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7e. Important Atomic Spectra

H. M. CROSSWHITE AND G. H. DIEKE

The Johns Hopkins University

Te-1. General. The tables and figures of this section furnish data on spectra
which are often used for reference. These are chiefly the spectra of the rare gases
which can easily be obtained with simple discharge tubes (a neon advertising sign, for
instance, is & good source for the neon spectrum); the iron spectrum which is the best
source of standard lines for a spectrograph of moderate to high dispersion; and the
mercury spectrum which, like that of helium, is particularly useful for spectrographs of
low dispersion.

Data on other spectra of varying degrees of accuracy and completeness can be
found in the MIT tables;! Kayser, ‘“Handbuch der Spectroscopie,” vols. 5-8; Paschen
und Gotze (1922); Fowler (1922); C. E. Moore, “Multiplet Tables” (1945); and
Brode, ““Chemical Spectroscopy’’ (1943). ,

An atlasof spectra is Gatterer and Junkes (1937 and 1945). For the solar spectrum,
Minnaert, Mulders, and Houtgast (1940) is recommended. ‘

The various tables of spectra and figures presented in this section are as follows:

Spectrum Table Figure
Helium................. Te-1
NeonNel.............. 7e-2 Te-1
Argon AL............... 7e-3 Te-2
Krypton Kr I............ Te-4 Te-3
Xenon Xel............. Te-5 Te-4
IronFel................ Te-6 7e-5
Mercury Hg I........... 7e-7 7e-6, 7

The wavelengths and intensities are listed as completely as space permits. Special
attention has been paid to lines which can be used as standards for wavelength
measurements of high accuracy.

The figures, which are direct photoelectric traces obtained at The Johns Hopkins
University, will help to orient the reader in the particular spectra. The traces were
made with a logarithmic amplifier and calibrated to compensate for variations in
sensitivity of spectrograph and measuring devices. Furthermore, the intensity
scale is the same for all spectra so that the values indicate relative brightnesses of the
light sources. Intensities as read from the charts, however, are not meant for high
accuracy. '

In a number of spectra numerical intensity values are given on a logarithmic scale.
Also the conditions under which the spectra were produced are shown in each case.

1 See the references on p. 7-96a.
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7-30 ATOMIC AND MOLECULAR PHYSICS

Without the knowledge of such conditions intensity tables have little meaning
because the intensities vary greatly with the discharge conditions.

In both figures and tables (except for helium) the intensities are standardized to
give the energy flux from 100 cm? of the light source per unit solid angle in ergs per

" gecond.

In Figs. 7e-1 through 7e-5, only whole numbers are given in the wavelength desig-
pations. Values accurate to several decimal places appear for many of these lines in
Tables 7e-2 through 7e-7. .

7e-2. Standard Wavelengths. Since October, 1960, the international standard of
length is officially deﬁnedein terms of the orange line of the krypton isotope with mass
86. The anstrom unit (A) is exactly 10710 meter. The meter is defined as exactly
1,650,763.73 wavelengths in vacuo of the Kr?¢ line, which has

Mg = 6,057.80211 &
Maie = 6,056.12525 &

This lin: has the indicated wavelength when the atoms are free from interactions.
If a lamp meets the following specifications, the wavelength is within 107 A of the
nominal value.

1. Purity of Kr# not less than 99 percent.

2. Temperature of the coldest point of the lamp not higher than 63 K (triple
point of nitrogen). The Kr pressure is then about 0.03 mm of Hg.

3. The current density must not exceed 4 ma/mm?.

4. For a hot-cathode d-c lamp the anodes should be toward the observer.

Wavelengths of Kr®, which is the predominant constituent of natural krypton, are
a.ppro)'cimately 0.001 X larger in the visible than the Kr® wavelengths.

For accurate spectroscopic wavelength measurements wavelength standards should
be used as follows: (1) For interferometric measurements of the highest accuracy, the
primary standard. (2) For other interfcrometric measurements and grating measure-
ments of exceptional accuracy, the primary standard and secondary standards of
Kr® or natural Kr*, Ne*, A*, Hg!*, Fe® (ina low-pressure source), and Th deter-
mined to four decimals. The values for the elements marked by an asterisk will be
found in Tables 7e-2 to 7e-7 of this section. (3) For other grating measurements, in
general those listed under (2) and many other lines produced by stable low-pressure
light sources and measured reliability to at least three decimals.

Note. Using lines of one order of the grating as standards for different overlapping
orders may or may not lead to errors, depending on the properties of the particular
grating.

Helium I. The He I spectrum (Table 7e-1) consists of singlets and triplets. The

" latter appear as double lines except under the most favorable conditions. This is
because the 2°P; and 2P, levels almost coincide, whereas the 23P, level is about 1
em-! removed. The wavelengths are taken from the literature [see especially W. C.
Martin, J. Research NBS 64, 19 (1960)]. The intensities I, and I, are quantitative
measurements at the following conditions: Iy, discharge with external electrodes, fre-
quency 15 MHz, pressure 7.5 mm; Is, same, pressure 0.25 mm; I,, estimates from the
literature. .
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IMPORTANT ATOMIC SPECTRA 7-31

TaBLE Te-1. THE SPECTRUM oF HeErLrvyM I anp II

Classification
A He II Io I Is
Singlets Triplets
243.027 . | 41
256.317 3—1
303.781 2—1
522.2128 1S 4P
537.0296 1S 3P
584.331 18 2P
591.4117 18 o2
1,084.975 5— 2
1,215.171 42
1,640.474 .| 83—=2
2,696.119 2s 9p 1
2,723.191 ool 28 | o8p 1
2,763.804 oo oo 28 | TP 2
2,829.076 oo || 28 | 6p 4
2,945.106 oo Lo 28 | sp 6
3,187.745 2s 4p 8
3,203.14 5—3
3,354.550 23 7P 2
3,447.586 28 6P 2
3,587.270 2p 9d 2
3,587.405 cee ool 2 1 od 1
3,599.314 2p 9s 1
3,599.448 2p 9s 1
3,613.643 28 5P .. - 3 19 260
3,634.232 2p 8d 2
3,634.369 2p 8d 1
3,651.990 AUUR I " S -1 1
3,652.130 o o1 2p | 8s 1
3,705.005 - N 2p 7d 3 28 260
3,705.148 2p 7d 1
3,732.865 2p 78 1
3,733.010 2p 7s 1
3,819.6072 2p 6d 4 84 680
3,819.758 2p | 6d 1
3,867.475 2p 6s 2 23 160
3,867.630 co | 2 | s L
—“__, ol 2 | 3p 10" 10,000 | 10,000
~3587.7289 | 2S (4P | .. | ... 4 140 | 2,100
4,009.268 2P 7D e e 1 5 89
4,023.973 2P 78 1
4,026.1912 2p 5d 5 370 | 1,450
4,026.359 2p 5d 1
4,120.812 o ... 2p 53 3 90 480
4,120.993 2p 5s 1
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TasLE 7e-1. Tue SpecTRuM oF Herrom I anp II (Continued)

Classification
A 1 Hell I I, I,
Singlets Triplets
4,143.761 2P 6D 2 19 210
4,168.967 2P 6S 1 3 36
4,387.9294 2P 5D 3 83 590
4,437.551 2P 58 .. ces 1 17 290
4,471.479 2p 4d 6 2,300 | 2,220
4,471.682 2p 4d 1
~4,685.75 oo} ... ] 4— 3
4,713.1455 e - 2p 43 3 350 370
4,713.376 2p 4s 1
4,921.9310 2r 4D . . 4 57 1,800
. 5,015.6799 28 3P 6 710} 3,106
5,047.738 2P 4S 2 120 860
5,411.551 ol T :
5,875.621 2p 3d 10 18,200 | 7,100
5,875.966 .| ... 2 | 3d 1
6,559.71 6— 4
. 6,678.151 2P | 8D | ... | ... 6 2,400 | 1,850
7,065.190 2p 3s 5 7,100 1,450
7,065.707 2p 3s 1
7,281.349 2P 38 3* 1,450
10,123.77 5— 4 :
10, 829.088 e .. 2s 2P0 e 500 105,000 | 6,950
10,830.248 ol .. 2s | 2pv | .... | 1,500
10,830.337 2s 2p: 2,500
12,784.79¢ 3d 5f 10¢
12,790.27 3D 5F 1
17,003.11 3p 4d 20
18,685.12 3d 4f 70
18,697.00 3D | 4F 10
20, 580.9 28 2P 5,000

® Change in the Iy scale. From here on National Bureau of Standards velues.
1 Wavelengths and intensities from here on {from Humphreys and Kostkowski, J. Research Nad. Bur.

Standards 49, 73 (1952).

The classification is indicated by capital letters for singlets, lower-case letters for
triplets. A few of the He II lines are also listed. They have elaborate fine
structures. ‘

NeonI. The neon spectrum is moderately rich in lines and may serve, like the other
rare-gas spectra, as an easily obtained comparison spectrum. Any neon-sign manu-
facturer can produce a satisfactory tube. The wavelengths of the strong lines have
been measured with great accuracy and have been adopted ap international secondary
standards;} often replacing the primary standard for interferometric measurements.

Table 7e-2 lists the principal reon lines. The wavelengths are interferometric
wavelengths when followed by a capital letter.

B, Burns, Adams, Longwell, J. Opt. Soc. Am. 40, 339 (1950)

H, Humphreys, J. Research Natl. Bur. Standards 20, 17(1938)

! Trans. Intern. Astron. Union §, 86 (1935); 9, 204 (1857); 10, 229 (1958).
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IMPORTANT ATOMIC SPECTRA

TaBLE 7e-2. TuE SPECTRUM oF NEON I

7-33

Classification
Wavelength 1, log I, | log Iy | log I,
System. Paschen

2,647.42 35 | 8p1 | lss 7pes 8
2,675.24 3si | Tpia | 1sa 6D, 8
2,675.64 33 | Tpy | s 6ps 8
2,872.663 3550 | 6poo | 1ss 5p, 5 | o). 2.73
2,913.168 3812 | 5pg, | 1ss 4p, 8 | ... ..... 3.16
2,932.721 35, | 6poo | 131 | 5ps 7o 3.30
2,947297 3811 5})13 1s. 4})4 8 | .....| . ..... 3.2?
2,974.714 3811 Sprz | "1ss 4p, 9 | ... 0 . 3.67
2,980.642 385 | 5pgy | 185 | 4pa 55| ... ..... 2.7
2,980.922 355 | 5py | 1ss 4ps 6 | ... ... .. 2.80
2,982.663 3812 | 5pas | 1ss 4p, 9 [ ... | ... 3.52
2,992420 3811 5poo 1s4 4ps 8} 3.32
2,992438 3813 5POI 135 4])10 8 ........ :
3,012,129 3811 Spie | 1s, 4ps 6 [ ... ... 2.93
3,012955 3811 5pu 184 4}77 6 | ..... 01 ..... 2.98
3,017.348 3311 | Spar | lsq 4p, 6 | ..... 0 ..... 3.12
3,057.388 385, | 5Poo | lss 4p, 9 | ... ... 2.7
3,076.971 385, | 5py; | 1sa 4p, 8 | ... ..., 2.80
3,126.1986 B | 3sy; | 5poo | 1sa 4p, 8 | ... ..... 3.61
3,148.6107 B | 3s,, | 5pu | 1sa 4p, 7 0] 2.44
3,153.410T B | 3sy; | 5pa2 | 183 4ps 6 | .....0..... 2.47
3,167.5762 B | 3sy, | 5por | 1s: 4p 1o 6 | ... . 2.21
3,369.8076 B | 3s;2 | 4p;, | lss 3p. 10 | ..., . 13.90
3,360.0060 B | 3s;; | 4py, | lss 3p: 15 | ] - 4.36
3,375.6480 B | 3512 | 4p;, | lss 3ps [ S A 2.98
3,417 9031 B | 3sy, | 4p;,.| 1s, 3p. 10 | oo 4.62
3,418.0066 H | 3si, | 4p,, | 1s¢ | 3ps 6 | ... ... 4.14
3,423.9120 B | 3sy | 4p;, | 1s, 3ps 6 | ... ... 3.57
3,447.7022 B | 3512 | 4pi2 | 1ss 3ps 8 | ..... | ..... 4.91
3,4507641 B 3811 4})“ 185 3P7 G .......... 418
3,454 1942 B 3811 4Poo' 184 3p| 7 | ... .. 4.72
3,460.5235 B | 3s,, | 4p, | 133 | 3p: 7 . 4.37
3 ,464.3385 B 3812 4p1s 1s; 3])5 7 .o 00 .. 4.27
3,466.5781 B | 3sy, | 4py, | lss 3ps 8 | ... ..... 4.64
3,472.5706 B 3312 4pas 1ss 3Ds 10§ ... ... 4.90
3-4980632 B 3311 4}7;: 184 3Pa 7 | ... .. 4 .45
3,501 .2154 B 3811 ‘4}7“ 1se 3P7 8 | ... ... 453
3,510.7207 B 3812 4pa 1sg 3P10 6 | ..... 0] ..... 3.85
3 ,515 .1900 B 3811 4pa2 13, 3p| 8 ... ] . ..., 4.55
3.520.4714 B | 35, | 4peo | 132 | 3p 20 ..o 5.32
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TasLe 7e-2. THE SPECTRUM oF NEoN 1 (Continued)

Classification
Wavelength I, log I, | log I, | log I,
System. Paschen

3,5629551 B 351y 47)01 1sq 3}710 3
3,503.5263 B | 3s,, | 4pi, | 182 | 3p. 10 | ... 4.70
3,593.639 B | 3sp, | 4p,, | 1s: *| 3p, 9 R I 4.50 l
3,600.1694 B | 3s,, | 4pl, | 1s: | 3p, T 4.17 4
3,609.1787 B | 355 | dpn | 18 | 3pu 6 | ... ..., 3.26
3,633.6643 B | 3s,, | 4pao | 13 | 3ps T o 4.28
3,682.2421 B | 3sy, | 4pus | 1s; | 3ps [ RS B 4.21 5
3,685.7351 B | 3s,, | 4py | 18 | 3ps 7o 4.08 i
3,701.2247 B | 35, | 4ps | 1 | 3p, T 4.06
3,754.2148 B | 3s;, | 4pn | 1s: | 3pue 6 | ... ..., 3.42
4,270.2674 B | 3po | Tdeo | 2pio | 7ds 4 2.460
4,275.5598 B | 3po, | 6dy; | 2pi0 | 6] 5 2.70 | 2.61
4,306.2625 B KT 83,2 2p10 6sy - 5
4,334.1267 B | 3po | 785, | 2p10 | 5ss 5 )
4,363.524 M | 3px | 9di | 2ps | 9d, 5 3
4,381.220 M | 3ps | 108 2ps | 8ss 3 i
4,395556 M 3})2: gd;: 2})5 Qd. 4 ' g
4,422.5205 B | 3po | 6diz | 2pie | 6d; 8 1297 |2.90
4,424.8096 B | 3po | 6doi | 2Py | 6d; 8 (2.8 |28 %
4,425400 M 3pox 6doo 2P]o 6d, 7
4,433.7239 B | 3ps | 8di | 2ps | 84| 5 1234 |2.19 ;
4,460175 M 3?:; 9512 2p9 785 6
4,466.8120 B 3ps2 | 8dss | 2p, 8d, 5 2.02 1.81
4,475.656 M | 3p.,, | 7dy, | 2pr | T} 6
4,483.199 B 3pn 7sn 2p10 534 7 2.008
4.488.0926 B 3pa: 7312 2p10 5sg 8 2.811 | 2.673
4,500.182 M | 3p,, | 8d;, | 2ps | 8s) 4
4,517.736 M | 3p,, | 8, | 2p, | 8s)” 6
4,525.764 M | 3py | 8ds: | 2p, | 8d) 5
4,536.312 3po | Bd;, | 2p% | 5s, 7 12,694 2.699
4,537.7545 B | 3po | Bdyy | 2pyo | 56" 10 133 |34
'4,538.2927 B | 3py; | Tdy | 2py | 7d, 8 '
4,540.3801 B | 3py | 7dss | 2py | 7d, 10 | 2.964 | 2.854
4,552598 M 3Pn 9811 2p7 784 3
4,565.888 M | 3pi: | 8du | 2p¢ | 8d] 4.5 .
4,575.0620.8 3pas | Tdas | 2ps 7d, 8 2.714 | 2.569
4,582.035 M | 3ps; | 6dy | 2ps | 6} -7 |24 |23 d
4,582.43521 B | 3pa | 8si2 | 2py | 634 7 12.4 2.3 3
4,609.910 M | 3p;, | 7d;, | 2ps | 7s) 7 2.19 \
4,614.3%1 M 3p1s 83, 2p, Bs, 8 2.204
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TABLE 7e-2. THE SPECTRUM OF NEON I (Confinued)

7-35

Classification
Wavelength , 1o log I, | log I, | log I,
System, Paschen

4,617837 M 3p|z 8813 2}1. 685 : 5

4,628.31183 B | 3p;, | 7dy | 200 | 78 7 2.49 | 2.39
4,636.125 M | 3pu | 7da | 2p7 | 74 5 2.0

4,636630 3pu 7du 2?7 7dz 5 2.0

4,645.4180 B | 3py | 6d,, | 2pr | 6s) 8 | 2.672| 2.607
4,649.904 M | 3ps | Tsey | 2ps | 5sa 5 .
4,6506.3936 B | 3po: | 6sq; | 2pi0 | 482 8 2.916 | 2.828 | 2.799
4,661.1054 B | 3po, | 655 | 2p10 | 4ss 7 2.634 | 2.559
4,670.884 M | 3p,, | 8sq, | 2p. | 6s3 5

4,678.218 M | 3py; | 7ds | 2ps | 74, 8 2.4 2.3
4,679135 M 3?12 7d,2 2p5 7d, 7 2.2 2.1

4,687 6724 B | 3p.2 | 6d;, | 2ps | 6s)’ 6 2.410 | 2.340 :
4,702.526 3pa | 5du | 2pw | 5ds 7 2.472 | 2.427 '
4,704.3949 B | 3pa | 5diz | 2p10 | 5ds 15 3.701 | 3.729 | 3.437
4,708.8619 B | 3po | 5dor | 2pi0 | 5ds 12 3.688 | 3.693 | 3.459
4,710.0669 B | 3poi | 5dos | 2pi0 | 5ds 10 3.33 |3.33 | 3.34
4,712.0661 B | 3pa | 6das | 2ps | 6d; 10 2.96 | 2.90 | 2.55
4,715.3466 B | 3pa | 6das | 2pe | 6d, 15 3.57 |3.50 |3.17
4,725.145 M 3pu 8312 2?5 6s; 5

4,749.5754 B | 3pa2 | 6d22 | 2ps | 6d; 8 2.78 | 2.68
4,752.7320 B | 3p22 | 6dus | 2ps | 6d. 10 3.320 | 3.243 | 2.974
4,788.9270 B | 3pss | 7812 | 2ps | 5ss 12 3.16 | 3.05
4,790.217 B | 3py, | 6daz | 2ps | 6s 10 2.84 | 2.77
4,800.100 B | 3pi2 |'7ds | 2p¢ | T7d, 5

4,810.0640 B | 3py, | 6dyy | 2ps | 65, 7 3.07 | 3.01 |2.70
4,817.6386 B | 3p. | 6das | 2p: y 8 |2.861|2.775 | 2.597
4,818.748 3pu | 6di | 2pr | 6d: 7 2.599 | 2.499 | 2.335
4,821.9236 B | 3ps2 | T8 | 2ps | 5. 8 2.864 | 2.646 | 2.693
4,823.174 3poo | 6dy, | 2ps | 6s) 6 2.3 2.2
4,827.3444 B 3?01 6311 2?10 43, 10 2.9 2.8
4,827587 B 3}7:: 7811 2p3 58; 8

4,837.3139 B | 3po; | 6813 | 2p10 | 4ss 9 3.442 | 3.402 | 3.177
4,852.6571 B | 3p,, | 6d;, | 2p2 | 65t 6 2.731 | 2.632
4,863.0800 B | 3p12 | 6das | 2ps | 6d) 6 3.131 | 3.064
14 ,865.50093 3Pu 6d;a 2?9 6d; 6

4,866477 B 3Pu 6das 2?0 6d, 5 2.61 2.53
4,867.010 3pn | Tse | 2ps | 5a 5 |24 2.3

4,884 9170 B | 3p1; | 785 | 2p¢ | 5s: 10 3.2 3.2 3.0
4,802.1007B | 3pu | 7su | 2pr | Bs. 9 2.58 | 2.38
4,928.241 B | 3p, | Tsy | 2p1 | 5es 5
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TaBLE 7e-2. THE SpECTRUM OF NEON I (Continued)

]

Classification
Wavelength I, logl, | log I, | log I,
System. Paschen

4,939.0457 B | 3pis | 7812 | 2ps | 5ss 6 2.626 | 2.462
4,944.9809 B | 3pi2 | 7812 | 2ps | 5ss 6 2.641 | 2.517
4,957.0335 B | 3p. | 5dis | 2pr | .58 10 3.3 3.4
4,957.123 B | 3pu | 2pr | B8 7 :
4,973.538 3p,, | 6dss | 2ps Y 6 2.496 | 2.406 | 2.89
4,994.913 B | 3p1; | 6dss | 2p¢ | 6d; Tur | 2.451 | 2.365
5,005.1587 B | 3pis | 8dy, | 2pe | 5sy” 10 |3.10 |3.13 |3.58
5,011.003 M 3poe | 6du 2p, 6d; 4 2.279 | 2.208
5,022.864 B | 3pas | 68, | 2Py | 4ss 4 |2.592|2.506
5,031.3504 B | 3pss | 5du | 2ps | 5d, 9 3.634 | 3.665 | 3.374
5,035.989 3pss | 5dis | 2ps | 5ds 5 2.818 | 2.823

- 5,037.7512 B | 3ps | 5di | 2ps | 5d, 10 4.27 | 4.29 | 4.01
5,074.2007 B | 3pas | 5das | 2ps | 5d, 5 |3.53 |3.54 |3.27
5,080.3852 B | 3pss | 5dus | 2ps | 5d. 8 4.038 | 4.061 | 3.803
5,104.7011 B | 3pu | 68 | 2P1 | 4s 5 2.798 | 2.745
5,113.6724 B | 3pa | 4dy, | 2p10 | 48] 7 3.475 | 3.654 | 3.326
5,116.5032 B | 3pu 4d;, | 2pro | 43, 8 4.11 |4.36 |3.92
5,122.2565 B 3p“ 5dy, | 2ps | 5s, 8 3.6 3.6
5,144.8384 B | 3py, | 8dy | 2p4 | 58, 10 (3.9 4.0
5,150.077 3pis | 68y | 2ps | 48 5 2.9 |29
5,151.9610 B | 3pu | 8dua | 2p:r | 5d) 7 3.505 | 3.597 | 3.352
3,154.4271 B | 3pu | 8du | 2p: 5d 6 3.292 | 3.286
5,156.6672 B 3pn | 8dis | 2p+ 5d, 6 2.5 2.5
5,158.90183 3p0 | 5di, | 2ps | Bs; 6 3.087 | 3.004
5,188.6122 B | 3pa | 6s1a | 2ps | 48 8 3.813 | 3.898 | 3.519
5,191.3223 B 3p.,, 5d;, | 2ps | 5s; 5
5,193.1302 B 3p01 5d,s | 2ps | Bs, 8} s6 |36
5,193.2227 B | 3p,, | 5di, | 2ps | 58, 8 - :
5,203.8062 B | 3pis | 5da | 2ps | 54, 8 |3.837|3.884 | 3.515
5,208.8648 B | 3pis | 5dis | 2ps | 5ds 7 3.584 | 3.585
5,210.5672 B | 3p12 | 6du | 2ps | 5d: 8 | .....]..... 2.860
5,214.3389 B 3p12 | 5doar | 2pe 5d, 5 2.777 1 2.745
5,222.3517 B | 3psa | 6su | 2ps | 4as 6 3.549 | 3.431 | 3.592
5,234.0271 B 3pzz 6312 | 2ps 43, (] 3.161 | 3.125

75,274.0303 B | 3py, | 6y | 2ps | 4ea 5.5 | 2.767 | 2.649
5,280.0853 B | 3p;, es,,, 20 | 44 6 | 2.962|2.809 | 2.660
5,208.1801 B | 3p,, 6s), | 2p. | 4 8 3.492 | 3.396 | 3.300
5,304.7580 B | 3pu | 6snn | 2pr | 4sq 7 |3.255|3.154 | 3.088
5,3 326.3¢68 B 3po; 4dy, 2pxo 4d, 7 3.388 | 3.540
5,330.7775 B | 3po | 4dis | 2p10 | 4ds 12 4.547 | 4.771 | 4.360
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TaBLE 7e-2. THE SPECTRUM oF NEON I (Continued)

7-37

Classification
Wavelength I, log I, | log I | log I,
System. Paschen
5,341.0938 B | 3po | 4doi | 2pio | 4ds 20 4.537 | 4.732
5,343.2834 B | 3por | 4doo | 2pie | 4ds 12 4.3 4.5 3.936
5,349.2038 B | 3p,, | 6ss, | 2p: | ds: 8 3.072 | 3.004 | 2.810
5,360.0121 B 3piz | 6su 2ps 45, 8 3.392 | 3.297 | 3.129
5,372.3110 B | 3pi12 | 6512 | 2pe | 4ss 7 3.318 | 3.282 | 2.196
5,374.9774 B | 3poo | 5du | 2ps | 5d: 6 3.002 | 2.984
: 5,383.2503 B | 3peo | 5do | 2ps | 5ds 4 2.487 { 2.525
—»5,400.5616 B | 331, | 3ps, | 184 2p, 50 4.735 | 5.079 | 4.832
5,312°6490 B | 3py, | 5dw: | 2p: | 5ds 9 2.948 | 3.015
5,418.5584 B | 3p,, | 5doy | 2ps | 5ds 8 2.88 |2.85
5,433.6513 B | 3pn | 58, | 2pw | 3sa 9 |3.349 | 3.377 | 3.223
5,448.5001 B | 3po, | 5s;, | 2p10 | 3s: 8 3.077 | 3.169
5,49273158 B | 3p,, | 63, | 2ps | 4s. 6 |2.843 | 2.745
5,633.6788 B | 3p;, | 6513 | 2p. | ds; 7 2.738 | 2.720
5,5386510 B 3poo 6811 2}7; 484 6 2625 2532
5,562.7662 B | 3pa. | 4d,, | 2ps | 4s)” 10 3.9 4.1 3.7
5,652.5664 B | 3pun | 4d,, | 201 | 4s; 7 3.400 | 3.562 | 3.240
5,656.6588 B | 3pu | 4di, | 2pr | 45" 10 4.20 | 4.40 | 3.96
5,6625489 B 3po|, 581’1 2}1;0 38( 7 3.438 3.665
6,689.8163 B | 3po: | 5812 | 2pio | 3ss 8 4.179 | 4.305 | 3.949
5,719.2248 B | 3pi2 | 4d;, | 2ps | 43} 10 3.9 4.1 3.7
5,748.2985 B | 3pax | 4du | 2ps | 4d, 10 | 4.4 4.6 | 4.1
,760.5885 B | 3pa | 4diz | 2ps | 4d, 7 3.603 | 3.800
,764.4188 B | 3pas | 4da | 2ps | 4d, 15 5.080 | 5.312 | 4.868
,804.4496 B | 3pa | 4di | 2py | &4 10 4.374 | 4.585 | 4.121
5,811.4066 B | 3par | 4di | 2ps | 4ds 8 3.53 | 3.69
5,820.1558 B | 3pa | 4du | 2ps | 4d, 10 4.870 | 5.080 | 4.638
—»5,852.4878 S | 3s;, | 3pg | ls2 | 2py 50 5.904 | 6.268 | 6.442
5,868.4183 B | Fpy, | 4d,, | 2ps | 4 7 3.659 | 4.34(
5,872.8275 B | 3p,, | 4d;; | 2ps | 48} 10 4.47 | 4.74 | 4.27
—5,881.8050 S | 3a1s | 3p,, | 18 | 2ps 20 |5.235 | 6.300 | 5.974
5,902.4623 B | 3p], | 4di, | 2p. | 4s)” 6 4.8 | 505 | 4.626
5,902.7835 B | 3p,, | 4d:, | 2p. | 45, 1.
5,906.4294 B | .3py | 4dss | 2pr | 4d) 6 4.448 | 4.671 | 4.185
5,913.6327 B | 3py1 | 4dy | 2pr | 4d, 9 4.133 | 4.303 | 3.927
5,918.9068 B | 3pq | 4d;, | 2ps | 4s) 9 4.09 | 4.28 | 3.860
>5,943.8342 8 | 3312 | 3pyy | 18 | 2ps 10 5.365 | 6.380 | 6.104
5,961.6228 B | 3P, | 4di; | 2ps | 44, 7 3.903 | 4.198 | 3.717
5,965.4710 B | 3p,, | 4di, | 2ps | 4s) 10 454 | 4.75 | 4.25
5,974.6273 B | 3pis | 4du | 2ps | 4d; 10 |47 |5.6
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Tapre 7e-2. THE SPECTRUM oF NEon I (Continued)

Classification
Wavelength log I, | log I | log I
System. Paschen
™ 5,975.5340 8 | 3512 | 3pu | 18 | 2ps *12 5.14 | 6.05
5,987.9074 B | 3pu: | 4dia | 2ps | 4ds 8 4.373 | 4.601 | 4.058
5,091.6532 B 3pi2 | 4du | 2ps | 4de 7 4.049 | 4.237 3.729
6,000.9275 B 3pi2 | 4dor | 2P 4d; 6 3.725 | 3.925
—3 6,029.9971 S | 3su i’l"’—‘ 18, | 2p: 10 5.200 | 6.266 | 5.748
6,046.1348 B | 3pu | 5 | 2p7 | 3as 4 |3.249 | 3.961
6,064.5359 B | 3pii | 5% | 277 | 3 4 3.613 | 3.995
—$6,074.3377 S | 3su | 3poo | 18 | 2ps 10 5.411 | 6.490 | 6.093
—>6,006.1630 S | 3su | 3pus | 1s¢ | 2p 8 |5.428 | 6.550 | 6.161
__36,128.4498 B | 3su | 3py | lac | 2ps 6 4.908 | 5.580 | 5.024
—»6,143.0623 8 | 3512 | 3pia | 1o | 2pe 10 5.48 | 6.63 | 6.198
_$6,163.5939 S | 35, | 3py | 1 | 2ps 12 | 5.231 | 6.488 | 6.010
6,174.9829 B | 3pus | 4das | 2p¢ | 4d 5 3.9 4.3
6,182.1460 B | 3pa | 5sus | 2ps | 3 7 3.610 | 4.737 | 4.334
€,180.0649 B | 3pus | 4dis | 2p. | 4ds 5 3.544 | 3.846
£,1.3.0663 B | 3pis | 4dn | 2p¢ | 4ds s | ... 3.498
6,205.7775 B | 3poo | 4du | 2ps | 4ds 6 |3.785| 4.043
6,213@ 8758 B 3pn o811 2?. 33, 7 4.376 | 4.473
> 6,217.2813 S | 3812 | 3pn | la | 2pr 15 5.359 | 6.436 | 5.962
6,246.7294 B | 3pa | 581z | 2ps | 3& 6 3.929 | 4.129
—> 6,266.4950 S | 35, | 3P | la | 2m 15 5.336 | 6.606 | 6.156
6,203.7447 B | 3po | 5% | 2P | 38 6 3.683 | 3.900
—»6,304.7892 S | 3su | 3pa | lac | 2pe 6 5.422 | 6.391 | 6.009
6,313.6921 B | 3Py 55 | 2Ps | 38 7 3.899 | 4.151
6,328.1646 B 3pus | 581 | 2p4 | 33 8 4.424 | 4.546
—»6,334.4279 S 3813 3p2s 18; 2ps 10 5.567 | 6.670 | 6.281
+6,351.8618 B_.| 3pa | 5%y | 2pa | 3a 6
—»6,382.9914 8 | 3su | 3pu | lac | 2ps 12 5.503 | 6.684 | 6.221
__96,402.2460 B | 3s1s | 3pu | 1o | 2P .20 503 | 6.83 | 6.389
6,421.7108 B | 3py, | 5812 | 2p2 | 3a 6 3.701 | 3.893
6,444.7118 B | 3pus | 5811 | 2ps | 3% 7 4,004 | 4.191 | 3.823
-y 6,506. 5279 S a1 3?33 1s, 2ps 15 5.635 | 6.709 | 6.287
—>6,532.8824 S | 35 | 3pu | 1& | 2pr 6 5.381 | 6.531 | 6.094
—» 6,508.0520 8 | 32, | 3pn | 182 | 2P 15 5736 | 6.691 | 6.213
—%§,652.0025 B | 33, | 3peo | 182 2Ps 7 |4.279 | 4.681 | 4.203
6,666.8967 B | 3peo | 58 | 2ps | 3 6
<.y 6,678.2764 S _35;,_ 3py| 182 | 274 9 |5.840 | 6.806 | 6.393
— 6,717.0428 S | 38, | 3Pu | 182 | 2ps 2 |5.765|6.712 | 6.286
—» 6,029.4672 B | 38, | 3pu | 1 | 2ps 10 | 5.965 | 6.783 | 6.421
—>7,024.0500 B | 38, | 3pu | laa | 2pr 9~ | 5.436 | 6.068 | 5.568
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TaBLE 7e-2. THE SPECTRUM oF NEon ] (Continued)
Classification
Wavelength I, log I, | log I: | log I,
System. Paschen
— ?,0324127 S 3312 3po), 1ss 2?10 10 5.732 6.917 6.362
7,051.2923 S | 3po | 3d,, | 2pi0 | 3s] 5 [4.286( ..... 4.281
7,059.1074 S | 3po | 3d), | 2pw | Ba) 7.5 4.868 | 5.534 | 4.904
= 7,173.9380 B | 33y, | 3p2 | ls; | 2ps 10 | 5.793 | 6.411 | 6.022
- 7,245 1665 B 3811 3?01 1s 2pm 10 5.751 | 6.756 6.289
—»7,438.8981 B | 3s;, | 3po | 183 | 2puo 8 |5.510 | 6.424
7,472.4386 S | 3po: | 3du | 2pio | 3d, 4 | 4.432 | 5.021 | 4.441
7,488.8712 S | 3py | 3di | 2pw | 3ds 9 |5.398|6.052 | 5.424
7,335.7741 S | 3pn | 3der | 2pio”| 3ds 8 |[5.352]5.978 ! 5.387
7,544.0443 S | 3poy | 3doo | 2p10 | 3ds 6 |4.962 | 5.667 | 4.956
7,724.6281 B | 3pg, | 551 | 2p1 | 3ss 10
7,839.0546 S | 3py | 3d;, | 2ps | 35" 30 [3.3033.939 ! 3.19
7,927.1177 8 | 3p:: | 3d;, | 2ps | 3s/ 0 | ... ... 3.48
7,936.9961 S | 3p.; | 3d;, | 2ps | 3s! 70 3.487 | 4.043 | 4.040
7,943.1814 8 | 3px | 3dy, | 2ps | 3s)” 200 4.718 | 5.412 | 4.725
8,082.4576 B | 3s,, | 3pa | 1s: | 2pue 200 4.676 | 5.203 | 4.629
8,118.5492 S | 3p,, | 34, | 2p; | Bs, 100 4.452 | 5.030 | 4.419
8,128.9108 S | 3p,, | 3d,, | 2p; | 3s! 60 3.916 | 4.633 | 3.85
8,136.4057 S | 3py | 3d,, | 2p1 | 3] 300 |5.047 { 5.718 | 5.029
8,248.6824 S | 3pi, | 3d;, | 2ps | 3s| 30 | 3.467 | 4.038 | 3.34
8,259.3790 S | 3p1, | 3dj, | 2ps | 3o 150 | 4.327 | ..... 4.280
8,266.0772 8 | 3pw, | 3d,, | 2ps | 35" 250 | ..... 5.387 | 4.691
8,267.1166 S ! 3pi; | 3d;, | 2ps | 3" 80
8,300.3263 S | 3ps | 3ds | 2ps 3d, 600 5.31 [5.97 | 5.316
8,365.7486 S 3pas 3d;, 2p, 3d; 150 4.439 | ..... 4.415
8,377.6065S | 3py | 3di | 2ps | 3d! 800 | ..... 1 |..... 5.957
8,417.1591 8 | 3ps; | 3ds | 2ps 3d, 100 4.2 4.9
8,418.4274 8 | 3py; | 3dy | 2ps | 3d! 400 |5.15 | 5.87 | 5.244
8,463.3575 8 | 3pa | 3du | 2ps | 34, 150 4.433 | 5.039 | 4.452
8,484 44355 | 3p,; | 3di: | 2ps | 3d, 80 |3.930|4.678 | 3.90
8,405.3598 S | 3p:; | 3dsy | 2ps | 3d, 500 | 5.703 | 6.324 | 5.764
8,544.69050 S | 3ps | 3do: | 2ps | 3ds 60 |[4.014 4.752 | 3.98
8,571.3524 8 | 3p,, | 3d;, | 2p, | 3s! 100 | 4.332 | 5.012 | 4.330
8,501.2587 8 | 3p,, | 3d;, | 2ps | 35/ | 400 | 5.436|6.057 | 5 450
8,634.6470 8 | 3py; | 3dw | 2p, 34; 600 5.3 6.0 5.386
8,647.0411 8 | 3pi, | 3d;, | 2p, | 3 300 4.709 | 5.235
8,654.3831 S | 3p;, | 3dl, | 2p. 33, | 1,500 5.56 | 6.26 | 5.747
8,655.5224 § | 3p,, | 34., | 2p. 3s,"" 400
8,679.4625S | 3py | 3d;, | 2p; | 3a. 500} 59 5.8 5.016
8,681.9211 8 | 3p,, | 34, | 2p, | 34, 500 : : 5.075
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7¢-2. THE SpECTRUM OF NEeoN I (Continued)

Clsssification

Wavelength - I, log I, | log I, log I,
System. Paschen

8, 704. 1116 8§ 31711 3d,, 2?7 34, 200 4.243 4.992 4.201
8,771.6563 S | 3p,, | 3d;, | 2p, 3s; 400 4.845 | 5.467 | 4.888
8,780.6210 S | 3p,; | 3dw |- 2p, 3d, 1,200 | ..... | ..... 5.642
8,783.7533 8 | 3py, | 3y | 2, | 3" |1.000 | ... | 5.488
8,830.90728 | 3p12 | 3du | 2p, | 3d, 50 |3.606 | 4.258 | 3.61
8,853.8669 S | 3pi: | 3di: | 2ps | 3d, 700 5.233 | 5.805 | 5.246
8,865.3060 S | 3py; | 3dss | 2p, | 3d, 100} 5.0 56 5.0
8,865.7552 S | 3po: | 48, | 2pyo | 28 500 ' : :
8,919.5007 S 3p12 3dy, 2p, 3d; 300 4.623 | 5.200 | 4.624
8,988.57 3po1 | 435 | 2pio | 28 200 4.310 | 4.712 | 4.12
9,148.672 S | 3p;, | 3dx | 2p, 3d,’ 600 | 4.809 | 5.501 | 4.808
9,201.7959 8 | 3p,, | 3dy | 2ps | 3d, 600 4.786 | 5.381 | 4.826
9,220.058 S | 3py, | 3du | 2p, 3d, 400 4.54 | 523 | 4.624
9,221.580 8 | 3p;, | 3dy | 2p, 34, 200 4.0 4.7
9,226.690 S | 3p;, | 3dis 2ps | 3d; 200 4.040 | 4.785 | 4.01
9,275.520 S | 3p,, | 3du | 2p. | 3d, 100 | ..... 4.466 | 3.83
9,300.853 S | 3p,, | 3di; | 2p, | 3d, 600 4.650 | 5.261 | 4.639
9,310.584¢ S | 3p,; | 3deo | 2p, 3d, 150 4.213 | 4.966 | 3.60
9:313.973 S | 3p;, | 3du | 2p, | 3d, 300 |4.224 | 4.947 | 4.03
9,326 .507 S 3])00 3du 2?: 3d: 600 4.682 5.285 4. 710
9,373.308 S | 3p,, | 3dw | 2p, | 3d, 200 4.008 | 4.712 | 3.96
9 ' 425. 379 S 31’00 3d01 2p: 3d; 500 4.472 9.225 4.47
9,459.210 S | 3p,, | 3d,; | 2p, | 34, 300 4.211 | 4.969 | 4.15
9,48668 3p01 48“ 2pxo 284 500 4793 5280 H 476
9,534.163 S | 3p;, | 3d,, 2p: | 3d, 500 4.555 | 5.319 | 4.567
9,547.405 S | 3p,, | 3des | 2p: | 3ds 300 4.241 | 4.986 | 4.15
9,665.42¢4 S | 3po | 4812 | 2pio | 28 1,000 5.207 | 5.552 | 5.155

o
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TaBLE 7e-2. THE SpecTrRUM oF NEoN I (Continued)

Classification
Wavelength ) £
' System. Paschen
10,295.417 3p22 48;x 2ps 23, 80
562.408 3P0 3d;, 2m 33, 200
620.664 3pu 43, 2p, 23, 40
798.07 3pu 48, 2p: 283 150
844.477 3p1 4s, 2ps 28, 200
11,143.02 3pa 431 2ps 234 300
177.533 3])2; 43,2 2?; 285 300
390.439 3paa +4843 2P, 23 110
409 .134 3p;, 450 2ps 2s; 100
522.745 3p1, 4s;, 2p, 2s, 150
11,525.02 3pit 481, 2p: 23, 90
536.345 3¢ 3dy, 2p 3d, 50
601.536 3Poo 4s;, 2ps 2s; 25
614.11 371, 435, 2ps 25, 80
688.002 3200 3da 2py 3d; 10
11,766.792 3pa, 4s;, 2p: 2s; 60
789.05 3})11 48y, 2p. 23, 50
789 . 895 3Pll 4311 2p1 285 10
984 .94 3Pa, 4500 2p: 233 10
12,066.340 3p12 4512 2ps 235 15
12,459.39 3p1, 431 2ps 23, 2
595.01 3p;, 45, 2p, 2s4
689.21 3poo 4811 2p3 28¢ 1
769.532 371, 48,2 2ps 22
887.16 3., 431y 2p, 2s,
12,912.021 3p1, 43,3 2p, 285
13,219.248 3., 43); 2ps 28
15,230.713 3240 4s,, 2p, 28,
17,161.94 3700 431, 2p, 28,
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Neon Microwave
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F1G. 7e-1. Photoelectric traces of the neon spectrum, microwave discharge at 1.25 mm.
Wavelength range is 3,000 to 10,000 A. :
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Neon Microwave.
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Neon Microwave
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F1c. 7e-1 (Continued)

M, Meggers and Humphreys, J. Research Natl. Bur. Standards 13, 293 (1934)

S, International secondary standard!

The classification is expressed in two notations:

Systematic (Modified Racah). Orbital angular momentum of the last electron
(valence’electron) is specified by the symbols s, p, d, etc. (not the angular momentum
of the configuration as in L, S coupling). The first subscript is the angular momentum
K of the atom exclusive of the spin of the valence electron minus 4. The second index
is the total angular momentum J of the atom (J = K £ }). The levels are primed
if they converge to the 2P, level of the ion which lies above the lowest ionization
limit 2Py.

Paschen Notation. This is a scmicinpirical notation first used by Paschen and
extensively used in the literature for the rare-gas spectra. It is now obsolete.

The intensities are standardized in such a way that they give the energy flux from
100 cm? of the light source per unit solid angle in ergs per second. I, glow discharge,
60 cycles, pressure 1.25 mm; I, microwave discharge; pressure 10 mm; I,, hollow-
cathode discharge, pressure 3.5 mm, current 90 ma.

Argon 1. Listed in Table 7e-3 are the strongest lines in the argon spectrum and
some others for which accurate wavelength determinations have been made. Letters
indicate origin of wavelengths:

B, Burns and Adams, J. Opt. Soc. Am. 43, 1020 (1953)

L, Littlefield and Turnbull, Proc. Roy. Soc. (London) A218, 577 (1953)

M, Meggers and Humphreys, J. Research Natl. Bur. Standards 183, 293 (1934)

There are systematic deviations between the wavelengths of different observers,
and care should be exercised if the lines are to be used as wavelength standards.

coLuMNs 2 1o §5: Classification, systematic (modified Racah) and conventional
Paschen desigpations (see Table 7e-2).

coLuMNs 6 AND 7: Intensities (logarithmic scale): I,, intensity in 60-cycle a-c
glow discharge; current 60 ma, argon pressure 3 mm; /s, hollow-cathode discharge
with iron electrodes, current 150 ma, argon pressure 1 mm.

1 Trans. Intern. Astron. Union b, 86 (1935).

]

——
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TABLE 7e-3. THE SPECTRUM oOF Arcon I
Classification Intensities
A :

System. Paschen log I, log I,
3,319.3446 B 4812 712 1s; 51)‘
3 ,373 .4823 B 43, 7poo 1s, 5p;
3,554.3048 L 43,1 6711 1sg 4p,
3,567.6550 L 43,4 6p1s 1ss 4p,
3,572.2960 B 4s;, TPoo lss | 5p;
3,606.5207 L Y 6p00 13, 4p;
3,649.8310 L 4s;, 6Pe0 1s, 4p,
3,834 .6775 L 4s;, 6p00 1ss 4p; 2.18
3,894.6609 L 4s;, 6pe: 13, 4p10 1.75
3,947.5046 L 43, 5p,, 1s 3ps 1.54
3,948.9785 L 43,4 5D 1s; 37, 3.09 2.65
4,044 .4176 L 48y, 5p;, 1s¢ 3p, 3.16
4,045.9645 L 48y, 5p,, 1s, 37, 2.17
4,054.5259 L 48, 5p1, 1s, 3p. 1.92
4,158.5906 L 48,1 5pi1s 1s; 31). 3.80 3.56
4,1641794 L 42,4 5})“ 185 3?1 3.03 2.62
4,181.8833 L 42, 5p., 1s, 3p: 3.13 2.56
4,1907126 L 4313 5?3: 185 3})( 3.11
4,191.0292 L 4s, 501, 1s, 3p.
4, 198.3174 L 43, 5Poo 13 31)5 3.563
4,200.6745 L 4s,; Sp1; ls; 3ps 3.83
4,2511848 L 43, 5pox 1ss 3?10 2.73
4,259.3615 L 48, 50 | 18 | 3p 3.40
4,266.2865 L 43,, 5p1s 1s, 3pe 3.29 3.11
4,2721688 L 4811 5}711 184 3])7 3.54
4 ,300 . 1005 L 48'11 5p?o 18, 3p. 3.40
4,333.5611 L 4s,, 5p., 1ss 37, 3.32 3.00
4,335.3374 L 4s;, 5D, 18, 3p, 2.95 2.52
4,345.1679 L 4s,, 5p1, 18, 3p, 2.91 2 59
4,363.7944 L 42, 5pox 1s, 3pm 1.89 . 2.30
4,510.7332 L da, | 5pec 12y 3ps 3.13 2.92
4,522.3231 L 4s,, 5por 1s, 3710 2.62 2.19
4,596.0963 L 43, 5pu 15, 3p; 2.65 2.20
4,628.4406 L 4s,, 5pa2 1s: 3ps 2.42
4,702.3160 L 43, 5po1 1las 3p10 2.74 2.27
4,768.6750 B 4po; 6d;, 2D10 6s;’ 1.63
4 ,876 .2610 L 4P01 7du 2}710 7d| 1.80
4,887.9478 B 4po; 7do: 2p10 7ds 1.77
5,060.0793 B 4ps, 8d;, 2p, 8d, 1.65
5,151.3943 B 4p0 8do 2p10 6d, 2.00 .
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TABLE 7e-3. THE SPECTRUM OF ARGoN I (Continued)

Classification Intensities
A

System. Paschen log I, log I,
5,1622847 L 4po; 6dor 2pm 6ds 2.47
5,187.7467 L 4pa 5d;, 2p10 5s,' 2.53 2.01
5,221.2690 L 4pas 7da. 2ps 7d, 2.17
5,252.7857 L 4pa2 7dss . 2ps 7d, 1.85
5,373.4951 B 4pu 7das 2p, 7d) 1.45
5,410.4750 B 4p12 7das 2ps 7d; 2.49
5,421 3492 L 4pz: 83!2 2P9 585 203
5,4399903 B 4}70\ 7811 2plo 45, 1.6
5,451 6506 L 4par 7812 2p10 43; 2.42 2.00
5,457 .4158 B 4pas 8s11 27, 584 1.09
5,467.1626 B 4Das 832 2ps 535 1.28
5,473.455 B 4P 701 2p, 43, 1.45
5,405.8728 L 4pas 6da. 2ps 6d, 2.72 2.39
5,506.1105 L 4pas 6dss 2ps 6d. 2.00 1.98
5,524.9576 L 4pa 5d;, 2p, 5s;" 1.70 1.43
5,5587015 L 4]?01 5d12 2?)0 5d; 284 248
5,572.5406 L 4P 5d3, 2ps 551" 2.35 2.09
5,588.7213 B 4p1s 5d,, 2ps 58"’ 1.55
5,507.4783 B 4p1, 6d3, 2p; 6s," 1.58
5,606".7328 L 4P 5do; 2P10 5d; 2.84 2.56
5,650.7042 L 4pa 5doo 2710 5d, 2.54 2.21
5,650.1278 B 414 83,2 2pe 5ss 1.61 .
5,681.8976 L 4p1s 6das 2pe 6d, 1.78 1.43
5,739.5191 L 4pyy 5d;, 2ps 5s; " 2.25 1.93
5,772.1143 L 1pis 5da, 2p6 55, 1.83 1.71
5,802.C802 L 4pis 6do. 2ps 6ds 1.69
5,834.2640 L 4p1s 5d;, 2ps 5s,’ 2.01 1.75
5,860.3098 L 4po 68;1 2D10 381 2.19 2.05
5,882.5245 L 4pan 634, 2p10 333 2.41 1.98
5,88¢.5830 L 4pa 7812 2ps 48, 2.78 2.34
5,912.0848 L 4pa 4d;, 2p10 43, 2.82 2.62
5,928.8119 L 4P 781 2ps 43, 2.43 2.17
5,942.6676 L 4pa: 7812 2ps 48, 1.96 1.84
5,987.3027 B 4pa 5dss 2ps 5d, 2.10 1.75
5 , 999.0004 B 4;)22 5daa 2})3 5dlll 1.90
6,005.7246 B 4p1, 831 2p, 584 1.33
6,013.6799¢ B 4ps; 5dy2 2P 5d, 1.75
6,025.1515 B 4p1, 70 2ps 4s; 1.97
6,032.1273 L 4pay 5ds. 2ps 5d, 3.33 2.91
6,043.2232 L 4P 5dss 2ps 5d, 2.88 2.46
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A Classification Intensities

System. Paschen log I, log Is
6,052.7230 L 4po 4d,, 2p10 4s,"" 2.28 1.84
6,059.3723 L 4pa 4d;, 2p10 4s, 2.59 2.25
6,098.8046 B 4pn, 7811 2ps 4s, 2.10 2.05
6,105.6346 L 4p,, 5d;, 2p. 55, 2.28 2.81
6,145.4406 L 4p,, ad;, 2ps 55, 2 25 1.93
6,155.2393 B 4p1a 7811 2ps 4s, 1.93

4p;, 5d,, 2p4 5s,’

6,1701734 L 4})11 7812 2pq 485 2.25
6,173.0949 L 4pn 5d1s 2p- 5d; 2.30 2.71
6,212.5015 L 4py2 5dss 2ps 5d, 2.26 1.97
6,215.9423 B 4p}, 5d;, 2p: 5sy 2.01
6,296.8739 L 4p,, 5d;, 2p; 55, 2.18
6,307.6561 L 4pi2 5d;a 2ps 5ds 2.36 2.09
6,364.8940 L 4pu 5doo 2p: 5ds 1.75
6,369.5756 L 4p12 5do; 2ps 5d; 2.05
6,384.7160 L 4po; 6311 2p10 354 2.60 2.34
6,416.3064 L 4po 6312 21710 3ss 3.36 2.87
6,431.5553 L 4pa: 655, 2p, 3s: 1.60
6,4665498 L 4poo 5d1 2ps 5ds 1.64
6,538.1118 L 4pa; 4d;, 2p, 4s,” 2.18
6,604.8542 B 4ps2 4d;, 2ps 4s," 2.43
6,660.6784 B 4py, 650, 2ps 3s3 2 12
6,664.0533 B 4D22 4d;, 2ps 4s;"" 2.16
6,677.2812 B 4syy 4p4, 13, 2p, 3.40 3.01
6,698.8752 B 4p;2 655, 2ps 3s2 1.97
6,7192193 B 4Poo 5dm 2P5 5d5 1.92
6,752.8347 B 4pa 4d;s 2P 10 4d; 3.60 3.26
6,766.6134 B 4p12 4d;, 2ps 4, 2.27
6,827.2529 B 4Dy, 5do; 2p; 5ds 1.89
6,8712898 B 4}701 4d01 21)10 4da 353 3.26
6,888.1704 B 4py, 4d;, 2p: 43y 2.45
6,937.6658 B 4pa 4doo 2p10 4d, 3.15 2.86
6,965.4304 B 43y, 4pq, 185 2p: 5.06 4.75
7,030.2519 B 4pa 6812 2ps 3ss 3.57 3.19
7,067.2175 B 4319 4p}, 185 2p, 5.01 4,75
7,107.4777 B 4pa2 6312 2ps 335 2.79
7,125.825 B 4p}, 635, 2p4 381 2.47
7,147.0408 B 43,2 47, 185 2p. 4.42 3.83
7,206.9812 B 4p,, 630, 2p: 3ss 2.93 _
7,272.9349 B 43, 4p,, 184 2p: 4.71 4.23
7,311724 B 4?11 6811 2?1 38, 2.89
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TaBLE 7¢-3. THE SPECTRUM oF ARrGoy I (Continued)

Classification Intensities
A
System. Paschen log I log I,
7,353.316 4P22 4du 2p. 4d, 3.32
7.372.1189 B 4pa; 4ds, 2p, 4d, 3.76 3.44
7,383.9796 B 43y, 4p;, 1s, 2p; 5.02 5.03
7.412.334 B 4p,, 4d,, 2p, 4s;"" 2.55
7,425.290 B 4p,, 4d,, 2p, 4s,”’ 2.48
7,471.1676 B 4s1, 4p;, 1s, 2p. 2.86
7,503 .8685 B 4s,, 4p;, 1s; 2p, 5.35 5.28
7,5146514 B 431; 4poo 184 : 2p; 5.22 507
© 7,635.1056 B 4s)2 4py, 1ss 2D, 5.53 5.36
7,723.7599 B 43,2 4p, 13 2p, 5.44 5.19
7,891 .0777 B 4})13 4d12 2}74 4d3 360
7,948.1755 B 4s,, 4p;, 1s; 2p, 5.13 5.13
8,006.1566 B 4sy, 4p1a 1s, 2ps 5.23 5.06
8,014.7853 B 4313 4p2 1ss 2ps 5.30 5.29
8,103.6920 B 43, 4py, 1s, 2p; 5.31 5.30
8,115.3108 B 433 4pa 184 2p, 5.58 5.59
8,264.5221 B 4s,, 4p;, 18; 2p; 5.28 5.07
8,408.2094 B 4s;, 4p;, 1s, 2p, 5.36 . 5.35
8,424.6473 B sy, 4p2s 1s, 2ps 5.35 5.48
8,521.4428 B ds,, 4p,, 1s, 2p. 5.18 5.09
8,605.7790 B 4p;, 4d,, 2p, 4d,
8,6204602 B 4})00 4d,, 2p. 4d;
8,667.9438 B 4s,, 4py, 1s, 2p, 4.52 4.64
8,761.6907 B 4p,, 4d,, 2p: 4d,
8,799.082 B 4p,, 4dy, 2p, 4d,
9,122.9660 B 48;4 4po, 1s; 2?19 5.58
9,194.636 B 4po 53, 2p10 23,
9,224.4955 B 4s,, 4p,; 13, 2p 5.19
9,354.218 M 43;, 4p1, 1a, 2p, 31.18
9,657.7841 M 43, 4p0, 1s, 2p;0 5.36
9,784.5010 M 4s;, 4pa, 18, 2ps 4.72
10,470.051 M 4s,, 4po, 1ss 2710
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TABLE 7e-3. THE SPECTRUM oF ARGoN I (Continued)
Vacuum Argon Wavelengths in the Near Infrared®

7-51

Classification
A I,
System. Paschen
10,676.480 H 4P 581 2710 2s, 500
684.698 H 4Das 3d;, 2p, .38y 200
11,081.901 H 4Da0 3d,, 2ps 3s)"’ 200
671.903 H 4p,, 3d;, 2ps 3s; 100
12,115.639 H 4p2 3d2 29, 3d; 300
12,346.770 H 4p2, 3das 2p, 3d, 150
406.2184 R 4pn ) 3d1 2p; 3d. 400
442.724 H 4?01 3dn 2pm 3d; 500
459 . 523 H 4}122 5811 2])3 284 400
491.0793 R 4p2 5812 2p;s 255 700
12,705.755 H 4p,, 3d;, 2ps 3s; 150
§06.2474 R 4p2 3da2 2ps 3d,’ 300
960 2029 R 4p01 3d01 zpw 3d5 250
13,011.8209 R 4p,, 554, 2p; 252 200
217.606 H 4})01 3doo 2?10 3d6 150
13,231.727 H 4p2; 3dss 2p, 3d, 200
276.2656 R 4p1, 3d;, 2p: 3s;” 750
316.8552 R 4p,, 3d;, 2p, 38" 600
370.7679 R 4py; 3dzs 2ps 3d; ~ 800
507.8818 R 4pa2 3ds; 2ps 3d, 850
13,603.051 H 4p;, 3d,, 2ps 3s;"" 55
626.3909 R 4p1 RY 2p; 3d;’ 500
682.2918 R 4p,, 3d;, 2p. 3sy 300
722.3286 R 4p2; 3ds. 2ps 3d, 1000
16,945.2129 R 4p12 3d,, 2D, 3d; 100

* From Report of Commission 14 of the International Union, December, 1960.
Humphreys and Paul, J. phys. 19, 424 (1958); R measured by Littiefield and Rowley in the above-

mentioned report.

H measured by
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Argon Microwave
6.5mm Pressure

End-on View
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F1G. Te-2. Photoelectric traces of the argon spectrum, microwave discharge at 6.5 mm
pressure., Wavelength range is 3,500 to 10,000 A.
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Krypton 1. Notation and arrangement of Table 7e-4 are similar to those of the
Tables 7e-2 and Te-3.
Wavelengths

All values given to 8 significant figures are interferometric values.
S, Internationsl secondary standard!
L, Littlefield, Proc. Roy. Soc. (I.ondon), ser. A, 187, 220 (1946)

! Trans. Intern. Astron. Union 5, 87 (1935).
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TasLE 7e-4. THE SpEcTRUM oF KRYPTON I

A Classification I, log Ih
4,273.9700 S 55,2 6p12 1,000 5.573
4,282.9683 S 5312 6p11 100 4.540
4,286.4873 S B0 6p,, 40 4.039
4,300.4877 S 585 671, 50 | 3.812
4,318.5523 S 5811 6?:: 400

5.66
4,319.5797 S 5312 6pas 1,000
4,351.3607 S 53, 6250 100 3.938
4,362.6423 S 5313 601 500 4.958
4,376.1220 S 5811 6D00 800 5.208
4,399.9670 S 53, 6p.s 200 | 4.430"
4,410.369 58, 670; 50 3.440
4,418.769 5sg, 5f22 50 3.391
4,425.1909 534, 61, 100- | 3.874
4,453.0179 8 s, 6p1s 600 5.027
4,463.6902 S Seyy 611 800 5.252
4,502.3547 S LT 6paa 600 5.117
4 ,550298 5811 Gpu 40 3.210
4,812.607 535 4fu 40 3.611
4,969.08 53y, 4fys 20 3.560
- 5,490.94 Spar 7ds 50 3.903
5,500.71 Ly 7doy 50 3.924
5,520.52 5pas 8d;, 40 3.757
5,562.2257 S 5311 5p1s 500 | 5.338
5,570.2895 S 5312 570, 2,000 5.937
5,580.3890 L 585, 6D00 80 4.399
5,649.5629 S 58, 6pa 100 4.518
5,672.4514 L 5811 5p1, 50 3.993
5,707.5128 L 53, 6712 40 3.800
5,824.50 5pas 7ds, 40 4.032
5,827.07 5p01 88,4 20 3.833
5,832.8600 L B Tda 100 4.345
5,866.7514 L 58, 6pot 50
5,870.9158 S 5811 5pi, | 3,000 | 6.040
5,879.9004 L 581 L7 50 4.696
5,993.8503 S 5811 5p1 60 | 4.618
6,012 1570 L, 5ps: 6d,, 50 4.550
5pia 9313
6,035.82 5pu 7dss . 15 3.707
6,056.1274 L » | 5pa 6do, 60 4.617
6,075.24 5pi1s 7dss 20 3.780
6,082.8630 L 5po1 68doo 40 4.292

* The vacuum

length.

wavelength 6,057.80211 A of this line of Kr* defines the international standard of
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TaABLE 7e-4. THE SpecTRUM OoF KryproN I (Continued)

A “Classification Io log I,
6,151.38 5p1s 7d,s 20 3.798
6,22271 5?:2 8511 20 3.865
6,236.3520 L 5pas 8352 30 4.140
6,346.66 5pss 8dss 20 3.795
6,373.58 Spsa 6das 30 | 4.027
6,421.0285 L 5pss 6d;; 100 4.900
6,456.2910 L 5pss 6ds, 200 5.103
6,576.42 5p1s 83,1 20 3.799
6,652.24 S5pu 6daz 40 4.351
6,699.23 5pi1a 6di; 60 4.474
6,740.10 Spn 6d,: 20 3.75
6,813.10 5p1a 6d,2 50 4 468
6,846.40 5}701 7311 20 3.83
6,869.63 5pia 6do: 20 4.025
6 ,904 .68 5pox 7812 100 5.029
7,224.109 5po: 5d,s 100 5.090
7,287.262 5po1 635, 80 | 4.966
7.425.54 Spas 78’11 60 4.707
7.486.850 Spa 63,0 } 100 5.119

5pas 7813
7,493.58 5p1a 5d1y 20
| 4.692
7,494.15 - 5paa 7811 30 '
7,587.4135 . 53y, 5poc 1,000 6.357
7,601.5465 5812 5p12 2,000 6.908
7,685.2472 53, 5040 1,000 6.369
7,694.5401 5812 5p.. 1,200 6.507
7,741.39 5pas 5d3s 40 4.340
. 7,746.831 Spa 5dqo 150 5.317
7,776 .28 S5paz 5dss 40 4.509
7,80652 5P11 7811 50 4.536
7,854.823 5850 5p5, 800 6.448
7,863.91 .| 5pa 5d;2 20 | 4.250
7,88176 5}711 5d;, 30 4.318
7,904.62 5p1s 7811 30 4.17
7,913.443 5po 5do, 200 5.536
7,920.47 5?:; 5dss 40 4.38
7,928.602 5pas LT 180 5.458
7,946.99 5pas 6, 20 | 4.05
7,982.42 5P 7812 100 4.826
8,059.5053 550, 5py, 1,500 6.422
8,104.3660 5814 5pss 4,000 6.813
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TaBLE 7e-4. THE SpECTRUM OoF KRYPTON I (Continued)

A Classification I, log I
8,112.9023 53,3 5pas 6,000 6.994
8,190.0570 581 5p1s 3,000 6.682
8,218.40 4d,s 6f21 80 3.99
8,263.2412 5s,, 5p., 3,000 6.764
8,272.36 " 5pia 5da; 100 5.171
8,281.05 5s;, 5p0, 1,500 6.450
8,298.1091 LT 5pu 5,000 6.857
8,41245 5}710 5du 100 4.746
8,498.21 5p10 65y, 30 4.16
8,508.8736 5sg, 5p1, 3,000 6.537
8,537.93 4dgo 57 40 4.17
8,560.89 5pae 7811 50 4.22
8,569.02 4doo 6p,, 20 3.85
8,605.85 4d;, 61 40 4.16
8,697.50 5paa 5do; 40 4.341
8,755.20 4do, 52 30 4.13
8,764.09 5pa 4d;, 150 5.149
8,776.7498 551 5pas 6,000 6.941
8,805.78 4d,, 61, 20 | 3.78

- 8,928.6934 - 53,1 5p0 2,000 6.893
8,967.53 5pa 4d,, 10 3.95
8,977.99 5pas 4d,, 50 4.925
8,999.19 S5pus 5doo 30 4.528
9,094.33 4das 613 4h | 3.94
9,111.69 5pa 4d;, 20 4.27
9,122.49 5pa 4d;, 20 4.32
qQ,243 .54 30 4.783
9,270.96 4d;. 5f11 10 4.38
9,326.03 4dy, 5f3 10 4.17
9,352.23 4dy, 514 100 5.122
9,362.03 5p1s 5da; 100 5.181
9,450.88 5p1s 44, 20 4.44
9,540.89 5pu 4d,, 30 4.72
9,687.83 5p11 4d;, 10 4.06
9,704.22 5pu 4d,, 50 5.00
9,714.85 4d;,s 5fs 15 2.26
9,743 .11 4ds,s m 50 4.990
9,751.74 5311 5p0 2,000 6.545
9,856.24 511 4d,, 500 5.677

11,819.43 5po Ba1s 2,000
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TABLE 7e-4. Tue SeectruM or Krreron I (Continued)

A Classification I, log I.
12,204 .39 4d,, & 700
12,879.00 4d;, 4f 500
13,177.38 5pas 631y 850
13,622.28 Spa: 4d;, 800
13,634.22 5pa; 6312 1,700
14,426 3 5})11 6311 1,100
14,734.46 5pas 4ds, 900
15,239.85 S5paa 4d3; 900
15 ,335 .29 5})01 4d,, 850
16 ,784 .65 . 5pn 4d,, 950
16,890.40 Spaa 4d,;s 1,000
16 , 896 .58 5pox 4d01 700
16 ,935 .71 5pu 4d,, 800
18,167.12 5pas 4d;, 1,500

Wavelengths not followed by a capital letter and all I, values are taken from the three
following sources:

4,273 to 7,601 A: Meggers, deBruin, and Humphreys, J. Research Natl. Bur.
Standards T, 643 (1931)

7,685 to 9,856 A: Meggers and Humphreys, J. Research Nadl. Bur. Standards 10,
443 (1933)

11,819 to 18,167 A: Humphreys and Kostkowski, J. Research Natl. Bur. Standards
49, 73 (1952).

I,, intensity in & microwave discharge at 1.6 mm pressure. This is approximately
the vapor pressure of krypton at the temperature of liquid nitrogen (77 K). Immers-
ing a discharge tube with krypton at a room-temperature pressure of more than 7 mm
in liquid nitrogen will keep the pressure very steady at about 1.6 mm and therefore
will produce very constant intensities,



7-60 ATOMIC AND MOLECULAR PHYSICS

Krypton Microwave
1.6mm Pressure
End-on View
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F1c. 7e-3. Photoelectric traces of the krypton spectrum, microwave discharge at 1.6 mm
pressure. Wavelength range is 3,500 to 10,000 A,
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1.6mm Pressure

Krypton Microwave
End-on View

IMPORTANT ATOMIC SPECTRA
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5.0 Krypton Microwave
1.6mm Pressure
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Krypton Microwave
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Krypton Microwave
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Xenon 1. Wavelengths in Table 7e-5 are from Humphreys and Meggers! and
Humphreys and Kostkowski? (above 11,000 A). Notation is the same as for Ne 1
and A I .

Intensities are as follows: I, conventional estimates quoted from the literature;
I, microwave discharge; pressure of 0.002 mm; I,, same, p = 0.07 mm; I,, same,
p = 16 mm; I,, d-c glow discharge, » = 4.1 mm.?

For significance of the intensity scale, see Table 7e-2.

1C. V. Humphreys and W. F. Meggers, J. Research Natl. Bur. Standards 10, 139 (1933).

* Humpbreys and Kostkowski, J. Research Natl. Bur. Standards 49, 73 (1952).
3The I, to 14 intensities were measured by M. Thekaekara, S.J.



7-64 ATOMIC AND MOLECULAR PHYSICS
TaBLE 7e-5. THE SpEcTRUM OF XENON I
Wavelength Classification I, log 7, | logI: | log I, log I,
3,685.90 63,4 912 40
3 ,693 .49 6812 9pz: ’ 40
3,745.38 631 6/12 10
3,796.30 6812 5fu 40
3,948.163 6s1; 5f1s 60 3.06 3.'70 2.89 2.32
3,950.925 6312 8p1s 120 3.86 4.55 3.62 3.21
3,967.541 6312 8pa 200 3.94 4.66 3.74 3.34
3,974.417 6312 8paa 40 3.02 3.70 2.71 2.34
3,985.202 6312 8pa 30 2.91 3.60 2.65 2.26
4,078.8207 | 6sp 8poo 100 4.06 4.32 3.40 2.76
4,109.7093 6311 8p12 60 3.33 4.00 3.05 2.66
4,116A1151 SSu 8Pu 80 356 417 323 271
4,135.1337 6211 8pas 20 2.66 3.31
4,193.5296 | 63y, 4fs 150 3.62 4.51 3.54 3.25
4,203.6945 6312 4112 50 2.01 4.01
4,205.404 6312 4f1 10 3.02
4,372.287 631 4f:2 20
4,383.9092 | 6sy, 4f,, 100 3.08 4.13 3.12 2.83
4,385.7693 | 6e;, 4f1 70 ... 2.80 2.82 2.55
4,500.9772 | 6a, 62;, 500 4.06 5.13 4.23 .98
4,524.6805 | 6y, 6p1s 400 3.97 4.85 3.96 3.64
4,582.7474 | 6sy, 6Pa0 300 4.16 | 4.66 | 3.68 | 3.42
4,611.8896 6512 P11 100 2.86 3.86 2.84 2.61
4,624.2757 | 6s;, 7pi2 | 1,000 4.76 5.61 4.72 4.44
4,671.226 6312 7pa | 2,000 4.98 5.81 4.99 4.70
4,690.9711 | 6syy 67, 100 3.29 4.46 3.43 3.25
4,697.020 6312 Tpas 300 4.21 5.17 4.13 3.92
4,734.1524 | 6sn 6p,, 800 4.25 5.27 4.39 4.10
4,792.6192 | 6sy, P01 150 3.48 4.32 3.29 3.12
4,807.019 6311 7Poo 500 4.52 5.31 4.35 4.12
4,829.709 681, P11 400 4.27 5.19 4.21 3.97
4,843294 811 7})11 300 4.50 5.06 4.07 3.84
4,916.508 681, 6p;, 500 4.04 5.15 4.16 3.95
4,923.1522 | 6ay, Tpae 500 4.30 5.22 4.21 3.99
5,028.2796 | 6sy, 7Pa 200 3.54 4.52 3.42 3.25
5,1£2.711 650q 7 10 2.86 3.30 3.12
5,352.244 6pm lodm 15
5,364.626 | 6po | 10d:; 30} 2.97 | 3.24 | 3.20
5,392.795 630, 6/11 100 :
5395738 | eme | 7o 20} 3.31 | 3.86 | 3.35 | 2.46
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TABLE 7e-5. Tue SprcTrRUuM or XEnon I (Continued)

7-65

Wavelength Classification I, log I, | logI, | log I, log 7,
5,439.923 65, 712 30 3.65 | 3.49 | 3.21 2.03
5,460.037 6par | 1ls;s 15 3.23 3.12 2.81
5,488.555 6p2 | 1ld;, 20h 2.85 3.22 3.56
5,552.385 6p01 9d,, 80 3.32 | 3.78 3.48 2.42
5,566.615 6p01 9do; 100 3.41 3.86 3.52 2.10
5,581 .784 6p0: 9dgo 50 3.13 3.53 3.52
5,618.878 6p2: | 10d;, 80 3.21 3.60 3.61 2.21
5,688.373 65q, 6/ 40 2.97 3.41 2.84
5,695.750 635, 6/12 100 :
5605479 | o | of so} 3.61 | 4.06 | 3.50 | 2.62
5,715716 6Poz 10813 70

5,716.252 | 6psy | 10ds, sof | 36 | 400 | 3.8 | 2.5
5,807.311 6p22 9d,, 15 2.39 2.93 2.67
5,814 .505 6D22 9d., 60 3.16 3.58 3.31 2.16
5,823.890 65q0 511 300 3.96 4.65 4.08 3.23
5,824.800 6p22 9d;; 150

5,856.509 6p01 82 15 2.61 3.21 2.81
5,875.018 6p01 84,1 100 4.03 5.41 3.77 2.98
5,894.988 6p01 840, 100 3.92 4.44 3.85 3.02
5,904 .462 6p2s 9d;; 20 3.15 3.42 3.16
5,922.550 6p2s 9d;; 20 3.02 3.52 3.23
5,931.241 6p01 8d oo 80

5,934.172 | 6ps | 9ds 100f | 388 | 432 | 405 | 295
5,974.152 6p12 | 10dys 40 3.50 3.42 3.57
5,080.18 6piz | 10d;: 20 2.90 3.19 3.17
5,908.115 6p22 | 10sy 30 3.17 3.51 3.12
6,007.909 6pa2 | 10s;, 15 2.87 3.20 2.79
6,111759 6pu 9d;, 30 S

6,111.951 | 6ps | 10, 40} 3.63 3.72 | 2.56
6,152069 6}322 8das 20 3.46

6 , 163.660 6P22 Sdgz 90

6,163.935 | 65, | 5fu 80} 3.95 3.85 | 3.07
6,178.302 63,, 5f12 150 .
6,179.665 Bsq, 5111 120} 3.99 98 3.28
6,182.420 6p22 84, 300 4.19 .19 3.42
6,189.10 6201 9s), 20 2.89 3.43 3.16
6,198260 Gpm 981: 100} 301
6.200. 890 670 9dsy 60 3.72 3.64 3.72
6,206.297 622 8do; 20 3.18 e 3.27
6,224.169 6p12 9d,. 40 3.67 3.39
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TaBLE 7e-5. THE SPECTRUM oF XENoON I (Continued)

Wavelength Classification I, logI, | logls | logl, | log I,
6,261.212 6pas 8d:, 50 3.39 4.03 3.45
6,265.301 650 8po: 40 3.18 3.87 2.96
6,286.011 5d,, 8f4s 100 3.34 3.82 3.84
6,292.649 6P 8d;, 50 3.43 4.06 3.47
6,318.062 | 6pa 8d,, 500 4.34 4.93 4.42 3.66
6,430.155 6p12 | 1082 20 e 3.44
6,469.705 6por 7d1s 300 4.15 4.92 4.05 3.56
6,472.841 6po: 7du 150 3.92 4.57 3.70 | 3.20
6,487.765 601 7ds, 120 3.90 4.59 3.72 3.22
6,497.43 Sdi Tfss 30A!

6,498.718 6p11 8d:: 100 3.90 4.44 3.89 3.09
6,504.18 635, 8poo 200h 3.82 4.37 4.16 3.05
6,521.508 6p11 8412 40 3.30 3.88 3.25
6,533.159 6pa2 951y 100 4.32 3.56

6,543 .360 6Pz 9512 40 3.78 3.05

6,554.196 5d, 7 50h! | 3.54 4.02 3.78
6,595.561 6p12 842, 100 4.08 4.61 4.05 3.20
6,632.464 6p12 8d;1 50 3.76 4.32 3.73
6,666.965 6p2s 9811 60

6.663.920 | 6mn | 7du 150} 426 | 503 | 4.19 | 3.69
6,678.972 6s;, 8po 25 3.49 4.12

6,681.036 5dos 6/ 20

6,728.008 6Po: Tdo 200 4.48 5.22 4.34 | 3.85
6,777.57 5do; 6/12 50

6.778.60 | 5do | 6fu 40} 3.86 | 4.32 | 3.85 | 2.96
6,827.315 6500 4y 200 3.91 4.12 4.27 3.83
6,846.613 6pa2 7d:: 60 3.95 4.72 4.03 3.45
6,866.838 6pas 7dss 50 3.87 4.56

6,872.107 5d.. 6/ 100 4.19 4.84 4.52 3.58
6,882.155 6p12 7ds; 300 4.77 5.41 468 | 4.14
6,925.53 5d,2 6/ 100 3.97 4.51 3.8 | 3.25
6,976.182 6P 7ds; 100 4.07 4.93 3.99 3.52
7,119.508 6pn 7das 500 4.91 5.62 4.92 4.43
7,257.94 5d,; 644 60 4.07 4.73 4.07 3.39
7,262.54 6p11 [ 20 4.02 4.70 3.83 3.26

7,266.49 6pn 7du 25 4.60
7,283 .961 68:” 4f21 40 4
7085301 | omn | 4n 60} 461 | 533 | 4.50 .00
7,316.272 655, 411 70 4.09 5.07 4.35 3.83
7,321.452 6s;, 4fn 80 5.00
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7-67
TaBLE 7e-5. THE SPECTRUM OF XENoON I (Continued)

Wavelength Classification I log I, log I, log I log I,
7,336.480 6p22 5d;, 50 4.57 5.02 3.97 3.56
7,355.58 5doo 5fu1 40 3.80 5.63 3.79 3.26
7,386.002 6po1 8512 100 4.26 5.16 4.27. | 3.85
7,393.793 6P12 Tdss 150 4.49 5.30 4.46 | 3.96
7,400.41 6p12 Tdi2 30 4.05 4.80 3.89 3.46
7,451.00 5doy 5f22 25 3.69 .46 3.05
7,472.01 5do 5f12 40 4.37 4.94 4.19 3.65
7,474.01 | 5dy 51 25

7,492.23 6pas 5d;, 20 4.18 4.65 3.64 3.27
7,559.79 5ds, 5fs 40 3.76 4.72 3.88 3.35
7,584.680 5da. 5fs 200 4.59 5.42 4.86 4.28
7,642.025 6500 6pa; 500

7,643.91 dis | 5fss 100} 4.98 | 592 536 | 4.8
7,664.56 5d,2 5f12 30 4.26 4.83 4.00 3.47
7,740.31 6p11 7do 40 3.87 4.59 3.67 3.17
7,783.66 5d2s 6/ 50 3.90 4.55 3.84 3.17
7.802.651 6p1: 8511 100 4.31 5.19 4.33 3.89
7,881.320 (i 8512 100 4.73 3.45
7,887.395 6s;, 6Pso 300 5.20 5.66 4.90 4.45
7,967.341 6500 Tou 500 4.82 5.45 4.97 4.53
8,029.67 5d.s 513 100 3.95 4.85 3.79 3.46
8,057.258 5dis LY 200 4.55 5.33 4.67 4.10
8,061.340 6pa 8511 150 4.53 5.38 4.55 4.12
8,101.98 5da, 6/ 100 3.92 4.71 3.93 3.25
8,171.02 5do, 8pa: 100 4.52 4.97 4.01 3.55
8,206.341 654, 6p1, 700 4.85 6.01 5.20 4.85
8,231.6348 6513 611 10,000 5.66 7.16 6.87 6.37
8,266.519 650, 60, 500 4.75 | 593 | 5.20 4.72
8,280.1163 | 6sy, 6pe | 7,000 5.99 6.73 6.71 6.21
8,346.823 6sq, 6p;; | 2,000 5.50 | 6.36 | 5.82 | 5.29
8,409.190 6512 6p, | 2,000 4.96 6.60 6.01 5.63
8,522.55 65, 7Poo 30 3.69 4.72 3.69 3.28
8,530.10 6p12 8511 30 3.79 4.74 3.83 3.39
8,576.01 6sq, TPoo 200 4.38 5.26 4.42 3.98
8,624.24 6p12 8312 80 4.07 5.00 4.10 3.65
8,648.54 6s;, Tou 250 4.65 5.56 4.77 4.32
8,692.20 6sq, P12 100 447 5.13 4.31 3.87
8,696.86 5da 5/ 200 ' 5.19 4.46 3.86
8,709.64 5d2a 5f2a 40 3.93 3.84
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‘ TasLE 7e-5. THE SPECTRUM OF XENON I (Continued)

Wavelength Classification I logl, | logIs | logl; | log I,
8,739.39 6p0: 6d,2 300 4.99 6.03 5.22 4.80
8,758.20 6p22 6d2s 100 4.13 5.35 4.8 4.01
8,819.412 6512 6pas 5,000 5.75 e 7.02 6.51
8,862.32 6po1 6do, 300 5.10 6.17 5.44 4.99
8,908.73 6po: 6doo 200 4.76 5.94 5.12 4.71
8,930.83 65q, 6p1, 200 4.93 6.02 5.25 4.74
8,952.254 6511 6p12 1,000 5.92 6.76 6.72 6.23
8,981.05 6pas 6das 100 4.34 5.61 4.61 4.23
8,987.57 6p22 6dza 200 4.73 5.82 5.00 4.55
9,025.98 Spu1 6d1y 30 4.58 5.25 4.38 3.87
9,032.18 5doo 4f1 50 4.49 5.36 4.69 4.14
9,045.446 65,2 6p2: 400 5.60 6.00 5.73 5.28
9,096.13 5dss 5fas 50 4.39 5.32 4.53 3.98
9,152.12 5do, 4fa; 20 4.16 5.30
9,162.654 6511 6pn1 500 5.97 6.93 6.94 6.39
9,167.52 6p22 6ds; 100 ee.. 6.22
9,203.20 Sdox 4fy2 30 4.60 5.67 4.88 4.36
9,211.38 5doy 4fy, 25 4.21 5.40 4.73 4.06
9,301.95 5ds4 4fss 30 R 5.46 4.73 4.20
9,306.64 650, 7pa 40 4.74 | 559 | 4.75 | 4.33
9,374.76 5ds. /s 100 4.86 5.66 5.61 5.08
9,412.01 6pas 6ds; 60 4.66 5.10 5.05 4.56
9,445.34 8dy12 4123 80 4. 81 5.86 5.31 4.77
9,497.07 5d1a 4fy2 40 4.40 5.50 4.71 4.19
9,513.379 6ps1s 6ds4 200 5.48 6.30 5.91 5.41
9,585.14 6p2z 6do1 20 3.95 .. 4.27 3.77
9,685.32 6712 6d2s 150 5.04 6.04 5.40 4.88

- 9,700.99 6p1s 6d1a 20 4.14 6.00 4.31 3.82
9,718.16 6p11 6d2, 100 5.04 6.95 5.31 4.80
9,799.699 6512 6po1 2,000 5.79 6.78 7.00 6.49
9,923.192 6s11 6p22 3,000 6.19 7.03 6.51
10,023 .72 5d;2 4fss 50 4.49 4.85 4.39
10,107.34 5d,, 4f e 80

10,838.34 6511 6por | 1,000

11,742.26 - Sds; 4f1¢ 90

12,623.32 Gpox 7812 300

13,656 .48 6P21 7811 150

14,142.09 6p1s 7812 80

14,732.38 6p2; 7812 200

15,41801 Gpu 78]1 110
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F16. Te-4. Photoelectric traces of the xenon spectrum, microwave discharges at 16 mm
(upper traces) and 0.002 mm (lower traces). Wavelength range is 3,500 to 10,000 A. The
16-mm trace shows the Xe I spectrum with the lines broadened. The strongest lines in the
0.002-mm trace are those for Xe II.
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Iron 1. Thelines of the iron spectrum are extensively used as wavelength standards
and may be used equally well as intensity standards. The traditional iron arc in air
no longer satisfies the demands on accuracy and convenience because the lines are
relatively broad, the wavelengths are'not constant, and the arc cannot be made to burn
steadily. A hollow-cathode discharge! with iron electrodes and neon at about 3 mm
pressure is much supcrior.  Microwave discharges® with volatile iron salts in a rare
gas also give very sharp lines but are less suitable for providing intensity standards.

! Crosswhite, Dieke, and Legagneur, J. Opt. Soc. Am. 45, 276 (19593).
*W. F. Meggers and F. Q. Westfall, J. Research Natl. Bur. Standards 44, 447 (19500
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Accurate wavelength measurements by several independent investigators are
available for many iron lines. From measurements on the atmospheric arc Edlen
has determined many well-defined energy levels and from these has computed a set
of self-consistent wavelengths, which in 1955 were adopted as international secondary
standards.! Many other lines are unsuitable as standards because their wavelengths
are not constant. These ordinarily come from high-lying excited states. '

No such difficulties are encountered with the hollow-cathode or other low-pressure
discharges. At the present time, however, not enough measurements have been
made to qualify any line as an international standard and there are some contradictory
results. The values given in column X, may be considered accurate in general to
better than 0.001. As there is a systematic shift between the wavelengths of the
low-pressure discharges and those of the arc in air, the arc wavelengths should not be
used for the low-pressure discharge and vice versa. More and improved wavelengths
for column \, may be expected in the near future.

Explanation of Table Te-6. coLuMN A\i. The wavelengths of iron arc in air given
to four decimal places are international standards.* The rest are taken from the
compilation of Russell and Moore.?

COLUMN 2. Wavelengths of the hollow-cathode discharge: The four-decimal
figures without letter designation are derived from the international standards of
column A; by applying observed pressure-shift corrections to the levels involved.
The letters signify: L, Blackie and Littlefield,® measured with the refleciing echelon;
H, J, at The Johns Hopkins University with the Fabry-Perot interferometer;*s N,
Stanley and Meggers;8 W, Williams and Middleton? with the vacuum echelon.
Values quoted to three decimal places are grating measurements made by interpolation
between the above standards.®

CLASSIFICATION. Standard L, S coupling notation is used. E’ is the energy of
the upper state above the ground state in wave numbers. For more accurate values
see Moore.?

INTENSITY coLuMns. log I, quantitative intensities of a standard hollow-cathode
discharge in neon at 3.5 mm pressure, current 90 ma.® Values with three decimals
are photoelectric measurements; those with two decimals, photographic measurement
with photoelectric calibration. Sensitivity calibration above 3,150 A and standard
tungsten ribbon-filament lamp calibrated by the National Bureau of Standards;
between 2,700 and 3,150 f%, indirect calibration through self-absorption behavior;
below 2,700, extrapolated. The scale in the log I, column is the same as for neon
and argon (see T'ables 7e-2 and 7e-3). ,

log I, iron arc in air, current 1 A, photographic measurements on arbitrary scale.
Sensitivity correction as for Iz, 7, self-reversal between 10 and 30 percent; R, same,
larger than 30 percent.

log I, iron arc in air, current 2.2 A photoelectric measurement; otherwise same as Is.

log »A,, absolute line emissive power in units of microergs per second per excited
atom. Derived from measurements of Crosswhite,® King,® King and King,!® and
Carter.1

1 Prans. Intern. Astron. Union 9, 216 (1957).

2 Russell and Moore, Trans. Am. Phil. Soc. 34, 113 (1944).

3 J. Blackie and T. A. Littlefield, Proc. Roy. Soc. (London), ser. A, 234, 398 (1956).
1 (H) R. W. Stanley and G. H. Dieke, J. Opt. Soc. Am. 45, 280 (1955).

5 (J) H. M. Crosswhite, Johns Hovkins Spectroscopic Rept. 13, 1958.

6 R. W. Stanley and W. F. Meggers, Natl. Bur. Standards J. Research 58, 41 (1957). .
7 W. E. Williams and A. Middleton, Proc. Roy. Soc. (London), ser. A, 172, 159 (1939).

8 C. E. Moore, Atomic Energy Levels, Nail. Bur. Standards Circ. 467, vol. 2, 1952,
s R. B. King, Astrophys. J. 23, 73 (1942).

10 R. B. King and A. S. King, Astrophys. J. 87, 24 (1938).

1 W, W. Carter, Phys. Rev. 76, 962 (1949).
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TABLE 7e-6. THE SPECTRUM OF IroN I

A1 Az Classification E’ log I log I3 log I+ | log v4,
2,440.106 .109 asH, tsH, 60,758 4.2
2,442 .567 .568 a3Hs t3Hs 60,549 4.0
2,443 .8728 8718 asF's z3Gs 47,835 4.36
2,457 .5980 5975 L a’F's v8Fs 47,606 5.09
2,462 .6483 6474 atDy x8F, 40,594 5.08
2,465.1500 1490 asF, viF 47,930 4.85
2,468 .8803 .8793 ‘abF'g wb@s 47,420 4.86
2,472 .343 .345 asFy z3G4 47,812 4.87

abF's whGs 47,363

2,472 .8962 .8953 asDs z8F '3 40,842 5.13
2,473.156 .155 asDy y7Py 40,422 5.00
2,474 .8151 . 8141 abF, v8F; 48,123 4.69
2,479.7774 7765 asD, 28F 2 41,018 5.07
2,483 .2718 2709 asDy z5F's 40,257 5.75
2,483 .531 .533 asF; v3F; 48,239 4.54
2,484 .186 .185 asDy z5F 41,131 4.97
2,486 .372 367 asdDy y1Ps 40,207 4.90
2,488.1437 1428 abD; z8Fy 40,594 5.59
2,489,751 750 asDo z5F) 41,131 4.98
2,490.6454 .6445 abDy z5F; 40,842 5.45
2,491.1562 1553 asD, z5F 41,018 5.20
2,496.5343 5332 asFy wiG* 47,420 4.78
2,501.1332 .1326 L asDy 28D3 39,970 5.03
2,507 .899 .902 asF'3 wbGy 47,590 4.73
2,510.8362 .8353 asD3 z5D2 40,231 5.04
2,512.361 .367 asDs; Y7P3 40,207 4.63
2,517.658 .661 asF2 wiG; 47,693 4.58
2,518.1029 .1020 asDe z8Dh 40,405 4.92
2,522 .8505 .8496 asDs 25Dy 39,626 5.54
2.524.2939 .2928 asD: z5Do 40,491 4.65
2,527 .4358 .4346 asDs z5D3 39,970 5.30
2,529.1361 .1351 asD2 5D 40,231 4.86
2,535 6086 .6076 asDao x5Ds 40,405 4.60
2,540.9734 L9719 L abD, z5D2 40,231 4.85
2,542,101 .100 b3F riQs 60,365 4.46
2,543.920 .921 b3F; 3Gy 60,172 4.40
2,545.9795 9789 L asD2 z8D3 39,970 4.92
2,549.6142 6140 L asDs3 25Dy 39,626 4 .87
2,576.6916 6907 L asF's 25Q's 45,726 4.50
2,584.5370 5364 L asF's z5Ge 45,608 5.17
2,599.565 | ....... abF, 5G4 45,833 4.50
2,605.6578 .6566 asFs y3Gs 45,295 3.86
2,606 .8280 8270 L adF'y z5Gs 45,726 4.5606
2,618.0191 .0179 abF; z5Gs 45,914 4.3

2,623.532 .533 abF; 5G4 45,833 4.65
2,635.8100 .8096 L abF, 258G 45,914 4 .48
2,643 .9992 .9980 a’F 5G2 45,965 4.32
2,666.8133 .8122 asFs 8Dy 44,415 4.45
2,679.0626 .0622 L abF's whF's 44 244 4.79
2,689.2130 2131 L abFy v5D; 44,551 4.63
2,699.1075 .1063 asF, v5Dy 44 415 4.20
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M A2 Classification E’ log I2 log Is log I« log vA,
2,706.5829 .5829 L aFs v5D2 44,664 459 | ... | .l 4.59
2,711.6560 | .6555 L asF wsFs 44,244 4.29
2,719.027 .020 asDy y5Ps 36,767 5.44

(b%F3) | (t3F3) (57,641)
2,720.9035 .9024 asD; ysP2 37,158 5.08
2,723 .5780 5TT0 L astD2 ysly 37,410 4.61
2,733.5816 .5810 L asF; wsDs 43,500 4.96
2,735.4762 .4750 asF's wsDs 43,923 4.71 4.70R | ..... 3.56
2,737.3108 .3099 L asDy y5Py 37,410 4.74 4.70R | ..... 2.88
2,742.2554 2542 asF3 wsD2 44,184 4.4 4.50R | ..... 3.28
2,742.4064 .4060 L asD2 y5P3 37,158 5.02 4.64R | ..... 2.97
2,744.0691 .0680 asDo y°P1 37,410 4.33 4.66R | ..... 2.65
2,750.1415 .1404 asDs y5P3 36,767 5.02 4.66R | ..... 3.04
2,756.3295 .3284 asDy ySP2 37,158 4.36 | ..... | ..... 2.3
2,761.7810 7798 asFsy ws D2 44,184 4.14 4.32R | ..... 3.03
2,762.0275 .0263 asFs wsDs 43,923 4.09 4.40R | ..... 3.06
2,767.5232 .5220 asFy wiD; 43,500 4.39 4.44R | ..... 3.00
2,772.0748 .0736 asFg 25H ¢ 492 092 4 47 4.64R | ..... 2.38
2,778.2214 2205 L asF's ¥5Gs 42,912 4.70 4.49R | ..... 2.98
2,788.106 .104 asFs y5Gs 42,784 5.60 4.65R | ..... 3.89
2,797.7765 7752 asFy 25Hy 13,109 1.24 4.16R | ..... 2.63
2,804.5212 5207 L asFs ¥sGs | 13,023 4.65 4.48R | ..... 2.99
2,806 .9852 9845 L asF's 2Hs | 42,992 5.02 4.56R | ..... 3.11
2,813.2877 2867 L asFs ¥Gs . 42,912 5.37 4.62R | ..... 3.53
2,823.2767 2763 L asFy ¥sGs | 43,138 4.56 4.50R | ..... 3.10
2,825.5569 5559 L asF; 25H s 43,109 4.81 4.52R | ..... 3.17
2,828.8094 .8081 asF2 25H, 43,326 4.16 3.69 | ..... 2.15
2,832.4364 4357 L aSFy viGy | 43,028 4.90 4.65R | ..... 3.35
2,838.1205 .1187 asF G2 43,210 4.36 4.33r | ..... 2.85
2,843 .6314 .6311 asFs z5Ps | 42,860 4.27 43R | ..... 2.74
2.843.9775 9762 asFs v3G: | 43,138 1,96 4.61R | ..... 3.36

|

2,851.7979 7973 L asFy, LG . 43,210 4.80 4.60R | ..... 3.25
2,863.8644 .8634 asDs 25G 35,612 3.23 4.10r | ..., 1.48
2,869.3083 .3073 asDs | 256 35,259 3.76 4.41R | ..... 1.78
2,874.1733 .1723 asDs | 25Gs 34,782 3.92 4.48R | ..... 1.84
2,912.1589 .1575 asDs . yFs 34,329 4.08 1.55R | ..... 2.111
2,929.0085 | .0073 atDs | yF. | 34,547 | 4.20 450R | ..... 2.215
2,936.9049 .9034 asDs | ySFs | 34,040 5.02 4.55R | ..... 2.89
2,941.3438 .3423 asD2 wF1 | 34,692 3.82 4.55R | ..... 2.009
2,047.8773 .8758 asD: vF; | 34,329 4.95 4.54R | ..... 2.89
2,053 .9411 .9400 N atD: y3F2 ‘ 34,547 4.75 4.52R | ..... 2.766
2,957.3660 3646 N asDy yF1 | 34,692 4.45 4.55R | ..... 2.519
2,965.2561 2545 N asDy yFy 34,692 4.01 4.54R | ..... 2.27

(a3Gs) (v3Hs) : (55,430)
2,966.8997 .8982 a5Dy y5Fs 33,695 : 5.48 4.47R | ..... 3.269
2,970.106 110 asDs | 23P1 ;. 34,363 4.80 4.52R | ..... 1.40

@Dy | ySF: | 34,547
2.073.1336 | .1324 @sDr | yFy | 34,329 | 5.13 4.5R 3.067
2,973.2368 .2356 asDs yFe | 34,040 4.7 4.5R | ..... 2.713
2,081 .4459 4450 N asDs | z3P2 . 33,047 1.83 4.52R | ..... 2.41
2,983.5714 5699 N asDs | yDs | 33,507 5.11 4.55R | ..... 3.040
2,986.4569 . 4558 Y oasDy | ziPr . 34,362 3.26 3.57 ! 0.59
2,087.2923 2004 N | asF. | aF 40,842 3.52 4. 44r 2.60
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TABLE 7e-6. THE SpEcTRUM OF IRON I (Continued)

M1 A2 Classification E log I log Is log 14 log vAy
2,994 .4281 4274 N asD, y8D2 33,082 5.1 4.56R | ..... 3.065
2,994.5033 .5022 atDo 23P, 34,363 4.4
2,9099.5125 5118 N asFy 28Fs 40,527 4.73 4.63R | ..... 3.29
3,000.4527 .4513 adF; ¥3Gs 45,295 4.11 3.98 | ..... 2.86
3,000.9489 .9481 N a*Ds y5D: 34,017 4.94 - 4.53R | ..... 3.068
3,003.0323 .0304 N a’Fs zbF2 41,018 3.31 4.39» | ..... 2.66
3,007.2832 .2824 N asD: 23P2 33,947 4.36 4.5R | ..... 2.01
3,008.1399 L1390 N a’Di y8Do 34,122 4.62 4.49R | ..... 2.827
3,009.5707 .5693 N asF, z8F 40,594 4.27 4.61R | ..... 3.09
3,016.186 .185 asF» z°F 41,131 3.19 4.20r | ..... 2.48
3,017.6288 L6271 N asDy ySD1 34,017 3.80 4.51R | ..... 2.119
3,018.9848 L9827 N asF'; ztF; 40,842 3.72 4 48R | ..... 2.94
3,020.4918 .4909 N adD2 y®D2 33,802 4.7 4.5R | ..... 2.796
3,020.6405 .6392 asDy y5D, 33,096 5.64 4.4R | ..... 3.473
3,021.0743 0727 N asD, y5Ds 33,507 5.24 4 46R | ..... 3.241
3,024.0337 .0328 N asD1 23P2 33,947 4.59 4.54R | ..... 2.27
3,025.638 .636 adHs w3He 52,431 4.17 4.12» | ..... 4.15
3,025.8442 L8423 N abDo ySD1 34,017 4.69 4.54R | ..... 2.780
3,026.4637 .4612 N abFy z8F2 41,018 3.48 4.43R | ..... 2.76
3,030.1494 .1477 adHs w3Hs 52,613 3.92 4.04 | ..... 4.00
3,031.213 .213 a3H;s wiHy 52,769 3.81 3.96 | ..... 3.93
3,031.638 .636 atF z5F1 41,131 3.36 4.39R | ..... 2.71
3,037.3901 .3885 N asDh y3D2 33,802 4.89 4.56R | ..... 2.986
3,040.4281 4272 N asFy z5F'5 40,257 3.74 4.34r | ..... ‘2.57
3,041.6386 .6370 a3F; 3G, 45,428 3.9 3.8
3,041.7401 7381 N abF; x5F 40,594 3.9 4.3r | ..... 2.6
3,042.0215 .0198 asF x5F2 41,018 3.12 4.16r | ..... 2.45
3,042.6667 ,6643 N a’Fs z%F'3 40,842 3.39 4.36r | ..... 2.63
3,047.6060 L6039 N abD:2 yoDs 33,507 5.02 4.56R | ..... 3.044
3,057 .4471 .4457T N abF's 28Dy 39,626 4.82 4.7R | ..... 3.4
3,059.0871 .0859 N asD; y5D; 33,096 5.06 4.5R | ..... 2.901
3,067.2457 .2437 N asF; 25D 39,970 4.66 4.7R | ..... 3.2
3,075.7214 7193 N abFy z8D2 40,231 4.09 4.7R | ..... 3.2
3,083.7430 .7409 N asF» z5D1 40,405 3.78 4.6R | ..... 3.0
3.091.5786 .5768 asf z8D0¢ 40,491 3.41 4.5 | ..... 2.69
3,099.8968 . 8950 asFy 25D 40,405 4.1 4.5R | ..... 2.8
3,099.9695 L9678 N atFy 5D 39,626 4.1 4.6R | ..... 2.9
3,100.3054 3032 N abFy z8D2 40,231 3.80 4.5R | ..... 2.9
3,100. 6667 .6649 N asFs z5Ds 39,970 4.01 4.6 | ..... 3.0
3,116.6337 .6319 asfy z5D2 40,231 2.86 3.99 | ..... 2.22
3,125.653 .651 asl; ztD, 29,970 3.49 4.18 | ..... 2.30
3,134.1115 L1099 N abF, z8D4 39,626 3.05 3.97 ! ..... 2.04
3,142.453 .454 2'D3 e’8; 51,570 2.84 3.2 1 ..... 2.98
3,142.8908 . 8890 a3P2 w3P2 50,187 2.90 3.23 | ..... 2.86
3,143.2434 .2426 atDy 23F; 31,805 2.88 3.05 | ..... —0.09
3,143.990 .989 25D, 5Dy 57,698 3.14 3.19 | ..... 3.68
3,151.353 .352 a3@y y1Hs 53,722 3.39 3.45 3.880 3.42
3,153.200 .200 2'Ds JPFs 51,462 3.03 3.44 3.76 3.14
3,157.040 .037 27Dy e’Gs 51,229 3.24 3.66 3.974 3.70
3,157.88 .886 2'Ds e’8s 51,570 3.06 3.48 3.830 3.24
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Clwiﬁcation

E!

As s log I log I, log I« | log v4,
3,160.658 .859 2Dy eFy 51,192 3.33 3.73 4.06 3.44
3,161.949 .947 21Dy €'Gs 50,968 3.08 3.56 3.766 3.16
3,165.860 .859 2'D, e 51,335 2.87 3.24 3.543 2.96
3,166.435 .436 bIF, D, 52,213 3.08 3.44 3.772 3.35
3,17%. 447 .445 2'D; e'Fy 51.162 3.44 3.77 4.072 3.42
3,178.015 .014 2'Ds D¢ 50,808 3.29 3.65 3.948
3,180.223 .223 2D, e'Fy 51,192 3.81 4.07 4.37r 3.87
3,180.7562 .7556 atD; 23F, 32,134 3.79 3.73 3.81R 0.68
3,182.9798 .9781 alP, viD; 49,135 2.07 3.30 3.521 2.63
3,184.8955 L8941 atD, 23F, - 31,805 4.29 4.15R 3.97R 1.1
3,188.567 .870 27Dy Gs 50.704 3.08 3.31 3.81 2.95
3,188.819 . 820 2Dy €3Gs 81,370 3.48 3.58 3.95 3.34
3,191.6599 .6594 a‘Dcv_ 23D, 31,323 4.42 4.21R 4.00R 1.13
3,192.799 .799 2'D, e'Fy 51,331 3.57 3.88 4.06 3.66

(b3Gy) (3H) | (55.430)
3,183.228 .2245 a'D, 23F, 31,307 4.86 4.44R 4.66R 1.4
3,196.930 .926 2D, e'Fy 50,833 4.41 4.4r 4.67r 4.0
3,196.977 . 9868 a'D; 23D, 31,686 | ... . 4.1 | ..., 0.49
3,199.530 .500 2Dy D 50,808 4.03 4.08 3.53

(a*Ds) (23Fy) 32,134
3,200.475 .470 2'Ds e'F; 51,149 3.97 4.09 4.407

z2'Dy eiSs 51.149
3,200.7854 L7848 atD, 2D, 31,937 3.10 3.22 e 0.17
3,205.400 L3858 N 21D, eF 51,208 3.68 4.00 4.308 3.77
3,209.297 .295 28Fy %G 58,710 3.76 3.48 3.887

2'F, 9'Ds 53,801 .
3,210.230 .228 2D, G 50,704 3.56 3.64 4.05 3.24
3,210.830 . 829 21Dy Dy 51,048 3.65 3.89 4.25 3.57
3,211.487 .486 2'Dy esSs 51,140 3.0 334 | ..... 3.02
3,211.683 .678 23F; 9%Gs 58,002 3.81 3.56 4.11 4.12
3,211.9089 .988 2'Ds e'Py 50,475 3.2 4.13 4.65r 3.68
3,214.044 .017 28F 0%Gs 58.271 4.38 4.07 4.78r

2D, D, 50,862

(27D3) | (e'Py) (50,861)
3,214.3964 .3950 asD; 23F, 31,805 4.39 4.07 | ..... 0.95
3,215.940 .938 2D,y I'Ds 50,999 3.84 4.00 4.346 3.72
3,217.380 .377 2Dy D 50,423 3.75 3.87 4.162 3.46
3,219.581 .582 2'D, "Dy 50,808 3.93 4.12 4.41 3.81
3,219.806 .804 2'D, e'P; 50,611 3.87 3.95 4.33

(@a’Dy) | (23D1) (31,937)
3,222.069 .066 . 2'Dy 1D 50,378 .83 4.52r 4. 79R
3,225.789 .785 2D, e'F, 50,342 4.76 4.65R 4.89R 4.3
3,227.798 .795 2Dy ND; 50,534 4.04 4.11 4.48 3.78
3,229.1221 L1216 a'Do 23D 31,937 3.70 3.62 | ..... 0.54
3,230.210 .207 2'Ds e'Ps 50,861 3.32 3.5¢ | ..... 3.18
3,230.963 .963 2'D; NDs 50,609 3.68 3.83 4.158 3.50
3,233.053 .081 b3H, 2, 57,028 3.87 3.52 4.060 4.28
3,233.967 .968 2D, P 50,475 3.76 3.82 4.149 3.44
3,234.6138 .6133 a'D; 2D, 31,323 4.09 3.91 3.75 0.75
3,238.2231 2219 N atDy 23F, 31,307 4.55 4.18 3.908r 1.08
3,239.436 .432 2'D, DDy 50,423 4.12 4.10 4.427
8,244.190 .187 2'D, /Dy 50,378 4.22 4.07 4.368 3.77
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M N2 Classification E' log I3 log I, log 14 log »A,
3,246.0054 .0049 adD, 23D, 31,686 4.02 | ..... 3.72 0.48
3,246.962 .964 asPy z3P, 48,516 2.92 3.47 | ..... 3.80
3,248.206 .204 2'D; 1D 50,534 3.1 3.75 3.964 3.45
3,254.3628 .3608 b3 H zMe 57,070 3.80 3.56 3.99 4.23
3,257.5040 .5935 N atP, viFs 48,239 3.11 3.53 3.71 2.92
3,265.0473 .0468 a'D; 23D, 31,323 4.03 3.83 3.69 0.69
3,265.6182 .8164 a'P; 4P 48,163 3.78 4.03 4.293 3.36
3,271.0014 .9996 atPy P, 48,290 3.74 4.05 4.279 3.46
3,280.2613 .2593 b*H. 2 57,104 3.78 3.46 3.89 4.16
3,284.5888 | .5870 a'P; v Py 48,163 2.81 3.40 3.552 2.81
3,286.7541 L7508 W alP, P, 47,967 4.42 4.38 4.62r 3.76
3,202.022 .020 asD; ulf 56,593 3.70 3.49 3.861 4.13
3,292.5910 | .5892 atP, P, 48,290 3.41 3.76 4.008 3.19
3,288.1331 L1313 alP, viF, 48,239 3.27 3.51 3.687 2.93
3,305.9719 | .9700 aP; VP, 47,967 4.09 4.25 4.44 3.65
3,306.356 .352 asP, VP 48,163 4.20 4.29 4.48 3.72
3,314.7420 .7389 atD: ulF, 56,783 3.67 3.41 3.80 4.03
3,323.7375 .7355 b3P: V3P, 52,816 § ..... 3.41 3.723 3.71
3,328.8667 .8646 bIH s ulH, 56,383 3.50 | ..... 3.666 4.11
3,337.6663 | .6644 a3Gs G, 51,668 3.25 | ..... 3.433 3.25
3,340.5666 .5647 a’P; 23P; 48,305 3.18 | ..... 3.395 2.79
3,341.906 .906 aGs 65 51,630 3.22
3,342.2163 L2144 a’P: 4P, 48,290 2.86 | ..... 3.53
3,842,208 | .202 biP 8, 52,858 | 3.31
3,347.9271 .9252 a’P; viF: 48,239 3.08 | ..... 3.331 2.71
3,355.2287 | .2266 b H, ulH 56,423 3.43 | ..... 3.615 4.08
3,369.549 . 549 a3G. u3G 51,668 3.82 3.74 3.964
3.370.7852 . 7832 a3Gs uiGy 51,374 4.07 3.99 4.196 4.00
3,378.676 .676 a3Gs vIF 51,305 3.59 3.41 3.70 3.30
3.379.0206 | .0187 a*P, wiD1 47,136 3.38 3.48 3.74 2.76
3,380.1117 1097 a’Gs u3Gs 51,826 3.71 3.63 3.86 3.61
3,383.9808 . 9789 atP, z3F; 47,093 3.82 3.81 3.98 3.08
3,389.748 741 a'P, 12 47,420 3.0 | ..... 3.832 3.12
3,392.3058 .3038 a‘Ps z3F, 47,197 3.72 3.72 | ..... 3.02
3,392.6540 .6520 a’P; wiD,; 47,107 4.14 4.20 4.32 3.49
3,394 .5854 .5834 a'P; usD: 47,177 3.41 3.54 3.683 2.94
3,396.9774 L9757 a’F, y*Ps 37,158 2.74 3.62 3.47 1.46
3,309.3356 .3337 alPy wiDs 47,136 4.13 4.22 4.301 3.55
3,401.5200 .5180 atFy Y*Py 42,967 3.1¢ 3.92 3.79r 2.681
3,402.256 .255 b3H, viH 55,4980 3.67 3.51 3.770 4.15
3,404.3557 .3537 asPs z3F, 47,093 4.06 4.11 4.270 3.37
3,406. 8021 . 8001 " ePy wiDy 47,272 3.75 3.86 3.95 - 3.16
3,407.4611 4573 W asP, 2F 46,889 4.63 4.68 4.67r 3.94
3,413.1339 | .1205 W atPs wiD, 47,017 4.44 4.39 4.42r 3.67
3,417.8428 | .8408 a'P, usDy 47,177 4.827 4.19 4.241 3.51
3,418. 507 . 507 atPy utD, 47,172 3.88 4.09 4.173 3.44
3,422.6583 | .6563 atPy wiDs 47,136 " | 3.84 3.96 4.12 3.25
3,424.2861 .2841 a’P; usD; 46,745 4.04 4.17 4.228 3.43
3,426.383 .381 atP; y3Ps 468,727 3.59 3.94 4.14
3,426.637 .630 asPs v'P 46,002 3.73 3.8 | ..... 3.23
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A A Classification E’ log I3 log Is log I« | log v4,
3,427.1213 L1193 a‘Ps usD, 46,721 4.57 4.683 4.61r 2.96
3,428.1948 .1928 atP, utD: 46,889 3.98 4.06 4.127 3.36
3,440.6069 .8053 asDq 20P, 29,056 5.76 5.46R | 4.6R 2.30
3,440.98909 .9888 N atD, Py 29,469 5.39 5.22R | 4.5R 1.91
3,443.8775 .8761 N asD: 2P, 29,733 5.02 4.89r 4.32R 1.728
3,445.1508 . 1403 alP; usD, 46,745 4.28 4.32 4.34r 3.55
3,450.3304 .3284 adP, y3P, 46,902 3.75 3.93 3.9022 3.18
3,451.9166 .9146 a'Py usD; 46,889 3.76 3.93 4.13 3.39
3,452.2760 .2746 a'F, vF, 36,686 3.69 4.14 4.13 2.04
3,465.8621 .8602 N asDy 2P, 29,733 5.13 5.02r 4.36R 1.898
3,475.4511 4497 N asD, 2Py 29,469 5.32 5.13R 4.48R 2.031
3,476.7036 L7020 N atDy 2P, 29,733 4.80 4.74r 4.32R 1.578
3,490.5749 5740 N a'D, 2P, 29,056 5.38 5.06R 4.43R 1.971
3,407.110 | ....... atP, wiP; 46,137 3.58 3.99 4.152 3.30
3,497.8420 8407 N asD, 2P, 29,469 4.82 4.62r 4.30R 1.537
3,513.8196 8177 N olFs 23Gs 35,379 4.55 4.48 4_.48R 2.16
3,521.2630 .2610 & atF, 3G 85,768 4.45 4.52 4.51 2.30
3,526.0415 .0397 N asD; 2P, 29,056 4.65 } 4.6 4.7R 0.83
3,526.1676 .1657 asF, 23Gs 36,079 4.15 ' ’ 2.00
3,533.201 .196 2'Fy ¢'G: 51,540 3.96 3.98 4.20 4.07
3,536.556 .554 2F, e 51,461 4.15 4.15 4.425 4.29
3,541.083 .083 2’F, ¢'Gs 51,229 4.34 4.29 4.56r 4.30
3.542.076 .076 2'F, e'G. 51,335 4.29 4.24 4.52r 4.26
3,554.1196 .1181 atF, 28Gs 35,856 3.16 3.85 4.04 1.85
3,554.922 9245 N 'F, e'Gy 50,968 4.29 4.53 4.79r 4.50
3,556.877 .877 2’F, Fs 51,103 4.22 4.10 4.326 4.14
3,558.5170 .5140 atF; £1G, 36,079 4.54 4.73 4.59R 2.55
3,565.3807 .3789 N atFy 23G, 35,768 4.08 5.22 4.80R 2.99
3,570.0996 .0063 H a‘F 23Gs 35,379 5.13 5.51R} 5. 11R 314
3,570.243 .247 27F¢ eG: 50,652 4.91 | ..... ’ ’
3,571,965 .9935 2'Fs e'Fy 50,833 3.94 3.87 4.124 3.89
3,573.896 .886 bH. 3G, 54,600 3.81 3.79 4.00 4.28
3,581.195 L1925 H adF; 2%G 34,844 5.56 5.73R 4 .98R 3.7
3,582.201 .201 bH, 12, 54,014 4.05 | ..... 4.01 4.21
3,584.6627 .6605 a3Gs yiHs 49,604 4.14 4.09 4.32 3.94
3,5685.3206 .3191 atF, %G, 35,812 4.60 4.72 5.02 2.79
3,585.7068 .7053 a'F, G, 35,257 4.35 4.47 4.74 2.47
3,586.114 .112 b3H, 13Gs 53,983 4.40 4.02 4.23
3,586.0861 .9836 N asF, 238Gy 35,856 4.60 4.71 4.64R 2.46
3,589.1063 .1048 asFy- 2Gs 34,782 3.66 4.11 4.34 2.00
3,594.632 .631 2'F, Dy 50,808 3.91 3.91 4.068 3.84
3,603 .2068 .2046 a3Gs v3Gs 49,461 4.117 4.08 4.274 3.88
3,605.450 .454 a3G. yiH. 49,727 4.386 4.22 4.56r

(£7Fs) (D) 50,378
3,606.6821 .6799 63Gs v H,. 49,434 4.38 4.52 4.657
3,608.86809 .8501 H a‘F, 28Gs 35,856 5.239 5.27r 4.78R 3.02
3,610.159 . 149 2'F, e'Fs 50,342 4.353 4.26 4 53r
3,617.788 784 c*P1 usD; 51,969 4.137 4.01 4.26 4.19
3,618.7694 L7675 H alF 3G, 35,612 © 5.364 5.35r 4.83R 3.18
3.6821.4640 .4618 a’Gq y3H, 49,604 4.33 4.30 4.48r
3,622.001 .004 a3G, viG, 49,851 4.18 4.11 4.36 4.02




7-84 ATOMIC AND MOLECULAR PHYSICS

TABLE 7e-6. THE SpEcTRUM OF IRON I (Continued)

: A Az Classification E log I log I log I« | log »4,
: 3,623.1878 .1856 alH, 23H, 46,982 4.141 3.88 4.013 3.28
3,631.4646 | .4630 H aiF; 28G 35,257 5.441 5.38 4.85R 3.01
3,634.326 .325 2P, 3Gy 51,219 3.8 | ..... 3.83 3.68
3,638.2008 | .2976 aiG, yviH, 49,727 3.96 3.95 4.15 3.78
3,840.3018 | .3806 aiG, G, 49,461 4.253 4.21 4.390 4.00
3,645.822 .818 e3P utDy 52,512 3.5 | ..... 3.83 3.83
3,647.8439 | .8422 a'F, %G 34,782 5.411 5.30r | 4.80R 2.91
3,649.3045 | .3025 asDy sF; 27,395 3.58 4.00
3,649.5000 | .5067 a'Gs wiF, 49,109 4.397 4.23 3.44 3.99
3,656.031 .026 2Py 'S, 51,570 3.54 4.05 }
3.0
3,650.2811 .2788 alH, 2 H, 47,008 4.141 3.86
‘. 3,651.4699 | .4676 a3y e 49,628 4.361 | 4.21 3.471 4.09
: 3,659.5188 | .5165 a'H, 3 H, 47,107 3.809 3.78 3.843 3.12
3.8 3,669.5228 | .5206 a’G, wiFy 49,243 4.101 3.95 4.19 3.76
3" 3,676.3135 | .3112 bIF, =G, 47,835 3.934 8.72 3.844 3.22
A 2
“ 3,877.6309 | .6286 a’G, wiFy 49,433 4.15 4.18 4.38 3.97
: 3,679.9152 .9129 H a‘D, 2F, 27,167 5.071 4.88r | 4.36R 1.449
14 3,882.226 | ....... alD; wD; 85,754 4.175 3.97 4.260 4.69
‘ 3,683.0562 .0541 N asDy 2Fs 27,560 3.945 3.89 4.10R 0.496
( 3,684.1102 | .1079 a3G, viD, 49,135 4.156 4.04 4.210 3.76
- 3,685.008 .005 21P, e'F, 50,833 4.01 4.00 4.22 3.99
=D 3,687.4589 | .4560 H a‘Fy yF. 34,040 4.663 5.11r | 4.63R 2.378
¥ 3,680.457 .457 2P, Dy 50,808 3.876 3.97 4.106
;.’ bIP, wiP, 50,043
! »3,684.005 .005 2P 'S, 81,570 4.11 4.16 4.333 4.21
3,695.054 .050 bIF, viF 47,930 4.014 3.80 3.998
3,697.426 .424 2P, G, 51,219 3.485 3.73 3.837 3.67
3,701.086 .085 s7P, P, 51,192 4.10 4.11 4.330 4.16
e 2,703.556 .546 a3Gs wiF, 49,243 3.47 | ..... 3.93
- 3,704.4635 | .4612 a3Gs ¥'Gq 48,703 3.971 4.12 4.00 3.50
3,705.5674 | .5658 H asD, 25Fy 27,395 5.249 4.04r | 5.45R 1.698
i £.707.048 .041 2Py e'F, 51,149 3.79 3.83 4.040 3.85
: 2,707.8231 .8214 @Dy 2F, 27,666 4.17 }
5 3.707.9216 | .9200 6Py | Sy | 44,812 | 4.42 J| 458 | 4.65%
' 3,709.2484 L2458 N asF, v'F 34,329 4.758 5.00r 4.66R 2.540
r, 3,716.442 .439 2P, e'P, 50,611 3.877 3.87 4.083
3,719.9367 | .9345 H asDq 2Fs 26,875 5.054 5.73R | 4.76R 2.541
3,7922.5842 | .5820 H a‘D, #iF, 27,560 5.10 5.06r | 4.457 1.747
- 3,724.3796 | .3774 atPy 23D, 45,221 4.04 3.99 4.182 3.20
5 3,727.6211 .6187 N atF, y'Fs 34,547 4.69 4.97r | 4.68R 2.543
3,730.3884 | .3859 PeR uiG, 51,826 3.64 coe.. | 8.804 3.70
3.732.399 .396 abPy yi8, 44,512 4.20 4.22 4.43-
3,733.3191 .3168 H asD 28F; 27,666 5.00 4.96r 4.46R 1.624
-;‘ 3,734.8650 | .8643 N asF;s y*Fs 33,695 5.57 5.76R | 5.03R 3.475
& 3,737.1333 | 1317 H asD, oy 27,187 5.89 5.57R | 4.79R 2.408
14 3,738 3078 | .3053 biHs | il 53,004 | 4.31 3.8 | 4.19 4.27
e
¢ 3,743.3640 | .3614 N | o'F, yiF 34,602 4.53 4.77 4. T5R 2.362
3 3,745.5623 | .5602 asDs 23F 27,395 5.68 5.38R | 4.7R 2.25
i 3,745.9013 | .8988 N a*Dq F) 27,666 5.09 4.96r | ..... 1.11
! 3.748.2639 | .2618 N asDy 2Fs 27,560 5.41 5.19R | 4.61R 1.990
L 3,740.4875 | .4852 N a'Fy ¥F. 34,040 5.43 5.57R | 4.98R 3.310
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At A " Classification E’ log I log Is log 14 log »4,
3,753.6134 L6111 atP; wiDs 44,184 3.75 3.92 4.134 3.04
3,758.2350 .2326 H a’F; yiF, 34,329 5.25 5.35r 4.90R 3.139
3,760.052 .0491 H a*H, 23 45,978 4.51 3.88 4.130 3.27
3,7683.7910 7887 H atF'y yiFs 34,547 §.01 5.17r "4.81R 2.926
3,765.5414 .5385 H b3H, & 52,655 4.52 4.25 4.60r
3,767.1939 L1912 H a’Fy Y 34,692 4.75 5.03r 4.89R 2.785
3,785.950 .950 a'H, 23/, 46,027 4.36 3.86 4.04 3.11
3,786.6781 .6764 atFy 23P, 34,556 3.91 3.86 3.93r 1.44
3,787.8825 .8800 H atFy y'F,: 34,547 4.450 4.76 4.63R 2.290
3,790.0943 .0923 H atFy 2P, 34,363 4.345 4.22 4.32R 1.62
3,794.340 | ....... a3H, 2, 46,136 4.226 3.74 3.936 3.09
3,795.0045 L0017 N atF3 yiF, 34,329 4.580 4.89 4.69R 2,384
3,797.517 .514 b3He wiHg 52,431 4.091 4.01 4.344 4.32
3,798.5134 L5110 N atF, y3Fs 33,605 4.421 4.66 4.61R 2.028
3,799.5408 .65468 H atF, yiF. 34,040 4.577 4.82 4.69R 2.306
3,805.3450 .3424 H b3H, y¥s 52,889 4.304 4.18 4.440 4.50
3,806.6992 . 8966 bsH, wiH, 52,613 3.945 3.98 4.24

(b3F3) (w3Dsj) 47,136

3,807.5392 .5369 asP, véDy 44,184 3.59 3.90 4.076 2.99
3,812.9658 .9638 H atF,; 23Py 33,947 4.784 4.70 4.68R 2.16
3,814.5247 .5230 atF, 23P, 34,363 3.74 3.80 3.90R 1.35
3,815.8430 .8401 H asF. y3D, 38,175 5.2681 5.19r 4.98R 3.36
3,820.4274 4251 H aFg ysD, 33,096 5.444 5.36r 4.98R 3.233
3,821.1807 L1781 biH, y3s 52,514 4.21 | ... 4.48 4.48
3,824.4455 .4432 H a'Dy 23D, 26,140 5.357 5.04r 4.65R 1.634
3,825.8834 .8808 H abFy y’D, 33,507 5.240 5.42r 4.99R 3.094
3,827.8256 .8227 H alF, y3Ds 38,678 5.091 5.06r 4.96R 3.31
3,834.2244 2219 H atF, y*D: 33,802 4.973 5.11r 4.83R 2.846
3,839.2584 .2537 alGq Gy 50,614 4.114 3.98 4.15 3.90
3.840.4397 4376 N a‘F; y'Dy 34,017 4.697 5.02r 4.72R 2.609
3,841.0499 L0476 H a’Fy viDy 38,9006 4.942 4.98 4.80R 3.19
3,843.2596 .2567 H alG 21F, 50,587 4.160

3,846.8023 .8003 H a3D, 3D, 52,213 3.938 3.95 4.22 4.18
3,849.9694 .9591 H alF, yiDo 34,122 4.326 4.80 4.65R 2.34
3,850.8193 .8175 -@%Fs 23Py 33,947 4.083 4.25 4.34R 1.63
3,852.5752 .5728 atP, wiDy 43,500 3.381 3.78 3.938 2.76
3.856.3731 L3713 H atD, 28Dy 26,340 5.365 5.08r 4.25R 1.691
3,859.2143 L2119 a3H, y3Gs 45,295 4.17 | ..... 4.31 3.36
3,859.9132 9121 H a'Dy 2D, 25,900 5.978 5.52R 4.76R 2.244
3,865.5256 .5228 N atF, yiDy 34,017 4.250 4.72 4.64R 2.25
3,867.2184 .2156 H ciP, wiP; 50,817 3.801 3.82 4.004 3.77
3,872.5032 .5007 H atF; y'D: 33,802 4.366 4.77 4.63R 2.159
3,873.7624 .7607 H adHy ¥3G 45,428 4.158 3.91 4.11 3.17
3,878.0206 0179 N adF, y3D, 33,501 4.36 4.79 4.66R 2.184
3,878.5745 8731 H atD2 28D, 26,479 5.257 5.00r 4.68R 1.694
3,885.5121 . 5008 a’P; z3Ds 45,282 3.57 | ..... 3.92 2.97
3,886.2839 L2820 H a‘D, D, 26,140 5.619 5.11r 4.60R 1.865
3.887.0504 L0474 N atF, yv'Ds 33,006 4.303 4.63 4.59R 2.075
3,888.5185 5134 H alFs y3Ds 38,678 4.459 4.57 4.78R 2.70
3,893.3035 .3909 b3Gs 3G 49,461 3.1 3.80 4.04 3.685
3,895.6579 .8562 H atD, 28Do 26,550 4.907 4.81r 4.43R 1.268
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A1 Az Classification E log Is log I log Ii | log »4,
{
i

3,897.896 ! 8898 H a3Gs wiG, 47,363 2.54 4.00 4.35
3,898.0111 I .0105 N asF,; y*D: 33,802 3.33 . :
3,899.7086 7076 H asD, +28Ds 26,340 5.112 4.99r 4.43R 1.402
3,902.9484 9452 H alF; y:D; 38,175 4.624 4.72 4.78R 2.87
3,903.9011 8984 3G, y3H, 49,727 3.20 3.60 3.794 3.43
3,906.4814 4792 H atD, 23D, 26,479 4.371 4.40 4.28R 0.816
3,907.464 | ....... a3Gs 3G, 47,834 3.02
3,907.9371 .9345 a3G, Gy 47,831 3.51 3.55 3.669 3.05
3,916.733 .731 b3H, 1} 51,630 3.732 3.58 3.79 3.67
3,917.1834 .1814 asFy y'D; 33,507 3.19 3.94 4.01 0.695
3,918.644 | ....... b3Gs v3G; 49,851 3.82 | ..... 3.87 3.53
3,920.2601 2577 H a'Do 28D, 26,479 4.848 4.74r 4.34R 1,324
3,922.9134 9113 H asD, 2Dy 25,900 5.084 4.91r 4.42R 1.300
3,925.946 | ....... b3P, P 48,516 3.40 3.63 3.81 3.29
3,927.9216 8197 H a*D: 28D, 26,340 5.107 4.96 4.51R 1.391
3,930.2981 2963 H a’Dy 2'D, 26,140 5.161 5.00r 4.49R 1.389
3,935.8143 8123 H 5Py vdFy 48,239 3.41 3.62 3.764
3,940.8797 8777 a’F, y'D. 33,096 2.91 3.66 3.66 0.500
3,942.4418 .4391 P, z3P; 48,305 3.14 3.54 3.688 3.14
3,948.7778 7750 b3H u3G 51,668 3.773 3.72 3.955 3.85
3,949.9558 9524 H alP, z8P, 42,860 3.804 3.92 3.996 2.75
)3,951.164 1634 H a3D, yiD: 51,708 3.715 3.66 3.879 3.78
3,952.6045 6013 H a3Gs 23H; 47,008 3.680 3.59 3.802 3.07
3,956.6796 .8769 H aiGs 23H¢ 46,082 4.428 4.03 4.49 3.76
3,966.0645 .0620 aiF, y'D; 38,175 3.41 3.85 4.04r
3,966.630 .627 28D, NFs . 51,103 3.781 3.79 4.055
3,967.4234 4206 b3 H, u3G, 51,826 3.07 3.59 3.836 3.74
3,969.2595 2567 H a3F yiIF, 37,163 4.796 4.81 4.85R 2.77
3,971.3250 .3223 63Gs z3F 46,889 3.54 3.64 3.865 3.13
3.977.7437 7411 H a3P; z3P; 42,860 3.932 3.90 4.121 2.88
3,081.7743 7710 H a3Gy 23H, 47,107 3.583 3.55 3.686 2.95
3,883.9593 9568 H a3G. z3Fy 47,197 3.677 3.72 3.880 3.18
3,987.3952 3821 H 0%G, $*H. 47,008 4.300 4.10 4.290 3.56
v,998.0554 0527 a3Gs usD, 46,721 3.613 3.78 3.981 3.21
4,005.2440 2415 H aiF; yiF: 37,521 4.591 4.64 4.76R 2.66
4,009.7154 7128 H atP, z8P, 42,860 3.772 3.78 3.994 2.73
4,014.534 5308 H alH; yiH, 53,722 3.934 3.69 3.962 4.13
4,021.8696 8663 H a’Gs 23H, 47,107 3.990 3.75 4.033 3.31
4,045.8147 8139 H a¥F, v3F. 36,686 5.565 5.39r 5.08R 3.34
4,062.4440 4409 H g, 5 47,556 3.716 4.04 3.90 3.33
4,063.5963 5042 H aiF, yiF, 37,163 5.247 5.20r 4.96R 3.19
4,066.979 .874 3P, 1 47 ,4420 3.686 3.49 3.88 2.97
4,067.2738 2711 bIF z3D; 45,221 3.37
4,067.984 .978 28Dy e'Py 50,475 3.720 3.66 3.89 3.63
4,071,7399 7371 H alF; yiF,; 37,521 5.114 4.99¢ 4.98R 3.14
4,076.636 6294 H z* D, Pt T 50,423 3.641 3.63 3.940 3.66
4,100.738 7374 H a'F; 23, 31,307 3.627 3.38 3.279 0.48
4,107.49017 .4880 H 3P, utD, 47,177 3.838 3.72 3.957 3.26
4,100.8053 8016 H bipPy wiDy 47,272 3.544 3.56 3.784 3.09
4,114.4485 4456 bipP, wiD, 47,136 3.25 3.37 3.478 2.78
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4,118.5484 5446 H 6lHs 21], 53,094 4.225 3.93 4.30 4.38
4,120.2087 .2061 H b3G. 2'H; 48,383 3.302 3.30 3.393 2.85
4,121.8050 .8021 P, 23F; 47,093 3.281 3.34 3.420 2.70
4,127 6113 6083 H b3P, wiD, 47 ,272 3.581 3.55 3.81 3.12
4,132.0603 0576 H alF; yiF, 37,163 4.581 4.53 4.81R 2.58
4,132.9024 .8995 b3P,. wiDs 47,136 3.512 3.63 3.86

(a3F ) (y3P1) 37,158
4,134.6798 6770 H biP; w3iD; 47,017 3.929 3.86 4.17 3.44
4,137.002 9974 H alP, yD: 51,708 3.566 3.45 3.6877 3.57
4,143.4174 4145 alG en 48,703 4.298 3.97
4,143 8703 8880 H altF, yIF, 36,886 4.862 4.70 4.86R 2.68
4,147.6719 6687 H aF, %G 36,079 3.399 3.65 3.81 1.64
4,149.372 3658 H 28F e'Ge 50,968 3.15 3.31 3.446 3.25
4,152 1704 1683 H abF, 23F, 31,805 3.474 3.33 3.26 0.52
4,153.906 .901 28F oF, 51,462 3.6816 3.74 3.909 3.78
4,154.5021 4992 b3P: yP 46,902 3.749 3.53 4.15
4,156 .802% .7902 b3pP, usD, 46,889 3.781 3.76 4.064 3.32
4,157.788 .781 23Fy fF, 51,604 3.448 3.57 3.726 3.61
4,170.9044 .9014 3P, z3P: 48,305 3.300 3.40 3.373 3.03
4,172,126 | ....... a'D; wiP; 50,187 3.323 3.37 3.57 3.27
4,172.7454 .7445 alFy 23D 31,686 3.678 3.456 3.319 0.77
4,174.9137 9128 atFy 23D, 31,323 3.783 3.48 3.452 0.65
4,175.6386 .8356 biP usDs 46,889 3.705 3.74 4.004 3.26
4,176.571 . 566 23F PFs 51,103 3.358 3.49 3.638

(28F3) (e'F3) 51,331
$,177.5%s9 5932 H atF, 2IF, 31,307 3.747 3.44 3.393 1.13
4,181.7571 7542 H b3P,y _utDs 46,745 4.125 4.11 - 4.427 3.66
4,184 8941 .8914 H bipP, y3P: 46,727 3.665 3.66 3.904 3.13
4,187.0436 .0371 2'D, e'Dy 43,634 4.110 4.12 4.48r
4,187.8215 7950 2D, e’Dy 43,435 4.146 4.12 4.49r
4,101 4358 4297 H 27D, e'D,y 43,764 3.923 4.04 4.336 3.10
4,195.337 | ....... 28F aen 50,704 3.551 3.63 3.80 3.56
4,196.218 .209 23F, eiGs 51,219 3.30 3.37 3.54 3.37
4,198 3008 3038 H 27Dy e'D, 43,183 4.161 4.11 4.46-
4,199.00981 0948 H alG. Z’H? 55,528 4.620 4.23 4.64r
4,202.0320 0282 H alFy 23Gy 35,768 4.540 4.66 4.81R 2.47
4,203.9867 . 9878 b3p, yiP: 46,727 3.619 3.60 3.852 3.08
4,206.6985 6953 H _asD, 2P, 24,181 3.85? 3.35 3.30
4,207.1298 1268 3Py 238, 46,601 3.03 3.26 )
4,210.3497 .3431 2Dy e'Dy 43,764 3.87 3.86 4.124
4,213.830 .647 biP, y'Po 46,673 3.30 3.33 3.425 2.98
4,216.1854 1826 H a‘D, 2P, 23,711 4.638 3.83 3.83r -0.18
4,217.551 . 545 28 Gy 51,370 3.180 3.51 3.698 3.55
4,210 3841 3507 H alls y3le 52,514 4.0190 3.80 4.124 4.12
4,222.2181 2128 H 2'D, e'D, 43,435 3.717 3.86 4.097 2.90
4,224.176 171 2F, eF, 50,833 3.400 3.57 3.91 3.81
4,225.400 .454 25F ‘G, 51,218 3.347 3.585 3.756 3.59
4,227.434 4257 H F Gy 50,523 4.268 4.15 4.520 3.86
4,231.525 | ....... aD; 3G, 49,851 2.84 | ..... ] c.eeen 3.55
4,232.732 L7261 atD) 2Py 24,507 3.02 | ..... | ... -1.13
4,233.6089 8019 H 2Dy e'Ds 43,6834 4.021 4.08 4.42r 2.95
4,235.9433 9381 H 2Dy e'D 43,163 4.432 4.27 4.67r 3.17
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- Y W Classification E i log I, log I+ | log Ii | log va,
4,238.815 8087 H 2F, 3G 50,980 3.661 3.81 3.982 3.78
4,239.847 | ..., a%Gs v3G: 45,295 2.67 | ... -0.80
4,245.2594 2564 H 3P, 238, 46,661 3.191 3.43 3.570 2.80

- 4,247.432 .4246 H 28F &G 50,704 3.749 3.75 4.008 3.77
4,248.2275 L2244 e3Py z3P; 48,305 2.969 3.18 3.267 2.72
4,250.1248 1181 2Dy e'D, 43,435 4.278 4.22 4.50- 3.0
4,250.7896 7867 aiF,; 23Gs 36,079 4.508 4.59 4.76R. 2.45
4,258.3174 3150 H a*D, ‘2P, 24,181 3.573 | ..... 2.99 -0.84
4,260.4794 4733 H 2’D,; e'D; 42,816 4.894 4.62 4.95r 3.41
4,267.830 .826 3Py z3P; 48,516 3.14 3.33 3.417 2.90
4,271.1589 .1521 2D, e'Dy 43,163 4.40 4.25 4.67r 3.12
4,271.7634 .7601 H alF, 231Gy 35,379 5.088 4.96r 4.95R 2.88
4,282.4057 4026 H a'P, 288, 40,895 4.391 4.1 4.48~ 2.85
4,285.4453 L4422 bIH, V3H 49,434 3.08 3.2 3.278 2.87
4,291.466 4627 H aiF, 3G 35,856 3.881 3.36 3.215

asD; 2P 2.1 1 -0.88
4,204.1271 L1240 H a3fF, 258Gy 35,257 4.148 4.35 4.65R 2.07
4,298.0403 .0371 alGy z3G; 47,835 3.313 3.23 3.255 2.64
4,299.2409 2338 H 2Dy e’Dy 42 816 4.394 4.23 4.66r 2.82

(b3H3s) | (y3H) 49,604
4,305.4545 4513 ¢ P2 AN 47,556 3.20 3.29 3.344 2.69
4,307.9048 9014 H a’F,; 23G4 35,768 5.129 4.91r 4.93R 3.01
4,309.3771 3739 b3Gs 23H, 46,982 3.524 3.44 3.60 2.87
4,315.0872 0837 H asPy 258; 40,8985 4.212 4.03 4.31 2.78
4,325.7647 7615 H a3F, 23G; 36,079 5.181 4.96r 4.95R 3.06

(a3Dy) (27F;) 23,111
4,327.100 | ....... alDy y'D: 81,708 3.310 | ..... 3.38 3.15
$.337.0484 0459 H aF, 228G 35,612 3.471 3.98 4.15; 1.59
4,347.239 | . ...... a*D, 27F, 22,997 2.5 | ... | ... -1.18
4,352.7371 7337 H asP; 288, 40,895 3.9 2.82 3.908 2.47
4,367.5811 5774 H O3%G¢ 23H, 47,008 3.400 3.32
4,369.7745 7711 H alGq 21G 47,453 3.910 3.55 3.699 3.04
4,375.9318 9290 H asD, 2'F - 22,846 4.945 4.04 4.11R 0.11
4,383.5473 5449 H a3F, 280G 34,782 5.472 4.99r 5.08R 3.23
4,388.412 .407 2P, esp, 51,837 3.200 3.36 3.441 3.34
4,390.9542 9509 G, 23H, 47,107 3.217 3.20 3.110 2.39
4,404 .7525 7503 H aiF, 235G, 35,257 5.068 4.91 4.958 2.93
4,408.4176 4147 as Py zD, 40,405 2.62 3.53 3.599 2.02
4,415.1250 1222 H a3F, 3G 35,612 4.528 4.71 4.81R 2.45
4,422.5703 5675 H 5P, z3Dy 45,552 3.483 3.53 3.869 2.76
4,427 .3118 8093 H a‘D; 2'F, 23,193 4.823 3.99 4.08R n op
4,430.6175 6145 atPy 28Dy 40,4901 2.67 3.57 3.66 2.08
4,433.223 .220 £8P, Py 52,020 3.12 3.25 3.328 3.26
4,442 3428 .3368 asP, 28D, 40,231 2.33 3.87 4.06 2.44
4,443.19063 .1929 d¥P, z'Dy 45,852 3.500 3.57 3.72 2.81
4,445 48 .4699 a'Ds 2'Fs 23,183 230 | ... L., £.43
4,447.7212 L7182 asPy 2D, 40,405 3.017 3.78 3.958 92.36
4,450.320 .316 CcPq v’S) 47,556 3.39 | ..... 2.432 1.78
4,454.3835 .3803 B3P, 23D, 45,282 3.364 3.41 3.484 2.53
4,456.1213 .1183 atP, 28D, 39,070 3.24 3.89 4.072 2.42
4,461.6544 .86523 H asDy 21F, 23,111 4.578 3.04 3.88R -0.10
4,466.5542 5801 H b3p, 23D, 45,221 4.057 3.93 4.164

{(abD) (#'Fq) 23,270 1 ... e ol -1.07
4,469 . 381 3742 H 24Py esP, 51,837 3.391 3.47 3.814 3.81




IMPORTANT ATOMIC SPECTRA 7-89
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+ s S

) Y A Classification E log I log I log Is | log v4,
4,476.0206 | .0168 H bP, 23D, 45,282 3.895 3.85 4.0868 3.14
4,482.1720 .1684 H atD, 2F, 23,193 }

4,482.2563 | .2533 oPy | oDy | 40231 f| 44 3.9 4.0 | -0.38
4,480.7416 | .7301 H a'Do 27F, 23,245 3.741 3.41 | ..... —0.77
4,494.5669 | .5627 H asP; D, 39,970 3.353 3.98 4.182 2.53
4,517.5289 | .5254 e3P P, 46,902 2.40 | ..... 2.724 2.65
4,528.6175 | .6132 H atP, 28D, 39,626 3.747 4.17 4.46r 2.74
4,531.1520 | .1485 a3F, VFy 34,040 3.050 | ..... 3.804 1.36
4,547.8505 | .8468 alDs 21Fy 50,587 3.400 | ... 3.425 3.35
4,592.6547 | .6511 a'Fy y*Fs 34,329 2.77 | ... 3.500 1.10
4,002.9446 | .9388 J a*F, YiF; 33,695 3.123 | ..., 3.774 1.10
4,647.4370 | .4327 J bGs ¥3Gs 45,295 3.532 | ..... 3.473 2.51
4,667.459 .4519 J 5P, e'P 50,475 3.231 | ..... 3.455 3.20
4,678.852 .8440 J 3P, PD, 50,423 3.25¢ | ... 3.556 3.28
4,601.4144 | .4101 J 5G4 X 45,428 3.345 | ... 3.330 2.39
4,707.2807 | .2727 J 2D; eF, 47,378 3.342 | ..... 3.525 2.86
4,710.2864 | .2825J »G; VG 45,563 3.26 | ..... 3.127 2.22
4,733.5955 | .5926 a*F, ¥3Dy 33,096 2.42 | ..... 3.025 0.47
4,736.7807 | .1T17J 23D, eSF 47,006 3.517 | ..... 3.798 3.07
4,741.5321 | 5205 bIP; wsD; | 43,923 244 | ..., 2.87 1.74
4,745.806 .801 2P 1D, 50,534 2.605 | ..... 2.86

y3D4 1*Gs 54,161
£,172.817 .815 cP; 23Ds 45,282 2.602 | ..... 2.84

a3F, y'D, 33,507
4,786.8106 | .8069 c*Ps z3D; 45,221 2.888 | ..... 3.161 2.19
4,780.8537 | .6499 J a'D; 21Dy 49,477 3.415 | ..... 3.301 2.92
4,850.7480 | .7309 J 2'Fs ¢'D, 43,764 3.654 | ..... 4.017 2.87
4,871.3244 | .3177 J 27Fy e'Ds 43,634 4.096 | ..... 4.529 3.35
4,872.1444 | .1360 J v D, 43,764 3.700 | ..... 4.207 3.05
4,878.2182 | .2004 J 2'F, ¢'D, 43,764 3.527 . ..... 3.894 2.74
4,800.7616 | .7541 J 27Fy ¢'Ds 43,634 4.040 | ..., 4.352 3.18
4,891.4989 | .4915 J 27 e'D, 43,435 4.404 | ..., 4.64r 3.44
4,003.3169 | .3085J 2'F, e'Ds 43,634 3.513 | ..... 3.852 2.68
4,919.0003 | .9922 J 27F, e'Dy 43,435 4.178 | ..... 4.410 3.21
4,920.5096 | .5016 K 2Fy | ey 43,163 4.681 | ..... 4.80r
4,924.7753 | .71717 aip; y3D: 38,678 2.75 | ..... 3.030 1.28
4,038.8206 | .8223 J 27Fs e’D, 43,435 3.438 | ..... 3.74 2.54
4,939.6896 | .6859 a’Fs 2F, 27,167 3.02¢ | ..... 3.350 0.00
4,957.3054 | .2088 J 27F, D, 43,163 3.14
4,057.6059 | .5052 H 2'Fs e’Ds 42,816 516 | ..... 5.0R
4,066.0068 | .0871 J Fs OF; 47,005 3.400 | ..... 3.614 2.88
4,982,507 4977 J y*D: P, 53,161 3.430 | ..... 3.714 3.81
4,994.1323 | .1284 J a'F, F, 27,395 3.191 | ..... 3.410 0.0§
5,001.871 .8616 J 2F, D, 51,204 3.861 | ..... 3.895
5,006.1254 | .1172 J PUA ¢'Ds 42,816 4.051 | ..... 4.176 2.89
5,012.0712 | .0872 J asF, 23F 26,875 3.791 | ..... 3.887 0.48
5,014.950 9413 J 2F, eDs 51,740 3.538 | ..... 3.682 3.57
6,041.7585 | .7544 J asF. 23F, 31,808 4.241 | ..... 3.748 1.01
5,049.8253 | .8187 J a'Ps ¥'D, 38,175 3.508 | ..... 3.979 2.10
5,051.6378 | .8337J | aiF, F, 27,167 3.523 | ..... 3.690 0.34
5,079.2279 | .2240 atPs P, 37,410 3.7132 | ..... 3.557 1.56
5,083.3413 | 3374 atFy i, 26,875 3.278. | ..... 3.492 0.10
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I\ A2 Classification E’ log I3 log I, log I« | log »4,

5,110.4139 4120 J atD, 27D, 19,562 4.238 | ..... 3.613 | -0.85

(a'H:) | (s'Hs) | 48,383
5,123.7231 7192 aiF, £F, 27,666 3.323 | ..... 3.415 0.18
5,127.3624 3585 asF, BF; 26,875 3.002 | ..... 3.212 | -0.14
5,133.692 .6885 J Y*Fs G 53,169 3.577 | ..... 3.786 3.89
5,150.8425 | .8385 a‘Fy 25F, 27,395 2.506 | ..... 3.322 0.50
5,166.2841 2814 J asD, 27D, 19,351 3.e01 | ..., 3.190 | —1.50
5,167.4905 4878 H a’F, 23D, 31,323 537 | . ..... 4.71R | ~1.67
5,168.0003 8974 J a'D, 21D, 19,757 3.926 | ..... 3.48- | —1.03
5,171.5987 5955 H a’F, 2F, 31,307 4.651 | ... 4.23R 1.25
5,191.4615 4544 J 2Py e'Dy 43,764 3.70t | ..... 4.080 2.93
5,192.3509 3437 J 2P, ¢'D, 43,435 3.914 | ..., 3.250 2.05
5,104 0441 0410 J aiF, 2P, 31,805 4.275 | ..... 3.88r 0.96
5,198.7149 7108 atP, yiP: 37,158 239 | ... 3.32 1.30
5,202.3395 3364 J asP, VP 36,767 2.8 | ... 3.725 1.77
5,204.5840 5822 J a:D; 21Ds 19,913 3.464 | ..... 2.86 -1.74
5,216.2770 2738 J atF; 23F 32,134 4.171 | ..., 3.78 1.08
5,225.531 5253 J asDy 2'Dy 20,020 PIR- T/ R T -1.78
5,227.1011 1876 H aiF; 23D, 31,686 5.02 | ..... 4.93
5,232 0474 9400 H 2P, e'D, 42,816 4.436 | ..... 4.61r 2.95
5,235.392 3858 J b3F, 24D, 39,970 2.73 | ... 2.96

eiF, 43D, 51,969
5,236.204 | ....... e3F: 8: 52,858 1.83
5,242.4955 4903 J ails 2 H, 48,383 3.20 | ... 3.326 3.73
5,247.065 0494 J asD 27Dy 19,757 2.8 | ..... | ..... -2.00
5,250.211 216 atD, 2D, 20,020 2.44 | ... | ..., -1.93
6,250.6490 | .6449 a‘Py v*Ps 36,767 2.78 | ..... 3.402 1.32
5,263.3134 3038 J 25D D2 45,334 3.195 | ..... 3.60 2.85
5,266.5626 | .5548 J 2P, €D, 43,163 4.033 | ..... 4.281 3.06
8,260 5402 5363 J aF, #D. 25,900 5.058 | ..... 4.68r 1.45
5,270.3602 3557 J a'F; 23Dy 31,937 4.914 | ..., | ..... 1.48
5,281.7970 7896 J 2Py e’D, 43,435 3.477 | ... 3.832 2.63
5.283.6283 6203 J D, D, 45,061 3.811 ¢ ..... 4.045 3.07
5,302.3073 2091 H 2Dy Dy 45,335 3.423 | ..... 3.736 2.7¢
5,307.3633 3604 H a*F3 23F, 31,805 3.337 | ..... 3.00 0.26
5,324.1864 1784 H 28Dy Dy 44,677 4.182 | ..... 4.393 3.36-
5,328.0418 0386 J asF 5D, 26,140 4.867 | ..... 4.70F 1.29
5,328.5336 5309 J atF, 23D, 31,323 4.507 | ..... 4.20r 1.19
5,332.9020 8987 H a’F; 23F, 31,307 3.951 | ..... 3.155 0.36
5,330.0371 0286 H &#D; D, 45,061 3.874 | ..... 3.846 2.87
5,341.0255 0236 H alfy %D, 31,686 4.85 | ..... 4.00r 1.11
5,364.874 8717 J 3G oS, 54,491 3.38: | ..... 3.64 3.91
5,367.470 4671 H 26, esH, 54,237 3.564 | ..... 3.79 4.02
5,369.965 9621 H 85G, eSH, 53,874 3.725 | ... 3.01 4.10
5,371.4926 4892 H a’Fy D3 26,340 4.622 | ..... 4.61R 1.10

(23Gy) (e3Gy) 54,379
5,383 .374 3880 H 233G, SH, 53,353 3.844 | ..... 4.11 4.23
5,397.1311 1272 H atF; D, 25,800 4.450 | ..... 4.43R 0.81
5,404.144 1185 J 3G, e H, 54,267 3.819 | ..... 4.08
5,405.7781 7744 H atFs 2D, 26,479. | 4.353 | ..... 4.40R 0.86
5,424.072 0686 H 2%G e H, 53,275 3.842 | ..... 4.08 4.19
5,423.6999 6063 H a‘F, 8D, 26,140 4.414 | ..... 4.48R 0.89
5,434.5268 8237 H a‘F, 28Dy 26,550 4.048 | ..... 4.28R 0.72
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At Az Classification E' log I log Is logIs | log »4,
5,446.9197 9168 H asFs 23D 26,340 4.337 | ..... 4.42R 0.82
5,455.6131 6093 H asFy, 25D 26,479 4.144 | ..., 4.42R 0.72
5,497.5196 5159 H a’F 23Ds 26,340 3.37¢+ | ..... 3.60 0.12
5,501.4686 1633 H asFs 25Dy 25,900 3.299 , ..... 3.46 -0.06
5,506.782¢ 7785 H asF: 25D; 26,140 3.494 . ... 3.68 0.17
5,569.6256 6174+ H 25F esDy 45,509 3.541 | ..... 3.807 2.89
5,572.8501 L8419 H 25F eSD2 45,334 3.806 | ..... $.06 3.11
5,586.7634 7355 H 25F, esD3 45,061 4.074 | ..... 4.43 3.26
5,615.6521 6434 H 25F's eSDy 44,6877 4.262 | ..... +.373 3.33
5,624.5501 L5417 H 23F, esD- 45,334 3.319 | ..... 3.574 2.62
5,658.8247 .8156 H 25F; esD; 45,061 3.22 | ..... 3.397 2.62
5,662.323 .516 ySFs 03D 51,331 3.661 | ..... 3.241 3.09
7,187.341 | ..., ysD; e’SFs 47,006 3.33
7,445.776 | ..., ySF; eSF; 47,736 3.48
7,495.088 | ....... y5F. esF 47,378 3.53
7,511.045 | ....... y3Fs e3Fs 47,006 3.66
7,586.044 | ....... 25Gs e3F, 47,961 3.39
7,780.586 | ....... 23Gs e3Fs 48,928 3.28
7,937.166 | ....... z25Gs ey 47,378 4.040
7,998.972 | ....... 235G e3F'y 47,756 3.26
8,046.073 | ....... 25Gs e3F 48,532 3.36
8,220.406 | ....... 25Gs esF's 47,006 3.69
8,248.151 | ....... 285G esF; 47,378 3.34
8,327.063 | ....... aSP: 25Py 29,773 3.61
8,331.041 | ... ... 23Gs eSFy 47.378 3.11
8,387.781 | ....... asP; 25P; 29,469 3.79
8,661.908 | ....... asPi 25Ps 29,469 3.73
8,688.633 | ....... asP; 28P; 29,036 4.161
8,824.227 | ....... asP: 25P; 29,056 3.76
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Mercury 1. This spectrum is very useful because of the ease with which it can be
obtained. Any low-pressure mercury tube gives sharp lines; for example, a com-
mercial so-called bactericidal lamp is suitable. High-pressure lamps give broader
lines and very high pressure lamps (commercial type H6) a continuous spectrum. The
mercury spectrum is useful as a general reference spectrum. Under high dispersion
most lines show elaborate isotopic and hyperfine structure because there are six iso-
topes with considerable abundance: 196 (0.15 percent), 198 (10.12 percent), 199 (16.34
percent), 200 (23.13 percent), 201 (13.2 percent), 202 (29.80 percent), and 204 (6.85
percent). The two odd ones have lines with hyperfine structure. The structure of
the lines is sometimes useful for obtaining the resolving power of spectrographs (for
details of structure, see Schiiler and Burns and Adams!). An example is shown in

Fig. 7e-3.

+121
-315

-~284

~468

~76%

Fre. Te-3. High-dispersion photoelectric trace of the 5461-A line of ordinary mercury
showing isotope and hyperfine structure. Resolving power was 400,000.

Pure Hg!® can be obtained by irradiation of gold with neutrons. Lamps with this
isotope are now commercially available and the spectrum shows very sharp single lines.
Meggers has proposed to adopt the wavelength of the green line (5,461) of Hg'¥¥as a
primary standard of length. International adoption of this proposal, however, awaits
investigation of the variability of the wavelength with discharge conditions. In
the meantime most of the strong lines of Hg!%, particularly those marked S in Table
Te-7, may be used as standards for interferometric wavelength measurements.

Hg2? is the most abundant isotope in natural mercury. Tubes with nearly pure
Hg2? are also available and their wavelengths may also be used as standards.

Table Te-7 gives the wavelengths of natural mercury, IIg*° and Hg®*. All values
listed between 2,300 and 6,900 X are recent interferometric wavelengths: those out-
side this interval are known with much less accuracy.

t Schitler and Keyston, Z. Phystk 72, 423 (1931); Schiiler and Jones. Z. Phystk 79, 631
(1932); Burns and Adams, J. Opt. Soc. Am. 42, 716 (1952).
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Classification| A (Hg nat.) A Hgs X\ Hy20? log I
6:S 6P 1,402.72 O | ...oiiaai L e (4)
6!S P 1,840.52 0 | ...ooieiaiin | e (20)
6'S 7P, | 2,206.97 O i | e
6P, | 1038 2,345.433 O 45.4400 45.4369 5.33
6P, | 8D, 2,378.316 0 78.3246 78.3224 6.60
6Py | 1088 2,446 .895 46.8998 46.8974 4.44
6P, | 9SS | 2,464.057 64.0636 64.0614 4.31
6P, 83D, | 2,481.996 81.9993 81.9971 5.43
6%P, 83D, | 2,482.710 82.7131 -82.7112 4.94
63P, 8:D,| 2,483.815 83.8215° 83.8196 5.23
6P, | 73D,| 2,534.764 34.7691 34.7662 6.35
6!S 6P, | 2,536.517 36.5063 36.5277 8.95
6P, | NS | ... 63.8610 63.8584
63P, 9:8 2,576.285 76.2904 76 .2882 5.00
6P, 7:D.| 2,652.039 52.0425 52.0399 6.20
6:F: 73D, 2,653.679 53 .6827 53.6809 6.75
63P, 7D | 2,655.127 55.1305 55.1284 5.63
6P, | 93D;| 2,698.828 08.8314 98.8293 5.35
6P, | 838 2,752.778 52.7828 52.7801 5.58
6P, | 1038 2,759.706 59.7103 59.7077 4.0
6°P, 8D, | 2,803.465 03.4706 03.4678 5.25
6P 8:D.| 2,804.434 04.4378 04.4357 4.56
6P, | 8D, 2,805. 344 05.347 05.3474 3.49
6P, | 8'D | 2,806.759 06.765 06.7630 3.52
6P, 818 2,856.935 56.9389 56.9357 4.30
63P: 838 2,893.594 93.5982 093.5952 5.88
6P, | 93S | 2,925.410 25.4135 25 4104 4.82
6P, 63D, 2,967.280 67.2832 67.2819 6.52
63P, 61D 2,967 .543
6P, | 73D;| 8,021.408 21.4996 21.4973 6.09
6P, | 73Da| 3,023.475 23.4764 23.4739 5.45
6P, | 7:D,| 3,025.606 25.6080 25.6056 4.43
6P, | 7'D | 3,027 .‘487 27.4896 27.4874 4.76
6P, 63D.| 3,125.6681 25.6698 25.6675 6.62
" 6%P, 62D,| 3,131.5485 31.5513 31.5480 6.48
6P, 6D 3,131.8301 31.8423 31.8394 6.56
6P, 818 3,341.4766 41.4814 41.4766 5.85
6P, | 6'D,;| 3,650.1533 50.1564* 50.1532 6.94
6%P; | 63D, 3,854.8363 54.8392 54 8361 6.51
63P2 63D,| 3,662.879 62.8826 62.8801 5.70

1-93
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Classification] X (Hg nat.) A Hgos A Hg?o: log I

6P, 6D | 3,663.2793 63.2808 63.2778. 6.35

6P 91D 3,704.1655 04.1698 04.1712 3.94

6P 8D | 3,906.371 06.3715 06.3715 4.56

6P, 738 4,046.5630 46.5712* " 46.5619 7.09

6P, | 7S | 4,077.8314 77.8379 - 77.8284 6.00

6P 918 4,108.054 08.0574 08.0572

6P 73Dq| 4,339.2232 39.2244 39.2251 4.74

6P 7'D | 4,347.4945 47.4958 47.4967 5.17

6, 738 4,358.3277 58.3375 58.3257 7.07

6:P 818 4,916.068 16.0681 16.0677 4.35

63P, 738 5,460.7348 60.7532 S 60.7355 6.76

6P, 63D,| 5,769.5982 69.5984 S 69.6000 6.02

6P, 63D,| 5,789.664 89.669 89.671 4.41

6P 6D, 5,790.6630 90.6628 S 80.6648 5.07

EN] 8P I . 6,072.7128 72.6260

7S QP | 6,234.4020 34.3776

7S 8P | . 6,716.4289 16.3253

73S 8P, | 6,907.52 0 07.4612 07.4675

738 8P, | 7,082.010

78 8P, 7,092.200

6P 7S 110,139.75 0 R 6.20

78 7P 11,287.040 | ... 0 5.98

7'S 7P [13,570.700 | ............ | ..., 5.36

738 7Py 113,673.090 | ... .. ... Lo 5.53

738 TP, 113,050.750 | ... | ... 5.26
15,295.260 | ... ... ... .00 oL, 5.78

6!D 5 F 116,918.3 O

7P, | 73D;|16,920.97 O

63D, | 5%,(16,942.330 | ............ | ... .. 4.72

7P, | T'D {17,072.670 | ............ | ... .. .. 4.90

6D, | 5%, [17,109.570 | ............ 1 ..... .. 4.74

63D, | 5%,117,202.08 0

7P, | 88 [22,499.290

7P, 88 123,253.470 | ............ 4.49

73P, 83S (36,261 0
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Values obtained by Blank! for Hgl9 are 3,650.1569, 4,046.5716, and 4,358.3376.
Intensities are rough photoelectric values obtained at The Johns Hopkins Uni-
versity with a low-pressure neon-mercury discharge. The scale is the same as for

neon (Table 7e-2). Intensities may be considerably different for other discharge
conditions. ’

Mercury Tube

1
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Fig. 7e-6. Photoelectric traces of the mercury spectrum, low-pressure mercury tube,
60 Hz discharge. Wavelength range 2400 to 5800 A. In order to .bring out the weaker
lines, the sensitivity was increased so that the ghosts of the strong lines show.

Notes on Table 7e-7. All wavelengths are interferometric values by Burns,? except
where otherwise noted.

Those marked O (natural mercury) are older values, sometimes of questionable
accuracy. The values of Hg'8 marked by * or S are averages, the latter proposed for
international standards. '

1 Blank, J. Opt. Soc. Am. 40, 345 (1950).
? Burns, Adams, and Longwell, J. Opt. Soc. Am. 40, 339 (1950); Burns and Adams,
J. Opt. Soc. Am. 42, 56 (1952); 42, 716 (1952).
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