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HELIUM

He 1
2 eloetrons Z=2
Ground state 18235,
1¢% 15, 188305 L 15 em™? I. . 24.580 volts

Most of the terms are taken from Paschien-Gatze with the term values subtrocted from
Paschen’s limit os quoted by Hobinsen in 1047, IHirher members of the 'B° and *I°° series
are talen from Meooers and Dicke,  The term 2p I lins been ealeulated from its combination
with 25 33, using the resolved triplet ns observed by Moeszers, the intervals being —0.078 cm ™!
and —0.906 em~t, The components of 3p P sre hased on Paschen's value of 3p *12 and the
intervals observed by Gibbs and Wreuger; —0.065 ™ and — (L1902 em™,

Some doubd exists regarding the eorrect clussilications of lines atlributed to doubly exeiled
helinm, sueh as those observed of 30904 A and 32028 A by Compton and Boyes, and ot
320,392 A and 357,507 A by Joreeer.  Approximale theoretiea] compudations of the energies of
doubly excited levels have been made by o mumber of authors and are summurized by W
His alassification of the line chaerved ot 8204 A as 2p "2% 208 2P Line been adopled and vaed
foz the caloulntion of 23° "L

Several reforencos denl with intercombingtions in He 1, namely, those by Lyman, Hopfield,
Paschen, Sugs, and others. The ters values bosed on the excellent long series have been
adopted in the table, since it s believed that they are the most securate.
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He1 Hex
Confiz, Desi. | 4 Level I Canfig Desiz, JI J l Level

e |- |
14 | 14218 0 015 | 157 7418 a ! 105073, 19
1328 a5 53 1 150850, 315 || 1 7p Tpipe 21L,0 | innp2l, va
z 25 2: 15 1] 166271, T0 ” 1e T il 3,21 186064, 00
15 2p 2p 31 3 166081, 111 | 1s 7d 741D g | 106004, 21

1 {8n0SE, 185

g 69052, 155 | 1571 7170 3 196065, 4
s 2 2ppe | 1| mhze s 17 Tf e 43,2 156063, 51
15 59 . 8% | 1| 183231, 08 || 1a 7p 7000 | 1 108073, 41
e 3518 0 184850, 06 || 1s 8 sefS | 1 106455, 79
183p 3p 1p° 2 55,92 | 16 84 8218 0 106526, 03

0 27T | 1s 8p Gp T 2,1,0 196561, 68
1s 3d 33D | 32,1 .00 || 1s8d a 841D 3,21 196589, 42
s 54 ad 1D 2 16000, 22 || 18 82 8 11 2 | 166589, 73
1 3p 4pipe | 1 16620962 || 158 ' &7 e 5| 108550, 3
ig da tese | 1| 10029246 || 1s §F 87 37 432 | 168596, 42
1s4s 45 18 it 100054, 50 || 1a 8p | SpiPT | 1 ' 150503, 58
Tadp dp AP 21,0 101211, 42 1z Ga | 0z 28 1 196836, 37
ledd 4 ) 32,1 | 101438 83 || 1894 | IR ) i 196607, 18
19 4d 4d 1D 2 101440, 71 || is 0p - gp 5P 2,1,0 156529, 68
s df e | 4,32 181440, 61 || 15 0d 94D 3 106340, 49
1S 4f 1o 3 191447, 84 | 1504 _ o R T 5 O 186940, 63
Tadp G170 1 IRisEE, BE ‘: 1a OF ! TR | i | 150050, 3
5 5s 5058 1 103341, 33 || 15 97 5/ IF° 43,2 195650, 55
It 56 58 | 0 JOGGST. T8 || 1 Op i gpipe | 1 155955, 65
i 53 spve | zL,0 | 165706, 07 || 15 10s 058 | 1 107139, 76
s 54 547D 3,2,1 | 195011, 48 || 13 10s SUTES 0 197176, 36
i 5 531D 2 103012, 54 || 1s 10p 0p3P° | 2,1,0 157192, 63
15 57 5 1F° g 108914 81 || 1¢10d 104D | 2 167207, 03
1s af L 4,3,2 JRanIE T8 1s 10d 104 912 301 197207, 30
15 Bp 5p 10 1 193036.75 || 1a 307 10747 43,2 107208, 0
15.6a 63 75 1 10409046 1 1o 10p | epere v | zoreronde
1 6z s 18 0 19510017 || 1s 11s | 1155 i 107347, 03
1s 6p fp 11 2,1,0 1os1a. 21 | 1e 11p 11527 21,0 157580, 98
1s o 51D 3,21 105254, 37 ‘ 15 11d 114 7D SR L7307, 62
15 0 641D 5 105255, 02 | 15 11d | 114 3D 521 | 107307, 75
126f B v1e 3 1062507 5. Iz 115 t 115 5F* | 4:3;2 ! 107586
18 5 Gf iFe 1,32 195256, 82 la11p | 11p 109 1 187400, 18
12 Gp 6p 1P° 1 195265, 17 3| 13 12s ‘ 125 35 1 197508, 69
13 7 Te 5 1 165802, 63 “ la 128 | 12z 15 0 197524, 20




He1—Conlinued He 1—Continued
Confi. Dezig. { S i Tovel Conlig, | Desig, S Lovel
§ | == - I
15 12p r 12p 1P° 21,0 197584 44 || 18 16d 1 3T 2,21 107876, 41
12 12d 1241D 2 107542, 54 || 1s 16p 16p 1P° 1 . EYST7. 04
1s 124 1M D 321 167549, 6T || T¢ 17p 17p 10" 21,0 197922, 51
12 1%p 12p 1P° 1 107544, 68 1 1= 17d 174 *D 3,21 107095, 33
1z 138 14535 1 107624, 08 || 12 17p 17p 1T° 1 1vans. 57
1s 13p 13p 17 2,1, 197840, 07 || 1s 18p 18p P2 L0 | 107004, 02
19 182 C 19s18 0 107040, 78 || 12 182 18D 321 157966, 75
{ If |
1s 134 134 1D 2 1076 19 | 1=z 18p 18p 1? 1 197050, B8O
12 128 1249D D821 107655 47 || Ts 10p 105 30 2,1,0 197900, 12
1x 13p 13piP® 1 1avane. 05 | 1s 10 1o 17 3,81 108001, 44
1z 142 1ds 95 1 " 10772113 i| 15 103 10 110 1 188061, 14
| i
1z 1dp ) 14p 317 | 2,1,9 1ayTan, 20 i T3 20n % 2p ¥ 2, 1,0 aRGIa, 0F
12144 146 1D 2 107744, 918 || 1s 20p a0 172 1 193031, 02
1o 144 144D 3,21 | 107744, 04 | 1y o0d 20 D) 3,01 1aan31, 41
1 |
1z 14p | 1ap i7° 1 | 10TVL6. 13 ‘ 1 2lp R T 2.1,0 105054, 83
|
is 152 15238 i 1 107706, 63 I! 1g 214 a7 31D 581 108056, 50
1z 15p 15p 3P° 2,1,0 107888, 11 || 1092p _ 2anipe | 21 108077, 16
il i
1z 15 154 3D 5,21 ‘ 197808 || cosisaissas Lo anupanin T,
12 15p 15p10° 1 107818 12 || Hear (%8 Bt leccicanasess 1hEa05
| -
la ilip i 16p im0 | 2, 1,0 ; 10783 95 !; 2p ptop 2,1,0 | £147108
| | 1| -
August 1046,
He 11
(H sequence; 1 electron) Z=2
CGiround state 1873y,
1s 28, He' 438589.040 em™ I. 1. He® 54.400 volts
15 %8y; He* 438508.670 em™ I P, He' 54,408 volls

Tho levels have been ealeulated by J. B, Maek, “vsing Py, =109722, 204 and taking into
aecount the fine structure as in hydrogen, but with A=0.0402 10,009, from the worl of
Skinner sand Lamb on the 2edevel.  The tentative experimental indieation that A decrenses
with inerensing n has been neglocted.  Assuming By ,= 100717544, tne lovels of ¢! may be
calenlated to o close approximation from those of e* by the equation
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Config. Dipeler J Lol Intorvaed i Conlig, 1 Dresdir, ‘ of % Lavel Intpryve:
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- P ) Spt(IE) 042D é{i ggfﬁgg L9
o sp 1P Wo|  ghass o . A UL
RpHion g 1{: f:'-'.‘.'r'.'jfi. 2 7. 2 | e
aie b i apepsyer | or = Atk ;} P3O0, G
i SISy b ogpere |f 24 |} ewose, 06 | A
L) = | i L e Fee I u“: 29 &
F Zpt(tE) e s =3 ¥ TORTT. 6L ' | R WG R } i i
1 e 2 A1 waren 11 Jpr1E) 108 104 D 134 | 007553
BpudsEd O # :ﬁ-: ';:i'.'?‘_ELI ot 8 an pH8)] ol EDTE[‘L ¥ 0.5
o o Rl E 3
Spr(*8)op Bp 7P IE i 85 9 Zpt 08} 107 107 *F* { it } 915389
i ; ¥ 11 &
P 1 S 1 - " APy 1] 197 51 { L 1 gosgo o
T spxa {32 s Bpt(1S)12 Bl [ B
! i ! .
A1) Te | Te VR %o veun 1 i; 2o () 10 13d 4D { ‘;“5 } BR85S, 0 ‘
api(tS)0d fif =+ 14 | 8052 47 P N !
oE sUE2A. 00 - i' R BE 1484 =D { i’;:‘;: I} DE209, 4 :
[ g ) 1.! |- !
Bt £ 4F0 iz \b ssrEm g - ;o
Gt (56 Gf T l'l_ 35 :} ! 1|JI Su0('8) 154 154 273 _{ i::% F} DGR, 8
g 1] : |.
& g o0 <2 1L anpeo 0 i . |§ =
S o6 { g 1} s | apees)red e 0 BE T oason
P
2405} Bs Sy 18 1| 84302, 6 I
YT {41 W | s4onm 4 . | ———— P M R |
Bp*(18) 7d v éf}i gfm;;a 5 29 I Ca i {15} Limit  |ococuas BaTLa0
w E !j E
’ BprsyTf 7w |f 5 |} sorara I"
: ™
k (I 1 sequence; 19 electrons) Z==30
Ground state 1% 257 25° 34% 0p" 4u 25y
4538, 95748.0 era? I, P. 11.87 volis

The analysis is chiclly from the paper by Sanndess and Russell, who axtended the earlior
work on this speeltum.  Thewr esthmabed value of 572G 5 entered in braekets, The terms
nd 20 (=11 to 16} and «f *I® {(a=8 to 10} have been added frem an unpublished manu-
seripl by Shenstona who made additional ehservations in the region between 2897 A and
3758 A, Shenstone has also penerously furaished his recont unpublished obzervations of the
pair of lines af 8027.54 A and 801210 A, baving inlensitios 20 and 13, respectively, and clas-
silled as 4d "D =441, "Phese lines bave been uzed 10 ealeulnte the value of 4F 2F° Jisted in
the table,

il

The threc-place entsies aro quoted {rom Wagman's paper. They ave derived from his
observations made with the interlerometer.  Phe writer bas made slight adjustments in the
resb of the term valoes In ovder to {3t the vavious sels of observations togethor.

A monbgraph on this specirum is needed.

HEFERTENOLS

T. A Banmders and T, N, Tbassoll, Astroph. J, 62, 1{1028). (I 70 (T, {C I3

IL T Whits, Tidroduction fo Alemis Specheg, po 07 (ATeGraw-TTE00 Book Co., fne, New Yook, N7, 1934,
(S|

M. I, Wreman, Unlv. Pitdsbusgh Bol 34, 1 (1937 0D (0 1)

A, G, Bhenstone, anpubiished wwderisl (1030, 1940). (T {C 1)



Ca 1I {Z = 20)
K T sequence (19)

= ap “P 3,0
/ i 2n / 15%25*2p*3s%3piap “p°
2 ___jgg?;,::?__ P 142
G/
b /'.Q@
Lo i
.“:e'::,-}":.’-/‘?:l'bl
A 4s %8 1/2 1s25%2p®3s%3pfas 23
4p 2p°3;2 (2J+1) =4,  for.J = 3/2
4p P12 1 (2J41) =29 ford = 1/2
4p %p° (2L+1) (25+1) = 6, for L =1, § = 1/2; =342 & 145
4s 25 192 i (2L+#1)(28+1) =2, for L =0, S = 1/2; = 1/2
HI (Z=1)
] Lanie e Lyman, Balmer,Paschen, Brackett, Pfund, Humphreys
Lo =al ol e gt ]
i by e i - e e L2, B 2 i
Ms = =1/2; ¥1/2
gn = Zn®
n=>3 35 281,42 3n 2p° . Bd 2 . g=18
T /Qé;— 7 e Sp 1/353/2 3fz,5/25 8
o) /
> 7 :
n=2 /n°~ = 25 “54 /s 2p 2P° 145 af2: p=
|‘.: rﬂ.\?- 3 2_.. —3
Torr Qqe 7 s f2,3f2: 8
Y
'y ‘_.-'J\_-..
H‘V _,-'l:q.
fiﬁ>‘
n=1 S

1s 25y/0, =2




§ 3. FEAERexciration savarion (AT OAF)

HEAEO i1y, TRAE—#ii Ry Yele, ) LB
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SAHA TONIZATION OF HYDROGEN ATOM
SAHA.AT, VOL.30M. (KOYAMA: 88.05.21)

TEMPERATURE T(4)= 0 70 2 . ELECTRON PRESSURE Pe= 200 dynefcm*Z.




azaydsojoyd
axayds amn.xq;) )

Woves

Convectlon

Density
scole height

(e e e d T et S Tl
=900 - =600 =300 4] +300 +600
d A, km
|| I |
01 o 00T
Fig. 5.1-2 Average velocities of convection and of progressive (e.g. l.r.uuat.:in_ or
Alfvén) waves in the photosphere and chromosphere. (M. Schwarzschild, Copyripht
1061 by the University of Chicago, published by The Universily of Chicago Press, from
R 5.1-1) LNl

=

pratant

r.

=

i —— —

Feroe: of 1prcias

b

Frauns: $-2—atoeen st behinm recoi-
hination beloy tlae plictosplene, (i
Biran nned Leighiton, 1064 copyriglit 1064,
the Univerady of Chicsga 'ress



IONIZATION POTENTIAL AND STATISTICAL WEIGHT
IP1.DAT. VOL.30M (KOYAMA: 88.05.27)
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Tonization poleniials

Stage of ionization

Atom
1 1 111 v v Yi. VII VII -IX p. 4
Vv eV eV oV eV eV sV oV ay eV
91 Gs 5856 2051 EBETT 64 87 116 40 170 212 243
32 Ge 7800 5031 3420 45T @35 112 144 174 20T 250
33 As 881 15633 ST so.3  62EF 1276 147 17D 212 242
34 S G752 2118 30820 45HIT es3  TELT 1554 184 218 250
35 Br 11.814 218 36 47.3 09 sse 1040 1928 224 257
36 Kr 13.099 24359 3695 525 647 i85 1110 138 230.9 263
37 Rb 4177 2128 40 526 710 844 003 138 IS0 277
38 S 5695 11.030 4386 &7 71.6  90.8 106 0283 ez 17
39 Y 638 1224 D052 618 770 93 118 120 146F 101
40 Zr 684 1313 2298 H43L B1S 93 117 140 155 R
41 Kb 683 1432 2504 383 Fooo 1026 126 142 161
42 Mo  7.009 1815 27.16 464 61.2 68 126.8 153 163
43 To 7.28 1526 20.54 46 55 B0 187
44 Tua 737 1676 2847 5O [i1)] 92 —
45 Rh 7.46 1808 3108 4B 65 97 T i
48 Pd 834 1043 3292 53 62 80 110 130 155 1580
47 Agp TEHiG6 2149 3483 5B (i1 89 115 140 60 185
48 Cd 80093 TEU0E 2748 59 72 94 115 146 170 185
49 In 5766 18.8688 TEOF 544 77 93 120 145 180 208
B0 Bm  7.34¢ 14039 30.502 40.734 7928 103 125 150 175 210
51 Sb 8641 1853 FEI T 44.2 BG 108 130 155 185 210
52 Te  09.000 186 7.06 3741 5875 70 137 1685 100 220
53 1 10451 19131 33 42 66 &1 0o 170 200 230
B4 e 12130 2121 321 46 7 “EE 100 TED 210 240
65 C3 350 851 35 46 62 74 THd 120 T4E 250
6 Be 5212 10.00% 49 62 80 o5 180 145  THO
57 La 5577 1108 1I0.176 52 fil 80 - 100 - 115 145 105
B8 Ce 547 1087 20,20 Foa2 70 85 100 120 140 168
50 Pr 54 1055 21.62 3895 E745 80 108 120 145 160
60 Nd 549 10.72 — 110 130 150 170
61 Pm 555  10.90 0y 135 165 175
62 Bm 663 1107 T 160 180
63 Ee 667 1125 180
B4 @d 614 12 T
65 Th 585  11.53
66 Dy 688 1167
67 Ho 6.02 1180
68 Er 610 1103
69 Tm 618 1205 2371
70 Yb 6254 1217 252
71 Lu 5420 130 19
70 Hf 7.0 14.9 233 33.3
73 Ta 7.89 18 a0 33 45
74 W 7.08 18 24 35 48 61
75 Mo 758 17 96 38 5l 64 7%
T 0Oz 87 17 25 40 54 68 3 100
77 Ir 0.1 17 27 a9 57 78 B8 145 120
78 Pt 9.0 18.56 28 41 55 75 0 110 125 145




§5., ANY PIFRFDMAI 1nTERPRETATION OF THE SPECTRAL SEQUENCE
BIE DB S h o BO Ay MVER, RR DSBS R
Fif., —EORFTHARERB L2, CORFACHR->TEOHEANS
FMLOBABERIESAPSRAE~EBY . A2Y PLVRANZEREORFEZ L
HETEL, Lo, RSBoNELRE OB, YAOEREIX D
THRICHETES. £/, FRALIVERFOREORIZEDOANT PIVEE
hETAEoONFAEOEE (ETHE, E1E) THEILHH L.

1. ERE

FEAAE TIPSR EERPD TENIE S, BB ERET >y VR E
. BBIcE#EXhS Na, Ca, Fe RXDAFORTHSD. HREIEEN 7>
Y ILESRYVEOSEECEE R EDIIERS.

AP ST HITTi0, Ir0, REAEDY (C W) 2EDHOT, Zhb
RS2 HETAREEIIEZNRD.

R, N#:Ti0 A%< CHHRoHhS

ME T Ti0 AS4HE

S s Ir0 HEL <, H@ETI0 HBaw

2. THERES

HSLERAOHORIESHEBBETILIAT, AFHEThEERL <AL
o Ti0 KO B LTI B SsRB0. L LCN(cyanogen), CH(hydrocarbon),
OH(hydroxyl) ZORODTHIABOBE THEET S, BARDANSI ML
Tt Call H, K LinesH@#THZ. COLY TlalRLTIREELTHD . 2
mﬂﬁﬁﬁiaﬁhbfhéaHﬁ%uﬁZﬁmﬂmﬂEﬁﬁﬁ.hmHﬂﬁ%
EHD. Fe, NeD &> hHESEBI R ICBEL THRIIRASZS, Chod
FUrBROFMNETEATVL . CABERI AR, MRARATERZNLSER
HE RO ERR A BFOBBSBIIEoTLES>HETHS, - THRIZES
It o TRORHEASY FVITEFIZZS.

3. BfEE

HETCIEESEH . Balneriid A0 B TEHMIC 25, HitHRIZ RS LER
AEZ0THREBESL, UL, HEFBIEBELROT, HREROETER
MEDEEBETIHEHRPRVHE0T., REHEATLEDRY, BHFRT >~
¥ NDELEEVHEAUTAR. Bhi0iEbE<, B BTII9LHM
. WTRI BHTEBITEY., FLTARIIBES. ORETEHEAY DAL
i, BRBEAVIAIRS, OBEAAY FLVEHIT, Hel Dz, 2 R
BN, OM. 3SREEOSINOBERZ SN, Th oD A F DRI HE
HEBIc HBOTANY PARBHTH S, RRHCEBROBIOL BT, HiR
# ERO0 & (MEIFENLE) TRETORIE AT RV P SIHA S
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DERELDHT, BREERMGHERE~EHTHLE

Yo IR oo dhds (Cal 4227) mED ERELHIIHILD
Bl#k4s (HI Balmer)

AEF FOLWE (Call H,K Line » MEEALEHIHMED
Blgss (011 4070) J BRizELE®, BUBES
CHBBIEOMIEHS, BEOERBMOEBERIKET S,r6THS.
* CafFHEVWHRERT.
1O EEBREATHCaRABERET, TOHLBE Cal 4227 A8 (KHY)
@ BEXENAZELBEIAETL THE Ca PEAL. Cal 4227 XS5
1A A >Call LM 3968(H),3034(K) HSgRE D | HMIZ AT bbi
OB OMIZ RS (GR)
@ FEragRichde. CaliZERLT 244> Call &42Y. 1{fi4F
voCall H, K #ixExTWw< (A, BE)
* HEF® Balmer %

Balmer A8t 2—=n (n = 3, 4, 5, B OBEB TRNEZNEDOT. 70
o rpRsh R kBESEYBRThER SRV, §30RLY TR
HickoT., HEFE2HUOEESERON. FHABERTHRML =507
B, BELRLLEANTAELEM O, £z, §40H4NARNELT,
#10,000K28i1- LT HI>HIl kRbaZL &M, HOELLTHE
% Balmer ¥OuEE X

O MEH,ESK, G, F, A~LilERHL., ABTHEM

@ HirEETHERSES, PERKFEAEPRLT DT, Balneriiidds

F5. ORETHME Balner BHBEH RSN, THEEOHMAPIZK
FEBHTE0ET. A#RTFE2EOTTHEARD FHSHLIZ10-5
BELMzW

*x ETOMDOBIZDONT

SEARZA) B VERTETHYEEELTNT, TOX5 24 F DL
Bk ol TE L VEEAEEIZIA S, BB EIERIIHL. SILKDEY
ETH. 24 A D EERITRIERMESIZ ALY PILRERER O,

BRETIE Hel, HI HEL WY

ORBETIRIEFICSEORD. HERYEELTLE W, leb Z2EEOERS
BESTWADOT., Hel, HITEBERGRT, HeD ¥ EEEL~ O,N,C,
Ne R¥OBRPHRTVWS,
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ARY MIVBPRERITHEZ L HAMEID o T-FERes ki

Sahal

ALY PILOEER., MRS 1

Pe HAE (BLRVMEF) J e
Fowler & Milne.

ARy FIVOBA S }

BEof->EE = p~100 dyne/en?

NIT/NIT, O /0M, Hel /HeDl DA }

p «e~100 dyne/cn® — 5
L., HePRELEIIEBIEELSDTp. B—ETHRL., BERETIZEER
BHEITL, pe RAEWAEZFGOZLBH TS,

ArOFETRADp. PREL. GHEICBT IR FOBERRE28IT 1
EHNOXPCIRENRETES., CHOLTRDEREEZEREE onizarion

TEMPERATURE & J o




§6. ERBLBEDODARY MLoHE

HNOBEERIZINIE, BEoRAOBRETIEEOBBETARVIE Y R,
FUCRETHHE., B2EHROEE (- TEFEp. ) PENFIED, # 2
. GZRBEORBLALBEOCERE . KANEBEEETERE EDLD. 2
NS ML BEEERBSREHNOFS BAichsd, WHEEUD ALY PLVEOR A REEIC
TE506, iz TEREOFHEEREL AR MV BOBRIVERTHS &
ExA5, 2FEVELARY MV BOERLER L TR, YNAHOBETLEE
(BFHEp. ) PHRL. REXALERRBERTOTHS.

Lo LflieDRNEEFELANSE, BB/ AT OB THHBIFAR ST,
EEMERDHA P THLBERIERERD. ChdH A8, GF - BFF
DRI ERZAREFT TP EELIETHS. ChEFALL-DIZ. AL
ARy PILE, EFECESHERE x 2R OERLEERRELTHALES . H
NDLHATBEBER2RETIEIHEHRTIX

(1/pe) exp {— 2/ kT)
T, ChPFELUVAEXTORTFHERTHBETHECER2RT. #ixifer
: T=5,200, log p«=0.71. BHE : T=5,855, log p=1.57 %235,
* Fe (x0=7.870 V)

EE-EBELE LOFTHARIEELL, #fhTHEoBEE 21T,

Ll ARMBEERTH Fell P55,

* Sr (x20=5.895 eV)

WERFTIONEN Sr (20=5.695 oV) BHEOMHBxHT. ER LY
EEDSFTHMBRETS., BoTRHUANY b (FELEHAEEE. RYY
R E) THHOTHF,G, KM BET, SrIREROFHICHLTEARS.
HHTRALARY FPAVBORETH - THFe [ 1210058125 250 42160858 B
2T HE., ThPEEIEEIOHFETES,

* Ca (20=6.113 eV)

F#RIZ. Ca (20=6.113 eV) RERIVIEROHTEEISEATEL.

DFOHEFTHR Cal 4227 BEEOH M < Hh o@msEH>,

KHEOER - HEBRFRULREDEE LV T LEFEF LS, BOokKE
EERHREATOME, - THEEOEE (KBS wifEds, ALE@
RAE. AUARY MVBTH-OTH., THhIER - EE - BEEOhTHIH
DHBIZH =X R SR % BN SRR spsoLuTemacntTubELINES 2 E 5.

..IE‘
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Taoor 1.3, Mreevornws TEMPERNTURES OF THE DTAIS
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8§ 7. NHZE srecTrROSCOPIC PARALLAX
Yerkes # {3 @MHorgan, Keenan, Kelmann it A <5 hL8%E (88 - Ml
) wEoT2®uaHEL ., JCEME®| uminosiTy cLass EIEEL 2.

[ a: Most luminous supergiants
I b: Less luminous supergiants

-

t Bright giants
. Normal giants

: Subgiants

: Main sequence
i Subdwarfs

VI ¢ White dwarfs

- — I

A EHIILAEBEOEYBRERROELITHS.
BOAALY PIVERIL LERE, oM FEME . FHREEm2#HlAESHET

log p= (M—m=-5) /5

hoBEofEp”, Hlrrc (r=1/r) PROEHS. CHiZHEREEDMENE
E-Eg)ﬂ- Cﬂﬁﬁﬁ%%ﬂﬁ'ﬁﬁ% SPECTROSCOPIC PARALLAX &:Eﬁu
COHFHETIR. ALARY PIVBEOEDORENYTIZ AT, BFLL{BEOE

HEEHNEREENHET S,

HEOH>THWHRODAY FIVHT, TOXD TSRS, TOELD
BEOMEEHEL, BOBHFRLL I TORPESEDLIPEERT 5.
Bz, SrUA2ISERI M <. FeT 4260 LI U 7= B% ¥ . #l 2 IEMERIC A
Wiz ARY PVRIOR T, (Srl4215/Fel4260) @3B = 2, EHEHm=

7.0 CHHELT S,
Ens, BT EHM=
2.0. >T log p=-2.0
LRy, REEP =0.017,
HigEr =1007C 2425,
BTREOHPENBT I LT
bhehlz, CoafEEDH
ZEWIORTHE (ZaHE
T#AE0.005") . - TH
#0.025" Toh s ieENS
L, 2% bid0pek DR
hiE=ad2. SdhiED%
HEOHTBEERE L,

&l i | L B |

a z = & L
cteraily sodce ( Syl #2/0/Fel 4zpe),

i



§8, HAREEEBTRE
chE ToO#iEh 5. Fraunhofer WHRERENARREFT. MFoBERER
Wb EEFEHS Po~100 dyne/cn®~10"* atn DBRETHAZLHHEH, KIZL

REAKONEHLEELRODHAE PLOBGRER~LD .

ﬁﬁ¢6mﬁ?gﬂ aRPEOBT |

|
LR R mRaK

R T
g 7k , . AEHLOET -

|_ | o G i

L Fie
ERE 8T SaE SR

ﬁzEP;H%ﬁ%[ﬁ¥'4t?'ﬁmﬁ¥}mﬁ%ﬁﬁNE#?T
Py =NkT rEY. HRETFIORTFEP. RAAEFORTFEEN. K
2T Pe=N.kT 2%¥ES, 2T, Pe LP, LOHBIEN, &N. &D
ez s,

1. EiRs

CLHEORTR. 2ToRTRAREDR] EiIXERLT1IELLOEHTE
%%&bfhéu%T@ET\Eﬂﬁt%ﬁﬁ#ﬁ%ﬂﬁbflﬁmﬁmﬁ?&
HLUTwaAH6, MERaENetal Hf-r A 2@ EEEBLT2HEUEOET 2
BLTWAELTHMBEI 26T, HHEFE~Hion B LBy, BPFERA
AEDH#L 2T d.

2. ERE .

ABEE,SERORTHEERARIEHL TRV, HEHETTERS T
yyvmmmgwﬁiﬁhml@iﬁ?%bk%@?ﬁéaﬁﬁfﬂ?Eutm
Hﬂﬂi%ﬁ&é%@?bﬂ‘ﬁzEﬁ%HﬁE#ﬁK&é%@?&éuﬁﬁf
WA HAE O KADILFEMBED Hetal : H RKE2TREDT <%,

ﬁz&P;%E?EPEaﬁﬁTmmﬂabfﬁmé,ﬁ¥ﬁﬁN&ﬁﬁf
N“:éf@ﬁﬁﬂﬁ%-{fymﬂ%ﬁﬁ{1mmmﬂ%ﬁ}
N. ! BEHETFORTEE (lcchoAHETR)

L3hif
N=N,+Ne.
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N, 2% nHEO 1 RKERFF vy LoktEo k=X THEL
N; :HOBERFF oy VBEEr  ORBORE - 1 A 0BE
X; ' EDEIR—HOAED 1 REBRT 85
FEAEERHZ I RBRELIrERTES, HAESRT KA THNER LD
AEPCOHHETFR2HEMU LS > THMEIr 263, o T2RERITEEL
Th, EDXIRESEHCEE

Ne=Ni+Na+» =1 N, (1)

Ne=Nix1+Noxe+r =N x, (2)

Pe=NkT= {(No+N.) kT (3)

P.=N.kT (4)
2T

P/ P.= {NG+NC} /' Ne= {]-+ {Ne/wz} } /" (Ne/Na) (5)
IR

NE/NOZENJX.'I/ENJ (6)
ERONUEENC LIRS, BL4OaHOEHEEEZRAL., shE2EREF>
Y NILEOTHETS, BRFF vy o0& —Bid o - EEEE
EFRTHTT, ETHEp. EHRETOMELLTH ORIz L EBE x, A%
B ohd. COMBERRATAEEHMEOBETITHKETS.
KEBIZ 20T Goldberg & Menzel, 7 Scorpii K2WT® Menzel OFNE M
clEehi-{EEHBERHO, kok>hEERES

Atom Group J ! Ton. pot. x; | Relat.number N,
He 1 | 24.587 200
H P2 | 13.598 1000
Fe,Si,Mg,Ni | 3 7.870 0.431
Al,Ca,Na | 4 5.986 | 0.011

O, 0, N, C ¥ HEFREOEERF oy ueB-oTW0WAE, +h
60 HIZHTOHAREIBATZIOT. HHETHAROIHE I ZR L

i g 5 P

-.19.



Relative Abundances of Light Element in the Stars
(Number of Oxygen: 1)

by H. Brown
Sun Planetary | tﬂcorpii ¥ Pegasi
i | Nebula i
Element —— - ] |

| Goldberg & | lUnsold | Aller & Unsold | Aller

| Menzel (1943) | (1948) |Menzel(1945) | (1948) | (1949)

| — 4 :
| 2700 560 | 1400 | 1000 | 100000
He | 585 | 400 | 182 | 2000
¢ | 0.10 0.37 2.4 | 0.17 | 0.05
N | 0.32 0.76 0.25 | 0.3 | 0.23
o | 100 1.00 .00 [ 1.00 | 1.00
B ol | 0.004 | l
Ne 0.04 | 3 g
Na | 0.010 0.0035 ; !
Mg 0.65 0.062 | 0.0 | 0.31
Al 0.0065 0.0040 | 0.0037 | 0.01
Si 0.020 0.037 0.084 | 0.09
5 0.10 0.016 0.14 | 0.04
cl 0.008 0.02
A 0.008 0.10
K | 0.0032 | 0.00029 | | |
Ca 0.010 0.0031
Ti | 0.0001 | 0.00017 | |
V 0.000032 0.00002

i i ' Fl d

_2{}_



Example 1. Calculate the gas pressur for an A-type star for which

T = 12 600°K and Pe = 100 dynes/cm®.

¥y (He) = 0.033 588 .
xx o (H) = 0.995 352

x5 (Fe) = need not to calculate (1.000)

%y (Al) = need not to calculate (1.000)

Ne - 200 x 0.033 588 + 1000 = 0,995 392 = 0,835 09

No 200 + 1000

Pg/Pe = 2.197 Pp = 220 dynes/cm®

Example 2. Calculate the gas pressure for a G-tvpe sta for which

T = 6 300°K and Pe = 100 dynes/cm®.

x; (He) = need not to calculate (0,000)

xz (H) = 0.000 139

tg—(EEl =.0.827

x, (Al) = 0.983

Ne _ 0.000 139 = 1000+ 0,431 /=« 0.927 + 0.011 = 0.983
No 1200

4,577 917 = 107"

Pg/Pe = 2.185 +10° Pg = 2.185 * 10° dynes/cm®

Compare these values 'with 1 atm = 1.013 246 + 10° dynesfcmz.



Example.

Calculate the pas pressure in the star where T = 6 300°K (from
5 000°K to 7 200°K with 100°K-interval for exercises) and Pg = 100
dyn/cm®.
x1 (He) = not need to calculate {from x:)
%2 (H) = 0.000 139
x3 (Fe) = 0.927
x, (Al) = 0.983
Ne _ 0.000 139 % 1000 + 0.927 x 0.431 + 0,983 % 0.011
N 1200
= 4.578 +10°"

= 3
F'g(']"e = 2,185 .10

Py = 2.185 - 10°  dyn/cm®
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e 2040 i log Pa
T =2.0 -1.40 0.0 l+_ﬂ 2.0 3.0 4.0

0.1 50 400 | -1.699 -0.699 0.301 1.301 2.301 3.301 4.301
0.2 25 2000 -1,699 -0.699 0.301 1.301 2.301 3.301 4.301
0.3 16 800 -1.699 -0.699 0.301 1.301 2.303 3.314 4.337
0.4 12 600 | -1.699 -0.698 (0.309 1.331 2.342 3.353 4.440
0.5 10 080 | -1.670 -D.661 0.343 1.347 2.384 3.645 5.384
0.6 8 400| -1.658 -0.656 0.358 1.477 3.009 4.904 6.803
0.7 7 200 -1.652 -0.607 0.690 2.461 4.394 6.151 7.673
0.8 6 300 | -1.514 +0.034 1.934 3.819 5.340 6.657 B.558
0.9 | 5600 | -0.545 1.387 3.130 4.416 5.637 7.277 9.202
1.0 S 040 +0.78%9 2.307 3.440 4.606 6.189 B.076 10.045
1 B8 | | 4 582 1.387 2.431 3.574 5.097 6.948 B8.968 11.436
i | 4 200 1.445 2,546 4,012 5.806 7.749 10.135 12.038

LS 3 877 1.521 2,928 4.680 6.555 B8.BD7 10.737
1.4 3 600 | 1.844 3.564 5,339 7.1l68 ©.430 1o
1.5 3 360 2.451 4,165 5.996 B.135 10,038 g

log Py
@and T

log P, © 0.1 0.2 0.4 0.6 0.8 1.0 1.2 1.4

T 50400 25200 124000 8400 6300 5040 4200 3600

—2 -19 —1.8 =150 -1.67 =154 40585 +2.0 434

-1 —0.8 =074 =050 —066 =001 2.57 31 3.9

0 +0.279  +0.2% +0.31 +035 +1.90 3.9 4.5 5.3

1 1.27 1.30 1.33 1.47 3.87 5.2 8.0 6.7

2 2.27 2.30 2,34 2.98 5.65 6.7 7.7 8.5

2 3.28 3.30 3.36 4.87 7.0 8.3 9.4 10.4

4 4.28 4.31 4.43 6,84 8.7 10.0 11.2 12.4

5 6.59 30 5.87 g.66 104 11.8 13.2 14.4

0ooo =1 W o

10
i
12

5.0

201 |
.303

364
.889
.320
512
.390
.287
.087
i




=

3. HI, Balmer lines.
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Hamngenecrus Models of the Quiet Chromosphere: _
log T Distribution

log T,

h (km) KOYAMA GULY. et ar, BCA ADOPTED
1000 - 3.74 174 374
2000 = 3.74 [4.04] 3.74
3000 - 335 - 375
4000 - 176 - 3,76
5000 - 178 - 378
6000 4.257 3.82 - 4.04
7000 4.429 4.20 = 4.3
8000 4.654 4,55 - 4.60
000 4.928 4.83 - 4.88

10 boo 5273 5.06 - 5.16°

11 000 5.542 (5.27) ~ 5.40°
12000 5.708 5.45 - 5.58
13 000 5.804 {5.61) - 5.70%
14 000 5.863 5.74 - 5.80
15 000 5.903 {5.85) - 587!
16 000 3.931 594 - 5.931
17 000 5.952 {6.01) - 5.98
18 000 5.969 6.07 - 6.02
19 000 5.985 {6.13) - 6.06
20 000 5.000 6.20 - - 6.10
Homogeneous Models of the Quiet Chromosphere:
log Ne Distribution
log N,

i (km) KOYAMA GULY, et al, BCA ADOPTED
1000 - 1141 10.56 10.56
2000 = 11.00 [9.75] {1050}
3000 - 10.73 < {10.40)
4000 = 10.25 - 10.25
5000 - 9.94 = 9,04

6000 942 9.68 & 9.55
7000 9.10 9.5] = 9.30¢
8000 8.87 9.39 - 9.13
9000 B.76 2.29 = - oanz

10 000 B.72 9.20 - £.96

L1 000 .70 {9.12} - B9

12000 B.G4 9.05 - B.B4°

13 000 B.56 {8.99) - 5774

14 000 B.49 8.93 & B.7!

15 000 542 (B.E%) - . B.65

16 000 8.37 E.83 - .60

17 000 8.32 (8.79) - 8.55%

18 000 B.30 8.75 - B.52*

19 000 B.30 (8.71) - 850

20 000 8.30 8.68 - E.49




§ Geometry in the flash spectrum
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5.1 The “fash spectrum” of the chromosphere taken by D. H. Menzel during the
eclipse of August 31, 1932, at Fryeburg, Maine. The spectrum covers the region from
about 37504 (left) to about 4700A (right). Each arc is an tmage of the chromosphere in
a particular line; the dark places in between are wavelengths where the chromosphere is
transparent and nonemitting. A prominence arch is clearly visible in the Ca [T H and
K lines, which are the pair of strong lines near the left. (Courtesy Lick Observatory.)

order to separate wavelengths in a spectrum, a grating spectrograph
has to narrow the angle of entrance to the grating. Normally an en-
trance slit is required for this purpose, but the image of the crescent
chromosphere is so narrow that a slit is unnecessary, and each wave-
length of light produces an image of the crescent chromosphere itself.
The flash spectum in Figure 5.1 consists of a series of monochromatic
images of the chromosphere. There is no continuous spectrum fhlling
in all wavelengths, as is produced by the solar photosphere (Figure
2.8). In fact, the overwhelming amount of light is emitted by just one
spectral line, He, at 6563A in the red part of the spectrum, It is the red
eolor of He radiation that gives the chromosphere its ruby appearance,
and its name. Many other chemical elements are represented in the
chromospheric spectrum (including the element helium, which was
first discovered in the solar chromosphere before it was found on
Earth). However, none surpasses the very strong He line in supplying
color to the chromosphere.

The solar chromosphere, then, is made up simply of ordinary solar
pases that are raised above the Sun’s limb and glow brightly against the
dark sky, emitting the spectral lines of their component elements. The
absence of continuous white-light emission from the chromosphere is
due to the fact that there is just not enough material to emit significant
radiation, except at the characteristic strong wavelengths of atomic
transitions, as described in Chapter 2. In other words, except at the
wavelengths of strong atomic transitions, the chromosphere and its
prominences are transparent, and we see right through them to the
dark interstellar space behind (compare Figure 2.%a).

The Solar Chromosphere 121
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& 8. Non-thermodynamic equilibrium

1. Solar chromosphere
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= TABLE 1

b; FOR RaDIaTION FIELDS 14

7 i
-1 by by by by Sy A7 | b | B Syn
Eadiation Field |
7 !
Matsushima. . ...| 1.85x 108 0.3 4.41 | 3.24 | 2.72 | 2.43 | 217 {190 | L.6L | 1. &3
Eingston.........0 1,90 10% 4.06 .07 | 1.62 | 1.38 | 1,20 | 1. 13| L.05 | 1.02 | 1.01
| i
Eadiation Field 2
— |
Matsushima. .. ... 1.61% 108 Q.08 32| 2B0 ) 23120175 1.4 .38 V20
Kingston......... 1.3GX1D"| 4.03 L.97 | 1.56 | 1.35 | 1.20 | L.1E [ 105 ) 1.03 .m
- | 1
Radiation Fi=hl 3
- ]
Matsushima. .. ... 4 20 1 18107 | 57 . 1190 (11,2 .14 | 6.5 | 357 i 4. 87 1 4. 41
Kingston. ..., .. .| 7.03»10% £ 943 I0° | 25.1 l 3.16 | 4.23 AT L7613 i L.17 | 1.07
Radiation Fichi 4
| ' ’
Matsushima. .. ... | 2411005 2. 365108 71,9 !2[’:.1& 159 [11.3 | 8.60 | 6.75 | 5.53 | 4.59
Kingston......... 798 1.2—1-}(lU‘i 9.74 | 4.31 | 267 | 1.85 | 1.43 | 1.21 | 1.10 | i

o The effect of electron collision processes in the chromosphere has already heen con-
sidered by Matsushima (1952). In these calculations Matsushima took T, = 33000,

T, = 6000, and n, = 2 % 10" and considered the following radiation fields:

Kadiation field . —No radiation field present, W, = 0 for all j.

Radiation field 2—No absorption lines, Wi = 1 for all 5.

Radiation field 3 —Detailed balancing in Lyman lines and Lyman continuum, Wi = 1
forallj > 1,

Radiation field 4—Detailed balancing in Lyman lines and Lyman continuum, e =
Wee=0and Iy = 1forallj> 2. )
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Ahstract

In order to explain the solar ultraviolet emissions, we attribute these
emissions to the solar (chromosphere-corona) transition lavers and exa-
mined the states of jonization in these regions. These calculations were
carricd out as the preliminaries to construct the theoretical models of the
solar transition layers. In order to obtain the relation Letween the densi-
ties of electrons and of total particles, the ionizations of hydrogen and
helium atoms were also calculated, and the free electrons only from these
two elements were taken into account. Mivamoto's ionization equation
was used on the basis of the assumption that the collisional ionizations
are in the state of equilibrium with the photoelectric recombinations.
Assuming the chemical compositions in the solar atmespheres, the numbers
of ions in various states of ionization were calculated.

1. The ultraviolet emissions from the sun.

The atmospheres of the earth hinder the ultravielet radiations so
seriously that the ultraviolet spectrum of the sun has been a mystery for
a long time. DBut, owing to the recent progress in the technique of high-
altitude flights of rockets, the solar radiations are now observable from
the ahove of the main body of the earth's atmospheres. The rocket
spectrograph, photon counter and jon chamber have been used for these
measurements, and observable region has heen stretched towards shorter
and shorter wave length.

The wavelengths of ultraviolet emissions have been measured and
identified, They have proved to he radiations originated from some ten
clements, and often from the several states of ionizations of them. They
are: H: Hell: CL CIL CIII, CIV; NV; OL OVI; Alll; SiI, Sill, SiIll, SilV; SII;
Fell: PII, etc.” The highest excitation emissions in these spectrum, OV,
NV, CIV, SilV, correspond to very high electron temperatures of the order
of some hundreds of thousand degrees even by simple estimations. More-
over, the parallel appearances of emissions in various lonization states
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show that they originate over the wide temperature range in transition
lavers.

These conditions are accepted also from the Lyman-alpha radiation
in the spectrum. The fact that the Lyman-alpha radiation shows neither
Limb-darkening nor limb-brightening considerably means that this radiation
originates also in the upper chromosphere or the transition lavers where
temperatures ascend steeplv. If this radiation originates as the self-
absorbed emission in the lower chromosphere or 1n the photosphere, the
emission widths would be much more wide com pared with the observed one,
Contrarily, if it originates as a result of proton-electron recombinations in
the corona, it would show a considerable limb-brightening.

Therefore, the studies of the solar ultraviolet emissions provide the
knowledges of the uppermost chromosphere, perhaps, of interspicular
materials or the top of spicules where temperatures ascend steeply towards
the corona.

2. Models of the solar transition layers.

The absolute intensities of ultraviolet emissions have been measured
by Byram et al®™ and Aboud et al.¥ But, these values seem not vet to
be established by the difficulties in standard estimation.

From the above reasons, the structure models of the solar chromo-
sphere or the transilion lavers have become able to be tested by compar:
ing with observations. According to the table given by Johnson et al,
Woolley and Allen’s model” of the chromosphere seems to agree fairly
well with observations. The almost all high excitation emissions theoreti-
cally predicted by them to be present in the radiation from the quiet sun,
were really observed. It is, however, extremely difficult to predict the
emission intensities from the theoretical models because of the lack of
knowledges about the oscillator strengths for these almost all emissions.

The first question for constructing the models is to know the electron
density and the jon density in the layers. And, for it, we must know the
states of ionizations. In this paper, we examine the states of iomizations
as preliminaries for constructing the models of transition lavers. We re.
strict our attentions to the jonizations of carbon and silicon atoms.

3. The states of ionizations in the transilion layers.

To examine the ionization states in the solar transition layers, we can
not use the ordinary Saha’s equation because these lavers are not any
more in the state of thermodynamical equilibrium.  We assume here the
simplified hypothesis that the collisional ionizations by free electrons are
balanced with photoelectric recombinations. The photeelectric innizations
can be now neglected because (i) the radiation fluxes from the photosphere
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and the chromosphere are not sufficient in the short wavelength region in
question and (i) the back-radiations from the corona are much diluted
and have no effects.”

4. The eqguations of ionization by electron collisions.

The equations of ionization on the basis of the above conditions
have been obtained concerning the ionizations of the zolar corona by
following authors: S Mivamoto', L. Bierman™, R. v. d. K. Woolley and C.
W. Allen®, 1.8, Shklovski™ and G. Elwert™. At last, 5 Mivamoto™ has
simplified the Elwert's equation and obtained the following semi-empirical
formula concerning the ipnization of cosmic clouds:

NET el £ A N0 Y :

NiX =t ] (f: ) ( kT ) exp( ~K/RTY.
In this equation, atom lor ion) & is assumed to have [. electrons in the
nutermost shell s = principal quantum number). ¥, and ¥, are the ioni-
zation potentials of hydrogen and atom X,k is Boltzmann constant and
C is a correction constant. This correclion constant was determined to
fit the hvdrogen ionization calculated by J. W. Chamberlain® especially
taking account of the collisions of slow elecirons, and adopted C=—6 10°
We used this equation for the ionizations of carbon and silicon atoms.

5. The eleciron densities.

In order to koow the relation between the densities of electrons N
and of total pariicles N (atoms, ions and electrons! we must know the
innizations of at least two most abundant elements, hydrogen and helium.
For these atoms, the above equation was also used. In the clectron dens-
ity, we take into account free electrons only from these two elements,
Over the temperature range in gnestion, the ionization of hydrogen atoms
iz so considerable that electrons from other elements are negligible.

With respect to the chemical composition of solar almospheres, we
adopt the following logarithms of relative numbers: 1.8421 for hyvdrogen,

1.0881 for helium, 4.5103 for carbon and 55442 for silicon.

6. The table.

Thus, the numbers of atoms, ions and electrons relative to the total
particles were calculated. Besides the populations of carbon and silicon
atoms, that of hvdrogen and helium atoms were also tabulated.  The entries
in the table are common logarithms of relative numbers and 10 has been
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added to all results. The parameter ¢ is an electron temperature in 10%
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