasLe X.—NUMBER OF ATOMS PER oM® 1 REVERSING Layss,

Number of atoms per sm®
Hoights above photosphere. Ce Cat .

(2-quantum).

0—130kme. . . . . .., 11-3 x 1o 3:68 x Jon 613 x 10
0287 kms. . . 9-05 x 10 $:40 x 10 361 x 1o
136 287 kms. . . 6:95 x 108 2-55 x 101 2-01 x 19*
0600 kros. . 5:2 x 108 17 x lout 2.0 X 10f
287 -600 kma. . . . . . 1-:6 x 108 0-4 x Ion 02 x 1ot

It should b> noted that the equivalent widths which we have found for the H and K lines of Ca+ are not
sxaotly prop artional to the square roots of their oscillatory strengths, as fonnd by Unssid for their half widths
Ind:+), Unséld, Struve and Klvey!® have shown that the ratio of ths equivalent widths of the H aad K lines
would ba 4/ 2 for piaeo soattoring, 2 for the cass of Dapplor brovisning alons, and ] in the transition region,
%0 that tho ratio of their equivalent widths may be anything between 1 and 2. We actually find that the equi-
valent widths of the Hand Klinss are in the ratio 1-2, the ratio remaining practically constans across the whole
dise. Consequently the number of atoms deduced for the two lines from formula (4) do not agree but are in
theratio 1+ 21-414=0-83, It is therefore sufficiantly accurate for oar present purpose to take the mean value
for the two lines as the numboar of Cat+ atoms in the ground state.

It is well known that Saha's theory of ionisation enables the eloctron pressura to bs osloulated from the
ratio of ionised to neutral atoms, The equation is 17, in the usual notation, whers z is the fraction of the ionised
atoms of any element,

& - — 5040 I S — R — 3 T]_ UE:
lognr_-x-_ T_--i-._,logT 6:49 logPe+,log—T-+Iog}+logB

It seems clear that for T, the effective temperature, we should for our purpose take the effective tempera-
tare of the radiation from the oentre of the sun’s diso, and not from the disc as & whole. This temperature we
have taken as 6070°, and for T, we have taken, from Chandrasekhar’s tables, the measn temperature between

the levels considered. For caleium, I=6-09, %B-' =2 and ‘we have from the resultsin Table X, the follow-

ing values for the ratio of ionised to neutral calcium atoms, giving the accompanying valued of the electron
pressure :—

Tasty XI.—I0ONISATION OF CALOIUM IN THE REVERSING Layme.

‘Whole reversing
Heights above photosphere. 0—136 kms. 136—287 kms. 0—387 kss. Iayer.
z[(1—z) 3.20 x 10 3-63 x 109 340 X 10“ 325 % lo:‘
-b P 3 - .
Electron pressure in atmospheres 2.4 X 10 1-7 % 10 19 X 10 21 %10

15TTa_w11 4 T aAnonmandn



Ab them ol - « . fo d ,»Q‘f’{}*{;‘""‘,}‘?"’?‘ LHN
obtaming the total aumber of calarmn stoms Wa kewy the followisg resulti foe -
stoms per o ¢ at different lovels

Number of atom# per em?

Total number of oslvium atoms per cm?

Partial pressure due to calcium atoms

'
s |
} i
| '

Having determined the namber of stoms per o e of sy peckiosiw chumut whish: o = krown
fractaon of the total number of atoms presemt in the sun, we enm. tex delueming Shir deelty: of all yiome sl
total gas pressure Ommlhhhydmnmmﬂhhﬁhﬂlmm!mawﬁawm
tanty of the ratio of the number of stoms in the ground state in the mon b6 e sahir in W 3 guacim state
and it 15 the Iatter alone that we sce 1n & position to deterwing, Indosd ihe propertian of fhe noo-mvtalis
dlements 1n the sun relative to the metallio claments iy & matter of gront waeiaiuly duo, i
fact that the lines of the non-metals which dehrmine the member of storys in ty gromed i
able  Neverilom, Baweeli® dus made catimatos of Bis reintive proportion of ol sk el 1i
ad w talbe his vl of the poperiion of On 40 meke ue of o resalte 50 derivs the total denlins of stoms
of a1 Jrunds i ¢ sevensing Iagne,  Assonding to Bussell, the number of deleium stes i the-nu
Inyer iu abous 0 06k por ount, of the Guisl nambie of stoms protent, Our resnlle lve ghvane Wik mpmbor of
woms pet o o 8 dedersst Jeovleds e reversing layer and assuming the sazse proportisn of clebm atoms

o &H hedghts, we dednoad the following yabuse Soe thie totel gas prosssre i the revesing lper.

Haighs above pleicaphaes

‘ 300 s,

- IRUTITN DU ENSINUTON: N,
Partfal prsswury of O (dfnes so?) ﬂ] T Ty TYT T 7% o
Toiul gas posisite  {dynes o) TS RN IE L o 0 X

» W% it -
mmuﬁahmpmmﬂhmn@ndaﬂmhhm
inglayer They are higher thoan Chadirnsekiun’s vabass * of the s pressire dadnced from Mikce » theacy

g laver 1s 0 6 per cent of the total sumbes of stoms presond ahond 15 timew tim collmate of Ranell,

We acknowledg wmmmwwhﬁmibu olgoet ghaes used
to form an 1mage ofethamforﬂlm and to e O P 8 Monon, LA, who aamisted in the strly stage

of the work which he had to lesve on taking up an appolntment

—

‘ 75 887 1983
* Russell A J 70111920 snd A J T ROYDS
KoDAIEANAL OBSERVATORY A L NARAY AN
25th November 1936
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