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ABSTRACT

The full-Sun solar spectrum from 160 to 770 A was photographed under quiet solar con-
ditions by a rocket-borne spectrograph flown in 1973 September. The spectral resolution is
0.06 A or better. We present a composite list of spectral lines, including wavelengths, identifica-
tions, and approximate intensities that were obtained from the present flight and from a previous
flight in 1969 May. This line list contains the most accurate solar wavelengths yet obtained in
this spectral region. One result is improved energy levels which are given for the two lowest
energy configurations of Fe 1x through Fe xvi. No detectable relative mass motions of more
than 4 km s~ exist between transition zone and coronal regions averaged over the visible disk
of the Sun. The wavelengths of emission lines in this spectrum were determined with indicated
accuracies ranging between 2 and 20 mA. The spectrograph employed a 3 m radius, 600 grooves

mm ™! gold grating used at grazing incidence.

Subject headings: line identifications — Sun: corona — Sun: spectra — ultraviolet: spectra

I. INTRODUCTION AND EXPERIMENT

A grazing-incidence spectrograph with a spectral
resolution of less than 0.06 A in the wavelength region
from 160 to 770 A was flown to observe the Sun on an
Aerobee-200 rocket launched from White Sands
Missile Range, New Mexico. The rocket was launched
at 1700 UT on 1973 September 21, and reached a peak
altitude of 290.6 km. The solar zenith angle was 39°.
The solar activity at the time of launch was low. The
8 to 20 A flux measured by SOLRAD was 3 x 103
ergs/cm?s.

The spectrograph previously recorded the solar
spectrum from 60-385 A in 1969 May. The results
were described by Behring et al. (1972) (Paper 1), and
the spectrograph was described by Behring et al.
(1973) (Paper II). The instrument uses a 3 m radius
concave grating with an angle of incidence of 88°. In
order to record spectral lines up to 770 A for this
flight, the previous 1200 line mm~?! grating was re-
placed by a 600 line mm~! gold-coated Bausch and
Lomb replica grating blazed at 6° (490 A). The
entrance slit of the instrument was divided into three
sections for this flight: an open section 10 mm long at
the center of the slit, a short segment (pinhole) 1.2 mm
long near the top of the slit, and a section 4.4 mm
long near the bottom of the slit that was covered with
a 1000 A thick aluminum filter. The aluminum-filtered
spectrum helps in separating lines of different spectral

* On leave of absence from Tel Aviv University, Tel Aviv,
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orders. The pinhole spectrum gives some spatial in-
formation about the emitting regions along the spectral
lines. The spectra were recorded on Kodak 101-05
glass plates.

Other modifications of the instrument were also
made for this flight. The slit width was increased to
5u from the previous width of 3 u (1969 flight).
Additional light baffles were inserted in the spectro-
graph, and the secondary slit (see Paper II) was
serrated in order to diffuse the scattered light from the
secondary slit. We choose the higher altitude Aerobee-
200 for this flight rather than the Aerobee-150 in
order to increase the effective exposure time. The
atmospheric attenuation is appreciably greater at
500-700 A than at the shorter wavelengths recorded
previously. The exposure time for this flight was about
360 s, but because of atmospheric attenuation, the
effective exposure time was reduced to 305 s at 200 A
and 234s at 550 A. As in the previous flights, the
spectrograph was evacuated prior to launch.

The reentry heating problem is significantly greater
for the Aerobee-200 rocket than for the Aerobee-150,
because of the greater altitudes reached by the Aerobee-
200. Because the Ball Brothers biaxial pointing control
system contained a section made from magnesium, a
coating of FIREX was put on this section to prevent
breakup due to weakening by heating during reentry
of the rocket. However, on reentry the vaporizing
FIREX leaked into the nose cone and produced some
chemical fogging of the plates. Because of this, we
considerably shortened the development time of the
plates. The combined effect of the chemicals and the
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short development time produced an uneven develop-
ment over the plates.

The primary purpose of this paper is to present a
wavelength list of solar lines in the ~160-760 A range
that has greater wavelength accuracy than previously
published solar spectra. To date, the most accurate
wavelengths have been published in Paper I. The wave-
length list presented below improves these wave-
lengths, especially in the 250 A region. The first order
spectral resolution of less than 0.06 A is sufficiently
high to measure profiles of lines. We have previously
published some results concerning line profiles ob-
tained from both the 1969 and 1973 flights (Feldman
and Behring 1974; Doschek et al. 1974).

Since Paper I appeared in print in 1972 July, two
more major publications on coronal lines in the same
wavelength region were published. The first by
Malinovsky and Heroux (1973) gave wavelengths and
intensities for the solar spectrum between 50 and
300 A. Their spectra were measured photoelectrically.
The wavelength accuracies were estimated to be better
than 0.06 A, and the full widths at half maximum
intensity were approximately 0.25 A. In the second
paper, Firth et al. (1974) obtained photographic
spectra in the 150-872 A region from the center of the
quiet solar disk and from a region just above the
visible limb. Their spectral resolution is ~0.17 A,
and the wavelength errors are <0.02 A. In that paper
Firth et al. (1974) published a list of about 250 wave-
lengths, in which all but six of them are various orders
of lines with wavelengths shorter than 370 A. Their
wavelengths are compared with a set of wavelengths
which are attributed to Fawcett (1974), but which in
fact are the wavelengths published in Paper 1.

Recently, a summary of the available data on iron
and its ions has been given by Reader and Sugar
(1975). In their paper they present energy levels for
iron ions derived primarily from available laboratory
spectra. From our new wavelength list, it is possible
to improve some of these energy levels. Therefore, we
also present in additional tables improved values for
the energy levels of Fe 1x through Fe xvi for the
3s¥3p' type configurations.

II. RESULTS AND DISCUSSION

In order to obtain accurate wavelengths from our
spectra, it is necessary to have accurate wavelength
standards. We chose 10 strong lines from lines of He
I, He 1, O 11, O 1v, O v, and Ne VII as primary wave-
length standards. The wavelengths of lines of these
ions are well known (Kelly and Palumbo 1973). The
plates were measured independently a number of
times by three different observers on a Grant measur-
ing engine. From these measurements, accurate
averaged positions of the lines on the plates were
determined. To derive final wavelengths, the 10
primary wavelength standard lines were first used to
establish a plate correction curve from approximately
470 to 610 A. Second, the wavelengths of many lines
whose second and third orders fell in this region were
approximately determined, and the correction curves

were extended over additional wavelength regions.
By an iterative procedure which included averaging
the wavelengths determined in as many as four orders,
the wavelengths of this second group were refined,
and the wavelengths of all the remaining lines were
determined. Using laboratory spectra, we verified
that no detectable wavelength shifts exist between the
different spectral orders. Thus all the wavelengths
reported in this paper are based entirely on the wave-
lengths compiled in Kelly and Palumbo (1973) for the
10 strong lines marked in Table 1. In addition, pro-
files of the lines were obtained from a Grant micro-
densitometer in order to help determine wavelengths
in a few cases that involved blends of lines.

In attempting to determine wavelengths for spectral
lines formed by ions in the corona from primary
wavelength standards of lines of ions formed in the
transition zone, one question that arises is whether
or not relative systematic mass motions exist between
these different solar atmospheric regions, even when
these motions are averaged over the entire Sun. In the
event that such motions do exist, the wavelengths of
lines formed in the corona would be Doppler-shifted
relative to the wavelengths of lines formed in the
transition zone. The amount of the shift would depend
on the direction of the relative motions, and because
the entire Sun was viewed by our spectrograph, the
effect would be averaged over shifts at the limb and
shifts at the center of the disk. For instance, if the
relative mass motion were directed radially outward
from the Sun, the Doppler shifts would be a maximum
at the center of the disk and zero at the solar limb.
We are able to examine this particular case in some
detail by using the pinhole spectrum described above
and in Paper 1. The emission along the lengths of the
spectral lines in the pinhole spectrum arises from dif-
ferent regions of the Sun. The emission at the ends of
the lines comes from the solar limb, and the emission
in the middle of the line comes from the center of the
disk. By measuring the spatial separations on the
plates between coronal and transition zone lines at
different positions along the lengths of the lines in the
pinhole spectrum, we are able to determine an upper
limit for any net Doppler shifts between the center
of the Sun and the solar limb. No statistically sig-
nificant shifts were measured. The upper limit for
relative motion that we obtain in this fashion is 4
km s~1, which at 500 A corresponds to only 6.7 mA.
In the wavelength table described below, the wave-
lengths are derived assuming that no Doppler shift
difference exists between lines from the corona and the
transition zone.

Wavelengths, identifications, and approximate rela- -
tive intensities are given for the lines in Table 1. For
most of the identified lines the specific transitions are
given in Paper I, along with detailed comments on
the 1969 spectrum and isoelectronic sequence tables
with detailed references. Figure 1 (Plate 14) shows the
portion of the spectrum between 400 and 650 A
obtained through the open part of the slit. The lines
in Table 1 are taken from both the 1973 flight and the
1969 flight. The lines without intensity estimates were
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1.
-,_,-: SoLAR WAVELENGTHS FROM 160 10 770 A
o
1
E. Ion Solar A (A) Comments Intensity Ton Solar A (A) Comments Intensity
PI
C NiXIv........ 164.13 D 5 Fexm........ 196.525 C B2X 4
164.18 D Fexi......... 196.640 C 6
ArX.......... 165.49 D 197.029 C B2X
165.64 D Fe xur........ 197.434 C 2
Fevil........ 12;.48(8) C S 197.847 CWwW
Fevur........ 168.17 B 12 VIII
Fe v, ....... 168.546 B 7 Fe xn} ------- 198.555 C 7
Fevi........ 123.922 8 WB2X ge D41 | PR 200.021 B 5
169.61 e XII
NiXIV........ 169.678 C Fe xm} ~~~~~~ 201.121 B B2X 16
169.913 C 201.540 C VW
ArX.......... 170.6 E FeXil......... 201.734 Cw
170.8 E Fexur........ 202.044 A 65
Ferx......... 171.073 B 120 202.424 C 7
Nixiv........ 171.356 C Swvir......... 202.608 C
171.532 C FeXI........ 202.710 C 6
OV.......... 172.174 C 203.173 C 4
172.934 C 203.728 B 7
173.080 B Fe xu|l....... 203.793 D 8
174.531 A 100 FexmI........ 203.826 C B2 19
175.263 B 18 Fexmi........ 204.263 C
175.475 C 5 Fexmi........ 204.942 B 5
176.690 CWwW 206.169 C B2X
176.980 C 206.253 C
177.239 A 70 206.369 C
177.593 CWwW 207.112 C WB2X
177.727 Cw 207.449 B 6
178.056 B 207.93 D B2X 5
178.720 C SX.iviiiiinn. 208.322 C
178.97 D W Fexmr........ 208.679 C
Nixvi........ 179.265 C Fexmr........ 209.617 C 6
179.395 C WB2X 209.756 C 2
Fexi......... 179.758 C Fexm........ 209.916 B 13
Fexl......... 180.401 A 120 Fexiv........ 211.316 B 45
Fexi......... 180.595 C 211.428 C
Fexi......... 181.131 C 3 Fexil......... 211.738 C
Fexr......... 182.167 A 20 SX.......... 212.115 C
FeX.ooovvn... 182.308 C 3 212.34 D
OVL.......... 183.944 C 213.029 C
OVL.......... 184.113 C 5 FexmI........ 213.770 B 7
FexX.......... 184.536 A 30 ?Fe xIl........ 214.405 C 3
Fexi......... 184.793 C Sivii......... 21451.123 ]C) WE2
Fe viin SXil.......... 215.
fe XVI} ....... 185.216 B §2X 12 213153 e
185.732 C B3X SiviL........ 216.90 D VWB2 5
CaxXmv........ 186.605 C 5 Ferx......... 217.100 B 10
SXI.......... 186.84 D 8 Fexil......... 217.271 C
Fexi........ 186.880 C 17 SXi.......... 218.179 CWwW 4
186.976 C Feix*........ 218.935 C 5
Fe vil........ 187.225 C B2X Fexiv........ 219.123 B 15
Fex@§........ 188.216 A 50 Fexi......... 219.438 B 11
188.299 A 35 Fexiv........ 220.082 B 20
188.493 B 5 220.247 C 11
SXI.......... 188.667 C 220.870 B 7
Arxi......... 188.799 C SXI......... 221.410 C 5
188.997 C Fexmi........ 221.822 C 14
189.123 B 5 222.993 Cw
189.733 C 223.202 Cw
189.940 C 7 SilX.e......... 223.744 C 6
FeX.......... 190.038 A 9 224.346 C 10
SXI..oovu.n.. 190.372 CWwW SIX.......... 224.736 B 17
Fexi......... 191.045 C SiXe......... 225.021 B %1
Fe xu1 225.159 B
Fe X };t ...... 191.255 Cs 5 22312 B .
191.57 D 226.017 C 2
Fexi........ 192.394 A 25 226.320 C 10
192.630 C SiXe......... 226.998 B 22
Fexi......... 192.813 B 16 Fexv......... 227.208 C
Fexm........ 193.509 A 60 227.479 C 4
193.715 C 228.049 C B3X
Caxv........ 193.872 C SXeveriiiinn. 228.167 C 11
194.657 C SIX.voivn... 228.852 C 5
194.803 Cw 229.748 C
Fexi......... 195.119 A 90
523
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TABLE 1—Continued

Ion Solar A (A) Comments Intensity Ion Solar A (A) Comments Intensity
R > SN 229.997 C 2 SilXe.oovn.... 292.80 DB 15
230.127 C 10 SitX.......... 296.123 B 20
Hem......... 231.444 C 296.22 D 9
Hem......... 232.58 D W 4 SiXL.ooooon.. 303.325 A 110
233.234 C WB3X 303.63 D 22
233.445 C 3 Herm......... 303.782 SVw 500
233.644 C 3 304.853 C 4
FeXV..ooov... 233.857 C 3 Fexl......... 308.544 B 4
Hem......... 234.356 B B2 15 Fe xmilf....... 311.552 C 2
235.79 D Mg vill. ...... 311.77 D B3X 6
236.494 C 6 Fe xuf....... 312.164 B 8
Hem......... 237.333 CWwW 15 Cive..oou.... 312.415 C 3
Ow...oo..... 238.57 D 12 Mg vil. ...... 313.734 C 11
239.03 D 16 Sivin........ 314.350 C 6
239.52 D Mgvil. ...... 315.020 C 20
240.394 C 9 Sivil......... 316.216 C 10
Fe XuI........ 240.713 BB 20 Mg VIII. ...... 317.01 D 3
Ferx*........ 241.739 B 30 Fexml........ 318.14 D 3
242.215 C 8 Sivin........ 319.830 Cw 22
242.85 D Fe xuil|....... 320.800 C 7
Hem......... 243.026 CWwW 35 Fe Xvi........ 327.02 D 2
243.42 D Alx.......... 332.77 D 13
?Fe xvt...... 243.790 C 14 FeXIv........ 334.171 C 30
244.16 D Fe XVI........ 335.403 C 60
Ferx*........ 244911 B 20 FeXIl......... 338.263 C 8
Fexii........ 246.208 B 20 Fexi......... 341.112 C 9
Niv.......... 247.17 E 3 Six|l......... 341.949 C 10
247.397 C 8 SiIX..oooo.... 345.13 D 16
OvV.......... 248.49 D WB2 7 FexX.......... 345.739 C 11
Ni XVIL....... 249.177 C 4 Fe xiI......... 346.852 C 11
249.388 C 10 347.04 D 1
Fe XVI........ 251.074 C 6 SixX.......... 347.402 C 25
Fe Xul........ 251.953 B 40 347.62 D 1
Fexiv........ 252.197 B 12 Fexml........ 348.184 C 20
SixX.......... 253.795 B 6 SilXe.oooon... 349.874 C 20
254.596 B 3 Fexi......... 352.107 C 20
Hem......... 256.320 C 65 Fexi......... 352.670 C 23
Six#......... 256.38 D B3X 10 FeXv........ 353.833 C 9
Sxmi......... 256.686 B 20 SiX...o.o..... 356.038 C 25
Fe XV....... 256.925 A 20 356.114 C 10
SXeveviiiinnn 257.136 C 5 FexXi......... 356.540 C 6
257.262 A 45 Fexr......... 358.67 D 5
Fexiv........ 257.392 A 16 Fexml........ 359.638 C 13
257.547 C 14 Fexmi........ 359.837 B 4
257.772 B 6 Fe xvI........ 360.76 D B2X 50
SilXe.ooo..o... 258.080 C 5 Fexi......... 364.468 B 35
SiX....o...... 258.373 A 50 FexX.......... 365.54 D 1
SXevvviviann. 259.494 B 17 Mg VilL........ 367.668 C 9
259.963 C 3 MgiX........ 368.061 B 100
260.30 D B3X Fexi......... 369.161 C B2X 7
Six.......... 261.056 B 22 391.97 D 1
261.731 C 7 NeVIL......... 401.14 D 1
1S3e XVI........ 262.:925354; A 3x 58 Ne VI......... 401.946 C 9
Xeveveonennn 264. B B Ne vi
Fe xIv........ 264.787 A 50 Mg vx} ------- 403.293 C B2 7
270.407 C 5 Fe xvf....... 417.258 C 10
Fextv........ 270.524 B 35 CaxX......... 419.74 D 3
Six.......... 271.992 B 18 Mg vil. ...... 430.459 C 11
272.15 E Mg vil........ 431.33 D 4
Sivit......... 272.6 E MgVI........ 434.932 C B3X 10
Fe XIv........ 274.203 B 55 Mgvul. ...... 436.728 C 13
Sivil......... 275.368 C 11 437.14 D 1
Sivil........ 276.850 C 8 MgIX........ 444.03 E 1
MgvVil........ 277.042 C 9 MgvVil........ 450.73 D 1
SixX.......... 277.265 C 20 Nevi........ 465.219 S 50
MgVIL........ 278.395 C 7 CalX......... 466.233 C 2
SXI.......... 281.416 C 7 476.74 D 4
FeXv......... 284.160 B 110 4717.474 C 5
SXI.......... 285.600 C 5 Sixm......... 499.405 C 40
SXi.......... 285.828 C 8 om.......... 507.633 C B2X 9
286.386 C 2 OI.......... 508.180 S 7
SXI.oo.on.... 288.41 D BX 3 Her.......... 515.57 D B2X 12
Fexiv........ 289.160 C 4 Sixm......... 520.666 C 25
290.710 CS 8 oml.......... 525.795 C B3X 18
FeXIl......... 291.010 C 10 Her.......... 537.030 S 30
524
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TABLE 1—Continued

Ion Solar A (A) Comments Intensity Ion Solar A (A) Comments Intensity
Omnveevvvn.n.. 553.333 S 12 OV.eevvvnnnnn 633.55 D 1
[0 ' 554.076 S B2X 25 641.23 D 3
[0 "2 554.516 S B2X 70 652.707 C 4
[0 "2 555.275 C 8 672.669 C 6
CaX.ovrrnnnn. 557.757 C 2 675.70 D 5
Nevi......... 558.589 C 2 Nim.......... 685.834 C 5
Nevi......... 562.827 C B2X 9 700.20 D B2 1
Her.......... 584.334 S 140 Om.......... 702.975 C VWBX 12
Arvi........ 585.72 D 20 Om.......... 703.873 C 14
589.99 D 1 707.72 D 1
Oml.......... 599.594 S 12 712.95 D 1
OIv.......... 608.404 C 7 ;ig‘sli ]3 411

Mg X .

M } ....... 609.794 B B2 50 e D 1
MgX......... 624.943 C 25 741.869 C 5
Ov.......... 629.729 S 130 Niv.......... 765.143 C 9

NOTES TO TABLE 1

The first letter in the comment column gives the probable
wavelength errors |e|, which are designated by: A, |¢| < 2 mA;
B, |l < 4mA; C, |¢f < 10mA; and D, |¢] < 20 mA. The
letter E designates estimated wavelengths of lines too weak to
measure. The letter S designates lines used as primary wave-
length standards. The remaining part of the comments uses
letters with the definitions: W = a wide line; V = very;
B = ablend; #X = nth order(s) line(s); S = a line with a violet
component. Examples for interpreting the comments are:
B2 = a blend of two lines; B2X = a blend of the line with a
second order line.

observed only in the 1969 flight, either because of the
higher solar activity or because of the higher efficiency
at shorter wavelengths, of the 1200 groove mm ™!
grating used. All of these lines fall below 250 A.
The relative intensity estimates of the lines observed
in the 1973 flight are only approximate, and should
be used with caution. The relative intensities of lines
close in wavelength are more accurate, with errors of
+ 30 percent. We have also given an estimated wave-
length accuracy for each line in Table 1. The wave-
length errors are divided into four groups: A =
<2mA, B= <4mA, C= <10mA, and D =
<20 mA. These error estimates depend on a number
of factors; e.g., the wavelength determination pro-
cedure, the intensities of the lines, blending of lines,
and plate defects near some lines.

Most of the identifications of the lines in the table
were obtained from the compilation of Kelly and
Palumbo (1973), except for some recent identifications
that were taken from original sources. Finally, some
of the identifications are a result of this work. The
lines newly classified in this paper are given in Table 2.

TABLE 2
NEW IDENTIFICATIONS
Ion and Transition 2AA)
Fe xi11 (35s23p23P;-3523p3d°Dy) . oo oo vveeeeennn 203.793
Fe xm1 (3523p23P1-353p33P,) . e oo i 311.552
Fe xi11 (3s23p23P1-3s3p33P1) oo vvie i 312.164
Fe X111 (3523p23Py-353p3°Pg) . oo v e iieeeea 320.800
Siix (3s23p23Py-3s3p°°3Dy) .. 341.949

The intensities are approximate (see text). No intensities
are given for lines observed only in the 1969 flight.

* Svensson et al. 1974.

T Cowan and Widing 1973.

I Fawcett 1974.

§ Behring et al. 1972.

|| From present work; see Table 2.

# Computed from the Si x multiplet splitting. The wave-
12ength ?&btained by deconvolution of the blend with He 11 is
56.42 A.

As a check on the relative accuracy of the wave-
lengths in Table 1, we have compared the splittings
of the levels of the ions of Fe x, Fe x1, Fe xu1, and
Fe x1v, derived from the permitted lines we observe,
with the energies corresponding to the forbidden
coronal lines of these ions that appear in the visible
spectrum. The energies derived from our wavelengths,
and the energies derived from the forbidden coronal
lines are given in Table 3, along with the differences
A, or, errors between the energies. The —32 cm™?
energy error is larger by [22| cm~! than the expected
error. For this reason, we agree with Flower and
Nussbaumer (1974) that the 3P-3S; line of Fe xu1
(240.713 A) is probably a blend. Ignoring the —32
cm~! error, we find that the average absolute error
is 6.7 cm~1, which corresponds to 4.2 mA at 250 A.

Finally, in Tables 4 to 11 we give improved values
for the energy levels of the coronal iron ions. These
values were obtained from the wavelengths of the
lines given in Table 1. The accuracy of the levels can
be judged from the wavelength accuracy given in
Table 1 for these lines.

We hope that the wavelength list and energy levels
presented in this paper will help in the continuing
problem of line identification in laboratory spectra,
and will be an aid in the interpretation of the recently
obtained Skylab spectra. The wavelengths and energy
levels should also be useful for preparations for future
efforts such as the Solar Maximum Mission.

We thank James Houston for his excellent assistance
in the field and in preparing the instrument for flight.
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1.
-,_,-: COMPARISON BETWEEN GROUND TERM SPLITTINGS AND FORBIDDEN-LINE TRANSITION ENERGIES
i
5\ Forbidden
5' Coronal
' Line
Ion Transition 1A o(cm™?) Ao (cm™—?) (cm~1) A(cm~?Y)
Fex......... 3523p5 2P3,5-353p°® 28 345.739 289,236 _
: ‘:;; . dz i:i 32332_9 %}gjg 15,668 15,683 15
'P3jo—3523p*3d 2P, 177. .
2 i:: ZP:;: }giggg gﬁ’g%% 15,688 15,683 +5
. e B Smen e OO Dl )
e XI........ 523p* 3P,-3s53p . , _
aPi : : 36?.%6; %;g’?gg 12,666 12,668 2
3P, P. 341.11 ,
3Pi o :Pi %ggg?g %g(l)’?gi 12,686 12,668 +18
3P,—3523p®3d °P. . _
3 i z Z 192.813 ggzggz 12,667 12,668 1
3P. D 178.056 ,
2 sz 3 ED: %ggigz gg_g’ggz 12,674 12,668 +6
Fexur....... 3s523p2 3P,-3s3p D . s _
P o] sp,  359.837 277904 9,300 9,303 3
3P. 3P. 311.552 320, _
3p, ap, 20500 31171 9,253 9,259 6
3P, 38S. 240.713 R _
ap; a5, 246.208 406,161} o2 ] 32
Paspid B Wl 477060 ’ ’
3P,-3s23p3d °P. K s
3P; z : 513.770 281’;3% 9,268 9,259 +9
3P, P 202.044 ,
"P: zPi 209.916 ‘S‘Z)g’igé 18,561 18,561 0
3P, D 197.434 X -
°p; D, 201121 497,213} o8 o Mt
3P, :Dl 204.94% 13;,322 > ’
3p) D 200.02 X _
o Brosp B T BMRw oW 5
Fexwv....... 3s523p 2Py;2-3s3p S 2 X
2Pys Sz 2l 3458 18,864 18,853 +11
‘P 57. s
;Z ZPZ: 570,524 gggﬁﬁ 18,859 18,853 +6
2P, 252.197 .5
: 1;2 s :P:;: 2??;?2 i;}ggg 18,853 18,853 0
T D 211. . _
Pors Dys 220082 454376 18,849 18,853 4
TABLE 4 TABLE 6
Fe 1x Fe x1
: -1
Configuration Level Energy (cm~?) Configuration Level Energy (cm ™)
3235 e ap 0
3pe 180 0 P 3P: 12,667.9
3p%3d......... 3p, 408,312 3p, 14,306
°Py 413,669 3S3D5 e P, 283,551
5
4 23p%(X)3d. . ... 3P.
1P11 584,546 3573p%(X)3d aP; 531,304
35s23p3(*S)3d. . ......... 233 ggéll,g.g
3D, 566,393
TABLE 5
TABLE 7
Fe x
Fe x11
Configuration Level Energy (cm~1)
¢ Y Configuration Level Energy (cm™?1)
3s23p°. . 2p. 0
ap,, 15,683.2 e *Sya 0
33p .o 28112 289,236 353t 4P5,3 274,372
3s23p*(*D)3d........... 28112 541,897 P32 284,005
3523p4CP)Y3d. ... T 564,208 e 288,307
2P1j2 569,882 35s23p2(CP)3d. . ......... 512 512,508
3523p*CP)3d. .......... 2Dy 572,964 - 516,772
2Dgj2 586,254 112 519,766
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SOLAR SPECTRUM 527
TABLE 8 TABLE 10
Fe xi11 Fe xv
Configuration Level Energy (cm~1) Configuration Level Energy (cm~1)
3s3p2. ..o 3P, 0 352 e 1So 0
3P, 9,302.5 383p. i p, 351,914
3p, 18,561 33d. 1p, 762,103
3s3p% . 3D, 287,205
zDz 287,360
s}[{a 329,647 TABLE 11
3p, 330,279 Fe xvI
. :SI 415,462
3673p3d. al;i iggzgig Configuration Level Energy (cm~1)
3D, 506,502
3D2 509,250 K K PP 2S1[2 0
3D, 509,176 K /2 2P112 277,190
2Pgja 298,150
3 2Dara 675.480
2Ds)z 678,400
TABLE 9
exw We also thank R. J. Ugiansky, who was Project
Configuration Level Energy (cm- 1) Manager for the flight, and J. Oktavec and J. Poland
for precision machining of instrument parts. P. J.
323D e 2Py 0 Kenny wrote the program for computing the at-
. “Paz 18,852.5 mospheric attenuation. We would like to express our
33p%. 2Daia %(9)%421‘7‘% appreciation to Dr. G. K. Oertel for his assistance
25, 364.693 and encouragement. Finally, we thank Ball Brothers
2P 12 388,510 personnel for preparing the pointing control, and
. 2Pg2 396,515 Gunner Briggs and his staff at WSMR for their
3% 2o %g%%; cooperation and excellence in successfully launching
512 >
the rocket.
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PLATE 14

T 202044 FeXI —— 262984 Fe XVI
— 264.787 Fe XIN
—— 211.316 Fe XIV ¢ — 180401 Fe XI
. —— 274.203 Fe XIV
| —— 277265 Si X
—— 220082 Fe XIV
i —— 562827 Ne VI
| ____ 225021 Si IX —— 284.160 Fe XV
. 226998SiIX
— 465219 Ne VI — 584334 He I
234356 He I
—— 237333 Hell — 296.123 Si X
L 241739Fe X
243026 Hell
—303.782 He II
—— 609.794 Mg X
| 499405 Si XTI
—— 253795Si X —— 624943 Mg X
. —— 256.32He Il —— 6297290V
— 258373SiX —— 211.316 Fe XIV
 —— 261056 Si X

319830 Si VI

F1G. 1.—A portion of the unfiltered solar spectrum between 400 and 650 A recorded on 1973 September 21
BEHRING et al. (see page 522)
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