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R£SUM*S. — Ordee aux recherches menses au moyen de spectrographes d, rdseaux portis par des fusdes, on connait main-
tenant la nature du spectre solaire dans Vextreme ultra-violet jusqu'a 33,7 A, la raie Lyman tx.de C VI. 

Onapu identifier la plupart des raies demission de longueur d'onde supirieure a 400 A ainsi que celles com­
prises entre 80 A et 33,7 A. Gependant, entre 149 A et 400 A, il subsiste de nombreuses raies non identifies. On a 
pu montrer que vingt au moins d 'entre elles proviennent d'atomes de Fe puisqu* elles apparaissent dans les spectres de 
plasmas & haute temperature oil Von a introduit du Fer ; rnais on en ignore les 6tats d'ionisation. On a aussi reconnu 
Vexistence des raies des iUments les plus abondants dans le Soleil, H, He, O, N, 0, Ne, Mg, Al, Si, S et Fe, dans les 
4tats dfionisation de potentiel inf&rieur a 500 eV. Les exceptions les plus remarquables sont celles des sequences du 
fluor et du nAon. 

Au moyen de spectrographes a incidence normale, on a obtenu des spectroMliogrammes qui montrent que les 
raies d'dmission, Fe XV 284 A, Fe XVI 335, 361 A, sont produites principalement dans les regions actives; au 
contraire de He II 304 A, imise avec une grande intensity sur le disque aussi. Les centres d'activity internes 
6mettent aussi un spectre continu dans la gamme 170-300 A. 

ABSTRACT. — As a result of research carried out with rocket-borne grating spectrographs, the nature of the extreme 
ultraviolet spectrum of the Sun is now known to a short wavelength limit of 33.7 A, the Lyman-alpha line of C VI. 
Most of the emission lines of wavelengths greater than 400 A have been identified, as have those from 80 A to 33.7 A. 
Between 149 Aand^OO A, howeverthere are many intense emissionlines whose identity has not as yet been established. 
Twenty or more have been proved to be from iron, since they appear in spectra obtained from high temperature plas­
mas into which iron has been introduced, but the stages of ionizaiion have not yet been established. Lines from 
the elements most abundcmt in the Sun, H, He, O, N, O, Ne, Mg, Al, Si, S and Fe, in most of the stages of ioniza-
tion requiring 500 eV or less for production have been found. The outstanding exceptions are the lines in the 
fluorine and neon sequences. 

Spectroheliograms, photographed with normal incidence spectrographs, show that the emission lines Fe XV 
284 A, Fe XVT 335, 361 A, originate principally from active regions, in contrast to He II 304 A, which is emitted 
with great intensity from the disc also. Continuum emission, in the wavelength range 170-300 A, has been recorded 
from intense centers of activity. 

Pe3WMe. — Bjiaronapn HCCjieHOBaHHHM, npoBeaeHHHM npn nocpeHCTBe MHoroKaHajibHbix cnemporpa^OB Ha 
paKeTax, Tenepb H3BeerHa npnpojja cojiHeraoro cneKTpa B najibHeft yjibTpa<j>HOJieTOBOH oGjiacTH HO 33,7 A, 
JiafiMaHOBCKaH JIHHHH a G V I . YjjaJIOCb OTOJKJjeCTBHTb 60JIbIHHHCTBO 3MHCCHOHHHX JIHHHH C JJJIHHOH BOJIHH 
npeBbimaiomeft 400 A, KaK H C JJJIHHOH BOJIHM MOKay 80 A H 33,7 A. OflHaKo, Me>Kny 149 A H 400 A 
MHororacjieHHbie JIHHHH ocTajracb HeoTO>KuecTBjieHHbiMH. y^ajiocb noKa3aTb, HTO no KpaHHett Mepe 20 H3 
HHX nponcxoHHT H3 aTOMOB Fe, T. K. OHH noHBjiHioTCfl B cneKTpax njiasM c BbicoKOft TeMnepaTypoii, Kyaa 
6MJIO BBeaeHO >Kejie30 ; HO H0HH3auH0HHbie COCTOHHHH He H3BecTHbi. Pacno3HaHO TaKJKe cymecTBOBaHHe 
JIHHHH caMbix oGHJibHbix 3JieMeHT0B B Cojraue — H, He, G, N, O, Ne, Mg, Al, Si, S H F C B COCTOHHHHX 
HOHH3aHHH C nOTeHHHaJIOM HHJKe 5 0 0 3B. GaMblMH 3aMeHaTeJIbHbIMH HCKJIIOHeHHHMH HBJIHIOTCH pflflbl 
CHHMKOB cjwiyopa H HeoHa. 

IlpH nocpejjcTBe cneKTporpa<j>OB c HopMajibHbiM HanpaBjiemieM najjeHHH 6biJin nojiy^eHbi cneKTpo-
rejinorpaMMbi, noKa3biBaK>Hn*e, TTO 3MHccnoHHbie JIHHHH, Fe XV 284 A, Fe XVI 335, 361 A, npoH3Be-
neHbi rjiaBHHM o6pa30M B aKTHBHbix o6jiacTHX, B npoTHBonojio>KHOCTb He II 304 A, H3JiyqaeMbix c Gojib-
IHOH HHTeHCHBHOCTbio TaKwe Ha jn*cKe. HHTeHCHBHbie ueHTpbi aKTHBHocTH H3jiyqaiOT TaKwe HenpepbiBHbift 
cneKTp B HHana30He 170-300 A. 

(*) Sponsored jointly by the Office of Naval Research and the National Science Foundation. 
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INTRODUCTION 

From the simplest beginning with V-2 rockets 
in 1946, steady progress has been made in obser­
ving the extreme ultraviolet spectrum of the Sun, 
first by several groups in the USA, and within 
the last decade in the USSR. Work is now going 
on in various European countries, and a group 
in the United Kingdom has recently achieved 
success. During the four years that have elapsed 
since the first Liege symposium on the extreme 
ultraviolet spectra of stars, many new results 
have been obtained. The solar spectrum has 
now been recorded in very considerable detail 
from 3000 A to 13 A in soft X-rays, spectroheliograms 
have been obtained at several wavelengths, and 
the^first monitoring experiments have been conduc­
ted from satellites. Interpretation of the obser­
vations seems now to be really under way, 
but the more we learn, the more we realize the 
need for rocket and satellite-borne experiments 
of greater power and sophistication. Spectrohe­
liograms of increased spatial resolution, spectra 
showing still fainter lines and resolving the many 
blends, improved measurements of intensities, and 
more extensive solar monitoring are some of the 
goals of future experiments. As indicated by 
the title, the principal spectral region to be dis­
cussed is that in which the radiation arises from 
the chromosphere and corona. For completeness, 
however, a brief review of the longer wavelength 
rocket region is included ; chromospheric radia­
tion is present here also, although the radiation 
is mainly from the transition layer and the pho­
tosphere. 

T H E PHOTOSPHERIC AND TRANSITION REGIONS 

From 3000 A to 2085 A the solar spectrum is 
mainly photospheric, just as it is to longer wave­
lengths. On August 21, 1961 using an echelle 
spectrograph capable of resolving 0.03 A, P U R ­
CELL, GARRETT and TOUSEY (1963) recorded 
6,400 Fraunhofer lines between 3000 A and 
2250 A, and determined wavelengths to 0.01 A. 
About half the lines have been tentatively iden­
tified by comparison with the ultraviolet multi-
plet tables of MOORE (1950). A re-flight of the 
same instrument on November 19, 1964 was 
successful in extending the high resolution 
spectrum to 2100 A. I t is planned to publish 
both a line list with identifications and an atlas 
showing intensity profiles. All measurements 

of solar intensity distribution made up to the 
present were reviewed by TOUSEY (1963). 

Beginning at 2085 A the Fraunhofer lines 
become extremely weak and the first emission 
lines begin to appear above the continuum. Parts 
of this region, are shown in Figure 1, taken from 
a spectrum photographed by TOUSEY, PURCELL, 
AUSTIN, GARRETT and WIDING (1964) on 
August 22, 1962 with a nearly stigmatic, double-
dispersion, grating spectrograph resolving 0.2 A. 
The change in character of the spectrum at 
X < 2085 A was first recognized by JOHNSON, 
MALITSON, PURCELL and TOUSEY (1958). As 
recorded on May 13, 1959 with 0.5 A resolution 
(DETWILER, GARRETT, PURCELL and TOU­
SEY, 1962), the continuum between the Fraunhofer 
lines changes abruptly from 550O°K at X > 2100 A 
to 5050°K near 2050 A. Both above and below 
2100 A the bottoms of the Fraunhofer lines 
reach 4900°K and a few fall even lower ; for 
example, Mg I 2025.82 A reaches 4800°K and 
the autoionization pair of Al I 1935 A dips to 
4650°K. Absorption by the ionization continua 
of Al and Ca by CO and NO, and by some form of 
hydrogen have been suggested as explanations, 
but there is still no theory which describes satis­
factorily this strong quasi-continuous absorption 
and the suddenness with which it sets in. 

Progressing to shorter wavelengths the conti­
nuum level falls gradually ; the Fraunhofer lines 
all but vanish by 1690 A and none have been 
detected below 1530 A. Emission lines begin to 
appear, becoming more and more profuse the 
shorter the wavelength. Below 1280 A the conti­
nuum level rises as the wing of H I Lya is entered. 

The number of lines tha t have been distingui­
shed in the August 22, 1962 spectrum of 0.2 A 
resolution is approximately one per Angstrom, 
on the average. From 2000 A to 1700 A, nearly 
all are Fraunhofer lines but identification is 
difficult because of their weakness and similarity. 
Many are from Fe I and Si I. From 1725 A to 
1200 A, almost all are emission lines ; about half 
have been identified. In the range 1700 A to 
1725 A emission and absorption lines are mixed 
together in approximately equal numbers. 

All emission lines as yet identified in the rocket 
spectra are from the most abundant solar ele­
ments through Fe and including Al. At X > 1216 A 
almost all are chromospheric rather than coronal. 
The largest number are from C I and Fe I I . The 
spectrum of the former is exceedingly rich and 
all the multiplets listed by MOORE (1950) appear 
to be present. The emission line of longest 
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wavelength has been tentatively identified as 
C 11993.65 A, 2p2 XD — 3s 2P°. Prominent near 
1650 A is C 1(2), which contains the raie ultime 
1656.998 A ; four of its six components are 
resolved in Figure 1, but there is a blend pro­
blem ; a fairly intense line is present where the 
weakest component of the multiplet, 1657.368 A, 
should lie. 

A great many of the emission lines from 1725 A 
to 1550 A have been identified as Fe I I , which 
gives rise to intense Fraunhofer lines at X > 2100 A. 
In Figure 1 multiplets (40-43 and 8) are quite 
prominent ; the two leading lines of (43), 
1670.759 A, probably mask Al 11(2), 1670.81 A, 
with the result that the identification of Al I I 
is not certain. From 1550.26 A there is a gap 
in the spectrum of Fe I I , as listed by 
MOORE (1950) ; this seems to explain the scarcity 
of solar emission lines in this range. Below this 
gap a few Fe I I lines are present, but they are 
faint, and none of the many Fe I I lines between 
1216 A and the ionization limit, 766 A, have 
been detected. 

In the range X > 1200 A, the lines originating 
highest in the chromosphere a r e N V ( l ) 1238.800, 
1242.778 A. Amongst the unidentified lines there 
are certain to be others originating still higher 
in the chromosphere, or in the corona. For 
example, the line a t 1241.9 A is coronal because 
of its extension beyond the Sun's limb, which was 
especially noticeable when the Sun was active 
(DETWILER, PURCELL and TOUSEY, 1961). 

A number of observations connected with center-
to-limb intensity changes can be made from the 
August 22, 1962 spectrum. Near 1650 A this 
spectrum was closely stigmatic, but on either side 
the correction became less complete. At the 
extremes, 1200 A and 2000 A, there was appro­
ximately 1 minute of uncorrected astigmatism. 
Taking this into consideration, the continuum from 
2000 A to 1530 A as seen between the lines,fshows 
no change in intensity to within 20 seconds of the 
limb, which is the approximate limit set by the 
instrumental resolution. This is the type of 
behavior that would be expected for radiation 
which originates from the transition layer, where 
the temperature passes through a shallow mini­
mum with increasing altitude. The fact that 
Fraunhofer lines are present and faint from 
2085 A to 1700 A, indicates tha t a substantial 
fraction of the radiation in this spectral region 
originates from just below the temperature 
minimum. 

Below 1530 A the character of the continuum 

is different. Here it shows conspicuous limb 
brightening much like tha t seen in many of the 
emission lines. This continuum is attributed to 
radiation from the ionization continuum of Si I 
since the wavelength at which it appears is exactly 
right. The enhancement a t the limb, and the 
absence of Fraunhofer lines show that the radia­
tion arises from the outer edge of the transition 
layer where the temperature is beginning to rise 
as the chromosphere is entered. All the way to 
shorter wavelengths, the continuum exhibits limb 
brightening to a greater or less extent. This is 
also true of the wings of Lyman-alpha and would 
be expected, since the Lyman-alpha wing-radia­
tion originates low in the chromosphere. In 
Figure 1, although a diaphragm cut across the 
upper part of Lyman-alpha and a speck of dirt 
in the slit cast a diagonal shadow at the lower 
edge, the limb effect can still be seen. 

The intensity level of the continuum in this 
spectral range is, of course, connected quite direc­
tly with the temperature between the photosphere 
and the chromosphere. The value of the radia­
tion temperature between 1750 A and 1850 A 
was determined in 1959 to vary between 4625 
and 4700<>K ; from 1300 A to 1500 A the value 
was 4700 to 4750°K in 1960. In both these 
years the Sun was active. These values are 
averages taken across the transition region and 
are not the minimum value reached by the tempe­
rature curve. De JAGER (1963) has taken this 
into account and shown tha t a 4700°K tempe­
rature near 1500 A is compatible with a solar 
model with a flat minimum at approximately 
4500°K. Thus the rocket results support this 
value of minimum temperature in the Sun's 
transition region. 

Nearly all of the emission lines show limb 
brightening, as would be expected since they 
originate in the chromosphere. The degree of 
limb brightening depends on the particular line 
and is generally greater, the higher the tempera­
ture required to produce the particular ionic 
species. For example, the lines of C I show 
the least limb brightening; in fact, some of them 
appear to show hardly any change at the limb. 
All the lines of Fe I I become brightened toward 
the limb, and H-alpha of He I I 1640.47 A is 
conspicuously brightened and broadened at the 
limb. In the range X > 1200 A, the lines showing 
the most limb brightening are C IV near 1550 
and N V near 1240 A. 

The interpretation of the center-to-limb varia­
tion in the extreme ultraviolet spectra is compli-
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cated by effects produced by active regions. 
Spectra photographed in 1959 and 1960 when the 
Sun was active, showed tha t plage regions pro­
duce enhanced emission in the continuum from 
1530 A, the longest wavelength then photogra­
phed with a stigmatic spectrograph, to shorter 
wavelengths, and also, of course, in the emission 
lines (DETWILER, PURCBLL and TOUSEY, 1961). 
On August 22, 1962 however, the Sun was so quiet 
that almost no plage regions were present. There 
is some evidence, however, in the silicon conti­
nuum near the limb, and also in the emission 
lines, tha t part of the enhancement, especially 
at the upper edge of the spectrum shown in 
Figure 1, must be presumed to arise from an 
active region near the limb which happened to 
fall on the slit. However in CaK spectrohelio-
grams photographed during this period no plage 
regions appeared to be present a t the part of the 
limb covered by the slit. The further elucidation 
of these matters must await new photographs 
of the solar spectrum, 

T H E NORMAL INCIDENCE RANGE, 
LYMAN-ALPHA TO 500 A 

The wavelength range from 1200 A to 500 A 
is best photographed with grating spectrographs 
of the normal-incidence double-dispersion type. 
Although photographic spectra obtained with 
grazing-incidence spectrographs extend into this 
wavelength region, they are less valuable because 
of the presence of many intense higher order lines 
and because they are highly astigmatic. 

Double-dispersion spectra having about 1 A 
resolution were obtained on April 19, 1960 by 
DETWILER, PURCELL and TOUSEY (1961). A spec­
trum with much higher resolution was obtained 
on August 22, 1962 by TOUSEY, PURCELL, A U S ­
TIN, GARRETT and W I D I N G (1964) using a grating 
having 2400 instead of 600 lines/mm. The principal 
portion is reproduced in Figure 2. The intensities 
of the lines are less than in the earlier spectrum, 
partly because of the reduced activity of the Sun. 
The continuum and wing of H I Lyoc are much 
weaker than in the 1960 spectrum because a 
narrow slit was used. This was done in order to 
obtain the greatest possible resolution and a 
value of 0.07 A was attained. 

The emission lines present in this wavelength 
range are similar to those at longer wavelengths ; 
a few are coronal but most are chromospheric. 
Some lines of C I, whose ionization limit lies at 
1100 A contribute to the faint features in Figure 2. 

C I (10) through (30) are all present, but not all 
components of these multiplets are resolved and 
some are masked by blends. All of these lines 
are characterized by relatively little change in 
intensity across the disc. 

By far the greatest number of emission lines 
in this spectral range, and also to still shorter 
wavelengths, are produced by screening type 
transitions, tha t is, transitions in which the prin­
cipal quantum number does not change. This 
is true of C II-IV, N I V , O II-V, Si I I I 
and IV, and S II-V. For example, in C I I 
nearly all the screening transitions listed by 
MOORE (1950) have been found, but no others. 
These are C I I (1) 1335.684, 1334.515 A, C I I , 
1037.017, 1036.330 A, the latter masking the 
strongest expected line of B e l l , 1036.271 A ; 
C I I (3), four lines near 904 A, which are present 
but unresolved ; and C I I (7), three lines near 
1010 A, present unresolved in 1960, bu t too faint 
to detect in Figure 2. Similarly in C I I I , the 
resonance transition, C I I I (1) 977.026 A, is very 
strong, as are the six components of C I I (4) near 
1175 A, five of which are resolved in Figure 2. 
C I I I (2), 386.203 A and C I I I (3), 310.171 A, 
transitions where the principal quantum number 
changes from 3 to 2 and 4 to 2, respectively, have 
not been found with grazing-incidence instruments. 
The earlier report of these lines by VIOLETT and 
R E N S E (1959) has not been confirmed by later 
observations.5 Likewise with C I V , only the 
screening transitions multiplet (1), 1548.195, 
1550.768 A, are present. The next strongest 
multiplet in the laboratory, C IV (2), 312.412, 
312.455 A, a transition where the principal quan­
tum number changes from 3 to 2, is masked. 
ZIRIN and DIETZ (1963) have made use of the 
relative intensities of such lines to calculate 
temperatures in the chromosphere. 

The lines of nitrogen are not as strong as those 
of carbon or silicon. This is unexpected from its 
abundance in the Sun, 7.98 compared to 8.72 
and 7.50 for C and Si, respectively (GOLDBERG, 
MULLER, and ALLER, 1959). From N I, 
multiplet (1) can be seen in Figure 2 at 
1199.550, 1200.218, 1200.707 A, the transition 
2#3 4S° — 3s 4P. However, N I (2), 1134.979, 
1134.417, 1134.168 A, the screening transi­
tion 2p* 4S° — 2#4 4P, is stronger than N I (1), 
although in Figure 2 it appears to be weaker, 
because of the rapid decrease in speed of the spec­
trograph in this region. In N I I , only multi­
plet (1) near 1085 A, 2ps 3 P —r2p* 3D° has been 
detected. There is however, an extra line in the 
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midst of the three components tha t are resolved, 
Hy of H e l l , 1084.97 A ; it is distinguished 
from the N I I lines by its greater intensity varia­
tion from center to limb. Ha of He I I is lost, of 
course, by blending with H I Lya. N I I I (1), 
2p 2P° — 2p2 2D is present in Figure 2 with 
two of its components blended at 991.58 A and 
the third clearly resolved a t 989.790 A. N IV (1), 
2s2 2S — 2p ^P0, 765.14 A was present as a faint 
line in the 1960 spectrum. Although N V ( 1 ) , 
1230.800, 1242.778 A, is strong, the lines in the 
short wavelength range near 200 A, produced 
by transitions in which the total quantum num­
ber changes, have not been distinguished. 

In the case of 0 I, the spectrum in the extreme 
ultraviolet does not arise from screening type 
transitions. The strongest lines are multiplet (2) 
1302.174, 1304.858, 1306.023 A, 2p4 8 P — 3s 3S°. 
All the other multiplets listed by MOORE (1950) 
are present, although certain lines are extremely 
faint. 0 I (4) is of particular interest because 
its leading line, 1025.766 A, is nearly coincident 
with H I LyP ; therefore, absorption by atmosphe­
ric hydrogen and oxygen may affect this line as 
well as Lyp. The second member of O I (4), 
1027.42 A, is present in Figure 2 and the third 
and weakest member 1028.15 A, is barely detec-
tible. These two latter lines, having laboratory 
intensities, 8 and 7, respectively, should be 
stronger than the singlet system line O I (6), 
2p4 XD — 3s' XD°, at 1152.129 A. However, the 
latter is very strong in the spectrum of Figure 1 
and is one of the narrowest recorded, with width 
equal to the slit width, 0.07 A. I t s intensity 
is much greater than the lines of O I (4), even 
making allowance for the changing speed of the 
spectrograph between 1152 A and 1027 A ; this 
may, in part, be explained by atmospheric absorp­
tion by O, which is strong for O I (4) but negli­
gible for O I (7). A weaker line in the singlet 
system, O I (7), 2^4 XD — 3s" T 0 , 999.493 A, is 
present in the 1960 spectrum, but not in the 1962. 
A third line, O I (8), 2#4 XD — 3d' 1F°, 922.011 A, 
can possibly be distinguished in Figure 1 between 
H I Ly8 and Lyi. O I (9) 2#4 IS — 3s'f *P°, 
1217.643 A is present in the long wavelength 
wing of Lyman-alpha ; it is not the line which 
shows in Figure 2, but can be seen in less heavily 
exposed spectra. 

For 0 II-IV, however, only screening tran­
sitions have been detected. O I I (1) and O I I I (1) 
are present in the August 1962 spectrum. Their 
members are nearly coincident a t 835 A but the 
leading lines are resolved. O I I I is a little stron* 

ger than 0 I I . The screening transitions 0 I I (4)$ 
718.484, 718.562 A and 0 1 1 1 ( 2 ) , four lines 
near 703 A, are present in the photoelectrically 
scanned spectrum of H A L L , DAMON, and H I N T E -
REGGER (1963), as is O I I (3), three lines near 
508 A, O I I I (7) 599.6 A and O I I I (8) 525.8 A. 
O IV (1) three lines near 790 A are present, and 
in the photoelectric spectrum, 0 IV (3), four lines 
near 555 A, are strong. O V (1), 2s2 *S — 2p 1P°, 
629.732 A is intense but O V (2) 2s2 *S — 3p *P2 

172.68 A is present, although relatively faint. 
Finally O VI (1) 2s 2S — 2p 2P°, 1031.912, 
1037.613 A are extremely intense relative to 
O V I ( 4 ) , 2p 2*P° — 3d 2T>, 173.082, 172.935 A, 
which are present in spite of the fact that in the 
laboratory the intensities of the latter, 13, 12 are 
greater than those of the former, 10, 9. 

The Lyman series of hydrogen, as shown in 
Figure 2, is of interest because of the resolution, 
which is much greater than was attained in 1960. 
Both Lya and Ly(3 are strongly self-reversed. 
Lya is, of course, greatly overexposed, but the 
self-reversal can be seen in the two ghosts, which 
appear below the principal spectrum because of 
the double-dispersion. The contour of these lines 
has been discussed by TOUSEY, PTTRCELL, AUSTIN, 
GARRETT, and W I D I N G (1964). The resolution 
is not sufficient to distinguish a telluric absorption 
core, such as was found by PURCELL and TOU­
SEY (1960). The peak-to-peak separation in 
Ly(3 is approximately two-thirds as great as for 
Lya, and this is also true of the half-maximum 
width of the emission line as a whole. The cen­
tral reversal however, after correction for absorp­
tion effects by oxygen and hydrogen in the earth's 
atmosphere, appears to be nearly as deep for 
Lyj3 as for Lya. Close to the limb the peak-to-
peak separation increases slightly for Ly(3, just 
as it does for Lya. The reduced width of Ly(3 is 
explained satisfactorily as part ly produced by the 
ratio of wavelengths, and partly by the lower 
/-value for Ly(3 and its effect on the optical depth. 
As yet, the depth of the self-reversal of Ly(3 has 
not been reproduced by a calculation of the type 
made for Lya by MORTON and W I D I N G (1960), 
using the theory of J E F F E R I E S and THOMAS (1959, 
1960) and a three-level atom. 

The higher members of the Lyman series through 
LyX, 918.13 A, are present in Figure 2, and are 
followed by a vestige of the Lyman continuum. 
These lines do not seem to show self-reversal, but 
it is not possible to be certain of this, because of 
their faintness. Their widths appear to be about 
0.3 A, They are clearly broad, by comparison 
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to S V I , 933.38 1 . In C I I I , 977.026 A, the 
broadening was produced by overexposure. 

Just as in spectra obtained from earlier flights 
the intensity of Lyy was greatly reduced because, 
of absorption by N2. This was discussed by 
DETWILEB, GABBETT, PUBCELL, and Tou-
SEY (1961). I t was shown tha t Lyy, 972.54 A, 
is nearly coincident with an absorption band of 
atmospheric N2. The bandhead lies at 972.2 A 
and the maximum absorption coefficient is reached 
at about 972.5 A (WOBLEY, 1943). In Figure 2 
it can be seen that Lyy, photographed over the 
peak altitude of 233 km, shows a strong and rather 
sharp long wavelength edge. This is produced 
by the sudden attenuation by N2. As a result, 
it is not possible to say whether Lyy is self-
reversed in the Sun. Recently, OGAWA and 
CAIBNS (1964) have photographed Lyy with a 3M 
grating spectrograph, and shown tha t N2, intro­
duced into the spectrograph at a pressure of 
2 x 10—4 mm Hg, absorbs all of Lyy except a 
faint residual, which is displaced to about 
972.56 A. In Figure 2, the most intense part 
of solar Lyy is also displaced longward by about 
0.025 A. The absorption is less, however, since 
some of the short wavelength part of the line 
is present. 

Higher members of the Balmer series of He I I 
have been searched for ; Hy, 1084.97 A, is present, 
as was mentioned. HS is lost in H I Ly(3. He, 
992.39 A, may be present, but the faint line near 
this wavelength looks broad, by comparison to 
Hy, suggesting blending. H£, 972.14 A, might 
be expected just at the short wavelength edge 
of H I Lyy but is not present. 

T H E GBAZING-INCIDENCE REGION, 
500 A TO 33 A 

The region to short wavelengths of 500 A is 
best studied with grazing-incidence spectrographs, 
which take advantage of the extremely high 
reflectance of all materials at angles of incidence 
approaching 90°. Using an instrument of this 
type, R E N S E (1953) obtained the first photograph 
of the Lyman-alpha line of hydrogen, and Vio-
LETT and R E N S E (1959) discovered the Lyman-
alpha line of H e l l , 303.78 A. Although the 
grazing-incidence spectrograph is far more effi­
cient at short wavelengths than the normal-
incidence, the stray light associated with the 
longer wavelength portion of the solar spectrum 
is so intense that it swamps all but the strongest 
solar emission lines below 500 A. Because of 

this, and also certain difficulties with the photo­
graphic film, the spectra obtained by VIOLETT and 
R E N S E (1959) were difficult to interpret ; only 
a few of the lines reported by them have been 
confirmed by later work. 

The stray light problem was solved to a large 
extent by AUSTIN, PUBCELL, and TOUSEY (1962), 
who introduced at a position just in front of the 
entrance slit a filter consisting of an unbacked 
aluminium foil, 1000 A in thickness. The trans-
mittance of such a filter is zero a t X > 837 A, 
rises gradually to a maximum value of 70 % 
at 170 A, the L2,3 X-ray edge and falls to 8 % 
at 150 A. The filter is quite opaque from 148 A 
to 80 A, but transmits again to shorter wave­
lengths. 

With a spectrograph using a 600-line/mm, 
40 cm radius grating a t 5° from grazing incidence, 
equipped with this filter, the solar spectrum was 
photographed on June 21, 1961 and again on 
August 22, 1962 to a short wavelength limit of 
171 A. On May 10, 1963, using the same instru­
ment but with improved focus and a narrower 
slit, spectra were photographed to approximately 
40 A. On September 20, 1963 a similar instru­
ment with a 2400-line/mm grating was flown ; the 
range 188 A to 33 A was covered with increased 
resolving power (TOUSEY, 1964). 

The portion of the spectrum obtained on 
May 10, 1963 from 148 A to 500 A is shown in 
Figure 3. The resolution is approximately 0.6 A 
and wavelengths have been determined to 
0 . 1 — 0 . 0 5 A, the accuracy depending on the 
particular line. The print has been prepared to 
show the faintest lines, hence strong lines are 
overexposed and broadened, for example, He I I , 
303.8 A and the line a t 171.1 A ; breaks that 
appear near 165 A, 215 A and 425 A are not 
real but were caused by piecing together different 
prints. 

This range has also been covered with photoelec-
trically scanned grazing-incidence monochroma-
tors, in which the stray light problem is avoided 
by the use of a metallic photocathode such as 
tungsten, whose long wavelength response limit 
lies at approximately 1300 A. Generally the 
photographic spectra give the most accurate 
wavelengths and highest resolution. The pho-
toelectrically scanned spectra of HINTEBEGGEB 
and colleagues, (cf., HINTEBEGGEB, HALL, and 
SCHWEIZEB, 1964) provide the most accurate 
intensity data and have only slightly less resolu­
tion than the photographic spectra. They fill 
in the region between 148 A and 80 A which has 
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not yet been covered photographically. Pho-
toelectrically scanned spectra were obtained by 
BEHRING, NETTPERT, and LINDSAY (1962) from 
OSO-I, the first orbiting solar observatory of the 
National Aeronautics and Space Administration 
(NASA). The wavelength range covered was 
170 A to 400 A, with a resolution of about 1 A. 
These spectra give data on the changes that take 
place in the solar spectrum from day to day and 
show dramatically how the various emission lines 
change intensity with solar conditions. 

In Figure 4, the photographic spectra obtained 
by the Naval Research Laboratory (NRL) are 
compared with the photoelectrically scanned 
spectrum of HINTEREGGER, H A L L , and SCHWEI-
ZER (1964) over the range 148 A to 182 A. The 
September 20, 1963 spectrum permitted the deter­
mination of wavelengths with an accuracy 
of 0.1 A to 0.02 A, depending on the nature 
of the particular line ; the resolution was 
approximately 0.15 A. The photoelectrically 
scanned spectrum agrees remarkably well with 
the photographic spectra for lines above a 
certain intensity level, and in places nearly as 
much detail is resolved as in the September 20 
spectrum, However, the agreement begins to 
deteriorate below approximately 200 counts/ 
second, and below 100 counts/second the agree­
ment is not at all good. This is true with respect 
to the low-level details only ; the average level 
is still a good measure of the flux that is present. 

The range 148 A to 80 A, as observed by H I N T E ­
REGGER, HALL, and SCHWEITZER (1964), is shown 
in Figure 5. This is apparently a region where 
all of the solar emission lines are weak. Few 
peaks rise above the 200-count/second level. 
Therefore, the significance of much of the fine struc­
ture that is present in this trace is open to question 
and must be confirmed by further work. 

The soft X-ray end of the solar spectrum, as 
photographed by NRL, is shown in Figure 6 
In the first spectrum the intensities of the emis­
sion lines were apparently considerably greater 
than in the second, however, the resolution was 
much less because of the use of the 600-line/mm 
grating. From the September 20, 1963 spectrum 
in this region, wavelengths have been determined 
to 0.02 A and lines as close as 0.18 were well 
resolved. Although the film extended to much 
shorter wavelengths, no lines shortward of 33.7 A 
were recorded with certainty, This is attributed 
to the fact that the grazing angle was 5°. By 
reducing the angle to 2° it is probable that lines 
at shorter wavelengths could be recorded. From 

the work of BLAKE, CHUBB, FRIEDMAN, and 
UNZICKER (1964), reported by CHUBB in a later 
paper at this symposium, it is known tha t emis­
sion lines are present in the range 24.8 A to 
13.7 A. Using a Bragg crystal spectrometer and 
photoelectric detection they discovered fourteen 
lines within these limits on July 25, 1963. 

In studying the spectra reproduced in Figures 3 
through 6, the presence of second and third order 
lines must be kept in mind. In Figure 3 at 
X < 342 A all lines are first order, because the 
spectrum at X < 171.1 A was greatly wea­
kened by the aluminium filter. From 342 A to 
500 A, however, a large number of the lines are 
the second orders of the lines occurring between 
171.1 A and 250 A. In the photographic spectra 
of Figure 4 no lines other than first order have 
been detected, and this is believed to be true of the 
photoelectric spectrum also. Although the range 
80 A to 148 A was covered in the photographic 
experiments, only second and third order lines 
were recorded because of the opacity of the alu­
minum filter. However, these second order lines 
were not found in the photoelectric spectrum 
reproduced in Figure 5. I t seems probable, there­
fore, that this photoelectric spectrum is mainly 
first order, owing to the characteristic of the gra­
ting that was used. In Figure 6, second order 
lines begin to appear longward of 67.4 A, the 
second order image of C VI, 33.7 A. I t is pos­
sible that second order lines are present shortward 
of 67.4 A ; the second orders of X < 3 3 . 7 A , 
including those reported by BLAKE, CHUBB, 
FRIEDMAN, and UNZICKER (1964) might be expec­
ted. None are present, except, possibly, 0 VII, 
21.6 A. 

In Table I there are listed those lines in the 
photographic spectra which have been identified 
with reasonable certainty. Rough estimates of 
intensity are presented on a visual scale, but are 
not corrected for effects associated with the chan­
ging speed of the spectrograph as a function of 
wavelength. An estimate of the wavelength 
accuracy is given (AX). Some of the identifica­
tions have been suggested by Z IRIN (1964), but 
his line list, taken from the spectrum of H I N T E -
regger, HALL, and SCHWEIZER (1964), is not in 
good agreement with Table I. 

The identification problem in the grazing inci­
dence range is a difficult one for wavelengths grea­
ter than 150 A ; on the other hand, from 80 A 
to 33 A, most of the lines have been identified 
with a reasonable degree of confidence. The 
largest group of lines concerning whose identity 
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TABLE I 

I. Xobs : Wavelength observed in solar spectrum. 
II. AX : Wavelength accuracy of Xô g measurement. 

Til. I : Relative intensity. 
Below 100 A the relative intensities are on a scale from 1 to 10, where intensity 0 — 1 is inten­

sity of weakest line definitely present. 
Above 100 A the relative intensities are on a scale from 1 to 100, where intensity 0 — 1 is 

intensity of weakest line definitely present. 
d, vd means diffuse or very diffuse ; 
bl means blended, if feature is an obvious blend of two or more components ; 
w means a wide feature. 

IV. Identification : Ion, wavelength, transition, and J-values ; 
[ ] A wavelength listed in brackets means wavelength was obtained by a short reliable extrapo­

lation. 
( ) An ion listed in parenthesis means that the identified ion is a probable contributor to blend or 

feature. 
^obs 

33.43 
33.75 
34.97 
40.26 
40.72 
40.92 

42.54 

43.18 
43.75 
44.18 

45.66 
46.32 

47.60 

49.23 

49.67 
50.33 
50.52 

50.70 
52.09 

52.33 
52.49 
52.83 

AX 

.05 

.03 

.05 

.03 

.05 

.05 

.05 

.05 

.03 

.03 

.05 

.05 

.10 

.03 

.05 

.05 

.03 

.03 

.10 

.05 

.10 

.10 

I 

0 — 
10 
0 — 
4 
1 
1 

Id 

0 — 
3 
4bl 

0 — 
2bl 

1 

1 

1 

1 

2dwbl 

5 

0 — 
0 — 
7 

7 
0 -

1 
0 -
ld 

1 
1 

-Id 

-Id 

C V 
C VI 
C V 
C V 
C V 
Si XII 

S X 

O VII 
Si XI 
Si IX 

Si XII 

(MgX) 
Si XII 
Si XI 

Si XI 

S X 

Si XI 

Si X 
FeXVI 
Si X 
(Fe XVI) 
S i X 
Si X 

Si XI 
S i X 
Si IX 

33.43 
33.74 
34.97 
40.27 
40.73 

[ 40.91] 
[ 40.95] 
[ 42.51] 
[ 42.54] 
[ 42.58] 

21.60 x 2 
43.76 
44.22 
44.25 
44.02 
44.16 
44.05 
45.66 
46.26 
46.30 
46.40 
47.61 
47.65 
47.65 
47.79 
49.22 
49.26 
49.70 
50.35 
50.52 
50.56 
50.69 
52.07 
52.16 

[ 52.30] 
52.49 
52.81 
52.84 

IDENTIFICATION 

Is2 XS — ls4p ^ o 
Is 2S — 2p 2P° 
Is2 *S — ls3p 1P° 
Is2 *S — ls2p 1P° 
Is2 *S — ls2p 3P° 
2s 2S — 3p 2P° 

2s2 2p* 4S° — 2s2 2p2 3d 4P 

Is2 *S — ls2p XP° 
2s2 *S — 2s3p 1P° 
2s2 2p2 3P — 2s2 2p4d 3D° 

2p 2po _ 3^ 2D 

2s 2S — 4p 2P° 
2p 2po _ 3s 2g 
2s2p 3P° — 2s3d 3D 

2p2 sp _ 2p3d 3D° 

2s2 2p3 4S° — 2s2 2p* 3s 4P 

2s2p ^ — 2s3d JD 
2p2 XD — 2p3d 1D° 
2s2p2 2D — 2s2p3d 2F° 
3s 2S — 4p 2P° 
2s2 2p 2P° — 2s2 3d 2D 

3 5 2g _ 4p 2p0 
2s2 2p 2P° — 2s2 3d 2D 
2s2p2 2P — 2s2p3d 2D° 

2s2p !P° — 2^35 !S 
2s2p2 2D — 2s2p3d 2F° 
2s2 2p2 3P — 2s2p2 3p 3D° 

0 — 1 
1/2 — 1/2, 3/2 

0 — 1 
0 — 1 
0 — 1 

1/2 — 3/2 
1/2 — 1/2 
3/2 — 1/2 
3/2 — 3/2 
3/2 — 5/2 

0 — 1 
0 — 1 
1 — 2 
2 — 3 

1/2 — 3/2 
3/2 — 5/2 

1/2 - 1/2, 3/2 
3/2 — 1/2 

0 — 1 
1 — 2 
2 — 3 

1,0 — 2,1 
2 — 3 

3/2 — 5/2 
3/2 — 3/2 

1 — 2 
2 — 2 

3/2, 5/2 — 5/2, 7/2 
1/2 — 3/2 
1/2 — 3/2 
1/2 — 1/2 
3/2 — 5/2 
1/2 — 3/2 
3/2 — 5/2 

1 — 0 
5/2 — 7/2 

1 — 2 
2 — 3 
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Aobs 

54.16 

54.56 

54.75 

55.12 

55.34 

56.03 
56.64 
56.80 
57.90 

59.03 

0 

01 .06 

01.51 

61.85 

62.80 

03.29 

03.73 

63.90 
65.67 
65.85 
06.26 

AX 

.05 

.10 

.10 

.10 

.10 

.05 

.05 

.05 

.05 

.05 

.05 

.05 

.05 

.05 

.10 

.05 

.10 

.05 

.05 

.05 

I 

2 b l 

l d b l 

0 — 1 

3dbl 

6dbl 

1 
0 — 1 
0 — 1 
2 

0 — 1 vd 

3 d 

l b l 

l b l 

1 — 2 bl 

2 b l 

1 

0 — 1 
0 — 1 
1 
1 

F e X V I 
( S I X ) 
S i X 

F e X V I 

Si I X 

Si I X 

Si I X 
S i X 
S i X 
M g X 

Si IX 

Si VIII 
(Fe XIV) 
Si VIII 

Si IX 

Si VIII 

Si IX 
M g l X 

Si VIII 

M g l X 
(Fe XVI) 
Si VIII 

S VIII 
M g X 

F e X V I 
Si VIII 

M g X 

F e X V I 

TABLE I 

54.14 
54.18 
54.52 
54.57 
54.60 
54.73 
54.77 
55 .09 
55.12 
55.23 
55.27 
55.30 
55.36 
55.40 
56.03 
56.68 
56.80 
57.88 
57.92 
58.91 
59.00 
59.08 
58.88 
58.96 
60.99 
61.02 
61.07 
61.50 
61.55 
61.60 
61.65 
61.80 
61.85 
61.90 
61.91 
61.85 
61.92 
61.96 
62.81 
62.85 
62.75 
62.88 
63.23 
63.27 
63.70 
63.15 
63.29 
63.72 
63.73 
63.90 
65.67 
65.85 
66.26 

(cont) 

IDENTIFICATION 

3p 2po _ M 2 D 

2*2 2p4 3P — 3s2 3p* 38 3D° 
2s 2p2 4 P — 2s 2p 3s 4P° 

3p 2P° — U 2D 

2*2 2p2 sp _ 3^2 2p3d spo 

2* 2 2p 2 8 P — 2s22p3dzD» 

2s2 2p2 I D — 2s2 2p3d *¥* 
2s2p2 2P _ 2s2p3s 2P° 
2s2p2 2P _ 2s2p3d 2D° 
2s 2S — 3p 2P° 

2*2p 3 8 D — 28 2p*3d*F» 

2*2 2p3 4go _ 2*2p3 3p 4P 
3s2 3p 2P° — 3s2 U 2D 
2s2 2p3 4S° — 2s2 2p2 3d 4 P 

2s2 2p2 3P — 2s2 2p3s 3P° 
2s2^ 3D° — 2s2p* 3s 3D 
2*2 2p2 sp _ 2*2 2p3s 3po 

2s2 2p3 2D° — 2s2 2p2 3d 2D 

2s2 2p* 2D° — 2s2 2p2 3d 2F 

2s2 2p2 8 P — 2*2 2p3s 3P° 
2s2p 3P° — 2p3p 3D 

2^2 2^3 2po _ 2*2 2p2 3d 2 p 

2*2 iS — 2d3p iP 0 

3p 2P° — 4* 2S 
2*2 2p3 2p0 _ 2*2 2^2 <6d 2J) 

2*2 2p& 2P° — 2*2 2p* 3s 2P 
2p 2po _ 3 d 2 D 

Sp 2po _ 4* 2S 
2*2 2& 2D° — 2s2 2p2 3d 2F 

2p 2jx> — 35 2S 

3d 2D — 4/ 2F° 

1/2 — 3/2 
2 — 2 , 3 
1/2 — 3/2 
5/2 — 5/2 

1/2, 3/2 — 1/2, 3/2 
3/2 — 5/2 
3/2 — 3/2 

1 — 0 
1 — 1 
2 — 1 
2 — 2 
0 — 1 
1 — 2 
2 — 3 
2 — 3 

3/2 — 1/2, 3/2 
3/2 _ 5/2 
1/2 — 3/2 
1/2 — 1/2 

3 - 4 
2 — 3 
1 — 2 

3/2 — 1/2, 3/2, 5/2 
1/2 — 3/2 
3/2 - 1/2 
3/2 — 3/2 
3/2 — 5/2 

1 — 2 
3 — 2,3 
0 — 1 
2 — 2 

5/2 — 5/2 
3/2 — 3/2 
3/2 — 5/2 
5/2 — 7/2 

2 — 1 
0, 1, 2 — 1, 2, 3 

1 — 1 
3/2 — 3/2 
1/2 — 1/2 

0 — 1 
1/2 — 1/2 
3/2 — 3/2 

1 — 2 
2 — 2 

1/2 — 3/2 
3/2 — 5/2 
3/2 — 1/2 
5/2 — 7/2 
3/2 — 5/2 
1/2 — 1/2 
3/2 — 1/2 
3/2 — 5/2 

https://doi.org/10.1017/S0074180900179343 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900179343


14 R. TOtTSEY, W. S . AUSTIN, J. D. PURCELL AND K. G. WIDING 

TABLE I (cont) 

Xobs AX I IDENTIFICATION 

66.37 .05 0 — 1 FeXVI 66.37 3<PD — 4/2F° 5/2 — 7/2 
67.15 .10 I d M g l X 67.09 2s2p 3P° — 2s3d 3D 0 — 1 

67.14 1—2 
67.24 2 — 3 

69.99 .10 1 bl Mg IX 69.95 2p2 *D — 2p3d XF° 2 — 3 
(Pe XV) 69.95 3s3d8D — 3s4/ 3F° 1—2 

69.99 2 — 3 
70.05 3 — 4 

72.26 .05 I d M g l X 72.23 2p2 *D — 2p3d !D° 2 — 2 
72.31 2s2p iP0 — 2s3d *D 1—2 

150.10 .03 0 O VI 150.09 2s 2S — 3p 2P° 1/2 — 3/2 
150.12 1/2 — 1/2 

172.17 .03 3 O V 172.17 2s2 *S — 2s3p 1P° 0 — 1 
172.94 .03 4 0 VI 172.94 2p 2P° — 3d 2D 3/2 — 5/2 
173.09 .03 7 173.08 1/2 — 3/2 
183.94 .03 3 O VI 183.94 2p 2P° — 3s 2S 1/2 — 1/2 
184.12 .03 5 184.12 3/2 — 1/2 
185.74 .05 0 O V 185.75 2$2p ^P0 — 2p3p *D 1—2 
192.84 .10 14 bl O V 192.75 2s2p 3P° — 2s3d 3D 0 — 1 

192.80 1—2 
192.91 2 — 3 

194.58 .05 2 O V 194.59 2s2p ^° — 2p3p XP 1 — 1 
207.79 .10 5bl O V 207.79 2p2 *D — 2p3d T 0 1—2 
215.10 .10 3 bl O V 215.03 2s2p 3P° — 2s 3s 3S 0 — 1 

215.10 1 — 1 
215.24 2 — 1 

216.04 .10 1—2 O V 216.02 2p2 *D — 2p3d 'D0 2 — 2 
220.34 .10 10 wbl O V 220.35 2s2p ^ — 2s3d *D 1—2 
223.70 .10 5 dbl Si IX 223.72 2s2 2p2 3P — 2s2p3 3S° 0 — 1 
224.69 .10 5 bl S I X [224.7] 2s2 2p4 3P — 2s2p* 3P° 2 — 2 
2-^5.08 .10 12 bl Si IX 225.03 2s2 2p2 3P — 2s2pz 3S° 1 — 1 
227.06 .05 12 Si IX 227.01 2 — 1 
231 45 .10 2 bl He II 231.45 Is 2S — Sp 2P° 1/2 — 1/2, 3/2 
232. f9 .05 2 He II 232.58 Is 2S — Ip 2P° 1/2 — 1/2, 3/2 
234.37 .10 6 bl H e l l 234.35 Is 2S — 6p 2P° 1/2 — 1/2,3/2 
237.32 .05 7 H e l l 237.33 Is 2S — 5p 2P° 1/2 — 1/2,3/2 
243.06 .05 10 He II 243.03 Is *S — 4p 2P° 1/2 — 1/2, 3/2 
253.80 .05 5 Si X 253.81 2s2 2p 2P° — 2s2p2 2D 1/2 — 3/2 
256.32 .05 30 He II 256.32 Is *S — 3p 2P° 1/2 — 1/2, 3/2 
257.29 .05 20 S X [257.30] 2s2 2p3 4S° — 2s2p4 4P 3/2 — 1/2 
258.38 .05 12 S i X 258.39 2s2 2p 2P° — 2s2p* 2P 3/2 — 3/2 
259.53 .05 4 S X [259.56] 2s2 2p* 4S ° — 2s2p4 4P 3/2 — 3/2 
264.29 .05 5 S X [264.28] 3/2 — 5/2 
271.99 .05 6 S i X 272.00 2s2 2p 2P° — 2s2p* 2S 1/2 — 1/2 
275.33 .05 3 Si VII 275.35 2s2 2p4 3P — 2S2T>5 3P° 2 — 2 
277.10 .10 7 d bl Si VIII 276.84 2s2 2p* 2D° — 2s2p4 2D 3/2 — 3/2 

277.05 5/2—5/2 
(Si X) 277.27 2s2 2p 2P° — 2s2p* 2S 3/2 — 1/2 

278.44 .05 3 Mg VII 278.40 2s2 2p2 3P — 2s2p* 3S° 2 — 1 
Si VII 278.44 2s2 2p* 3P — 2s2p* 3P° 1—2 
Fe XV 284. 3s2 *S — 3s3p 1P° 0 — 1 
Si IX 290.63 2s2 2p2 3P — 2s2p3 3P° 0 — 1 
Si IX 292.83 2s2 2p2 3P — 2s2p* 3P° 1 ~ 0, 1, 2 

284.11 
290.68 
292.79 

.05 

.10 

.05 

30 
3d 
5 
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TABLE I (cont) 

^obs 

296.17 
303.37 
303.79 
308.33 
311.96 
313.75 
314.29 
314.99 
316.19 
317.01 
319.79 
332.81 
335.31 
339.00 
345.07 
347.39 
349.93 
356.04 

360.81 
365.31 
368.08 
430.47 
436.70 

465.30 
499.47 

AX 

.05 

.10 

.05 

.10 

.20 

.10 

.10 

.05 

.05 

.05 

.05 

.05 

.10 

.10 

.10 

.05 

.10 

.10 

.20 

.10 

.05 

.10 

.10 

.10 

.10 

.10 

6 
5 

100 
2 
4wbl 
2bl 
2 bl 
5 
4 
2 
4 
3 

10 
1 
3 
4 
4 
4bl 

25 bl 
2 d 

15 bl 
l b l 
2bl 

2b l 
2dbl 

Si IX 
Si XI 
H e l l 
Si VIII 

(Mg VIII) 
Mg VIII 
Si VIII 
MgVIII 
Si VIII 
MgVIH 
Si VIII 
Al X 
F e X V I 
MgVIII 
Si IX 
Si X 
Si IX 

(Mg VIII) 
Si X 

(Fe XVI) 
(Mg VII) 
M g l X 

(Mg VIII) 
(Mg VIII) 

Ne VII 
(Si XII) 

296.19 
[303.41] 
303.79 
308.26 
311.78 
313.73 
314.31 
315.02 
316.20 
317.01 
319.83 

[332.84] 
[335.4 ] 
339.01 
345.10 
347.43 
349.96 
356.00 
356.07 

[360.7 ] 
365.24 
368.07 
430.47 
436.68 
436.72 
[465.2 ] 
[499.2 ] 

IDENTIFICATION 

2s2 2p2 3P — 2s 2p* 3P° 
2s2 *S — 2s2p 1¥0 

Is 2S — 2p 2P° 
2s2 2p3 2P° — 2s2p* 2D 
2s2 2p 2P° — 2s2p2 2P 

2s2 2p* */S° — 2s2p* 4P 
2s2 2p 2P° — 2s2p2 2P 
2s2 2p* 4S° — 2s2p* 4P 
2s2 2p 2P° — 2s2p2 2P 
2s2 2p* 4S° — 2s2p* 4P 
2s2 2S — 2s2p iP0 

3s 2S — 3p 2P° 
2a2 2p 2P° — 2s2p2 2S 
2s2 2p2 3P — 2s2p3 3D° 
2s2 2p 2P° — 2s2p2 2D 
2s2 2p2 3P — 2s2pz 3D° 
2s2p2 4P — 2pz 4S° 
2s2 2p 2P° — 2s2p2 2D 
3s 2S — 3p 2P° 
2s2 2p2 3P — 2s2pz 3P° 
2s2 XS — 2s2p 1P° 
2s2 2p apo _ 282p2 2D 

2s2 XS 
2s 2 S -

- 2s2p rP° 
2p 2P° 

2 — 2 
0 — 1 

1/2 — 1/2, 3/2 
3/2 — 3/2, 5/2 
1/2 — 3/2 
1/2 — 1/2 
3/2 — 1/2 
3/2 — 3/2 
3/2 — 3/2 
3/2 — 1/2 
3/2 — 5!2 

0 — 1 
1/2 — 3/2 
3/2 — 1/2 

1—2 
1/2 — 3/2 

2 — 3 
5/2 — 3/2 
3/2 — 5/2 
1/2 — 1/2 
1 — 1,2 

0 — 1 
1/2 — 3/2 
3/2 — 3/2 
3/2 — 5/2 

0 — 1 
1/2 — 3/2 

nothing was known until 1963 are the strong lines 
from 171 A to 220 A. In intensity these lines 
add to more than three times the intensity of 
He I I , 303.78 A (HINTEREGGER, H A L L , and 
SCHMITDKE, 1964). Within this wavelength range 
only a few faint lines of 0 V and O VI have been 
identified, but these, together with the Lyman 
series of He I I , served to establish wavelengths. 

The first light was thrown on the identity of 
the lines from 1 7 l A to 212A by FAWCETT, 
GABRIEL, GRIFFIN, JONES, and WILSON (1963). 
Using the magnetically compressed Zeta discharge 
at HARWELL, ENGLAND, they obtained a spec­
trum, a portion of which is reproduced in Figure 7. 
This is enlarged so as approximately to match 
in dispersion the spectrum of the Sun photo­
graphed by NRL on September 20,1963. FAWCETT 
et al. pointed out that most of the lines from 
Zeta, and especially the strongest lines, coincided 
with lines in the solar spectrum. They showed 
that the lines in Zeta were produced by material 
from the walls which are of stainless steel. I t 
appeared reasonable therefore to attribute them 

to iron in high stages of ionization, such as those 
which exist in the Sun's corona, or in Zeta, whose 
electron temperature is of the order of 106°K, 
as derived from measurements of HEROUX (1964). 

Further work has been carried out by studying 
the spectrum of the high temperature electro-
deless discharge known as 0-pinch, first when free 
from iron and then after introduction of iron. 
In this way ELTON, K O L B , AUSTIN, TOUSEY, 
and W I D I N G (1964) found tha t eighteen lines in 
the solar spectrum coincided with lines present 
in 0-pinch when iron was added. Most of these 
lines were the same as those already found in 
Zeta. Similar results have been obtained by 
H O U S E and SAWYER (1964), and by FAWCETT 
and GABRIEL (1965), as reported in a later paper 
by WILSON. I t is well established, therefore, 
tha t many of these intense lines are to be ascribed 
to iron. 

The question remains as to the ionization stages 
of iron responsible for these solar lines. The 
difficulty in identification comes from the lack 
of laboratory observation of the spectrum of 
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iron in intermediate and high stages of ionization 
in the wavelength range 150 A to 240 A. The 
available data are insufficient to permit making 
extrapolations down the isoelectronic sequences 
with the required accuracy. In the solar spec­
trum there is also the problem of overlapping 
multiplets, blending, and so forth, even with the 
resolution attained on September 20, 1963. As 
pointed out by ELTON, et al. (1964), however, it 
is unlikely that these lines can be ascribed to the 
3d* — 3d*-1 4p transitions of Fe IV-VIII, or 
to the 3p6 — 3p6(4d, 4s) transitions in Fe IX. 

" ^ -J 1 I 1 - J ■ I L_ 
° 80 90 100 110 

there is shown an enlargement of a section of the 
September 20, 1963 spectrum. It can be seen 
that the line at 182.2 A is actually a blend of 
two lines, which are well separated at the increa­
sed resolution. As pointed out by ELTON 
et al (1964), the stronger component, whose 
wavelength is 182.17 A, is in good agreement with 
a strong line occurring in both Zeta and in the 
iron-loaded 6-pinch. Therefore, an iron line 
must have made the principal contribution to the 
line identified as C VI in the early, low-resolu­
tion solar spectra. The faint line at 182.30 A, 
however, may perhaps be identified as C VI, 
which has several components, the strongest at 
182.23 A and the next strongest at 182.09 A ; 
however, the components at 182.25 A and 
182.29 A are relatively weak, hence the identifi­
cation is regarded as doubtful. On the other 
hand, the Lyman-alpha line of C VI, 33.7 A is 
intense in the solar spectrum, and at shorter 
wavelengths Lya of both N VII and O VIII have 
been observed by BLAKE et al. (1964). Ly(S of 
N VII and O VIII were also recorded, but Ly{£ 
of C VI lies at 28.5 A, a region not yet covered. 
Since the LyP lines of N VII and 0 VIII are pre­
sent and Lyp of C VI cannot be said to be absent, 
it seems reasonable to expect the Ha lines of C VI, 
N V I I , and O VIII. However, Ha of N VII, 
133.9 A and of O VIII, 102.5 A, do not show 
in Figure 5. Further work is required. 

tion On the other hand, the transitions in Fe 
The VIII-XIH of the type 3$2 3p* — 3s2 Sp*-1 3d 
long should fall in the wavelength range 170 A to 
aces 220 A. These ions are high chromospheric or 
pec- coronal, since the ionization potential of Fe IX 
ping is 235 eV, and of Fe XIII is 355 eV. Further 
the clues will be discussed later in connection with 
As spectroheliogr ams. 

r, it The identification of a line at 182.2 A as the 
the Ha line of C VI was suggested by TOUSBY (1962). 

or Doubt is now thrown on this by the spectra 
IX. obtained from Zeta and 6-pinch. In Figure 8 

_ J I I I I ^ J 1 L 
110 120 130 140 

the [^Lines of high stages of ionization of iron are 
jeen present in the corona, of course, as has been 
1 of known since the original identification by 
rea- E M J N (1942) of the 5303 A line as from Fe XIV. 
TON The principal resonance lines of these ions all 
lose lie in the extreme ultraviolet and soft X-ray range, 
rith and for Fe XIV, XV, and XVI they fall in the 
the region covered by Figure 3. 
line The resonance line of Fe XV, 3s2 *S — 2s Zp ^P0, 
the 284.1 A, was identified by EDLISN (1962) in the 

olu- spectrum of AUSTIN, PURCELL, and TOUSEY (1962). 
0 A, The resonance lines of Fe XVI, Ss 2S — Sp 2P, 
VI, corresponding to the D-lines of sodium, should 
b at have wavelengths 335.0, 360.3 A, according to 
A ; an extrapolation by EDLEN (1962). The strong 

and lines present at 335 A and 362 A in the photoelec-
tifi- trie spectrum obtained by HINTEREGGER (1961) 
bher on August 23, 1960 were tentatively identified as 
1 is these lines of Fe XVI, (TOUSEY, 1961). The 
rter observed intensity ratio, 2 : 1 approximately, 
ave supported this identification. Although the same 
i of lines were also present in the photographic spec-
Lyp trum of AUSTIN, TOUSEY, and PURCELL (1962), the 
red. line at 361 A was far too strong, because the second 
pre- order of the line at 180.4 A, with which it was 
ent, blended, was much stronger than in the photoelec-
VI, trie spectrum ; hence it could not be used to 
711, confirm the presence of the Fe XVI doublet. 
iow In the later photographic spectra of higher reso­

lution, however, the presence of Fe XVI has 

FeXE FeX Ne3Zm FeK CoX 

'̂ L̂ IG. 5. — The solar spectrum as recorded on May 2, TJOIJ by the Air ForcD Cambridge lijsearoh Laboratories. 
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been confirmed ; the observed wavelengths are 
335.31 A and 360.82 A, the latter determined 
simply by assuming that this line is perfectly 
blended with the second order of 180.41 A. 
Further confirmation is provided by the spectrohe-
liograms shown in Figures 10 and 11, where both 
iron lines are clearly present in the emission from 
active regions, but the second order blend is not, 
as will be discussed later. Lines of Fe XVII, the 
next higher stage of ionization, have been found 
by BLAKE, UNZICKER, CHUBB, and FRIED­
MAN (1964), as will be described in Dr. CHUBB'S 
paper ; these, also, are relatively intense. They 
are from transitions in which the principal quan­
tum number changes from 3 to 2, and lie at 16.77, 
16.00, 15.26, 15.01, and perhaps 13.8 A. 

The situation in the case of Fe XIV, however, 
is quite uncertain at the present time. Portions 
of the May 10, 1963 spectrum where the strongest 
resonance lines should appear are shown in 
Figure 9. The observed lines which come closest 
to the predicted wavelengths and intervals are 
listed in Table II. The difficulty is that the 
Fe XIV lines have never been observed in the 
laboratory. Their wavelengths must be obtai­
ned by extrapolation, five steps beyond Sc IX, 
the highest member of the sequence studied. The 
extrapolation is believed to be correct within 

2 A for the P-P multiplet, and within 2 A to 
4 A for the P-D and P-S multiplets. However, 
the ground term splitting 2Ps/2.i/2, is known 
precisely from the wavelength of the 5303 A line. 
Therefore, the exact separation between pairs 
of lines can be calculated, even though the wave­
lengths cannot. Shown in Table II are the obser­
ved and computed wavelength separations for the 
four pairs of lines for which this check can be 
made. Although the errors, shown in Figure 9, 
are not large, 0.1 A is somewhat too great, and 
0.21 A is certainly beyond the experimental 
error. Equally serious is the nearly complete 
disagreement between the observed intensities 
and the values of cof computed by GAR-
STANG (1962). It seems probable that other lines 
are present, producing blends and masking the 
lines of Fe XIV. This is obviously the case 
for the P-P multiplet, since the line at 264.29 A 
that should be the strongest is actually the wea­
kest of all, in spite of the fact that it is blended 
with the strongest component of a multiplet of, S X f 
which contains three lines, and X 257.32 A is 
certainly a blend. The P-D multiplet, for which 
the wavelength separation is satisfactory, shows 
intensities that run exactly contrary to prediction. 
The P-S multiplet is the only one for which the 
agreement is fairly good in both separation and 

TRANSITION 

3s2 3p 2P° -

3s2 3p 2P° -

3a2 3p 2P° -

3s2 3p 2P° -

3s2 3p 2P° -

- 3a3p2 2P 

- 3s3p2 2S 

- 3*2 3d 2D 

- 3s3p2 2D 

- 3s±d 2D 

A? 

1/2 — 1/2 
3/2 — 1/2 

1/2 — 3/2 
3/2 — 3/2 

1/2 — 1/2 
3/2 — 1/2 

1/2 — 3/2 
3/2 — 3/2 
3/2 — 5/2 

1/2 — 3/2 
3/2 — 3/2 
3/2 — 5/2 

1/2 — 3/2 
3/2 — 5/2 

OBS. X 

257.32 
270.57 

251.96 
364.29 

274.23 
289.31 

211.32 
220.16 
219.04 

blends 
blends 
blends 

absent 
absent 

TABLE II 

FeXIV 

EXTRAP. X 

257.38 J 
271.51 j 

251.75 ) 
264.29* ( 

274.23* ) 
289.17 ( 

211.39 ) 
220.16 \ 
219.10* 

338 
361 
358 

58.96 | 
59.58 | 

OBS. AX 

13.25 

12.33 

15.08 

8.84 

observed 

CALO. AX 

13.13 

12.54 

14.94 

8.77 

by EDLEN 

OBS. I 

7 
3 

4 
3 

4 
0 

7 
4 
3 

(1936) 

OALO. I 

0.32 
0.51 

0.36 
1.60 

0.43 
0.02 

1.10 
0.29 
2.00 

0.15 
0.005 
0.20 

NOTES 

masked 

blended 
bl. SX 

masked 

Values of I are those calculated by GABSTANG (1962). 
Extrapolated X values were calculated by WIDING (unpublished) ; for the first three multiplets the line * was assumed, and the 

other lines were calculated using observed and extrapolated term splittings. 

2 
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intensity. The long wavelength member is extre­
mely faint but can be seen in the original, or in 
a print if looked at edge-on. Lacking proof of the 
presence of the other Fe XIV multiplets, we regard 
even the P-S multiplet as extremely doubtful. 
Identification of Fe XIV 3*2 3p 2P° — 3s 3#2 2D, 
producing three lines near 350 A, seems to be 
nearly hopeless at present, since these lines fail 
in a region which is filled with many lines of both 
first and second order, and since the extrapolated 
wavelengths are so inexact. It can be said, 
however, that no first order lines are present 
which stand out like Fe XVI, 335 A. 

In the X-ray range, two lines of Fe XIV, 
3s2 3p 2P° — 3s2 4d 2D might be expected, since 
Fe XVI, 35 2 S l / 2 — 4p 2Pg/2, 50.35 A and seve­
ral other lines of Fe XVI are present ; they could 
not be found. 

From studies of the variation of the intensity 
of various lines with solar activity, as observed 
from OSO-I, NEUPERT and SMITH (1964) sugges­
ted the same lines as are shown in Table II for 
the Fe XIV, P-S and P-P multiplets ; they found, 
however, that the intensities of the lines of the P-D 
multiplet vary in a different way and suggested, 
instead, 211 A and 204 A for 3/2 — 5/2 and 
1/2 — 3/2, respectively, which vary in the same 
way. It is unlikely, however, that the extrapo­
lation can be in error by as much as 8 A. Further­
more, the wavelengths of these lines, as determined 
from the May 10, 1963 spectrum, were 211.30 
and 203.80 A, but the AX value, calulated from 
the term splitting, is 7.2 A, 0.3 A less than the 
observed value. Since both lines are present 
in Zeta and 0-pinch, they are most probably iron, 
but in a stage of ionization lower than Fe XIV, 
which has not yet been observed in these plasmas. 

Stages of ionization lower than Fe XIV have 
not been proved to be present as yet, although 
forbidden coronal lines of Fe X-XIII have been 
identified in the near ultraviolet, visible and 
infrared. As was discussed, they probably account 
for much of the strong spectrum from 171 A 
to 220 A. The transitions involving a change 
in principal quantum number for Fe IX-XIII lie 
in the range 103 A to 75 A. ZIRIN (1964) has 
suggested that they are present in the photoelec­
tric spectra. The most probable appear to be the 
lines of Fe IX-XI, indicated in Figure 5. Howe­
ver, these lines are so weak that they are regarded 
as uncertain until confirmed by more intense 
spectra. 

The conclusioi* regarding iron is that the prin­
cipal resonance lines of Fe XVII, XVI, and XV 

are emitted with relatively great intensity, whereas 
those of Fe XIV are weak. Some ions in the 
range Fe IX-XIII produce intense lines, but 
further analysis is required to determine which 
produce the strong lines. 

In the X-ray range, Figure 6, in sharp contrast 
to the region X < 148 A, almost all the lines have 
been identified. Generally, all the lines that 
would be expected, are found to be present, and 
with reasonably correct relative intensities. In 
Table I all the lines observed at X < 80 A, are 
listed, and identifications are given. In addi­
tion to Lya of C VI, 33.7 A, the two resonance 
lines of helium-like C V are present ; the stronger, 
40.26 A, is the transition * P — * S ; a line at 
40.70 A, which is clearly visible on the original, 
is identified as 3P — 1S. As was pointed out 
by EDL*SN (1951), the intersystem line becomes 
stronger relative to the singlet system, the far­
ther the ion lies down the isoelectronic sequence ; 
this explains why the triplet to singlet line of C V 
is present in the solar spectrum, whereas the 
corresponding line of He I, 591.420 A has not 
been detected. 

An intriguing possibility is that the faint line 
at 43.25 A is the second order of Lya of O VII, 
21.60 A, which was the strongest of the lines 
recorded photoelectrically by BLAKE, UNZICKER, 
CHUBB, and FRIEDMAN (1964). The intersystem 
line, 21.80 A, cannot be seen, but its second 
order, lying on 0.16 A from Si XI , 43.76 A, and 
having less than one-half the intensity of the 
21.6 A line, would not be distinguishable in the 
photographic spectrum. An image at 21.6 A 
in the first order could not be found, but instru­
mental broadening effects are sufficient to explain 
its absence. 

Among the other identifications are various 
lines of Si VIII, X, XI , and XII and of Mg IX 
and X, as shown in Table I. The intensity ratio 
between lines in this wavelength range and those 
from the same ions at much longer wavelengths, 
have been determined and will be interpreted in a 
subsequent paper by WIDING. 

A summary of the elements and ionic species 
which have been found in the Sun through iron 
is presented in Table III, where solid bars indicate 
species for which lines in the extreme ultraviolet 
have been found. Isoelectronic sequences appear 
on this plot as diagonal lines at 45°. Contours 
are introduced to indicate, roughly, the ioniza­
tion potentials to produce the various ionic 
species. Their meaning is best explained by an 
example ; 100 eV will produce all oxygen ions 
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up to and including O V ; the ionization potential 
to ionize O V and produce O VI is more than 
100 eV ; 200 eV will produce both O VI and 
O VII but not O VIII, which requires 739 eV. 
The wavy nature of the boundaries is not signi­
ficant, since it reflects small differences in ioni­
zation potential of the order of a few volts when 
the value happens to be close to that for the par­
ticular contour. 

It is seen that no extreme ultraviolet lines of 
elements whose abundance in the Sun is less than 
that of aluminium have been found. Looking at 
the various isoelectronic sequences, the lithium 
and beryllium sequences are quite well filled out, 
the gaps being associated with scarce elements. 
For the more complicated spectra, however, fewer 
ions have been detected. I t is surprising that 
in the fluorine sequence no lines at all have been 
detected, and in the neon sequence none with the 
exception of Fe XVII ; one might expect Ca X, 
and indeed there is a possible line at 111 A in 
HINTEREGGER'S spectrum, but it is not at all 

strong ; also expected would be Si V and Mg III ; 
the latter lies at 231.73 A, a region filled with 
blends, but it is clear that the magnesium line, 
if present, must be faint. 

I t has been suggested by ZntiN and DIETZ (1963) 
that since lines from ions requiring between 100 
and 300 eV for formation were very few and faint, 
the temperature rise with altitude in the chromos­
phere must be extremely steep, so that not enough 
ions were present to produce lines of intensity 
great enough to detect. This conclusion now 
seems open to question. From Table I I I it is 
seen that lines have been recorded from a number 
of ions requiring between 100 and 300 eV ; 0 VI, 
Ne VII, Ne VIII, Mg VI, VII, VIII, and IX and 
Si VII and VIII. There seems to be little 
evidence of any preferential distribution. 

SPECTROHELIOGRAMS 

Not long after the first extreme ultraviolet solar 
spectra were obtained from rockets, attempts were 
made to photograph the Sun's disc in the light of 
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the Lyman-alpha line of hydrogen. The first 
photograph was obtained by MEBGUBE, MILLER, 
RENSE, and STUABT (1956). Although the image 
was small and of low density and was confused 
with instrumental stray light, it was clear that 
Lyman-alpha was emitted with great intensity 
over plage regions as recorded from the ground 
in Ca K. Using a double-dispersion normal-
incidence system on March 19, 1959, PUBCELL, 
PACKER, and TOUSEY (1959) obtained a Lyman-
alpha spectroheliogram showing spatial detail 
to 1 minute of arc or better. In Lyman-alpha 
the plage regions resembled those observed in 
Ca K, but exhibited greater contrast and less detail. 

It has proved to be difficult to obtain spectro-
heliograms of the Sun in emission lines other than 
Lyman-alpha. In most regions the lines are 
packed close together and cannot be separated 
without the use of a true spectroheliograph with 
moving entrance and exit slits. Spectrohelio-
grams of a portion of the Sun, however, were 
obtained on May 10, 1963 by GARRETT, PURCELL, 
and TOUSEY (1963) ; (TOUSEY, 1964). A strip 
across the Sun 7 minutes in width, was photo­
graphed in H I , Lycc and p, 0 VI, 1031.91, 
1037.61 A, and C III, 977.026 A. The principal 
conclusion from these spectroheliograms was that 
pronounced limb brightening occurs with the O VI 
lines and is qualitatively of the type to be expec­
ted for radiation arising from an optically thin 
shell of emitting gas located in the upper chromos­
phere. For the other lines there was little limb 
brightening. It was also apparent that the O VI 
lines were enhanced to a greater extent than the 
other lines in regions near the limb where the 
Fe XIV, 5303 A line was recorded as present. 

Spectroheliograms in the grazing-incidence 
wavelength region cannot be obtained with 
double-dispersion normal-incidence instruments 
because of the extremely low reflectance of the 
gratings, and with grazing-incidence instruments 
the great amount of astigmatism makes it impos­
sible to produce images of the Sun. PURCELL, 
GARRETT, and TOUSEY (1964), however, were 
successful in obtaining images with a simple 
normal-incidence spectrograph by placing an 
unbacked film of aluminum directly in front of 
the photographic film to remove the stray light. 
Sunlight was allowed to fall directly on a concave 
diffraction grating of 40-cm radius of curvature 
and ruled with 2400 lines/mm. The grating 
was arranged so that He II, 304 A, the center 
of the desired spectral region, was diffracted along 
the normal to the grating. This is the condition 

for the formation of a stigmatic image. Actually, 
the image quality was excellent for a considerable 
wavelength range on either side of the grating 
normal. 

The first flight of this instrument on 
May 10, 1963 was successful and spectro-helio-
grams from 180 A to 350 A were obtained (TOU­
SEY, 1964). Spectroheliograms obtained on Sep­
tember 20, 1963 with the same instrument, but 
readjusted to cover the range 280 A to 640 A, 
are shown in Figure 10 and 11. The entire 
exposure is shown in Figure 10, printed in three 
sections so as to bring out as much detail as pos­
sible. Approximately one-half of the film in the 
central range was fogged by stray light coming 
through holes in the aluminum filter. In 
Figure 11 the end portions of this exposureJare 
shown enlarged by a factor of two and " dodged " 
in printing so as to bring up the greatest possible 
detail. Also shown is the Fraunhofer Institute 
map for the same day. The key below the spec­
troheliogram gives the locations of the most 
conspicuous active regions in the various emis­
sion lines. There were present on the Sun a strong 
plage surrounding a sunspot located close to the 
center, and two others near the east limb, as well 
as several fainter regions of enhanced activity. 

The active region at the center gave rise to a 
number of flares ; one of Class 2, was observed 
by MORETON (1964) to go through an explosive 
phase at 23 h 58 m. The rocket flight, however 
took place at 15 h 45 m, when no flare was repor­
ted. The green line was intense at the east limb 
from — 10° to + 40° latitude with maximum 
intensity at + 10°. Over the west limb there 
was a broad region of enhanced green line activity 
extending nearly to the South Pole. 

Two images of the Sun were obtained in He II, 
303.78 A, one in first order and the other in second 
order. They are approximately alike, and appa­
rent differences are caused by the overlapping 
of other solar images. For example, in the 
first order image the prominence-like object 
at the left is actually the central active region of 
the Fe XV image. The spatial resolving power 
of the instrument was approximately 1 arc minute, 
as is confirmed by the sharpness of the edge of 
the solar images. The detail in the Sun's surface 
however, is considerably less than 1 minute. The 
active regions seen in He II, 303.78 A correlate 
well with those recorded in Ca K, as was the case 
in 1959 with H I Lya, and contrast between plage 
regions and quiet background is greater than in 
Ca K, One of the most conspicuous effects. 
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however, is the enhancement at the limb. This 
follows rather closely the green line activity as 
recorded around the limb. Where no green line 
activity was recorded, there is no enhancement. 
This is especially true in the region of the north pole. 

An image of a similar type can be seen in 
Mg IX, 368.07 A ; looking at the left hand half, 
which is the portion not obscured by fog, there 
is a thin bright ring along the east limb, which 
extends over a much greater range than the 
5303 A line activity as recorded from the ground. 
The active regions and radiation from the disc in 
general are also present. Also visible in Figure 10 
is He I, 584.33 A, but here there is confusion 
from fog. The central plage can be seen as well 
as the stronger of the two plages near the east 
limb. Faintly present also is O V, 629.73 A, 
largely from the disc, but with its central and 
east limb plages falling on the limb of the second 
order He II, 303.78 A line image. 

The coronal lines Fe XVI, 335.3, 360.8 A are 
of particular interest, because they appear with 
extreme intensity in the active regions, but do 
not show at all in the disc as a whole. This was 
also true of Fe XV, 284.1 A, as photographed on 
May 10,1963. It might be expected that the Sun's 
limb would be bright in Fe XVI following the 
region of enhanced Fe XIV activity as was the 
case with Mg IX. However, this is not the case 
and no emission of Fe XVI can be seen except 
from plage regions. This is further evidence 
that Fe XVI and XV are emitted under different 
conditions than Fe XIV. 

In Figures 3 and 4 it can be seen that the spec­
trum formed from the entire solar disc includes 
the three intense second orders of 171.06, 174.54, 
and 177.24 A, as well as the second order of 
180.41 A. The latter coincides with Fe XVI, 
360.8 A and masks it completely, while the three 
former lines lie between the two lines of Fe XVI. 
In Figures 10 and 11, however, the situation is 
entirely different. Here the three second order 
lines which should appear between the two lines 
of Fe XVT are completely absent in the central 
active region, but background emission associa­
ted with images of the solar disc as a whole covers 
the region. The situation appears to be the same 
for the line 180.4 A; its second order forms 
background radiation, but does not contribute 
appreciably to the Fe XVI, 360.8 A active 
regions. It is concluded that the lines of both 
Fe XVI and Fe XV show in the active regions 
but not in the disc as a whole, whereas the intense 
lines from 171.06 A to 180.41 A are emitted 

principally from the disc and with relatively 
little enhancement in the active regions. It is 
not possible to derive precise conclusions concer­
ning intensities however, since the images are 
so small that it is difficult to measure densities 
accurately, and because the relative spectral effi­
ciency of the spectroheliograph and the grazing-
incidence spectrograph have not been determined. 

In Figure 10, streaks can be seen in the direc­
tion of dispersion. These are associated with the 
two active regions on the limb, and to a less 
extent with the central active region. The streak 
associated with the more intense of the two east 
limb plages runs across the entire length of the 
spectrum, and can be followed all the way through 
the fogged region, 400 A to 550 A. This streak 
shows no suggestion of enhancement at emission 
lines other than those noted on the figure. It is 
interpreted as continuum emission associated 
with the plage, and is believed to be largely the 
second order of a continuum extending from 
171 A to about 300 A. That the continuum is 
not first order is concluded from two observa­
tions ; first, it becomes weak and practically 
disappears at X < 340 A, the second order posi­
tion corresponding to the cut-off of the aluminum 
filter 170 A ; second, it extends with little change 
in intensity all the way to 600 A, although the 
aluminum filter transmits very poorly in the 
range X > 400 A. This continuum was present 
in the first spectroheliograms of May 10, 1963, 
but was less clearly distinguishable from emission 
lines, because of the reduced dispersion in the 
first order. 

Continuum radiation in the extreme ultraviolet 
is produced by both free-free and free-bound 
transitions. Calculations of the radiation expec­
ted from the quiet Sun in the X-ray range have been 
made by ELWERT (1961). There are many possi­
bilities for the production of free-bound continua 
when electrons are recaptured by the various 
highly stripped atoms that are present in the 
corona and in plage regions. In some cases 
recapture will take place to the ground level, but 
in other cases, recapture will go directly to some 
excited level. The result could very well be a 
smooth continuum showing no structure at all, 
associated with plage regions where the density 
of highly stripped atoms is unusually high. 

The conclusions reached from the photographic 
spectroheliograms tie in closely with data obtai­
ned on the variation of the solar spectrum with 
time, as recorded by NEUPERT, BEHRING, and 
LINDSAY (1964) from OSO-I. Observing the 
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solar spectrum from 170 A to 340 A over a time 
interval corresponding to about three solar rota­
tions, they found that the emission lines Fe XV, 
284.1 A and Fe XVI, 335.3 A varied by a factor 
of about four from minimum to maximum. 
He I I , 303.78 A, on the other hand, was enhanced 
by a factor of only 33 % during this period. They 
concluded that the emission of the coronal lines 
of Fe XV and XVI is relatively much more intense 
in active regions than is the case for He I I , 
303.78 A, which is of course apparent from 
Figure 10. During the course of the OSO-I 
observations, however, the emission in Fe XV 
and XVI never dropped to zero. From an ana­
lysis of the curves showing the variation with 
time of these emissions, N E U P E R T (1964) concluded 
that the Fe XV and XVI intensity associated 
with a plage area is approximately 150 to 200 times 
greater than that of an equivalent area of the 
quiet Sun. This is not in disagreement with the 
spectroheliograms, because an intensity level 
only 1 % as great as in the active regions would 
have been below the photographic threshold. 

The time variation of various other emission 
lines has been studied by N E U P E R T (1964). I t 
was found that the emission lines 171.1, 174.5, 
and 177.2 A are among those which vary least 
with solar activity. During the period studied 
the ratios between maximum and minimum were 
only 1.2. This also is in agreement with the 
spectroheliograms, where emission in these lines 
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1963, Space Research, III (Ed. by W. PRIESTER), 
North-Holland Publ. Co., Amsterdam, p. 
814. 
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was detected over the entire disc but not in the 
active regions. This suggests tha t the origin of 
these lines, which have also been observed in 
Zeta and the iron-loaded 6-pinch, is probably a low 
stage of ionization, perhaps Fe IX, rather than 
F e X I I I . The line 180.4 A was found to vary 
slightly more, but was not in the class with 
Fe XVI, an observation which is also in agreement 
with the spectroheliograms. 

I t is obvious tha t a great deal can be learned 
from the study of the Sun by spectroheliographic 
methods. To accomplish this it will be necessary 
to construct larger, higher-resolving instruments 
and to fly them in orbiting vehicles. The Advan­
ced Orbiting Solar Observatory (AOSO) being 
developed by NASA offers the possibility of 
accomplishing this, since a pointing accuracy 
of 1 arc second is expected to be attained, and 
sufficient space is available for large optical 
systems with great light gathering power. In the 
meantime, much more can be done from rockets 
and small orbiting observatories such as OSO. 
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Fig. 1 — Four sections of the spectrum obtained on August 22, 1962 with a double-dispersion grating spectro-
graph. Fig. 2 — The principal portions of a spectrum obtained on August 22, 1962 with a double-dispersion 
grating spectrogiaph. 
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Fig. 3 — The solar spectrum, photographed on May 10, 1963 with a grazing incidence spectrograph. Fig. 4 
— Spectra obtained by the U.S. Naval Research Laboratory, on May 10, 1963 with a 600-line/mm grating, and on 
September 20, 1963 with a 2400-line/mm grating, and by the Air Force Cambridge Research Laboratories on May 2, 
1963 with a photoelectrically scanned monochromator. The vertical scale is counts per second recorded by the 
monochromator. 
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trum photographed by the U. S. Naval Research Laboratory on September 20, 1963 compared with the spectrum of 
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Fig. 8 — A section of the U. S. Naval 
Research Laboratory Spectrum of Sep­
tember 20, 1963, showing lines present 
in Zeta, one of which nearly or completely 
masks H-alpha of C VI. '• W ' V . - V 
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J. ROSOH. — There is a gap at Fe in your table : 
Dr. MIGEOTTE has observed Fe XII 3010 A during 
the total eclipse of 1958. 

M. MIGEOTTE. — Lors de T^clipse solaire du 
30 juin 1954, en collaboration avec M. B. ROSEN 
(Giel et Terre, 71, 288,1955), nous avons effectivement 
observe une raie attribute k Fe XII. Cette identifica­
tion nous a d'ailleurs 6t6 sugg6r6e par E. EDLEN. NOUS 
esp&ons effectuer de nouvelles observations concer-
nant cette raie lors de P6clipse solaire de mai 1965. 

P. C. FISHER. — Your present identification of the 
line 182,2 A is that it is due to Fe, rather than C VI. 
Is the 8 pinch so clean that no C VI line exists to 
cause confusion, or does the line become intense when 
the pinch is spiked with Fe ? 

R. TOUSEY. — In the N. R. L. 0 pinch, R. C. ELTON 
and A. C. KOLB introduced Fe in pure metal form, 
rather than as iron carbonyl. No lines of Carbon were 
present, and the 182,2 A line appeared only when Fe 
was added. 

R. WILSON. — The line at 182,16 A, observed in 
the Zeta spectrum, is not the Balmer a line of C VI 
since it can be observed very strongly under conditions 
where the Lyman a line of C VT is absent. Dr. Tou-
SEY'S talk indicates that this is also true in the Sun. 

The line is one of the intense unknown system bet­
ween 170 and 210 A which has been proven by 
GABRIEL and FAWOETT of Culham Laboratory to be 
due to the element Fe. 

L. GOLDBERG. — You stated that wavelengths can 
be measured with an accuracy of 0,02 A near 1200 A. 
Have you compared such measurements with labora­
tory wavelengths and, if so, how close is the agree­
ment ? lines formed at different heights in the 
chromosphere-corona may exhibit differential Doppler 
shifts as a result of velocity gradients. 

R. TOUSEY. — We have looked for effects of this 
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sort, but have not found any as yet. Comparison of 
the lines C I I 1037,017 — 1036,330 A and O VI 
1031,912 — 1037,613 A seemed to offer the best possi­
bility, since 0 I I is low chromospheric and O VI high 
chromospheric or coronal. The observed separations 
are in agreement with the separations calculated from 
laboratory wavelengths to within 0,02 A, from place 
to place on the Sunwith a spatial resolution of about 1'. 
The C II lines do not change greatly in intensity and 
width across the Sun. The O VI lines become more 
intense and broader toward the limb but the broade­
ning is symmetrical. 

M. J . SEATON. — In discussing relative intensities 
of TJV Fe XIV lines, do you consider only lines from 
a common upper level ? One could also consider rela­
tive intensities of line belonging to different upper 
levels. 

R. TOUSEY. — We considered the relative inten­
sities of the lines from both upper levels as well as 
to both lower levels, using the oscillator strengths com­
puted by R. H. GARSTANG. The only multiplet which 
did not exhibit reversed or at least quite wrong rela­
tive intensities was 3s2 3p2 P° — 3s 3p2 2S, which has 
only two lines. 

Mrs. E. V. P. SMITH. — R. STOOKHANSEN has made 
calculations based on GARSTANG'S f-values and the 
SEATON-VAN REGEMORTER formulation to find the 
relative line strengths of XUV Fe XIV lines. The 
results differ considerably from the observed values. 
This discrepancy can perhaps be attributed to a form 
of self absorption. 

L. GOLDBERG. — The resolving power of the solar 
spectrum is still so low that blends may seriously alter 
the relative intensities of lines in multiplets. 

Mrs. E. V. P. SMITH. —Blends will, of course, still 
play a very important role. 

Discussion 

https://doi.org/10.1017/S0074180900179343 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900179343



