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Measurements of the spectrum of doubly ionized praseodymium from 821 to 2103 A are given. 
One hundre d fifty-three e nergy levels deduced from these wavelengths and an earlier line-list of longer 
wavelengths are presented. These levels are identified with the confi gurations 4/,65, 4/'7s, 4.fSs, 
4f26p, 4f26d, 4f25/, 5d 24/, and 4{5d6s and are given term designations. Radial energy integrals belong­
ing to these configura tions are parametrically deduced from the known levels. 

A value of 21.625 e V (174420 e m- I) for the ionization energy of Pr III , with an es timated uncertainty 
of 0.016 e V (130 em - I) , is derived from the 4/,ns series (n = 6, 7, 8). 
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1. Introduction 

The analysis of Pr III in the wavelength range from 
2025 to 10716 A [1 ,2] 1 revealed nearly completely 
the energy level structure of the four low-lying con­
figurations 4f3, 4f25d, 4f26s, and 4f26p, and some 
levels of 5d 24f and 4j26d. I have extended the observa­
tions to shorter wavelengths and measured 2948 lines 
in the range from 821 to 2103 A. These new data have 
led to a considerable increase in the number of known 
levels of the 5d 24f configuration and to the discovery 
of levels belonging to the 4f5d6s, 4j25f, and 4f2& 
configurations. In addition, a reexamination of the 
old line-list yielded more levels of the configurations 
4f26s, 4f26d, and 4f27s. In all , 153 energy levels 
of Pr III have been newly established. 

The configurations to which they belong were treated 
theoretically for the purpose of determining para­
metrically the radial energy integrals and of calculat­
ing the level positions and eigenvectors. These cal­
culations helped to confirm the experimental results 
and to locate unknown levels, as well as to provide an 
interpre tation of the configurations in the most ap­
propriate coupling schemes. 

Of particular interest are the mutually interacting 
odd configurations 4j26p, 5d 24f, and 4f5d6s, which 
were treated as one complex. Many levels are strongly 
perturbed and were found to contain large percentages 
of terms of several configurations. In the 5d 24f con­
figuration the addition of an "effective" two-body 
configuration interaction parameter for nonequivalent 

I Figures in brackets ind ica te the Literature refe rences at the end of this paper. 

electrons decreased the rms error of the calculation 
by 25 percent. 

The ionization energy of Pr III was calculated in 
ref. 2 by means of tentatively identified 4j26d levels 
to form a 4j2 (3H)nd (n = 5, 6) series. The new analysis 
provides the 4f2(3H)ns series (n= 6, 7, 8) with which to 
determine a more reliable value. 

Three levels given in refere nce 2 which were found 
to be poorly substantiated and have now been dis­
carded are listed below: 

Rejec ted levels J Config. New levels 

45848.37 em- I 2t 4/,6s 45807. 16 cm- I 
68676.55 em- I 2t 4/,6p 
79378.43 em- I 2t 4/,6p 79366.69 cm-I 

2. Observations 

For the most part, the procedure outlined in refer­
e nce 2 for obtaining the spectrum Pr III has been 
followed_ The sliding spark was operated at peak cur­
rents of 50 and 500 A to enhance the third and fourth 
spectra selectively. I departed from the earlier me thod 
of producing the second spectrum by means of an arc. 
Instead a 6 A sliding spark was used which gave a 
more clear-cut distinction betwee n second and third 
spectra when compared with the 50 A spark, as well as 
sharper lines. This technique has already been used 
in the classification of Ce III [3]. 

The new extension of the observations of Pr III to 
shorter wavelengths was made with a 10.3 m Eagle 
vacuum spectrograph, utilizing a grating of 1200 
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grooves/mm blazed at 1200 A. The first order of dif­
fraction was photographed, giving a reciprocal dis­
persion of 0.78 A/mm. One half to 2 hr exposures were 
required to record the spectrum of the spark, operat­
ing at a repetition rate of 15 sparks per second. Cali­
bration spectra of C, N. 0, Ar, Si, Ge, and CII [4,5,6, 
7, 8] were obtained from pulsed rf-excited electrodeless 
lamps and hollow cathode discharges. 

Two to five measurements of the lines in the 50 A 
spark were made, the number depending on the recur­
rence of a line on progressively weaker exposures. 
From the variation of wavelengths obtained with dif· 
ferent exposures the accuracy of the final values is 
estimated to be ± 0.004 A. Systematic shifts between 
the various sets of measurements were removed by 
standardizing on wavelengths of internal impurities of 
C, N, 0, and Si. 

The new measurements overlap the previous list [1] 
in the region from 2000 to 2103 A and considerably 
augment it, thus indicating that stronger exposures 
may be needed beyond this overlap. Lines of intensity 
designated as 1 in the old list are usually assigned 200 
in the new list, and the other common lines are cor­
respondingly stronger. 

A complete tabulation of the newly observed lines 
appears in table X. The wavelengths given in the first 
column are the values in vacuum. Following this are 
the visually estimated intensities with the following 
descriptive notations: 

cl = measurement affected by a dose neighboring line, 
hl = a blend of two or more lines, 
h= hazy, 
w= wide. 

Under "classification" appear the two energy levels 
from which the line originates, followed by a subscript 
l-value, and where appropriate a superscript degree 
mark representing odd parity. Double classifications 
of lines are given without repeating the wavelength. 

In table I, newly classifi~d lines- from the longer 
wavelength list of reference 1 are given. Among these 
are lines having hfs, for which the following additional 
notations in the intensity column appear: 

*r= strongest component of flag pattern shaded to red, 
*v = strongest component of flag pattern shaded to 

violet, 

TABLE 1. Newly classified lines olPr 1II, A > 21031 

Aair Intensity u Classification 'A air Intensity u Classification 
A (em - I) A (em- I) 

4650.609 9* v 21496.54 13887"7/2 - 35384 ' /2 3011.282 20 * v 33198.77 50227 5/2 - 83426\/2 
4334.697 9w 23063.18 11761"9/2 - 34825 7/2 3006.469 60 * r 33251.92 38726 7/2 - 71978'7/2 
3607.068 4*r 27715.46 52026 3/2 - 79742'1/2 3004.002 10 * r 33279.22 52026 3/2 - 85306'5/2 
3577.336 8*v 27945.80 33659 5/2 - 61605"7/2 3002.106 2 33300.24 38694 ' /2 - 71994'5/2 
3567.897 Ibl 28019.71 50869 1/2 - 78889"3/2 2982.236 9 * r 33522.11 45844 3/2 - 79366"/2 

3565.845 9*v 28035.78 50658 13/2- 78694"" /2 2980.583 5*r 33540.70 50869 1/2 - 84409'3/2 
3564.405 30* r 28047.13 50647 " /2- 78694"" /2 2978.907 9"v 33559.57 45807 5/2 - 79366'5/2 
3510.532 20 * v 28477.56 50658 13/2- 79136"13/2 2976.347 40" v 33588.43 45807 ' /2 - 79395'7/2 
3509.142 3*r 28488.86 50647 " /2- 79136' 13/2 2963.032 2 33739 .36 36642 13/2- 70381'13/2 
3462.700 1 * r 28870.93 52026 3/2 - 80897"3/2 

3462 .432 1 * r 28873.16 50869 1/2 - 79742"1/2 2940.896 7"v 33993.30 51312 ' /2 - 85306'5/2 
3412.607 7 * r 29294.71 50869 1/2 - 80164'3/2 2933.827 1 34075.21 37919 7/2 - 71994'5/2 
3402.969 50* r 29377.68 52026 3/2 - 81404"/2 2930.192 50" v 34117.48 35291 9/2 - 69408'11/2 
3379 .131 50* v 29584.91 51312 ' /2 - 80897'3/2 2924.661 2"v 34181.99 50227 3/2 - 84409'3/2 
3377.141 100* v 29602.34 45807 5/2 - 75409'3/2 2910 .612 70 * v 34346.98 28885 9/2 - 63232'7/2 

3367.350 200* v 29688.42 35291 9/2 - 64979"7/2 2890.842 2 34581.86 39024 9/2 - 73606'9/2 
3359.973 3*v 29753.59 45807 5/2 - 75560"/2 2885.001 6*r 34651.87 38726 7/2 - 73378'7/2 
3358.083 30* r 29770.34 45844 3/2 - 75614" /2 2876.229 1 34757.55 69138"9/2 -103895 7/2 
3353.866 50* v 29807 .77 45807,/2 - 75614"/2 2857.700 4 34982.90 37011 ' /2 - 71994"5/2 
3322.203 6*v 30091.85 51312 '/2 - 81404"/2 2851.486 6"r 35059.13 33466 " /2- 68525' ''/2 

3161.330 7 * r 31623.10 50869 1/2 - 82492'3/2 2838.461 7 * r 35220.00 35801 7/2 - 71021'9/2 
3147.878 9*v 31758.23 35291 9/2 - 67049"9/2 2827.668 3 35354.43 36640 7/2 - 71994'5/2 
3122.646 7*v 32014.84 45807 ' /2 - 77821"5/2 2819.342 2 35458.83 37919 7/2 - 73378"7/2 
3108.884 7 * r 32156.56 50869 1/2 - 83025"3/2 2812.509 9"v 35544.98 32760 13/2- 68305'15/2 
3098.474 3*v 32264.59 50227 3/2 - 82492'3/2 2803 .090 3 35664.41 48745 '/2 - 84409"3/2 

3087 .175 1 * r 32382.56 52026 3/2 - 84409'3/2 2797.924 Ibl 35730.25 65935"7/2 -101665 5/2 
3061.277 9*v 32656.61 45807 ' /2 - 78463'7/2 2784.154 1 35906.96 39732 ,,/.- 75640"" /2 
3039.680 7 32888.63 45805 9/2 - 78694'11/2 2776.318 4 36008.30 48401 3/2 - 84409"3/2 
3036.913 8 32918.59 44903 5/2 - 77822'5/2 2774.708 4 36029.19 39732 " /2- 75762"9/2 
3018.701 20 * v 33117.19 51312 5/2 - 84430"7/2 2766.880 3 36131.12 35863 3/2 - 71994",/2 
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TABLE I. Newly classified lines of Pr III, A > 2103,4 - Continued 

A air Intensity (J Classification A al r Inte nsity (J Class ifi cation 
A (cm - I) A (em- I) 

2741.262 1 36468.76 66148' 13/.-10261711/, 2564.509 4 38982.14 65922\ 1/.-104904 11/' 
2734.368 8 36560.70 48745 5/, - 85306'5/' 2563.474 6 38997.87 36642 13/,- 75640' 11/, 
2732.952 1 36579.64 68987'7/' -105566 9/' 2561. 773 6 39023.77 63593'9/' -102617 11/' 
2720.409 1 36748.29 66735' 13/,-103484 15/' 2559.865 1 39052.85 68801'7/, -107854 9/' 
2712.384 2 36857.01 35137 3/, - 71994'5/, 2559.277 2 39061.82 63768'7/' -102830 9/, 

2707.422 2 36924.56 68525'11/,-105450 11 /, 2558.675 5 39071.01 61717\/, -100788 7/' 
2706.611 5 36935.62 36670 11/,- 73606'9/' 2558.537 4 39073.12 61357'9/, -100430 9/, 
2704.403 1 36965.78 36640 7/' - 73606'9/' 2557.323 3 39091.67 36670 11 /,- 75762'9/' 
2699.300 5*r 37035.65 38726 7/, - 75762'9/' 2556.813 4 39099.46 64235'9/' -103335 9/' 
2687.981 6*v 37191.60 38448 9/2 - 75640' 11 /, 2555.353 7 39121.80 62558' 11 /,-101680 13/, 

2687.506 1 37198.17 63232'7/2 -100430 9/, 2554.979 1 39127.53 38694 5/' - 77822\/, 
2686.455 3 37212.73 63576'5/' - 100788 7/' 2549.531 1 39211.13 67870'9/2 -107081 9/' 
2673.055 5 37399.26 65909\/, -103308 7/' 2545.790 9 39268.75 64215\3/,-103484 lSI' 

2666.218 2 37495.16 63576'5/' - 101071 5/, 2543.644 1 39301.88 66148'13/,-105450 11 /, 
2663.415 3 37534.62 65295'7/' -102830 9/, 2541.080 8 39341.53 61605'7/2 -100947 ,,/, 

2650.675 1 37715.01 63232'7/' -100947 9/, 2540.311 7 3~353.44 6171 1'5/' -101071 5/, 
2647.019 1 37767.10 68978\/, -106745 5/' 2539.759 5 39361.99 68492'7/' -107854 9/, 
2640.290 4 37863.35 68801'7/2 - 106665 7/, 2537.099 2 39403.26 39732 11/,- 79136' 13/' 
2634.707 5 37943.58 69138'9/, -107081 9/' 2536.648 7 39410.26 39725 15/,- 79136' 13/' 
2629.918 1 38012.66 65295'7/2 -103308 7/, 2534.759 9 39439.63 62240'11/,-101680 13/' 

2626.210 2 38066.33 62558' 11/,-100625 11/, 2531.925 7 39483.77 66148'13/,-105632 13/, 
2626.016 1 38069.14 68676\/, -106745 5/, 2530.464 9 39506.57 44903 5/, - 84409'3/, 
2624.624 1 38089.33 63576'5/' -101665 5/, 2529.726 4 39518.09 63816'11/,-103335 9/, 
2622.448 5 38120.94 68544'9/' -106665 7/, 2529.430 2 39522.72 68331'7/2 -107854 9/, 
2619.706 3 38160.83 69138'9/, -107299 7/, 2529.110 9 39527.72 65922'11/,-105450 11/' 

2619 .162 1 38168.76 66735'13/,-104904 11/' 2528.330 2 39539.91 63768"7/2 -103308 7/' 
2618.891 2 38172.71 68492'7/2 -106665 7/, 2526.636 1 39566.42 63768'7/' - 103335 9/, 
2617.740 3 38189.49 62240'11/,-100430 9/, 2525.123 8 39590.12 61357',,/, - 100947 9/ , 

2616.047 1 38214.21 63232'7/' -101446 7/' 2521.677 1 39644.22 65922' 11 /,- 105566 9/2 

2613.377 3 38253.24 62535'9/' -100788 7/' 2521.021 7 39654.54 64150' 11 /,- 103805 13/, 
6l:l4Y2'7/2 -106745 5/, 

2520.662 2 39660.18 64235'9/2 -103895 7/2 
2611.527 1 38280.34 68801'7/2 -107081 9/, 2517.515 8 39709.76 65922' 11 /,-105632 13/, 
2610.351 8 38297.59 66301',,/,-104598 13/, 2516.337 1 39728.35 61717'5/2 - 101446 7/' 
2606.515 5 38353.95 35024 7/, - 73378'7/' 2515.487 7 39741.77 63593'9/' - 103335 9/' 
2604.457 3 38384.25 62240' 11/,-100625 11 /, 2509.243 7 39840.66 61605'7/2 - 101446 7/' 

2603.320 2 38401.01 67049'9/, - 105450 11/' 2505.358 1 39902.44 37919 ,/, - 77822\/, 
2603 .263 1 38401.86 64215' 13/.-10261711/, 2503.391 5 39933.78 35828 9/, - 7576'1'9/' 
2602.446 2 38413.91 68331'7/' -106745 5/, 2502.526 5 39947.59 61717\/, -101665 5/, 
2602.224 1 38417.19 37197 3/, - 75614'5/, 2499.968 10 39988.46 63816' 11/,-103805 13/, 
2599.960 1 38450.64 66148'13/,- 104598 13/, 2499.686 6 39992.97 38701 13/,- 78694' 11/, 

2595.448 1 38517.48 67049'9/, -105566 9/' 2498.297 1 40015.20 68544'9/' -108559 11/2 
2592.832 5 38556.34 68525' 11/,-107081 9/, 2497.143 2 40033.69 68525' 11 /,-108559 11 /2 
2592.424 2 38562.40 62062'9/' -100625 11/' 2495.584 2 40058.70 67240'7/2 -1072997/2 
2590.248 3 38594.80 64235'9/' -102830 9/, 2495.508 10 40059.92 61605'7/2 -101665 5/2 
2589.900 4 38599.98 65295'7/' - 103895 7/, 2493.685 6 40089.20 61357'9/2 -101446 7/2 

2584.766 3 38676.65 65922'11 /.-104598 13/2 2491.326 6 40127.16 63768' 7/2 -103895 ,/, 
2582.712 1 38707.40 68374'9/' -107081 9/, 2487.750 6 40184.84 68374'9/' - 108559 11 /2 
2577.866 2 38780.16 67965'3/2 -106745 5/2 2482.577 1 40268.57 60520"/2 -100788 1/2 
2576.922 3 38794.37 67870'9/, -106665 7/, 2480.487 9 40302.49 63593'9/' - 1038957/2 
2576.109 1 38806.61 68492'7/2 -107299 7/' 2475.946 1 40376.40 62240' 11 /,-102617 11 /, 

2574.917 7 38824.58 61605' 7/2 -100430 9/ , 2474.320 1 40402.94 44903 5/2 - 85306',/2 
2572.074 1 38867.49 68987' 7/2 -107854./2 2472.376 5 40434.70 38701 13/'- 79136' 13/2 
2570.170 4 38896.28 66735' 13/2-105632 13/2 2469.796 1 40476.94 35137 3/2 - 75614\/2 
2565.796 1 38962.58 36652 5/, - 75614\/, 2465.272 2 40551.21 60520' 7/2 -10 1071 5/2 
2565.346 1 38969.42 36670 11/2- 75640'11/, 2462.895 10 40590.35 35024 ' /2 - 75614\/2 
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TABLE L Newly classified lines of Pr III , A >2103.4- Continued 

"-air Intensit y (T Classification 
A (em - I) 

2460.719 10 40626.24 446 79 7/2 - 85306\/2 
2451.381 2 40780.98 60166'9/2 -100947 9/2 
2449.908 4 40805.50 62678'13/2-103484 15/2 
2449.636 1 40810.03 37011 5/2 - 77822'5/2 
2442.697 1 40925.95 60520'7/2 -101446 7/2 

2432.678 7 41094.49 34520 5/2 - 75614\/2 
2431.260 8 41118.46 29263 13/2- 70381"3/2 
2423.700 3 41246.71 62558' 11/.-103805 '3/2 
2422.883 6 41260.61 60419' 11/.-101680 ,3/2 
2416.527 1 41369.13 65295'7/2 -106665 7/2 

2384.757 5 41920.21 62678" 3/.-104598'3/2 
2382.979 3 41951.49 61357'9/2 - 103308 7/2 
2382.588 6 41958.37 35863 3/2 - 77822'5/2 
2380.051 4 42003.09 65295'7/2 -107299 7/2 
2378.867 6 42024.00 36670 11/2- 78694' 11 /2 

2369.081 10 42197.57 60419' 11/.-102617 11 /2 
2367.497 3 42225.80 62678' 13/2-104904 11/2 
2365.796 8 42256.16 58174'9/, -100430 9/2 
2360.786 5 42345.83 62558' 11/.-104904 11 /2 
2357.627 3 42402.56 41023 7/2 - 83426\/2 

2357.176 3 42410.67 60419'11/2-102830 9/2 
2354.942 6 42450.90 58174'9/2 -100625 11/' 
2354.128 2 42465.58 36670 11/2- 79136' 13/2 
2353.942 6 42450.90 60166'9/2 - 102617 11/2 
2345.001 4 42630.85 58158'7/2 -100788 7/2 

2337.295 2 42771.39 62678'13/2-105450 11 /2 
2335.873 6 42797.43 35024 7/2 - 77822'5/2 
2332.129 1 42866.12 35828 9/2 - 78694' 11/2 
2330.393 6 42898.06 64401 \/2 -107299 7/2 
2329.568 7 42913.25 58158'7/2 -101071 5/2 

2329.456 2 42915.31 60419' 11/2-103335 9/2 
2325.016 2 42997.26 64857'9/2 -107854 9/2 
2324.807 1 43001.12 27380 11 /2- 70381' 13/2 
2324.438 7 43007.95 62558' 11 /2-105566 9/2 
2321.717 5 43058.35 28936 3/2 - 71994'5/2 

3. New Energy Levels 

The techniques for using electronic computers in 
the search for energy levels are now well-known. The 
method [9J by which the line-list is added to (or 
subtracted from) the known levels to obtain statis­
tically significant numbers of repeating sums (or dif­
ferences) was used here. The selection of real levels is 
based on the probability of the occurrence of a chain 
of repeating s um s of a particular length and tolerance 
as well as the line intensity distribution in the chain. 
This meth od yields many energy levels, but there 
always ' remain a certain number which make few 
combinations (particularly levels of high 1 -value) and 
which must be sought by intensity criteria alone 
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h air Inte ns ity (T Classification 
A (em- I) 

2320.906 2 43073 .39 62558' 11 /,-,105632 13/2 
2317.199 9 43142.29 60166'9/2 -103308 7/2 
2315.774 2 43168.84 60166'9/2 -103335 9/2 
2310.248 3 43272.09 58174'9/2 -101446 7/2 
2309.386 1 43288 .24 58158' 7/2 -101446 7/2 

2308.670 5 43301.66 34520 5/2 - 77822\/2 
2307.384 6 43325 . 79 62240" ' /2-105566 9/2 
2307.277 2 43327 .80 40098 5/2 - 83426'5/2 
2304.201 6 43385.64 60419' 11/2-103805 :3/2 
2303. 121 7 43405.98 41023 7/2 - 84430'7/2 

2296.541 2 43530.34 63768'7/2 -107299 7/2 
2295.856 4 43543 .32 29835 9/2 - 73378'7/2 
2287.502 2 43702.33 64857'9/2 -108559 11/2 
2261.530 6 44204.17 40205 3/2 - 84409'3/2 
2257.546 4 44282.17 41023 7/2 - 85306'5/2 

2257.342 5w 44286.18 26095 11 /2- 70381'13/2 
2251.445 8 44402.16 25979 ,5/2- 70381'13/2 
2243.485 lw 44559.69 39870 9/2 - 84430'7/2 
2238.560 6 44657.71 28720 9/2 - 73378'7/2 
2227.201 3 44885.45 28720 9/2 - 73606'9/2 

2211.332 1 45207.52 40098 5/2 - 85306'5/2 
2208.939 6 45256.49 30505 11/2- 75762'9/2 
2201.678 7w 45405.73 39024 9/2 - 84430'7/2 
2196.775 7 45507.06 37919 7/2 - 83426'5/2 
2176.676 3 45927.22 29835 9/2 - 75762'9/2 

2162.611 2 46225.88 27380 11/2- 73606'9/2 
2155.562 5 46377.03 29263 13/2- 75640' 11/2 
2148.203 1 46535.89 23442 11 /'- 69978°,, /, 
2135.942 2 46802.99 23175 13/'- 69978°,, /, 

according to the appropriate selection rules, and pre­
dicted positions. 

Most of the observed lines of Pr III with moderate to 
strong intensity in the vacuum ultraviolet range are 
due to transitions to the 4f2Sd configuration. The high­
est density of lines occurs between 1000 and 1200 A, 
the main region of the 4f25d-4f25f transition array. 
This is analogous to Ce III where the same region con­
tained the 4fSd-4f5f array [3]. In both cases, the 
array is well isolated and easily accessible, so that a 
thorough description of it can be obtained. With these 
lines 74 levels of the 4f25f configuration were found. 

Designations in LS-coupling were assigned to these 
levels on the basis of relative line intensities. Although 
final designations are given in the III scheme in I 
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tabl e II, the experim entally deri ved LS na mes were 
important in rela ting the theoretical calculation of thi s 
con fi guration to the observed levels. The calc ulated 
LS co mposition, while s howing less purity than ill , 
gave s in gle designations for many levels exceedin g 50 
pe rcent. The larges t LS compone nt for each level has 
bee n included in ta ble VI. 

Configura tion 

A second region of high )jne -density appears fro m 
the beginning of table X to about 1800 A. This is the 
short wavelength end of the 4f25d-(4f2 6p+ 5d 24[) 
transition array , which exte nds to about 2700 A. 
Many of these lines were classified with the previously 
known levels. The tail of this array r eaches to much 
shorte r wavelengths due to the high-lying levels of 
5d 24 f 

An extension of [he high-level structure of even 
parity was made by using the longer wavelength line­
)j s t of refere nce 1. By combining these )jnes with the 
4J26p levels , more levels in the region of the pre­
viously identified 4J26d group we re fo und. Calculations 
of the s tructure of the configurations 4J26d a nd 4J27s 
provided the means to di s tinguish the la tter configura­
tion from a mong these levels . 

Se veral low levels of the 4j28s configuration were 
found by adding the vacuum ultraviole t )jnes to the 
4f26p levels. They we re identified by their predicted 
location (compared with Ce III , 4f&), by their strong 
combinations with particular core terms of 4f26p , 
and by reasonable fitted values of the parameters 
C3(js ), ~ (4f) and £3(j2). 

A detailed inves tigation of the hfs of the 4 f 26s con­
figuration has been carri ed out by J. Reader and 
J. Sugar [10]. A by-product of this work was the 
discovery of the pair of levels based on the 4f2(3 P2 ) 

parent and the replacement of the le vel (4f2(l D2), 

6s,5/2) . 
The newly derived e nergy levels of Pr III are give n 

in table II. Their designations result from calcula­
tions of the configurations in the purest coup)jng 
sche mes, with radial paramete rs obtained by least 
squares fitting of linear energy formulas to the ob­
served e nergy levels [ll). The results of these calcu­
lations are given in the sections which follow. 

Designations of levels of the 4j25f, 5d 24f, and 
4f5d6s configurations in the LS-coupling sche me were 
made on the basis of relative stre ngths of the combina­
tions wi th the 4f25d term s. Later calculations of 
energy levels in this couplin g sche me substantiated 
these assignme nts whe re the purity of the eigenvectors 
indicated a major LS component for a level. The suc­
cessful correlation of observed and calc ulated energy 
le vels was largely due to these experimental LS 
assignments. 

The 4j26d , 4j27s , and 4j2& levels were desig­
na ted in J J-coupling according to the intensities 
of combinations with levels of 4f26p. In these transi· 
tion arrays the selection rules !:lLI = 0 , !1S 1= 0, and 
!:lJ I = 0 on pare nt levels are s trongly obeyed. The 
JJcoupling designa·tions given in table II for these 
configurations and for 4f26s and 4f26p contain the 4f2 
core le vel and the j -value of the outer electron. 
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41'6s 

5d 24f 

41'6p 

5d' 4f 

41'6p 

5d 24f 

41'6p 

4f5d6s 

5d' 4f 

4f5d6s 

5d'4f 

4f5d6s 

4f'6d 

T ABLE II. New energy levels of Pr III 

Des ignation J Energy/he (em - I) 

(' 0 ,)1/2 2t "45807.1 
(J P ,)1/2 Of 50869.3 
(3 P,)1/2 2t 51312.8 
r p , ll/2 It 52026.9 

("F)' ] ° 5t 68238.12 
("F)' IO 7t 68305.1 
(' O» W 5! 69408.51 
("P)'Go 2t 69681.6 
(3F)4GO 5! 69978.08 
(3F)2 ]0 6! 70381.48 
("P)4GO 4t 71021.1 
("P)'Go 3i 71385.6 
(3 P )'O° It 71501.0 
('0)20 ° 2t 71994.81 
(,G )'W 4t 73029.9 
(' G)'Go 3i 73378.42 
(' O),Co 4t 73606.17 
(W )4CO 5i 73609. 1 
(" P)4DO 2i 74105.2 
(3 P)4fO It 74463.7 
(3P)4fO 3i 75294.0 

(, 0 2)1/2' 2! 75614.81 

(3F),W 5f 75640.00 
(IG)'CO 4t 75762.23 
("F)20 ° It 76892.4 
(IG)'fO 2! 77822.00 
(IG)'fO 3i 78463.6 
(IC)2IO 5i 78694.57 
(' G), Io 6! 79136.23 

('02)3/2° 2! 79366.65 

(IC)'O° It 82492.4 

e p, )3j2" 2t 83426.55 
(" P, )3/2° It 84409.93 
(3 P2)3/2° 3! 84430.98 
(" P2)3/2° 2t 85306.10 

(3C)' CO 3t 87511.6 
("C)' CO 4t 88220.2 
("F)4fO 4t 88948.6 
("C)4CO 5i 90119.8 
("H )2 W 4t 90629.2 
(3G)'GO 3i 92441.7 

('S),Fo 2i 92554.8 

("H )2 W 5i 93296.5 

(' S),fO 3i 93967.4 

("G)'Co 4t 95147.9 
(IF)'FO 3i 96830.5 

(3H.)3/2 4t 100430.29 
(" H,)3/2 5i 100625.04 
(3H, )3/2 3i 100788.95 
("H,)5/2 4t 100947.18 
("H4)3/2 2i 101071.43 
(" H4)5/2 3t 101446.27 
("H4)5/2 2t 101665.58 
(" H.)5/2 6! 101680.38 
("H5)3/2 5t 102617.24 
(3H5)3/2 4t 102830.43 
(3H5)3/2 3i 103308.53 
("H5)5/2 4t 103335.06 
(3 H5)5/2 7i 103484.19 
(3H5)5/2 6! 103805.38 
(3H5)5/2 3t 103895.83 



TABLE II. New energy levels of Pr II1- Continued 

Configuration Designation J Energy/he (em - I) 

4/27s (3H6)lt2 6! 104598.99 

4/26d (3H6)3/2 5i 104904.55 
(3H6)5/2 5i 105450.18 
(3H6)3/2 4t, 105566.62 
(3H6)5/2 6! 105632.16 

4/27s (3F 3)1/2 3i 106665.07 
(3F 3)1/2 2t 106745.65 
(3F.)1/2 # 107081.94 

4/26d (3F3)3/2 3i 107299.07 
(3F.)3/2 # 107854.46 
(3F.)5/2 5i 108559.40 

4/25f (3H.)[6Jo st 110295.1 
[4 J 0 3i 110333.5 
[7J o 6! 110530.9 
[5Jo 5i 110881.1 
[4J 0 4t 110922.5 
[6J 0 6! 111110.3 
[2J 0 It 111268.7 
[7Jo 7t 111335.1 
[3Jo 3i 111342.8 
[2J 0 2i Ill494.8 
[5J o 4t 111993.0 

(3Hs)[5J o 5t 112643.2 
[7J o 6! 112769.7 
[7J o 7i 112896.3 
[8J o 8t 113023.5 

t~F 4t 113158.8 
3t 113291.8 

[3]" 2i 113556.8 
[6J o 6! 113600.3 
[3Jo 3t 113630.9 
[6J o 5i 113664.3 
[4 JO 4t 113780.5 
[2Jo It 113825.5 
[8J o 7t 113833.9 
[2J o 2i 113914.1 

(3H.)[8J 0 8t 114725.6 
[6J 0 6! 114797.2 
[9J o 9t 114970.7 
[ 4J o # 115324.3 
[6J o 5i 115403.3 
[7J o 6! 115408.4 
[3J o 3t 115420.8 
[5]0 # 115499.8 

(3F2)[ 4Jo 3i 115670.0 
(3H6)[8J o 7t 115672.2 

[3Jo 2t 115800.0 
[5J o 5t 115933.2 
[4 JO 3i 116021.8 
[7J o 7t 116238.8 

(3F2)[5 J 0 5t 116309.2 
[ 4J o # 116453.2 

(3H6)[9Jo 8t 116489.8 
(3F2)[3J o 2t 116727.1 

[3J o 3t 117044.6 
(3F3)[6 JO 6! 117248.2 

[6 JO 5t 117323.1 
[IJ o It 117540.5 
[5J o 5t 117574.5 
[4] 0 3i 117647.2 

f3
JO 2t 117686.4 

(3F.) ~F 6! 117775.3 
7t 118063.0 

(3F3)[4J o # 118081.1 
[2J o It 118201.4 

(3F.)[5J o 5i 118271.6 
(3F3)[3J o 3i 118318.6 
(3H.)f5J o # 118468.8 

TABLE Il. New energy levels of Pr II1- Continued 

Configuration Designation J Energy/he (em - I) 

[7] 0 6! 118610.9 
[5 JO st 118879.3 

('G.)[6J o 6! 120498.7 
[5J o Sf 121095.2 
[7J o 7t 121H9.2 
[5J o # 121382.6 
[7J o 6! 121431.2 
[6Jo st 121532.5 

(' O2) [1 JO It 128214.2 
[5 JO # 128352.8 
[5 JO st 128381.6 
[4]" 3t 128453.2 
[4 JO # 128568.6 

('16)[9J 0 8t 133194.3 
[9J o 9t 133242.3 
[8J o 7t 133352.2 
[8]" 8t 133373.0 

4/,8s (3H.)1/2 # 129106.1 
(3Hs)I/2 st 131200.3 
(3Hs)I/2 # 131226.3 
(3H.)1/2 6! 133393.2 
(3H6)1/2 Sf 133503.9 
(3F3)1/2 3t 135445.2 
(3F.)1/2 4t 135868.8 

a Level values are given to two decimal places when de rived from wavelengths > 2]00 A 
having no hfs. 

4. Theoretical Interpretation of the 
Observed Configurations 

For the calculation and diagonalization of energy 
matrices, computer programs written by Y. Bordarier 
and A. Carlier at Laboratoire Aime Cotton, Orsay, 
France, were used. These programs evaluate the 
energy formulas given in terms of n:i·coefficients, and 
compiled the output in the form of J -matrices which 
may then be diagonalized. The large library of matrices 
assembled at Hebrew University by G. Racah and his 
co-workers was made available to us by Z. Goldschmit, 
and is compatible with the above-mentioned programs. 

The matrix library tape contains the configurations 
f2p and f(d+s,!-. For the present work they were 
combined with configuration interaction (utilizing 
the formulas for three-electron matrix elements calcu­
lated by Fano, Pratts, and Goldschmidt [12]) to study 
the configuration complex 4f26p + Sd24f + 4f5d6s. 
The matrices of f2(d + s) are also on the library tape, 
and were used in the study of 4f'l6d, 4f27s, and 4f28s. 
The matrices of f2 f' were calculated manually by 
means of the Racah formalism [13] prior to the acquisi­
tion of these programs. 

In the present paper, unreduced values for the Slater 
parameters are used. The convention of multiplying 
the coefficient martices by arbitrary factors to simplify 
denominators is unnecessary for computer calculations. 

The notations for the parameters in tables III, V, 
VII, and IX have the following meaning: "A" is an 
additive constant common to all levels of the configura­
tion; Fk(/, I') and Gk(/, I') are the Slater radial integrals 
arising from the electrostatic interaction between the 
electrons I and ['; ~l is the parameter of the s.pin-orbit 
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TABLE Ill. Fitted parameter values and associated standard errors 
fo r the 4f26p + 5d24f + 4f5d6s configurations of Pr III and cor· 
responding parameters of Ce III and Pr IV in units of cm- I 

Parameters Pr III Ce III PrIV 

4f26p 4j6p W 

A ............ ... .... 67903 ± 90 52001 ± 62 
E'(J2) ........ . . . 4984 ± 25 50n ±17 
E2 .... ... .. ... ...... 23.1 ± 0.2 23.1 ± 0.1 
£3 ........ . .. . .... . 486 ± 2 488 ± 1 
IX •••••••• • •• • • • ••• •• 28 ± 2 24 ± 1 
y ... .. . . . .......... . -50 ± 9 -49 ± 6 
P(fp) ... .. . .. . . . 6075 ± 225 5400 ± 450 
G2 . ..... ............ 1785 ± 140 2450 ± 875 
G4 .......... . ...... 1531 ±302 945±284 
~I' •••..• .... ... . . .. . 2338 ± 24 2155 ± 33 
0' ........ ... ........ 751 ± 10 644 ± 10 760 ± 6 

5d24f 5d2 

A ...... .. .......... . 73137 ± 48 46027± 67 
B(d2) ............ . 406 ± 5 442 ± 3 
C .. .. ............. 2021 ± 21 2006±111 
P(fd) .. ...... .... 21000 ± 284 
P ...... .. .......... 15385 ± 431 
GI ........ .... ...... 10080 ± 96 
G"- ..... .. .......... 13954 ± 665 
G5 .. .. ..... .... ..... 10825 ± 611 
~d ...... ... ......... 946 ± 23 837 ± 14 
0' ..... .... .... .. .. .. 838 ± 19 
Es ...... ....... .. ... 483 ± 55 

4f5d6s 5d6s 

A .. ....... ......... . 92316 ± 156 66388 ± 96 
P(fd) ........ .. .. 20790 ± 1050 
F 4 ... ......... .. .. . 15177 Fixed PIP 
GI ............ ..... 9905 ± 476 
G" ... ... . .......... 13167 Fixed G 'IG3 
G5 ... .............. 10825 Fixed G'IGs 
G2(ds) ............ 10125 ± 410 111 25 ± 705 
G3(fS) ... .. .... .. . 2100 Fixed 
~d ...... .... .. ...... 1035 ± 66 927 ± 28 
0' ... ... .. ..... ..... . 838 Fixed 

Configuration 
interaction 

R'(fp ,d2) ........ - 1583 ± 122 3115 ± 105 
R3(fp,d 2) ........ 1655 ± 308 o Fixed 
R' (fp ,ds) .. . ..... 6590 ± 341 5355 ± 730 
R3(fp ,sd) ........ o Fixed OFixed 
R2(dd,ds) ........ 16940 ± 621 15820 ± 1295 
R2(fd,fs) .... .. .. . o Fixed 
R3(fd,sf) ....... o Fixed 

rms error in 89 cm - I 47 cm- I 

calculated 
levels 

interaction for the electron l; EI , E2, and E3 are linear 
combinations of the Slater radial integrals defined by 
Racah [14] which arise from the electrostatic interac­
tion within anfll shell; Band C are linear combinations 
of Slater integrals de fined by Racah [13] for the d" 
shell; a a nd y are two-body effective interaction param­
eters acting within the f" shell which have the coeffi­
cients L(L + 1) and 12g(U), res pectively, where L refers 
to the orbital angular mome ntum in the fn shell and 

g(U) are the eigenvalues of the Casimir operator 
C(C2 ) tabulated by Racah [14] ; Es is the two-body 
e ffec tive interac tion parame ter for nonequivale nt 
electrons proposed by Sack [20] and is used here for 
the Sd 24f configuration; Rh' are the radial integrals 
aris ing from configuration interaction. 

4.1. The 4j26p + Sd 24f+ 4fSd6s Complex 

These three configurations are analogous to the 
Ce III group 4f6p , Sd 2 , and Sd6s treated theoretically 
by Z. Goldschmidt [IS]. She found strong mutual 
perturbations in Ce III , reporting large mixutres of 
terms of two configurations in several levels. This 
accounts for the poor results of Spector 's calculation 
of 4f6p alone [16]. The rms error in his calculated 
levels is 394 e m- I, while th at ob tained in reference 
IS for the mixture of th e three configurations is 
47 e m - I. 

Following th e res ults in Ce III , I have treated the 
mixed complex of configurations 4j26p , Sd24f~ and 
4fSd6s in Pr III. Initial parame ters for the first diago­
naliza tion of the energy matrices were obtained from 
the following sources for the Sd 24f and 4fSd6s con­
fi gurations: 

Interaction Source Reference 

d-d Ce [II 5d2 15 
d- s Ce III 5d6s 15 
f-s Pr III 4/,6s 19 
d-f Pr III 4/,5d 17 
~d( 5d2) e III 5d' 15 
~d(5d) Ce III 5d6s 15 
0' PI' IV 4f65 18 

The matrices for these configurations were diagonal­
ized without configuration interaction to de termine the 
correspondence with the observed le vels. This was 
accompli shed by means of the' experimentally ide n· 
tified LS composition of many of the levels. The 
parameters were then improved by least squares 
adjus tment to fit the observed levels and further 
improved by several repetitions of these steps. Be· 
cause of the small number of known levels of 4j5d6s, 
fixed ratios were assumed for F2/F4, GI/G3, and GI /G5 
of the f- d interaction as well as fixed values of 
C3 U,s) and /;.r. The refined parameter values then 
served as initial parameters for the first diagonaliza· 
lion with configuration interaction. 

Spector has treated the 4j26p configuration of Pr 
III theoretically [19] and obtained an rms error of 198 
em - I for hi s calculated levels. His results served here 
for initial parame ters of this configuration. 

Initial values for the configuration interaction param­
eters RI(fp,d2 ) between 4f26p and Sd 24f, RI(fp ,ds) 
between 4 f26p and 4fSd6s, and R2(d2 ,ds) between 
Sd 24f and · 4f5d6s were taken from the Ce III results 
[IS]. All other configuration interaction parame ters 
were initially set equal to zero. 

Several sequences of diagonalization and adjustment 
of the parameters were carried out to obtain conver· 
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gence before attempting to evaluate the less sensitive 
interaction parameters. Then the parameters R 2 ({d,fs) 
and R 3 ({d, sf) which act between the 5d24f and 4f5d6s 
configurations, and G3({S) of the latter configuration 
were added. These were found to be undefinable in the 
least squares calculations (their standard errors 
exceeded their values) because too few levels of 4f5d6s 
are known. They were therefore fixed at the following 
values: 

R 2(fd,fs) =KJ(fd, sf) =0 
G3ifs) =2100 cm - I . 

Finally, values for KJ(jp, d 2 ) and K! Uj),sd) were 
sought. The latter was undefinable and was therefore 
fixed at zero. The iterative fitting procedure was 
again brought to convergence, with an rms error of 
119 em - I for the calculated levels. 

Goldschmidt's success in utilizing the Sack [20J 
effective two-body interaction operators E / L (L + 1) 
and Es S (S + 1) acting on the final Land S of the levels 
of 4 15d in Ce III [15] suggested their use for the 4 j26p 
and 5d 24f configurations of Pr III. For these con­
figurations, following Sack, the operators are E/[L(L 
+ 1)-L(,(L,.+ 1)] and E.[S(S+ 1)-S,.(S,.+ 1)], where Lc 
and Sc refer to the 4f2 or 5d 2 core terms. A well defined 
value was obtained only for Es of 5d 24f. The addition 
of this parameter reduced the rms error to its final 
value of 89 em-I. 

In table III the final values for the parameters 
derived from the mixing of the three configurations 
are given. In all least squares calculations the ratios 
P IP . (;1 / (;3, and (;I /{;" of the 4f.5d6s configuration 
were fixed at the values taken by the corresponding 
parameters of 5d24f in the · preceding calculation. 
Also ~he parameter ~r of 4j5dfts was required to be 
equal to Sf in 5(f24f. The remaining free parameters 
common to these two configurations, namely F2, 

(;1, and ~d, took nearly equal values in both configura­
tions. It is interesting to note that they are nearly 
equal to the corresponding parameters of the 4f5d 
configuration [18] of Pr IV. 

Included in table III are the corres ponding param­
eters of Ce III evaluated b-y Goldschmidt [15] and the 
parameters of the 4j2 configuration of Pr IV [21] 
included for comparison wit h 4f6p core interactions. 

Table IV contains all the calc ulat ed leve ls of the 
three configurations , all the experimental levels 
assigned to these configurations, and the squares of 
the component s of the eigenvec tors of the calculated 
levels (their percentage composition). A maximum 
of three components is given for each level, but less 
are shown when the sum represents 90 percent or 
more of the composition. Where a level contains 20 
percent or more of the eigenvectors of two configura­
tions, both are indicated in the column labeled "con· 
figuration" by 'means of an "X". 

The highest purity of eigenvectors for 4p6p is of 
course obtained in J J-coupling because of the large 
value of ~/J and the small electrostatic interaction 
between the I and p electrons,; The designation of 
the energy levels in this scheme gives the 4.f core 
level in parentheses followed by the j of the 6p elec­
tron (l/2 or 3/2). 

The coupling is much less pure in 5d24f Here the 
electrostatic interactions within the 5d2 shell and 
between 5d and 4f are both strong. Therefore, no 
preferred order of coupling of electrons occurs. The 
basis states are calculated in an LS scheme in which 
the d electrons are first coupled and the f electron is 
then added. In table IV the 5d2 core term is given in 
parentheses followed by the final LS term. The 
large values of ~(5d) and ~(4j) give ris e to intermediate 
coupling. I transformed the eIgenvectors to the 
(d!)JI(j)j scheme and found higher purity for a few 
levels, but the average purity for the configuration is 
lower than in the LS scheme. 

T ABLE IV. Calculated energy levels and composition5- of the mixed 4f!6p. 5d'4f, and 4f5d6s configurations of Pr III. 

TIll' 4/26" levels are designated in J,j- ('u uplin~_ Tht' l{'v('l s uf 5d~'+f and 4f.~tlos are dt'~ignall·d in /}·': - ( · "uplil'~. wilh Ihost' of .tf.~dfJs dislinguisllt'd by Ihe symbol *. Lt' vt'l~ allribult·d to 
two ('onfiguralions contain 20 pe rce nt or more of t>a('h 

Leve ls Levels Obs. Configuration I 
J calculated observe d minus 

5d24f 4f5d6s (cm - I) (em - I) ca lc. 4f'6p 

O! 63030 X (3f)2S 
64988 X (3F)2S 
66481 66325 -156 X (3F2)3/2 
68973 X (IO)'P 
70262 X (3F)4P 
72188 X (3P)40 
74970 X ("F)2P 
78311 78313 2 X (102)3/2 
79409 X C"Po)1/2 
79703 79742 39 X ("P.)I/2 
83375 X C"P.)3/2 
84984 X C"P2)3/2 
87650 X (IG)'P 
89556 X *(30)40 
92742 X *("P)4 P 
97264 X *C"P)"P 

101423 X *(1 P)2P 
111001 X (ISo)I/2 

340 

-- -- -- -----

ComiJosition 

31%, ("F)40 23%, 
41%, (3F)40 30%, 
81%, (3F)2S 4%, 
31%, ("F)2P 24%, 
74%, (3F)2S 19%, 
62%, ("F)2P 13%, 
37%, (10)2P 30%, 
68%, ("Pz)3/2 11%, 
72%, (102)3/2 16% 
79%, C"Po)I/2 12% 
51%, C"P2)3/2 35%, 
47%, C"P.)3/2 37%, 
91% 
91% 
90% 
90% 
89%, (,So)I/2 5% 
94% 

(3F)"P 
(3F2)3/2 
("F)40 
("F)40 

("F)40 
(3P)40 
(3Po)I/2 

*("P)4P 
(IG)2P 

1991 
1191 

391 
2391 

o 
o 
o 
o 

1291 o 
18% 

9% 

6% 
6% 

J 
") 

I 



i 
t 
I 

J 

I 

T ABLE IV. Calculated energy leve ls and compositions of the mixed 4f'6p, 5d' 4f, alld 4f5d6s configurations of Pr III. - Continue d 
The 4F~6p le ve ls are designated in J tfcoupling. The le vels of 5d 'l4j and 4j5d6s are des ignated in /...S ·coupli ng. wit h those of 4j5d6s distingui shed by the sy mbol *. Levels att ri but ed 10 

two co nfigura tions contain 20 percent or more of each 

-
Le ve ls Le ve ls Obs. Confi gura tion 

J cal culated observed minus Co m position 
(em- I) (e m- I) calc. 4F6p 5d 24f 4j5d6s 

It 63142 63221 79 X ("F2)l/2 91 % 
65166 X ("F)40 57% , (3 P)40 13% , {"F)2P 10% 
65639 X ("F)4F 76%, (3F2)3/2 10% , {"P )4F 5% 
66828 66867 39 X (3F2)3/2 76% , (3F)4F 7%, ("F )40 5% 
67916 67965 49 X ("F,)3/2 91% 
68942 X (3F)' P 41 %, (I 0 )2P 13%, (3F)40 10% 
69488 X ("F)4P 82%, {"F)45 5%, (3F )2 P 5% 
70631 X (10)'0 44%, ("F)45 16%, (l O)'P 14% 
71456 71501 45 X {" P)'O 32%, (3F)45 25%, (3 P)40 14% 
71988 X (3F)45 35%, (3P)2D 17%, (1 0 )20 10% 
73947 X (3 P)4F 31% , {" P)4 0 27%, ("F)2 0 14% 
74066 X ("P)40 20%, (3 1')2 0 18% , (1 0 )' 1' 15% 
74509 74464 - 45 X (" p)4F 45%, ("F)2 D 26% , (3F)4F 7% 
75415 75410 -5 X (1 0 2)1/2 79%, (" P2)1/2 8%, (3F)20 5% 
76826 76892 66 X ("F)20 30%, (l 0 )2 P 27%, ("F)2P 15% 
78963 78889 -74 X (1 0 2)3/2 76% , (" P2)3/2 8%, (3 PI)I /2 4% 
80190 80164 -26 X (3 P I)I/2 88%, (1 0 2)3/2 5% 
80878 80898 20 X (" P2)1/2 75%, (102)1/2 7%, (3 Po)3/2 5% 
82573 82492 -81 X X (3 Po)3/2 44%, (lG)20 35%, (lG)'P 6% 
82926 83026 100 X (" P I)3/2 43%, (3 Po)3f2 23%, (lG)'0 12% 
84003 X X ("P I)3/2 31%, *("F)4F 25%, (lG)'0 150/0 
84494 84410 -84 X *("F)4F 62%, {" PI)3/2 ll% , (l G)2 0 8% 
85279 X ("P2)3/2 65%, (IG)'P 16%, (102)3/2 5% 
87031 X (lG)2 P 62%, (3P2)3/2 15%, (lG)' O 13% 
89214 X *(1 0 )20 40%, *(30 )40 37%, *(3F)4F 7% 
90681 X *("0 )40 52%, *(1 0 )2 0 32%, *(3 P)4 P 4% 
92797 X *("P)4P 76%, *(l P)2P 5%, *("0)40 4% 
95092 X *{" 0 )20 76%, *(1 0 )'0 '7%, (10)20 6% 
96994 X *(" P)2P 67%, *(l P)2P 16%, *("P)4P 5% 

103051 X *(1 P)2 P 70%, * {"P)2P 19%, (150)3/2 3% 
114351 X (150)3/2 96% 

2t 61698 61718 20 X (3 H.)3/2 72%, ("F2)1/2 18% 
63544 63576 32 X ('lF2)1/2 75%, (lH4)3/2 20% 
64396 64401 5 X {"F3)1/2 75%, ("F)' 0 7%, f F)2F 6% 
64817 64818 I X {"F )2F 31%, ("F)4G 27%, ("F3)1/2 16% 
66014 65909 - 105 X ("F)'G 47%, {"F)4 0 18% , CO)2F 9% 
66571 66681 llO X X (3F )4F 52% , (3F2)3/2 30%, ("F3)3/2 5% 
66994 66943 -51 X (3F)4 0 24%, ("F2)3/2 14%, (3F )2F ll% 
67361 67395 34 X X ('lF2)3/2 44%, ("F)4F 22%, (3F )40 14% 
68288 X (3F3)3/2 38%, (3F4)3/2 30% , (lG4)3/2 16% 
68991 68979 - 12 X (3F3)3/2 41%, ("F4)3/2 35%, (lG4)3/2 10% 
69359 X ("F)'P 36%, ("P)2 0 22%, ("F )2 0 13% 
69572 69682 llO X ("P)4G 83%, ("F)'P 6%, (3F)4G 5% 
70369 X {"P)20 46% , ("F)'P 35%, (3F )40 7% 
71504 71536 32 X (l G,)3/2 61 %, (3F4)3/2 28% , (10, )1/2 2% 
72007 71995 - 12 X (10)20 26% , ("P)'O 17%, {"F)4P 16% 
74168 74105 - 63 X (3P)40 27%, (3P)'F 23%, (lO)'F 14% 
74744 X (3P )4F 62%, (3P)'O 12%, (l 0 )2F 8% 
75354 75561 207 X (3F)20 35%, (1 0 2)1/2 18%, (l ° l O 14% 
75782 75615 - 167 X (1 0 ,)1/2 60%, (1 0 )'0 10% , (3p~,n /2 6% 
76491 X ("F)20 27%, (l 0 )2F 19%, {"P)2 0 12% 
77944 77822 - 122 X (1G)2F 70%, ("F)'F 5%, CG)' O 4% 
79360 79367 7 X (1 0 ,)3/2 79%, {" P2)3/2 7%, *(1 0 )2 0 5% 
81472 81405 - 67 X (3P2)1/2 83%, (1 0 2)1/2 8% 
83359 83427 68 X (3P d3/2 79%, (lG)20 10%, *(30 )4 0 3% 
84317 X X (lG)20 43%, (3 P,)3/2 20%, (" P I)3/2 10% 
84710 X {"P)2F 52%, (l 5)2F 13%, (lG)'F 9% 
84986 X *("F )4F 56%, ("P)'F 8%, (" P x)3/2 7% 
85323 85306 - 17 X (3P2)3/2 52%, (lG)20 19%, *("F)4F 9% 
85904 X *(3G)' G 87%, *("F)' F 7%, 
88297 X *(10)20 42%, *("F)'F 18% , *(3F )2F 16% 
90038 X *(3F)2F 44%, *(30)40 24%, *(10)20 9% 
91295 X *(30)40 56%, *(10)' 0 11%, (IS)2F 10% 
92422 92555 133 X ('S)2F 54%, *(,F)' F 13% , (3P)'F 11% 
94069 X *(3P )4P 69%, *(30)' 0 10%, (3P2)3/2 3% 
94917 X *('FFF 50%, *(30 )20 10%, *("P)'P 10% 
97877 X *(30)20 62%, *( 'FF F 16%, *(10)20 9% 

3 35-761 0 - 6 9 - 5 341 



TABL E IV . Calculated energy levels and compositions of the mixed 4f26p , 5d24f, and 4f5d6s configurations of Pr III . - Continued 
The 4f!6p level s are des il!,lHtled in J lj-coupling. The leve ls of 5d~5f and 415d65 are des ignated in LS-coupling. with thos e uf 4j 5d6s distinguished by th t: s ymbol *. Levels attributed to 

two l'onfigurat ions ('on tai n 20 percent or mure ()f each 

Levels Leve ls Obs. Configuratioll 
J calc ul a ted observed minus 

(e m- I) (e m- I) ca lc . 4['6p 5d24f '~j5d6s 

31 58164 58158 -6 X ("H4)1/2 
60524 60520 - 4 X ("F)4H 
61560 61605 45 X ("H4)3/2 
63260 63232 - 28 X ("F)4H 
63807 63769 -38 X ("Hs)3/2 
64992 64980 - 12 X ("F4)1/2 
65265 65296 31 X ("F3)1/2 
65932 65935 3 X ("F)' F 
66949 66853 -96 X ("F)4G 
67280 67240 - 40 X X ("F2)3/2 
67624 67679 55 X X (lG4)1/2 
68221 68332 III X X ("F)4F 

68511 68492 -19 X ("F3)3/2 
68789 68802 13 X ("F4)3/2 
69184 68987 - 197 X ("F)40 
69492 69431 - 61 X (3F)40 
71450 71386 -64 X ("P)4G 
72005 71979 - 26 X (lG4)3/2 
73316 73378 62 X (lG)2G 
74550 X ("P)40 
75309 75294 -15 X (3P)4F 
76550 X (lO)'F 
78374 78463 89 X X ('G)2F 
79226 79396 170 X (10,)3/2 
81357 X (3P)'G 
84135 X *("H)4H 
84418 84431 13 X (3P,)3/2 
85860 X ("P)2F 
86122 X *(IG)2G 
86381 X *("F)4F 
87602 87512 - 90 X *("G)4G 
90636 X *("0)40 
92022 X *(3F)2F 
92476 92442 -34 X *(3G)'G 
94002 93967 -35 X (lS)'F 
96948 96830 - U8 X *(IF)2F 

41 58244 58174 -70 X (3H4)1/2 
60160 60166 6 X (3Hs)1/2 
61332 61357 25 X (3H4)3/2 
61971 62063 92 X X (3F)4! 

62508 62536 28 X (3F)'G 
63560 63593 33 X X (3Hs)3/2 
64271 64236 -35 X X ("F)'H 
64929 64857 - 72 X (3F4)1/2 
66953 67049 96 X ("H6)3/2 
67412 67399 - 13 X (lO)'H 
67815 67871 56 X X (3F3)3/2 
68349 68375 26 X (lC4)1/2 
68683 68544 - 139 X X (3F)4G 
69181 69138 -43 X ("F4)3/2 
69529 69686 157 X (3F)4F 
70999 71021 22 X (3P)4G 
71641 71592 - 49 X ('C4)3/2 
73119 73030 -89 X ("P)4G 
73690 73606 - 84 X ('0)2G 
74675 X (3F)'H 
75636 75762 126 X (lG)2G 
77169 X (3P)4F 
81428 X ("PJ2G 
84446 84411 - 35 X (116)3/2 
85028 X *(IGyG 
86442 X * (3H)4H 
88134 88220 86 X *(3G)4G 
89017 88949 -68 X * (3F)4F 
90557 90629 72 X * (3H)2H 
95075 95148 73 X * (3G)2G 
99782 X *(lH)2H 

342 

Co m posi ti on 

82%, (3f)4 H 6%, 
43%, (:'F )2G 33%, 
80%, ("F)2G 7%, 
42%, ("F)2G 20%, 
47%, ("F3)1/2 34%, 
46%, (I G4)1/2 17% , 
45%, ("Hs)3/2 39%, 
22%, ("F)40 12%, 
47%, ("F2)3/2 18%, 
58%, ("F)4G 27%, 
32%, (:'F)4F 32%, 
22%, (3F3)3/2 21 %, 
37%, ("F)4F 17%, 
29%, (lG4)3/2 23%, 
19%, (3P)'G 15%, 
18%, (3p)4G 17%, 
58%, (lO)'G 24%, 
48%, ("F4)3/2 38%, 
65%, (3P)2G 9%, 
62%, ("F)40 18%, 
74%, (3P)40 7%, 
46% , ep)4F 11%, 
58%, (10,)3/2 20%, 
66%, (IG)2F 14%, 
46%, (lC)'G 21 %, 
73%, *(IC)'G 19% 
85%, (lD,)3/2 9% 
57%, ('G)2F 11 %, 
32%, *("C)4G 22 %, 
70%, *("G)4G 15%, 
52%, *(IG)2G 26%, 
32%, *(IF)2F 29%, 
35%, *("D)40 32%, 
53%, *("D)40 21 %, 
74%, *("G)2G 4% , 
51 %, *("F)'F 23%, 

95% 
79%, (3H4)3/2 7%, 
53%, e F )4! 19%, 
44%, (3H.)3/2 32%, 
33%, ("F)4H 27%, 
67%, ("F )4H 11 %, 
46% , ("Hs)3/2 24%, 
57%, (,G.)1/2 24%, 
60%, (lG.)1/2 12%, 
29%, ("F)2H 20%, 
48%, ("F)'G 26%, 
41%, ("F4)1/2 22%, 
50%, ("F 3)3/2 35% , 
36%, (,G.)3/2 32%, 
65%, (3F4)1/2 8%, 
43%, (3P)'G 17%, 
51%, (3F4)3/2 37%, 
36%, ('G)2H 25%, 
42%, (' G)2H 12%, 
51%, rG)2 H 23%, 
38%, ('G)'H 21%, 
85%, (3F)4F 6% 
46% , rG)'G 28%, 
78%, *('HJ2 H 8%, 
35%, *(3H)4H 34%, 
54%, *(lG)2G 24%, 
57%, * (3F)4F 35% 
39%, *(3G)4G 35%, 
79%, (lD)2H 5%, 
77%, (tD)2G 8%, 
85% (II )3 2 6 / 6 % 

e H4)3'/2 
("H4)1/2 
(IG4)3/2 
("F)'F 
("F)4G 
("F)'G 
("F 4)1/2 
("F)2G 
("F)40 
("F3)3/2 
("F4)1/2 
(lG4)1/2 
("F4)1/2 
("F3)3/2 
(l0)2G 
(I0)2C 
(3P)2G 
(lG)'C 
(lO)2G 
(lO)2F 
(3F)'F 
(3F)2F 
(3P)'F 
(:'P2)3/2 
(lO)'G 

("F)'F 
*("H)4H 
("P)'F 

*("F)4F 
*("F)2F 
*("G)2G 
*(IG)'C 
*("0)40 
(10)2F 

(3F)4H 
("Hs)1/2 
(3F)'C 
("F)4! 
("F)'G 
("F)'G 
("H6)3/2 • 
(lO)2H 
("H6)3/2 
(IG4)1/2 
("F.)3/2 
("F4)3/2 
(:'F3)3/2 
("P)4F 
(IO)'G 
("P)4G 
(' G)'G 
('O)'H 
(,O)' H 
("F)'H 

(lO)2G 
*("H)4H 
(116)3/2 

*(3F)4F 

*(IG)2G 
*(IG)2G 
*(IG)2G 

491: o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

1091: 
291: 
791: 
491: 
891: 
691: 
991: 
791: 
291: 
991: 

1891: 
10 
22 

% 
% 

1491: o 
o 1791: 

7 
4 
9 

10 

% 
% 
% 
% 

591: o 
o 1091: 

5 % 
791: o 

o 991: 

1091: o 
22 

4 
% 
% 

U 91: o 
o 
o 
o 
o 
o 

2491: 
1591: 
1091: 

491: 
891: 

791: 
1291: 

991: 
2791: 
U91: 
1991: 
1291: 

991: 
1391: 

691: 
1591: 

391: 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

6% 
591: 

1291: 
491: 

1591: 
1291: 

o 
o 
o 
o 
o 

15% 
991: o 

U % 
591: 

1291: 
o 
o 

1691: 

1691: 
491: 
891: 

o 
o 
o 

I 

. ~ 

J 
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TABLE IV . Calculated energy levels and compositions oj the mixed 4f26p , 5d' 4f , and 4f5d6s confilwrations oj Pr III. - Continued 
The 4j!6p levels a re dcsi~naled in J J .('oup1ini'. The le ve ls 1)( Sd:!4j and 4j5d6s a ft' d {'s i~ n a t (· d in LS' I·o u"lin /!. with 'hose of 4j5d6s dist inv;u is hed by the sy mbol *. Levels att ri buted In 

Iwo configura tions conta in 20 percent or more uf each 

Levels Levels Obs. C()nfi~Ura l ion 

J c alculated observe d minus 
(e m - I) (e m- I) calc . 4j26p 5d24J 

5!- 60465 60420 -45 X 
62243 62241 -2 X 
62569 62559 -10 X 
63811 63817 6 X X 
64074 64151 77 X X 
64951 64865 -86 X 
65912 65922 10 X 
68184 68238 54 X 
68514 68526 12 X 
69455 69409 -46 X 
69924 69978 54 X 
71714 71736 22 X 
73535 73609 74 X 
75641 75640 -1 X 
76097 X 
78869 78695 - 174 X 
80312 80361 49 X 
83729 83607 - 122 X 
87519 
90049 90120 71 
93283 93296 13 
99971 

6t 62725 62679 - 46 X 
64218 64215 -3 X 
65944 65967 23 X 
66091 66148 57 X X 
66872 66736 - 136 X X 
70452 70381 -71 X 
77201 X 
79246 79136 - llO X 
80743 80989 246 X X 
83713 83703 - 10 X 
89758 

7! 66298 66301 3 X 
68285 68305 20 X 
79787 X 
84999 84992 - 7 X 

--

The Sd 24J configuration is illustrated in figure 1. 
The obse rved le ve ls are re prese nted by solid lines and 
the calculated positions of unknown levels are given 
as dashed lines. The te rm designations represent 
the major compone nts, although in many cases these 
are less than SO pe rcent. The ide ntity of a unique major 
component in some cases is imposs ible. In spite of 
the intermediate coupling, the low·lying quartets 
exhibit a regularity in their structure characteristic of 
LS·coupling. This is al so true of the equally complex 
4j2Sd configuration of the same ion [1]. Judd has shown 
that thi s s tructure ari ses from the near equality of 
~(4f) and ~(Sd) , whic h result s in nearl y null non· 
diagonal matrix eleme nts between te rms of maximum 
multiplicity [22]. The structure of the (3F)4HO term is 
distorted by the strong mixture with (3F)2GO. 

~j5d6s 
Composition 

(3H5)lf2 94% 
(3H4)3/2 40%, (3H6)l/2 35%, (3H5)3/2 15% 
(3H6)l/2 55%, (3H4)3/2 37% 
(3F)'1 50%, (3H5)3/2 24%, (3H4)3/2 15% 
(3F)41 42%, (3H5)3/2 39% , (3F)4H 6% 
(3F)4H 73%, (3H5)3/2 15% 
(3H6)3/2 88%, (3F)4H 4% 
(3F)2I 51%, {lG)'1 36%, (3F)4H 6% 
(3F4)3/2 53%, {lG4)3/2 20%, (3F)4G 14% 
(3F)2H 37% , {l0)2H 25%, (3F)4G ll% 
(3F)4G 62% , (10)2H 11% , (3P)4G 8% 
{lG4)3/2 65%, (3F4)3/2 29% 
(3P)4G 76%, (3~12H 9%, {lG)'H 8% 
(3F)2H 32% , (10)2H 18%, (l G)2} 16% 
{lG)2H 56%. (ID)2H 27%, (3P)4G 9% 
(IG)21 35%, (3F)2J 25%, (3F)2H 12% 
('16)1/2 80%, (3F)2} 6%, (IG)2} 6% 
('}6)3/2 87% , (I}Jl/2 7% 

X *(3H)4H 95% 
X *(3G)4G 96% 
X *(3H)2H 80%, *{lH)2H 9% , *(3H)'H 5% 
X *(IH)2H 82%, *(3H)2H 10% 

(3H6) 1/2 89%, (3H6)3/2 6% 
(3H5)3/2 86%, (3H6)3/2 8% 
(3F)41 86%, (3F)4H 5% 
(3H6)3/2 51%, (3F)4H 25%, (3H5)3/2 12% 
(3F)'H 53% , (3H6)3/2 32%, (3F)41 6% 
(3F)'! 53%, {lG)21 29%, (3F)4H 12% 
(IG)2 K 96% 
(I G)2} 51 %, (3F)2J 26%, (1 16)1 /2 17% 
{l16)1/2 70%, ('G)'I 12%, (3F)'} 9% 
{I Is)3/2 87%, ('16)1/2 . 11 % 

X *(3H)'H 100% 

(3H6)3/2 % % 
(3F)41 95% 
(IG)2K 98% 
('16)3/2 98% 

The coupling in 4JSd6s is LS , but not ve ry pure 
because of the large spin·orbit interaction s. The bas is 
states were constructed by first couplin g the./ an d 
d electrons to form pare nt te rm s and the n add ing 
the s e lectron. If more le ve ls had bee n found , it wo uld 
probably have been possible to de fin e parameters 
E/ and E" for thi s configuration s ince they have been 
essential to othe r configurations of Pr III and Ce III 
containing both 4./ and Sd electrons. 

4.2. The 4[2S1 Configuration 

This is a well·isolated configuration whic h is quit e 
amenable to individual treatment. The corres pond· 
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TABLE V. Fitted parameter 1iaLues and associated standard errors Jor 
the 4f.!5f configuration oj Pr III and corresponding parameters oj 
Ce III in units oj cm- ' 

Parameters 

A ........... .. . . ..... .. 
E'(J2) . .. .. ......... .. 
£2 .................... . 
E3 ....... .......... .. .. 
ex .................... .. 
1' ...... .... ........... . 
P(JJ') ........ .... .. 
F4 ................... .. 
F" ........ .... ..... . .. . 
Co .......... ..... .... . . 
C" ................... .. 
C4 .. .. ................ . 
C6 .... ......... . ...... . 
(r(j") . .. ... .. ........ . 
~f ' " .............. . .. 

rm s error in 
calculated levels 

Pr III 

118394 ± 16 
4983 9 

22.99± 0.05 
479 ± 1 

22.7 ± 0.4 
-56 Fixed 
3150 ± 53 
1870 ± 160 
490 ± 190 
931 ± 9 

1511 ± 71 
1220 ± 170 
847 ± 140 
760 ± 2 

22 ± 3 

28 cm - 1 

Ce III 

415J 

101544± 12 

3150± 90 
1420±220 
736 ±~ 

1175± 14 
1530± 110 
870±330 
736 ±? 
639± 7 
26± 8 

39 cm - 1 

ing configuration 415f of Ce III reported in reference 3 
was treated theoretically by Spector [16], who obtained 
an rms error in the level predictions of 39 em-I. 

As was found in the Ce III work, the highest purity 
of eigenvectors results from the use of the lll-coupling 
scheme. However, due to the large value of the ex­
change parameter G 0(ff'), substantial LS-components 
are obtained when the calculation is carried out in 
the LS-scheme. Analogous to Ce III, this condition 
permitted the experimental assignment of many LS 
terms on the basis of line intensities due to transitions 
to the LS-coupled 4f25d configuration. These LS 
designations were essential in establishing the corre­
spondence between the observed and calculated levels. 

Initial parameter values were obtained from the 
4f2 configuration of Pr IV for the 4f2 core interactions 
and from Spector's results in Ce III for the f-1' inter­
action as well as for ~(5 f). 

Because no levels based on 4f2(3P) or (IS) are known 
ouly 4 electrostalic core parctmeters could be fit to 
the 5 observed core terms. Therefore the "effective" 
interaction parameter y was fixed at - 56 em- I, the 
value obtained by S. Feneuille and N. Pelletier­
Allard [23] in a recent calculalion of 4f2(6s + Sri) 
of Pr III. The free parameters did not change signifi­
cantly from the ir initial values. 

All observed levels of odd parity in this region were 
fitted to the 4f25f configuration. The final rms error 
in the calculated level positions was 28 em-I . The 
resulting parameters are given in table V along with 
the corresponding ones of 415f of Ce III. 

T g 
0 
0 
Q 

~ ..... 
>-
'" a: w 
z w 

94 

92 

90 

88 

--~~I~~ 

86 

84 

82 

80 

78 

76 

74 

72 

(iDizp 
68 

62 

('PlzF /---
----" 

~G):Q 

('1»2(; 
~---

('G)zF 

~ 
('PI'F 

~---~---- ('(;)zG 

__ ('1» "0 ---
~---
::- ('OI'G 

('G)zK 

<~_f-
('GI'H 

('FI'H 

I P,][ - 5d' 41 I 

60LL-----L----~----~----~--~5'/-,----6~'/-,--~7'~ 

FIGURE 1. Energy LeveLs of the 5d'4f configuration oj Pr III . 
Levels not observed are represented by dashed lines at t heir calculated positions. 

The calculated and observed energy levels. and 
eigenvectors of 4f25f in lll-coupling are given in table 
VI. The designations show the 4P core level fol­
lowed by the quantum number K = (}I + l) in square 
brackets. Because of the importance of the LS-coupling 
designations in the theoretical analysis they are in­
cluded in a column containing the largest component 
in this scheme. 
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TABLE VI. Calculated energy levels and compositions of the 4f25f configuration of Pr Ill. 
Designations are in J 1l-cOUI)ling 

Levels Levels Obs. Larges t 
1 calculated observed minus Composition in l,l-co upli ng component in 

(cm-') (cm- ') Calc. LS-coupling 

O! 111748 3H4[l] 92% (3H)4 0 92% 
115693 3F2[l] 85%, 3F3[O] 5% (3F)2S 41 % 
116909 3F3[O] 70%, 3F4[l] 15% , 3F3[l] 8% (3F)4P 60% 
117392 3F3[l] 78%, 3F3[O] 10%, 3F2[l] 7% (3F)40 65% 
118943 3F4[l] 70%, 3F3[O] 14%, 3F3[l] 7% (3F )2P 61% 
120507 'G4[l] 85%, 3F4[l] 12% ('G)2P 80% 
128370 '02[1] 89%, 3P2[l] 6% (t o) 2P 88% 
134088 3P2[l] 93% (3P)"O 92% 

It 111267 111269 2 3H4[2] 92% ("H)4 F 80% 
111755 3H4[1] 90% (3 H)4 0 54% 
113803 113826 23 3H5[2] 93% (" H)'O 45% 
115948 3F2[1] 77%, 3F4[1] 10%, 3F2[2] 4% ("F)4 P 70% 
116812 3F2[2] 82%, 3F2[1] 3%, 3F3[2] 3% ("F),O 37% 
117552 117540 - 12 W3[1] 26%, 3F4[1] 22%, 3F4[2] 21% ("F)' P 24% 
118154 118201 47 3F3[21 59%, 3F3[11 25%, 'G.[l] 7% ("F)4F 34% 
111l26() :'F.[2] 38%, 3F3rI] 22%, 3PA2] 20% ("F)40 39% 
119010 "F.fll 31%, 3F3[1] 20%, 3F2[l] 14% ("F)4S 62% 
121489 'G4[l] 48%, 3F4[l] 27%, 'G.[2] 15% ('C)' P 43% 
122588 'C4[2] 56%, 3F4[2] 25%, "G4[l] 10% ('C)20 51% 
128163 128214 51 '02[1] 84%, "P2[l] 7% ('O), P 83% 
128942 '0 2[2] 85%, 3P 2[2] 6% (' 0)20 83% 
132798 "P,[2] 89%, 3P 2[2] 11% ("P)4F 62% 
133895 "P 2[2] 63%, 3PAll 23%, 3P,[2] 7% ("P)20 64% 
134173 "P2[1] 69%, 3P2[21 19%, 'OA1) 4% (3 P)4 0 74% 

2t 111489 111495 6 3H4[2] 64%, 3H4[3] 28% ("H)4F 59% 
111928 3H4[3] 63%, "H4[2] 28% (" H)4C 52% 
113542 113557 15 3H5[3] 45%, 3H5[2] 44%, 3F2[2] 6% ("H)40 23% 
113902 113914 12 3H5[2] 46%, 3H5[3] 45% ("H),F 38% 
115831 115800 -31 3H6[3] 48% , 3F 2[2] 43% (" H)2 0 47% 
116471 3H.[3] 38%, 3F2l2J 23%, 3F2[3] 18% ("F)4P 26% 
116711 116727 16 3F2[3] 66%, "F3[3] 9%, 3F2[2] 6% (3F)4C 50% 
117609 3F3[2] 51%, 3F3[3] 26%, 'G4[3] 6% ("F)2 F 30% 
117651 117686 35 3F3[3] 33%, 3F.[2] 14%, "F2[2] 13% ("F)4D 42% 
118612 :JF,f3] 32%, 3F4[3] 26%, 3F4[2] 13% ("F)4F 54% 
118952 3F4[2] 51%, "F4f3] 22%, ' C.[3] 10% ("F), D 31% 
120686 'G.[3) 57%, aF43] 20%, '(,4[2] 17% (,C),F 53% 
121763 'G4[2] 66%, aF4[3] 15%, 'C.[3] 7% ('C)20 64% 
128590 '02[3] 85%, 3P2[3] 9% ('O)2F 83% 
128833 'OJ2J 84%, 3PJ21 7% (' 0 )' 0 82% 
132127 3Po[3] 86%, 3P,[3] 10% (3P)'G 64% 
132709 3P,[3] 86%, 3P o[3] 8% (3P)20 37% 
133044 3P,[2] 64%, 'I6[3] 18%, 3P2[2] 13% (3P)4F 28% 
133832 3P2[3] 45%, 'I6[3] 41 %, 3P2[2] 4% ('I)2F 41% 
134221 3P2[2] 54%, 3P, [2] 20%, 3P2[3] 12% (3P )40 55% 
136510 'I6[3] 37%, aP 2[3] 29%, 3P2[2] 24% (3P)2F 52% 
163236 ' 50[3] 99% ('5)2F 99% 

3t 110340 110334 -6 3H.[4] 91% (3H)'H 81% 
111381 111343 -38 3H4[3] 87%, 3H.[4] 4% (3H)2C 40% 
113308 113292 -16 3H5[4] 50%, 3H5[3] 46% (3H)4F 44% 
113639 113631 -8 3H5[3] 46%, 3H5[4] 40%, 3F3[4] 3% (3H)4G 51% 
115405 115421 16 3H6[3] 36%, 3H6[4] 28%, 3F2[3] 27% (3H)4D 35% 
115672 115670 -2 3F2[4] 89%, 3F3[4] 4% (3F)4H 82% 

? 
116021 116022 1 3H6[3] 41%, 3H6[4] 39%, 3F.[3] 4% (3H)2F 42% 
117029 117045 16 3F2[3] 57%, 3H6[4] 25%, 3F3[3] 5% (3F)4G 21% 
117671 117647 -24 3F3[4] 64%, 3F3[3] 10%, 'G4[3] 8% (3F)2F 33% 
118143 3F4[3] 26%, 'G.[3] 19%, 3F4[4] 17% (3F)40 40% 
118321 118319 -2 3F3[3] 60%, 3F3[4] 16%, 3F4[4] 7% (3F)2G 41% 
118967 3F4[4] 47%, 3F.[3] 21 %, 'G4[4] 18% (3F)4F 41% 
121401 'G4[3] 41%, 3F4[3] 29%, 'G4[4] 23% ('G )2F 36% 
121599 'G4[4] 50%, 3F4[4] 21%, 'G4[3] 17% (lG)2G 45% 
128456 128453 -3 '02[4] 87%, 3P2[4] 6%, ('0 )2G 86% 
129012 '02[3] 88%, 3P2[3] 6% (lO)2F 86% 
132256 3Po[3] 76%, 3P,[4] 8%, 3P,[3] 8% (3P )4G 41% 
132760 3P,[4] 62%, 'I6[4] 25%, 'I6[3] 6% (3P )2G 37% 
132869 3P,[3] 72%, 3P o[3] 11%, 3P,[4] 8% (3P )4D 53% 
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1 

# 

5t 

6t 

7t 

TABLE VI, Calculated energy levels and compositions of the 4f2Sf configuration of Pr III. - Conti nued 
Designations are in JI/ ·coupling 

Levels Levels Obs. 
calculated observed minus Composition in l,l-coupling 

(e m- ' ) (em - I) Calc. 

13358S '16[3] 42%, 3P,[4] 33%, '16[4] 17% 
134108 3P,[3] 7S%, 3P2[4] 11%, '0, [3] 7% 
134896 '16[4] 48%, 3P,[4] 19%, '16[3] 10% 
136377 3P,[4] 4S%, '16[3] 37% , 3P, [3] 11% 
163249 ISo[3] 99% 

110906 110922 16 3H.[4] 66%, 3H.[S] 21%, 3H5[S] 8% 
11191S 111993 78 3H.[S] 72%, 3HM] 2S% 
1131S4 1131S9 S 3H5[S] 62%, 3HM] 26%, "H,[4] 6% 
113783 113780 - 3 3H5[4] 66%, 3H5[S] 28% 
l1S334 115324 -10 3H6[4] 46%, 3H6[S] 26%, 3F2[4] 18% 
l1S519 115S00 - 19 3H6[S] S9%, 3H6[4] 36% 
11S841 3F,[S] 87%, 3F2[4] 3% 
1164S6 1164S3 -3 3F,[4] S2%, 3Fal5] 20%, 3F3[4] 7% 
117516 3F3[S] 44%, 3F,[4] 17%, 3F.[S] 11% 
118076 118081 S 3F3[4] 40%, "F.[S] 18%, 3F.[4] 16% 
11849S 118469 - 26 3F.[5] 36%, 3F:,[S] 32%, 3F:,[4] 14% 
118911 3F4[4] 43%, 3F3[4] 24%, 'G4[4] 22% 
121376 121383 7 'G4[S] SI%, 3F4[S] 21%, 'G,[4] 14% 
122121 'G4[4] 50%, 3F4[4] 24%, 'G4[S] 14% 
i28360 128353 -7 '0, [5] 78%, '0,[4] 10%, 3P2[5] 7% 
128584 128569 - 15 '0,[4] 79%, '02[5] 11 %, 3P,[4] 6% 
132719 3P,[4] 89%, '1,;[4] 9% 
133285 'I6r51 80%. 3p,r5] 11 % 
133459 '16[4] 43%, 3P2[5] 29%, ' 16[5] 17% 
134030 3P2[4] 90% 
13S078 3P2[5] 52%, '1.[4] 37%, 3P,[4] 5% 

110308 110295 -13 3H,[6] 83%, 3H.[5] F3% 
110876 110881 5 3H,[5] 78%, 3H.[6] 12% 
112636 112643 7 3H5[5] 66%, 3H5[6] 29% 
113664 113664 0 3H5[6] 61 %, 3H5[5] 28%, 3H4[5] 4% 
115402 115403 I 3H6[6] 64%, 3H6[5] 21%, 3F4[5] 5% 
115934 115933 - 1 3H6[S] SO%, 3H6[6] 19%, 3F,,[5] 6% 
116276 116309 33 3F,[5] 63%, 3H6[5] 11 %, 3H6[6] 10% 
117320 117323 3 3F3[6] 35%, 3F:,[5] 26%, "F.[6] 22% 
117577 117574 -3 3F3[5] 51%, 3F3[6] 32%, ' G4[6] 6% 
118304 118272 -32 3F4[5] 22%, 3F4[6] 17%, 'G,[S] 14% 
118926 118879 -47 3F.[5] 35%, 'G4[6] 19%, 3F4[6] 18% 
121078 121095 17 'G,[5] 45%, 3F,[5] 23%, ' G,[6] 19% 
121546 121532 - 14 'G4[6] 35%, 3F,[6] 31%, 'G,[S] 26% 
128364 128382 18 '02[5] 89%, 3P2[5] 8% 
133162 '[6[6] 83%, '16[5] 16% 
133322 '16[5] 76%, '1.[6] 16% 
133955 3P2[5] 84%, 'D2[5] 8% 

110535 110531 -4 3H4[7] 97% 
11111 5 111110 -5 3H4[6] 87%, 3H5[7] 8% 
1127S6 112770 14 3H5[7] 51%, 3H5[6] 38% 
113570 113600 30 "H5[6] 49%, 3H5[7] 37%, 3H.[6] 9% 
114792 114797 5 3H6[6] 69%, 3H6[7] B4% 
115369 115408 39 3H6[7] 64%, "H6[6] 19%, 3F3[6] 8% 
117263 117248 - 15 3F,, [6] 56%, 3F,[6] 29%, 'G,[6] 11 % 
117762 117775 13 "F,[7] 28%, "F. [6] 28%, :'f:,[6] 21 % 
118629 118611 - 18 3L[7] 36%, 'G4[7] 25%, 3F.[6] 19% 
120502 120499 -3 ' G.[6] 61 %, 3F4[6] 21 %, ' G4[7] 15% 
121437 121431 -6 'G.[7] 50%, "F,[7] 30%, '(;,[6J 14% 
132708 '16[7] 100% 
133181 '16[6] 99% 

1]] 339 111335 -4 3H.[7] 82%, 3H5[8] 16% 
112895 112896 1 "H5[TJ 88%, "H,;[8] 6% 
113832 113834 2 3H5[8] 79%, 3H,[7] 15% 
11 5666 115672 6 3H6[8] 71 %, 3H.[7] 14%, "H5[7] 5% 
11 6196 116239 43 3H.[7] 78%, 3H6[8] 17% 
118051 118063 12 3F,[7] 70%, 'G,[7] 19%, "H. [8J 2% 
121087 121119 32 'G,[7] 73%, 3F4 [7] 23% 
132780 '16[7] 98% 
133421 133352 -69 ' 1,,[8] 98% 
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Largest 
component in 
LS-eoupling 

('I)'F 42% 
(3P)'F S4% 
('I)'G 48% 
(3P )'F 54% 
(IS)'F 99% 

(3F)'H 70% 
(3F )'1 -S8% 

undefined 
(3H)'H 3S% 
(3H)'F 3S% 
(3H)2G 54% 
(3H)4H 71% 
(3P)4H 54% 
(3F)'H 36% 
("F)2G 36% 
("F)4G 36% 
("F)4F 6S% 
('G)2H 46% 
('G)2G 4S% 
('O)'H 77% 
('O)'G 78% 
("P)4G 48% 
('I)'H 80% 
(' J)'G 43'7l o 
("P)'F 65% 
("P)'G 54% 

("H)4K 74% 
("H) 'J 41 % 
("H)4H 61 % 
("H)4I 67% 
("H)'H 34% 
("H)'G 41 % 
("F)'I 31 % 
("F)4H 28% 
("F) 'I 48% 
("F)'G 32% 
("F)'H 37% 
('G),H 40% 
(' G)'I 31 % 
(' O)'H 88% 
(' I) '[ 83% 
( 'I) 'H 76% 
(" P) ' G 83% 

("H)'L 89% 
("H) 4K 59% 
("H )'1 39% 
("H)'K 43% 
("H)'H 48% 
("H )'1 60% 
C'F)'H 54% 
("F) '1 61 % 
("F) 'I 55% 
(' G) ' I 56% 
('G)'K 44% 
('I) 2K 100% 
( '1),1 99% 

("H)' L 67% 
("H)'K 72% 
C'H)'L 76% 
(" H) ' K 57% 
C'H )'1 72% 
(" F)' I 65% 
(' G)'K 67% 
('I) 'K 98% 
('I) ' L 98% 



TABLE VI. Calculated energy levels and compositions of the 4£25f configuration of Pr Ill. -Continued 
Designations are in J1 l-coupHng 

Levels Levels Obs. 
1 calculated observed minus 

(cm - ') (cm- ') Calc. 

8t 113026 113024 - 2 
114733 114726 - 7 
116497 116490 - 7 
133120 133194 74 
133438 133373 -65 

9t 114978 114971 -7 
133191 133242 51 

The e nergy le vel str ucture of 4P5f is shown in 
fi gure 2 in lil-coupling. Pairs of levels of equal I I 
and K are connected and the 4P core is indicated. The 
experimentany derived le vels are drawn with solid 
lines, and those not found are drawn with dashed 
lines a t their calculated positions. By co mparing thi s 
structure with that of 4j5f of Ce III shown in fi gure 4 
of refe rence 3 , we note a decrease in the pair s plittings 
in Pr III, indicating a trend with increasing Z to purer 
lit coupling. The electros tatic parameter CO(ff' ) 
has decreased by 20 percent from its value in Ce III 
while f2 (ff ' ) re mains unchanged. 

4 .3. The 4J26d and 4J27s Configurations 

Levels of both of these configurations were given 
in ref. 2 , but were all designated as 4p6d. They 
were derived from transitions to 4p6p. No distinction 
between configurations was evident from rela tive line 
intensities. 

The present analysis of this transition array re vealed 
26 more le vels belonging to the upper two configura­
tions. A clue as to the designation of these levels 
is the fact that nearly all observed transitions from 
a give n upper level has the same 4P core level of 
4p6p in common. This arises from the condition 
that both the upper and lower configurations exhibit 
good JJ·coupling. 

The two configura tions 4P6d and 4P7s were ex­
pected to over lap beca use of the arrange ment of the 
corresponding Ce III configurations 4f6d a nd 4j7 s. 
To unravel the m, I calculated their e nergy levels 
using the parameters of Ce III for the f-d and f-s 
interactions, and compared the result with the known 
levels . It was then possible to recognize the level group­
ings in the two configurations. 

For both configurations , levels based only on the 
two core le vels 3H and 3F are known. Therefore, only 
one c ore electrostatic parameter, namely E3, could 
be d etermined. The ratios EI /E3 and EI/E2 were 
fixed at the values 10.3 and 216, respectively. These 
ratios are nearly equal in the configurations [17, 23] 
4f3, 4P(5d + 6s) , and 4P6p (table III of present work) 

Largest 
Composition in l,l-coupling component in 

LS -coupli ng 

3H5[8] 94% ("H )4 L 94% 
3H6[8] 95% ("H)4K 95% 
3H6[9] 89%, 3H5[8] 6% ("H )2 L 89% 
' 16[9] 98% ('I )2M 98% 
' 16[8] 97% (' I ) 2L 97% 

3H6[9] 100% ("H )4 L 100% 
'16[9] 100% ('I ) 2M 100% 

of Pr Ill , and 4P of Pr lv(see ta ble III). The parame ters 
Q' and y of th e 4P core were fi xed a t the values found 
in 4P6s of Pr III [23]. 

The leas t squares adjustme nt of the 4(6d and 4f-7s 
interaction parameters produced the well-defined 
values give n in tables VII and IX. The corres ponding 
parameters of 4fod in Ce III are also given. A di agonal­
ization with these final parameters provided the cal­
culated levels and eigenvectors in 1 J -coupling shown 
in table VIII for the 4f2(3H,3F)6d levels. A complete 
listing of the calculated results is not give n beca use 
of the small number of known levels. The eigen­
vectors were also calculated in the lil-coupling 
scheme. The overall purity of levels was fo und to be 
lower than in lJ, as is the case in Ce III for 4fo d [16]. 

A diagram of the configurations 4P(3H, 3F) 6d and 
7s is given in fi gure 3. As in fi gures 1 and 2, obse rved 
levels are given as solid lines while those not ye t lo­
cated are re presented by dashed lines at their cal­
culated positions. Levels are connected which are 
based on the same J I core level. 

TABLE VII. Fitted parameter values and associated standard 
errors fo r the 4f'6d configuration of Pr III and corresponding 
parameters of Ce 1II in units of cm- ' . 

Parameters 

A .. . . . . .... . . . .... ... .... .. . . .. . 
E' (J2) .. . . .. .. . . ... .... .. ... . . 
E2 ..... ... . .. . ... .. .... ....... . 
E3 ... ... .. .... ... .. . ..... ... . .. . 
n . . .. . . . . . ... . ...... ... .... . .. . 
-y .. ...... ... .. ... ...• .. .. . . . . . . 
F'(fd) .. .... .. .. . . .. .. .. .. .. . . 
F4 .... .... . ... ...... .. ... .... . . 
G' ........... .... ... . ......... . . 
G3 ...... ...... .... ...... .. ..... . 
G5 .... ..... ..... .. .. . ... .. ... .. . 
i;r .. .... ... ... .. ........ .. ... ... . 'd ... ......... ...... ...... ... .. . 
rms error in calculated 

levels 

Pr III 

4J26d 

108321 ± 20 
4927 Fixed E' /E3 

22.8 Fixed £2/E3 
479 ± 2 

23 Fixed 
- 56 Fixed 
4070 ± 100 
2500 ± 190 
1396 ± 60 
1500 ±220 
2590 ± 160 

766 ± 3 
197 ± 7 

31 cm- ' 

Ce III 

4j6d 

91509 ± 36 

3260 ±320 
1730 ± 690 
1330 ± 180 
540 ± 690 

1980 ± 610 
642 ± 20 
239 ± 36 

139 cm- ' 
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FIGURE 2. Energy levels of the 4f25f configuration of Pr III. 
Pairs of leve ls of identical 4j2 core and quantum number Kin thelil-coupling scheme are 

connected. Levels not observed are represented by dashed lines at their calculated positions. 
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TABLE VIII. Calculated energy levels and compositions of the 4f'6d configuration of Pr II I. 

Designations are in JLj-coupling. Only le ve ls buill primarily on 4[l(3 H) and 4[l(3F) core levels are given. 

Levels Levels Obs. 
i calculated observed minus Composition in i,J-coupling 

(em-I) (em- I) ca lc. 

0'/2 105740 (3 F2)3/2 92% 
105973 (3F2)5/2 93% 
107684 (3F3)5/2 99% 

1'/2 101658 ("H.)5/2 97% 
106059 (3F2)3/2 92% 
106154 (3F2)5/2 94% 
107120 (3F3)3/2 96% 
107844 (3F3)5/2 82%, (3F.)5/2 7%, (3F3)3/2 4% 
108345 (3F.)5/2 56%, (,G.)5/2 31%, (3F3)5/2 10% 

21/2 101071 101071 0 (3H.)3/2 50%, (3H.)5/2 45% 
101715 101666 - 49 (3H.)5/2 52%, (3H.)3/2 43% 
104106 (3 H5)5/2 94% 
105741 (3F2)3/2 85%, (3F2 )5/2 8% 
106369 (3F2)5/2 87%, (3F2 )3/2 6% 
107280 (3F3)3/2 83% , (%)512 6%, (3F.)5/2 4% 
107600 (3F.)3/2 62%, (,G.)3/2 26%, (3F3)3/2 6% 
107799 (3F3)5/2 75%, (3F3 )3/2 8%, ('G.)5/2 7% 
108809 (3F.)5/2 52%, (,G.)5/2 25%, (3F3)5/2 14% 

31/2 100783 100789 6 (3 H.)3/2 65%, (31-f., )5/2 31% 
101477 101446 -31 (3 H.)5/2 64%, (3H.)3/2 28% 
103361 103309 -52 (3H5)3/2 93% 
103955 103896 -59 (3 H5)5/2 95% 
105514 (3F2)3/2 89%, (3F2)5/2 7%, 
106433 (3F2)5/2 77%, (3F3)3/2 13% . 
106496 (3 H.)5/2 86%, (3F3)3/2 5% 
107328 107299 - 29 (3F3)3/2 64%, (3F.)3/2 8%, (3F3)5/2 8% 
107890 (3F.)3/2 34%, (3F.)5/2 26%, (,G.)3/2 19% 
108173 (3F3)5/2 54%, (3F3)3/2 12%, (3F.)3/2 11% 
108305 (,G.)5/2 30%, (3F.)5/2 27%, (3F3)5/2 25% 

41/2 100415 100430 ]5 (3H.)3/2 96%, 
100954 100947 -7 (3H.)5/2 94% 
102853 102830 -23 (3H5)3/2 79%, (3H5)5/2 18%, 
103327 103335 8 (3H5)5/2 74%, (3 H5 )3/2 18% 
105519 105567 48 (3 H6)3/2 96% 
106245 (3F2)5/2 61 %, (3H.)5/2 25%, (3F3)3/2 8% 
106346 (" H.)5/2 69%, ("F2)5/2 
107190 (3F3)3/2 54%, (3F.)3/2 19%, (,C.)3 /2 12% 
107819 ("F3)5/2 83%, (' G.)3/2 8% 
107872 107854 -18 (3F.)3/2 32%, ("F,,)3/2 20%, (iC.)3/2 13% 
108600 ("F4)5/2 42%, (' G.)5/2 33%, ("Fa)3/2 9% 

5'12 100617 100625 8 ("H.)3/2 96% 
101165 101165 0 (3H.)5/2 94% 
102639 102617 -22 ("H5)3/2 95% 
103336 103344 8 ("H5)5/2 96% 
104924 104905 - 19 (3H6)3/2 93% 
105458 105450 -8 (3H.)5/2 82% 
107403 ("F3)S/2 67%, ("F4)3/2 24% 
107720 ("F.)3/2 29%, ("F.)5/2 20%, ("F3)5/2 19% 
108527 108559 32 ("F.)5/2 42%, ('G4)5/2 21%, (1(,;.)3/2 15% 

? 

61/2 101667 101680 13 ("H4)5/2 84%, (" H5)3/2 10% 
102988 102982 -6 ("H5)3/2 51%, (3 1-1 5)5/2 47% 
103764 103805 41 (3H5)5/2 48%, (" 1-15)312 39% 
105020 105019 - 1 (" H.)3/2 86%, (" H.)5/2 13% 
105644 105632 -12 (" 1-1.)5/2 85%, (" 1-1 6 )3/2 12% 
107979 eF4)5/2 70%, (,G.)5/2 27% 

7'/2 103488 103484 - 4 (" H5)5/2 95% 
105080 105050 - 30 (3H.)5/2 57%, ("H6)3/2 42% 
106356 ("H.)3/2 54%, ("1-1.)5/2 41% 

81/2 ]05513 ("HH)5/2 100% 
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FIGURE 3. Energy levels of the 4f26d and 4f'7s configurations of 
Pr III designated in J J-coupling. The 4/, core levels are given in 

parentheses followed by subscript d or s for the 6d or 7 s 
configurations. 
Levels not observed are represented by dashed lines at their calculated positions. 

4.4. The 4f28s Configuration 

Only a few high-lying levels were found by adding 
the vacuum ultraviolet lines of Pr III to the 4jl6p 
group. These were characterized by the strict adher­
ence of the observed lines to core level selection rules 
in J ,j-coupling. They were therefore either 4f27 d 
or 4f28s levels. Their pair structure suggested the lat­
ter ·con6guration and I attempted to fit them accord· 
ingly. 

Here again, only levels based on the 3H and 3F 
core levels were found. Therefore, the same fixed 
conditions on 4f2 core parameters were used as for 
4f26d and 4jl7s . The results of least squares fitting 
of the remaining parame ters are given in table IX. 
The free core parameters E3 and ~4f are practically 
identical to those found for 4jl6d and 4[27 s. Also, the 
parameter G3 (fs) shows the same fractional increase 
from the Ce III value as does the same parameter of 
4f!7s and 4jl6s_ These results strongly support the 
interpretation of these levels as 4[28s. 

5. The Ionization Energy 

The present extension of the analysis of Pr III pro­
vides a three member 4f2ns series (n= 6,7,8) which 
is suitable for a determination of the ionization energy 
of this ion. 

TABLE IX. Fitted parameter values and associated standard errors 
for the 4f27s and 4f'8s configurations of Pr III in units of em - I. 

Parameters Pr III Pr III 

4/,7s 4/,8s 

A ... ... ... . .... .. 107226 ±32 135946 ±8 
£1 (j') ....... .. 4950 Fixed EI/£3 4936 Fixed £1/£3 
£2 .. ....... ..... . 22.9 Fixed £2/£3 22.8 Fixed £2/£3 
£ 3 ............ ... 482 ±2 480.3 ±0.7 
a .. .. .. ......... . 23 Fixed 23 Fixed 
"y ••••••••••• _ • • • • -56 Fixed -56 Fixed 
G3(fs) .. . ... .. . . . 590 ±1l0 350 ±28 
£r .... ............ 768 ±6 761 ±1 

rm s error in 19 cm- I 

calculated levels 

The levels based on the 3H core term are available 
in the three configurations, and the purity of these 
levels is above 90 percent (in contrast to the 3F levels). 
Therefore , for the series tefIp.s I used the center of 
gravity of the levels built on the 3H core. For the miss­
ing level in 4[2(3H)7 sand 4[2(3H)8s the calculated 
position was substituted. The centers of gravity of 
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4jleH)6s , 7s , and 8s and the fitted effective principal 
qu antum numbers are : 

Configuration 

4.f' (3 H)6s .... .... . .... ........ .. . . .. . .. .. .. . .... . 
4.f'(3H)7s .... . .. .... .. .. . . . ... . . . .... . .. . .. . .... . 
4.f'(3H)8s . . . ........ . .... .. .. .. ............ .... .. . 

c.g. (cm- I ) 

31137 
102738 
131507 

n* 

2.6045 
3.6535 
4.6732 

The Ritz formula to which these values are fitt ed is : 

T = -9R/(n-3 .2959-6.8432 X 10- 7 T) 2. 

To reduce the limit of this series to the lowes t limit 
corresponding to the ionization e nergy, the center of 
gravity of the 3H term of 4jl observed in Pr IV [18] was 
subtrac ted. This gives the value of 174284 e m- I for the 
lowes t series limit of Pr III. 

The error resulting from the use of this three term 
series may be es timated from La III [24], where a four 
term ns series (n = 6, 7, 8, 9) is known. The ionization 
e nergy derived fro m this series agrees with those ob­
tained with nf and ng series to within 10 em- I. By using 
only the first three terms of the ns series in La III one 
obtains a value for the ionization energy differing from 
that give n by th e four term series by - 115 em- I. I 
therefore added an equivalent fractional amount to the 
calculated ionization energy of Pr III obtain ed from the 
three term series and estimate the un certainty to be 
equal to this quantity. This gives the ionization energy 
of Pr III as 21.625 e V (174420 e m- I) with an es timated 

) uncertainty of 0.016 e V (130 em- I). 

I 
r 

This procedure for es timating the correction for the 
quadratic term in the quantum defect is valid if series 
of thi s kind generally exhibit the same behavior. It 
was noted in refere nce 10 that an examination of the 
c urves of the quantum defect (0') versus term energy 
(T) for the ns seri es of a large number of alkali·like 
atoms shows that their shapes are similar, and for the 
same period are practically identical (see table IV of 
ref. 10). Therefore, the use of the four-member series 
in La III to estimate the error in the ionization energy 
derived from a three-member series in Pr III is 
reasonable. 

I am pleased to thank P rof. R. Chabbal, Director of 
Laboratoire Aime Cotton , Orsay, France , for making 
available the excellent computer programs for calcu-

lating energy matrices written by Y. Bordarier and 
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the present theoreti cal analysis was carried out. 

I also th ank Mrs. Z. Goldschmidt for providing NBS 
with the library of energy matrices compiled at Hebrew 
University, Jerusalem, Israel, by Prof. G. Racah and 
his co-workers. 

The assistance of Dr. R. Cowan of the Los Alamos 
Scientific Laboratory in - checking for errors in the 
energy matrices by independe ntly calculating them 
was extremely valuable. 

Dr. V. Kaufman ge nerously contributed the ex· 
posures of the Pr spark made with the ~agle vacuum 
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TABLE X. Observed spectral lines of Pr III in the vacuum ultra violet region 

Avac Intensity (J" Classification a Avac Intensity (J" Classification a 

A (em - I) A (em- I) 

2103.455 3 47540.8 23844 9/2 - 71385'7,/2 2085.148 2 47958.2 
2102.907 20 47553.2 2084.954 10 47962.7 
2102.492 3 47562.6 2084.699 3 47968.5 23532 5/2 - 71501 °3/2 
2101.877 10 47576.5 25409 7/2 - 7337W7/2 
2101.778 100 47578.8 23442 11/2- 71021 °9/2 2084.344 60 47976.7 14558 9/2 - 62535°9/2 

2101.651 2 47581.6 2083.504 1 47996.1 25033 9/2 - 73029°9/2 
2099.948 5 47620.2 25409 7/2 - 73029°9/2 2083.412 1 47998.2 19872 7/2 - 67870°9/2 
2099.757 50 47624.6 2083.123 400 48004.8 13352 11/2- 6135T9j 2 

2099.757 50 47624.6 29267 5/2 - 76892°3/2 2082.879 2 48010.5 
2099.402 200 47632.6 16135 7/2 - 63768°7/2 2082.810 3 48012.1 21418 5/2 - 69431 °7/2 

2098.974 3 47642.3 2082.653 3 48015.7 
2098.903 20 47643.9 20848 5/2 - 68492°7/2 2081.788 2 48035.6 27604 9/2 - 75640°11 /2 
2098.523 100 47652.6 21755 11 /2- 69408°11/2 2080.866 1 48056.9 
2098.275 5 47658.2 26446 7/2 - 74105°5/2 2080.280 30 48070.4 21611 5/2 - 69681 °5/2 
2097.806 100 47668.8 17627 9/2 - 65295°7/2 2079.497 100 48088.6 23647 13/2- 71736°11 /2 

2097.601 1000 47673.5 12846 9/2 - 60520°7/2 2079.441 300 48089.8 19308 11 /2- 67398°9/2 
2097.513 500 47675.5 14859 11/2- 62535°9/2 2079.020 1 48099.6 16135 7/2 - 64235°9/2 
2097.284 20 47680.7 18241 11/2- 65922°11 /2 2078.645 20 48108.3 27452 5/2 - 75560\/2 
2097.234 100 47681.8 14558 9/2 - 62240°11/2 2078.489 20 48111.9 31254 7/2 - 79366°5/2 
2097.160 40 47683.5 21294 7/2 - 68978°5/2 2078.426 3 48113.3 

2097.075 5 47685.5 24309 3/2 - 71994 \ /2 2077.544 60 48133.8 23844 9/2 - 71978°7/2 
2096.985 5 47687.5 2077.450 40 48135.9 21294 7/2 - 69431 °7/2 
2096.890 5 47689.7 27604 9/2 - 75294°7/2 2077.337 3 48138.6 20848 5/2 - 6898T7/2 
2096.832 200 47691.0 18990 7/2 - 66681 °5/2 2076.841 200 48150.0 23442 11/2- 71592°9/2 
2096.787 6 47692.0 21294 7/2 - 68987"7/2 2076.505 3 48157.8 27604 9/2 - 75762°9/2 

2096.496 400 47698.6 14859 11 /2- 62558\1 /2 2076.358 100 48161.2 45805 9/2 - 9396 T 7/2 
2094.953 20 47733.8 23651 7/2 - 71385°7/2 2075.991 300 48169.8 19700 11/2- 67870°9/2 
2094.676 400 47740.1 19308 11 /2- 67049°9/2 2075.747 500 48175.4 15045 5/2 - 63221 °3/2 
2094.155 4000 47752.0 17113 13/2- 64865°" /2 2074.851 5 48196.2 
2093.909 5 47757.6 2073.739 20 48222.1 21755 11/2- 69978°" /2 

2093.424 40 47768.6 2073.462 200 48228.5 20315 9/2 - 68544°9/2 
2092.509 10 47789.5 2073.215 3 48234.3 
2091.826 30 47805.1 20160 3/2 - 67965°3/2 2072.886 10 48241.9 24788 9/2 - 73029°9/2 
2091.758 20 47806.7 19872 7/2 - 67679°7/2 2072.580 15 48249.0 
2091.411 4000 47814.6 18921 15/2- 66735°13/2 2072.534 400 48250.1 18990 7/2 - 67240°7/2 

2091.238 100 47818.6 14859 " /2- 62678°13/2 2071.991 80 48262.8 21418 5/2 - 69681 \/2 
2090.153 20 47843.4 21294 7/2 - 69138°9/2 2071.533 5 48273.4 22747 9/2 - 71021 °"/2 
2089.744 1 47852.7 23532 5/2 - 71385°7/2 2070.768 50 48291.3 15525 11/2- 63816°" /2 
2089.473 10 47859.0 18063 9/2 - 65922°" /2 2070.649 200 48294.0 23442 11/2- 71736°" /2 
2089.306 5 47862.8 18990 7/2 - 66852°7/2 2070.338 50 48301.3 16516 7/2 - 64817"5/2 

2088.848 2 47873 .3 21535 "/2 - 69408°" /2 2070.042 400 48308.2 17627 9/2 - 659:55°7/2 
2088.769 10 47875.1 32288 3/2 - 80164°3/2 2069.258 50 48326.5 23651 7/2 - 71978°7/2 
2088.632 10 47878.2 2068.559 30 48342.8 23651 7/2 - 71994\ /2 
2088.346 400 47884.8 16516 7/2 - 64401 °5/2 2068.261 200 48349.8 39870 9/2 - 88220°"/2 
2088.042 5 47891.8 23844 9/2 - 71736°" /2 2067.712 200 48362.6 15454 13/'- 63816°" /2 

2087 .387 4 47906.8 18241 11/2- 66148°13/2 2067.034 200 48378.5 
2087.300 4 47908.8 2066.270 10 48396.4 
2087.200 4 47911.1 2065.895 300 48405.2 18990 7/2 - 67395°5/ 2 
2086.712 10 47922.3 20315 9/2 - 68238°" /2 2065.177 5 48422.0 21138 7/2 - 75560"/2 
2085.246 30 47956.0 28936 3/2 - 76892°3/2 2064.736 1000 48432.3 17534 15/2- 6596T13/2 

a For doubly-classified lines, tlJe wavelength is entered only once. 
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TABLE X. Observed spectral lines of Pr III in the vacuum ultra violet region - Continued 

"-vae Intensity (T Classification a Avae In te nsity (T Classifi cation a 

A (e m- I) A (em- I) 

2064.291 2 48442.8 21535 !I/2 - 69978' 11 /' 2048.425 10 48818.0 20160 3/2 - 68978'5/2 
2064.176 10 48445 .5 23532 5/2 - 71978'7/2 2048 .148 100 48824.6 19700 " /2- 68525 ' ,,/2 
2063 .966 5 48450.4 23050 3/2 - 71501 '''/2 2047.788 20 48833.2 20848 5/2 - 69681 '5/2 
2063.765 2 48455.1 2047.369 80 48843.2 19700 " /2- 68544'9/2 
2063 .592 1 48459.2 19872 7/2 - 68331 '7/2 2047.331 1 48844. 1 

2063 .478 3 48461.9 23532 5/2 - 71994'5/2 2047.208 2 48847.0 26446 7/2 - 75294'", 
2063 .161 4 48469 .3 18211 5/2 - 66681 '5/2 2046.923 70 48853.8 17113 13/2- 65967'13/2 
2062.870 200 48476.2 27138 7/2 - 75614'0/2 2046.754 10 48857 .8 22527 7/2 - 71385'7/2 
2062.457 200 48485.9 20315 !I/2 - 68801 '", 2046.692 20 48859.3 29835 !I/2 - 78694' ,, /2 

23050 3/2 - 71536 '5/2 2046.390 10 48866 .5 

2061.421 80 48510.2 12846 !I/2 - 61357'9/2 2045.914 10 48877.9 19360 13/'- 68238' ''/2 
2060.746 20 48526 .1 2045.564 2 48886.3 
2060.636 10 48528.7 25934 5/2 - 74463'3/2 2045.465 200 48888.6 13352 " /2- 62240' '' /2 
2060.569 30 48530. 3 15045 5/2 - 63576'5/2 2044.686 10 48907.3 244 70 7/2 - 73378'", 
2060.054 1 48542 .4 2044.070 1 48922.0 

2059.891 10 48546.2 2043.773 500 48929.1 19872 7/2 - 68801 '", 
2059.245 4000 48561. 5 19308 11 /2- 6 7870~/2 2043.103 50 48945.2 19360 13/2- 68305' 15/2 
2058.796 60 48572.1 2042.616 400 48956.8 14859 " /2- 63816' '' /2 
2058.663 30 48575.2 25033 9/2 - 73609' '' /2 2041.925 2 48973.4 
2058.371 10 48582.1 35828 9/2 - 84410'9/2 2039 .381 200 49034.5 14558 9/2 - 63593'9/2 

2058.090 5 48588.7 2038.682 1 49051.3 
2057.554 100 48601.4 35828 9/2 - 84430' 7/2 2038.366 1 49058.9 
2057.042 10 48613.5 17534 15/2- 66148' 13/2 2037.578 3 49077.9 
2056.771 5 48619.9 19872 7/2 - 68492'7/2 2036.415 20cl 49105.9 19872 7/2 - 68978'5/2 
2056.545 30 48625.2 15525 11/2- 64150' '' /2 2036.103 1 49113.4 

2056.409 30 48628 .4 29835 9/2 - 78463 '7/2 2036.061 100 49114.4 19872 7/2 - 68987'", 
2056.326 100 48630 .4 30505 11 /2- 79136 '13/2 2035.210 10 49135.0 
2054.597 50 48671.4 20315 9/2 - 68987'", 2034.894 100 49142 .6 21238 13/2- 70381 ' 13/2 
2054.509 1000 48673 .4 14558 9/2 - 63232 '", 2034.290 1 49157 .2 18241 " /2- 67398'9/2 
2054.168 200 48681.5 16135 7/2 - 64817 '5/2 2034.186 7 49159 .7 16135 7/2 - 65295'7/2 

2053.815 10 48689.9 15525 11 /2- 64215 '13/2 2033.950 2000 49165.4 19360 13/'- 68525' '' /2 
2053.531 1000 48696.6 15454 13/2- 64150' 11 /2 2033.719 10 49171.0 
2052 .953 2000 48710.3 13352 11/2- 62062 '9/2 2033.478 40 49176.8 18063 9/2 - 67240'", 

15525 11/2- 64235'9/2 2033.207 200 49183.4 13352 " /2- 62535'9/2 
2052.434 2 48722 .6 15045 5/2 - 63768 '7/2 18211 5/2 - 67395'5/2 

2052 .198 3 48728.2 2033.129 50 49185.3 23844 9/2 - 73029 '9/2 
2052 .131 3 48729.8 2033.015 100 49188.0 17113 13/'- 66301 ' 15/2 
2052.078 10 48731.1 18211 5/2 - 66943 '5/2 2032.480 200 49201.0 17534 15/2- 66735' 13/2 
2052.045 1 48731.9 2032.253 400 49206.5 13352 " /2- 62558' '' /2 
2051.988 100 48733.2 14859 " /2- 63593 '9/2 2032.117 1000 49209.8 14558 9/2 - 63768' 7/2 

2051.736 200 48739.2 21238 13/2- 69978' '' /2 2031.865 400 4921 5.9 12846 . /2 - 62062 '. /2 
2050.969 20 48757.4 2031.558 1 49223.3 22277 3/2 - 71501 '3/2 
2050.911 10 48758.8 12846 9/2 - 61605'7/2 2031.455 400 49225.8 17627 9/2 - 66852'", 

( 2050.812 400 48761.2 15454 13/,- 64215 '13/2 2031.256 10 49230.6 22747./2 - 71978'", 
2050.587 200 48766.5 17534 15/2- 66301 '15/2 2030 .131 100 49257 .9 14558 . /2 - 63816' ,,/2 

2050.036 20 48779.6 16516 7/2 - 65295' 7/2 2029.983 2 49261.5 
2049.624 20 48789.4 18063./2 - 66852' 7/2 2029.814 7 49265.6 19872 7/2 - 69138'9/2 
2048.865 400 48807 .5 18241 11 /2- 67049 '. /2 2029.694 2 49268.5 
2048.798 100 48809.1 17113 13/2- 65922 ' '' /2 2029.540 20 49272.2 35137 3/2 - 84409'3/2 
2048.630 1 48813.1 2029. 192 300 49280.7 

a For doubly-class ified lines. the wave le ngt h is entered only once. 
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TABLE X. Observed spectral lines of Pr III in the vacuum uitra violet region-Continued 

'\ ~ac Intensity II Class ification a 

""jr e 
Intensity u C lassification a 

A (em - I) (em- ' ) 

2028.959 2 49286.4 17627 "/2 - 67398'./2 
2028.926 5 49287.2 44679 7/2 - 9396T7/2 2009.107 40 49773.4 16135 7/2 - 65909'5/2 
2028.780 100 49290.7 14859 11 /2- 64150' ,, /2 2008.066 10 49799.2 16135 7/2 - 65935'7/2 
2028.209 40 49304.6 22080 7/2 - 71385'7/2 2007.738 20 49807.3 18063 "/2 - 67870'"/2 
2027.31 5 3 49326.3 13352 " /2- 62678'13/2 2006.763 1 49831.5 

2027.194 40 49329.3 2006.565 36 49836.4 21755 " /2- 71592'''/2 
2027.102 300 49331.5 15525 " /'- 6485T"/2 2006.072 10 49848.7 
2026.948 10 49335.3 18063 "/2 - 67398'"/2 2005.817 30 49855.0 30505 " /2- 80360' '' /2 
2026.694 10 49341.4 18990 7/2 - 68331 '7/2 2004.416 10 49889.8 21611 5/2 - 7150r'/2 
2026.007 30cl 49358.2 2003.908 20 49902.5 

2025.296 30 49375.5 14859 " /2- 64235',,/2 2003.001 10 49925.1 21611 5/2 - 71536'5/2 
2024.954 100 49383.8 18921 15/2- 68305' 15/2 2002.296 2 49942.7 
2024.812 2 49387.3 2001.839 1 49954. 1 
2024.573 20c I 49393.1 16516 7/2 - 65909\/2 2001.548 10 49961.3 23647 13/2- 73609' '' /2 
2024.540 400 49393.9 12846 "/2 - 62240' ,, /2 2001.441 40 49964.0 

2024.298 70 49399.8 2001.049 5 49973.8 28720 "/2 - 78694' '' /2 
2023.848 10 49410.8 15454 1:1/2- 64865' '' /2 2000.784 2 49980.4 21755 " /'- 71736' ,, /2 
2023.390 10 49422.0 17627 "/2 - 67049',/2 2000.587 200 49985.3 19700 " /2- 69686'"/2 
2023.005 200 49431.4 29263 13/2- 78694' ,, /2 2000.462 20 49988.4 18990 7/2 - 68978'5/2 
2022.766 70 49437.3 19700 " /2- 69138',,/2 2000.116 400 49997 .1 14859 " /2- 6485T"/2 

2022.370 3 49446.9 18990 7/2 - 6898T7/2 
2022.027 1 49455.3 22080 7/2 - 71536\ /2 1999.902 30 50002.4 24461 5/2 - 74463\ /2 
2021.544 50 49467.1 22527 7/2 - 71994\ /2 1999.795 100 50005.1 14859 " /2- 64865' ,,/2 
2021.249 1 49474.4 1998.905 30 50027.4 
2020.778 10 49485.9 21535 !I/2 - 71021 '''/2 1998.598 10 50035. 1 

2018.512 1 49541.4 1998.301 1 50042.5 

2018.385 10 49544.6 26095 11 /2- 75640'11 /2 1998.064 400 50048.4 19360 13/2- 69408' '' /2 
2017.745 30 49560.3 29835 "/2 - 79395'7/2 1997.912 20 50052.2 17627 "/2 - 67679'7/2 
2016.711 100 49585.7 1996.715 30 50082 .3 21418 5/2 - 71501 '3/2 
2016.637 2 49587.5 23442 11 /2- 73029'"/, 1996.423 3 50089.6 

2016.463 1 49591.8 14558 "/2 - 64150' ''/2 1996.023 5 c I 50099.6 19308 " /2- 69408' ''/2 
2015.591 100 49613.2 17627 "/2 - 67240'7/2 1995.989 10 50100.5 
2015.488 200 49615.8 18063 "/2 - 67679'7/2 1995.216 100 50119.9 18211 5/2 - 68331'7/2 
2015 .267 20 49621.2 29267 5/2 - 78889'3/2 1994.856 1 50128.9 
2015.214 100 49622.5 17113 13/2- 66735'13/2 1994.692 400 50133.0 18241 " /2- 68374'"" 

2014.946 100 49629.1 18241 11 /2- 67870'''/2 1994.027 20 50149.8 31254 7/2 - 81404\ /2 
2014.405 2 49642.4 1993.422 300 c I 50165.0 16516 7/2 - 66681 \ /2 
2013.897 5 49655.0 1993.346 100c I 50166.9 23442 " /2- 73609' ''/2 
2013.015 100 49676.7 14558 ' /2 - 64235'"/2 1991.983 10 50201.2 21535 "/2 - 71736' ''/2 
2012.896 30 49679.7 25934 5/2 - 75614\ /2 1991.836 6 50204.9 25409 7/2 - 75614\/2 

2011.593 100 49711.8 12846 "/2 - 62558" 1/2 1991.622 60 50210.3 
2011.388 3 49716.9 22277 :1/2 - 71994'5/2 1991.509 30 50213.2 24250 3/2 - 74463'''/2 
2011.008 1 49726.3 21294 7/2 - 71021 '''/2 1991.049 1 50224.8 

23651 7/2 - 73378'7/2 1990.959 3 50227 .0 
2010.696 20 49734.0 1989.646 50 50260.2 25033 "/2 - 75294'7/2 

20 ]0. 339 80 49742 .8 28720 "/2 - 78463'7/2 1989.319 300 50268.5 18063 "/2 - 68331 ' 7/2 
2009 .905 80 49753.6 18211 5/2 - 67965'''/2 1988.770 6 50282.3 22747 "/2 - 73029'"" 
2009.579 40 49761.7 1988.707 2 50283.9 18241 " /2- 68525' ,, /2 
2009.467 5 49764.4 23844 "/2 - 73609' 11 /2 1988.247 10 50295.6 
2009.177 40 49771.6 15045 5/2 - 64817\/2 1988.139 300 50298.3 14558 "/2 - 6485T"/2 

" For doubl y-c lassified lines. the wave le ngt h is e ntered (,nly once. 
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TABLE X. Observed spectral lines of Pr III in th.e vacuum ultra violet region - Continued 

)tc Intens ity (J" C lassification a ) ac J nte ns ity (J" Class ifi cation a 

(cm - ' ) (cm- ' ) 

1987.631 40 50311.2 18063 0/2 - 68374°!l/2 1967.373 1 50829 .2 
1987.542 2 50313.4 1967.233 I 50832 .8 24461 5/2 - 75294°' /2 
1985.995 5 50352.6 21148 3/2 - 7150r3/2 1966. 710 2 50846.3 21148 3/2 - 71994\ /2 

25409 1/2 - 75762°"/2 1966.502 3 50851.7 24788 9/2 - 75640°" /2 
1985.023 1 50377.2 19308 " /2- 69686°!l/2 1966.208 40 50859 .3 27604 !I/2 - 78463°' /2 

1984.870 10 50381.1 36652 5/2 - 87511°1/2 
1984.698 20 50385.5 12846 !I/2 - 63232°1/2 1965.970 80 50865.5 17627 !I/2 - 68492°' /2 
1984.380 4 50393.6 1965.346 I 50881.6 
1984.348 2cl 50394.4 1963.974 2 50917.2 17627 !I/2 - 68544°!l/2 
1984.250 50 50396.9 15525 " /2- 65922°" /2 1963.911 2 50918.8 

1983.311 10 50420.7 14558 !I/2 - 64979°1/2 1963. 786 100 e I 50922.0 12846 "/2 - 63768°1/2 
1983.066 2 50427.0 16516 1/2 - 66943\/2 1963 .731 20 e I 50923. 5 18063 !I/2 - 68987"1/2 
1982.981 300 50429 .1 18063 !I/2 - 68492°1/2 1963 .401 100 50932.0 
1982.785 2 50434 .1 23175 ,:1/2- 73609°" /2 1962.747 4 50949 .0 22080 1/' - 73029°0/2 
1982.492 5 50441.6 15525 " /2- 65967\,/2 1962.418 10 50957.5 25934 5/2 - 76892\/, 

1982.428 1 50443.2 21535 !I/' - 71978°", 1961. 929 200 50970 .2 12846 !I/2 - 63816°" /2 
1981.580 100 50464.8 13352 " /'- 63816°" /2 1961.265 3 50987.5 
1981.449 2 50468.1 15454 "'/2- 65922°" /2 1960.735 10 51001.3 
1981.140 4 50476.0 1959.961 30 51021.4 19360 '3/2- 70381 °13/2 
1980.950 10 50480 .8 18063 !I/2 - 68544°!l/2 1959.874 lOb I 51023.7 45807 5/' - 96830°' /2 

1980.867 2 50483 .0 30505 " /2- 80988°'3/2 1958.687 2 51054.6 23050 3/2 - 74105°5/2 
1980.287 200 50497. 7 1958.387 100 51062.4 14859 " /2- 65922°" /2 
1980.191 10011 50500. 2 38448 !I/2 - 88948°"'2 1958.053 2 51071.1 
1979.745 5 b I 50511.6 1958.001 I 51072 .5 19308 " /2- 70381 0,3/2 
1979.692 20 5051 2.9 15454 '3/2- 65967"' 3/2 1957.908 3 51074.9 18063 "/2 - 69138°"/2 

1978.427 200 50545 .2 16135 , /, - 66681\ /2 1957.338 1 51089.8 24470 ,/2 - 75560\ /2 
1975.850 2 50611.1 17627 !I/2 - 68238°" /2 1957.073 6 51096.7 
1975.782 4 5061 2.9 1957.039 3 51097.6 29263 ' 3/.- 80360°,,/, 
1975.582 200 50618.0 19360 '3/.- 69978°" /2 1956.957 20 51099. 7 24461 5/2 - 75560\ /2 
1975.424 3 50622 .0 1956 .672 5 51107.2 14859 " /'- 65967""'/2 

1973.849 3 50662 .4 1955.992 15 51124.9 17113 '3/2- 68238"" /2 
1973.590 2 50669 .1 19308 " /2- 69978°" /2 1955.521 3 51137.3 
1973.367 10 50674 .8 28720 !I/2 - 79395°7/2 1955.268 3 51143.9 24470 ,/2 - 75614\ /2 
1972.857 10 50687.9 20848 5/2 - 71536°;;/2 1954.535 10 51163. 1 16516 1/2 - 67679°' /2 

1972.617 5 50694 .1 15454 ' 3/.- 66148°'3/2 1954.455 60w 51165.2 

1972.200 30 50704.8 17627 !I/2 - 68331 °", 1954.386 20 51167.0 18241 " /.- 69408°" /2 
1971. 913 2 50712.2 1954.196 40 51171.9 
1971.730 15 50716.9 16135 1/2 - 66852°1/2 1954.092 2 51174.7 17627 !I/2 - 68801 °1/2 
1971.636 200 50719 .3 1953.531 20 51189.4 
1971.287 4 50728 .3 25033 !I/2 - 75762°!1/2 1953.321 5 51194.9 

1971.248 4 50729 .3 1952.395 I 51219.1 18211 5/2 - 69431 °1/2 
1970.573 80 50746. 7 12846 !I/2 - 63593°!l/2 1951.968 2 51230.3 
1970.091 1 50759.1 39870 !I/2 - 90629°!l/2 1951.018 200b 1 51255.3 
1969.791 40 50766 .8 18211 5/2 - 68978\/2 1950.864 1 51259.3 16135 1/2 - 67395°5/2 
1969.650 20 50770.4 17534 " /2- 68305°'5/2 1949.759 100 51288.4 14859 " /'- 66148°'3/2 

1969.468 10 50775 .1 18211 5/2 - 68987"'/2 1949.156 60 51304.3 12846 !I/2 - 641 50°" /2 
1968.530 60 50799 .3 1948.364 10 51325.1 27138 1/2 - 78463°' /2 
1968.227 40 50807.2 16135 1/2 - 66943°5/, 1947.036 10 51360.1 17627 !I/2 - 68987",/2 
1967.608 10 50823 .1 24470 ,/2 - 75294°1/2 1946.900 I 51363.7 14558 !I/2 - 65922°" /2 
1967.447 20 50827. 3 1946.830 3 51365.6 

a Fur doubly-classified lint'S. the waH· leng:lh is "ntcrt'd onl y o ncc. 
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TABLE X. Observed spectral lines oj Pr IJI in the vacuum ultra violet regio,t - Con tinued 

"'lac Intensity (I Classification" AAac Intensity (I Classification a 

(em - I) (em- I) 

1946.417 80 51376.4 14558 "/2 - 65935'7/2 23532 5/2 - 75560';/2 
1945.646 2 51396.8 1921.828 2 52033.8 
1945.053 1 51412.5 17113 13/2- 68525' ,,/2 1921.763 50 52035.6 19700 " /2- 71736' '' /2 
1943.835 8 51444.7 18241 " /2- 69686'9/2 1920.869 1 52059 .8 
1943.650 4 51449.6 23844 "/2 - 75294'7/2 1919.639 1 52093.1 

1943.293 10 51459.0 1919.162 30 52106.1 19872 7/2 - 71978'7/2 
1943.248 30 51460.2 18921 15/2- 70381 '13/2 1918.562 100 52122.4 19872 7/2 - 71994'5/2 
1941.939 2 51494.9 21535 9/2 - 73029'''/2 1917.201 1 52159.4 
1941.556 100 51505 .1 13352 " /2- 64857'''/2 1916.741 4 52171.9 31254 7/2 - 83426';/2 
1941.250 2 51513.2 13352 ,, /e 64865' '' /2 1916.507 1 52178.3 ~ 

I 

1940.930 2 51521.7 1916.106 50 52189.2 14859 11 /2- 67049',,/2 
1940.853 5 51523.7 15525 l1 /e 67049',./2 1915.296 1 52211.2 
1940.770 2 51525.9 1914.681 2 52228.0 27138 7/2 - 79366'5/2 
1939.299 100 51565.0 1913.964 70 52247.6 
1939.161 10 51568.7 1913.622 1 52256.9 27138 7/2 - 79395'7/2 

1937.726 20 51606.9 1913.339 2 52264.6 
1937.127 10 51622.8 18063 "/2 - 69686'!l/2 1913.284 100b I 52266.2 
1936.659 40 51635.3 15045 5/2 - 66681 \ /2 1912.698 5 52282.2 
1936.478 3 51640.1 28720 "/2 - 80360' '' /2 1912.651 20 52283.4 19308 l1 /e 71592'''/2 
1936.375 1 51642.9 1911.251 3 52321.8 

1935.588 30 51663.9 19872 7/2 - 71536\/2 1910.242 2 52349 .4 15045 5/2 - 67395\/2 
1935.290 1 51671.8 38448 9/2 - 90119' ,,/2 1910.093 1 52353 .5 
1933.865 10 51709.9 35801 7/2 - 87511' 7/2 1909.895 3 52358.9 23050 "/2 - 75409'3/2 
1933.775 100 51712.3 19308 11/2- 71021'''/2 1909.471 200 52370.5 21238 13/2- 73609' '' /2 
1933.491 1 51719.9 19872 7/2 - 71592'''/2 1909.258 300 52376.4 19360 13/2- 71736' '' /2 

1932.872 8 51736.5 18241 l1 /e 69978' ,, /2 1907.956 4 52412. 1 25409 7/2 - 77822';/2 
1932.181 5b I 51755.0 1907.054 10 52436.9 
1931.739 5 51766.8 21611 5/2 - 73378' 7/2 1906.750 10 b I 52445 .3 
1931.368 1 51776.8 1906.126 2 52462.4 16516 7/2 - 68978';/2 
1930.813 40 51791.6 1906.040 40 52464.8 23175 13/2- 75640' ,, /2 

1930.349 10 51804. 1 17627 "/2 - 69431 '7/2 1905.819 20h 52470.9 16516 7/2 - 68987'7/2 
1930.001 3 51813.4 1905.688 10 52474.5 
1929.920 20 51815.6 16516 7/2 - 68331 '7/2 1904.981 1 52494.0 21611 5/2 - 74105'5/2 
1929.706 30 51821.4 15045 5/2 - 66867'''/2 1904.862 3 52497.2 
1928.246 7 51860.6 1904.625 1 52503.8 

1927.821 20 51872 .0 1904.212 4 52515.2 
1927.774 20 51873.3 15525 11 /2- 67398'''/2 1903.356 60 52538 .8 14859 " /2- 67398'''/2 . 
1927.678 4 51875.9 14859 11 /2- 66735' 13/2 1903.115 10 c I 52545.4 
1927.095 300 51891.6 19700 11 /2- 71592'9/2 1903.083 10 c I 52546.3 18990 7/2 - 71536\ /2 
1926.884 3 51897.3 15045 5/2 - 66943'5/2 1902.215 2 52570.3 13352 " /2- 65922' ''/2 

1925.579 3b l 51932.4 1901.979 4 52576.8 
1925.184 10 51943.1 27452 5/2 - 79395' 7/2 1901.715 7 52584.1 
1924.451 30 51962 .9 23651 7/2 - 75614'5/2 1900.811 5 52609.1 
1923.365 300 51992.2 23647 13/2- 75640' ,, /2 1900.561 1 52616.0 
1923.154 2 51997.9 1899.627 1 52641.9 24250 3/2 - 76892'3/2 

1922.689 200 52010.5 12846 "/2 - 64857'"/2 1899.491 5 52645.7 
1922.459 3 52016.7 26446 7/2 - 78463'7/2 1898.200 80 52681.5 14558 "/2 - 67240' 7/2 
1922.394 1 52018.5 12846 "/2 - 64865' ,, /2 1898.020 5 52686.5 21418 5/ 2 - 74105'5/2 
1922.178 20 52024.3 22080 7/2 - 74105\ /2 34825 7/2 - 87511 '7/2 
1922.047 10 52027.9 16516 7/2 - 68544'''/2 1897.082 1 52712.5 15525 " 2- 68238' " 2 

;1 For doubly-classi fied lines, the wavelt:ngth is e nt ere d only once. 
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TABLE X. Observed spectral lines of Pr III in the vacuum ultra violet region- Continued 

Axc Inte nsity (J" C lassificati o n a Axc Int e ns ity (J" 

(em - I) (em- I) 

1896.430 6cl 52730.6 1880.571 ]0 53175 .3 
1896.409 2cl 52731.2 1879.845 4 53195.9 
1896.290 1 52734.6 1879.786 4 53197.5 
1895 .474 2 52757.2 1879.673 1 53200.7 
1895. 146 1 52766.4 22527 7/2 - 75294°7/2 1879.571 2 c I 53203.6 

1894.672 2 52779 .6 18241 ,, /e 71021 °"/2 1879.542 5 53204.4 
1894.520 1 52783.8 15454 13/2- 68238°" /2 1879.235 20 53213. 1 
1894.358 3 52788.3 1878.823 10 53224.8 
1893.864 3 52802.1 1878.459 20 53235. 1 
1893.751 1 52805.2 1877.694 10 53256.8 

1893.569 3 52810.3 21294 7/2 - 74105\/2 1877.280 5 53268.5 
1893.334 Ih 52816.9 1876.933 100b I 53278.4 
1893.181 10h 52821.2 1876.675 2 53285.7 
1892.506 60 52840.0 14558 "/2 - 67398°"/2 1876. 549 20 53289.3 
1892.266 1 52846.7 17534 15/2- 70381 \'/2 1875.754 8 53311.9 

1892.183 5 52849.0 15525 ,, /e 68374°"/2 1875.388 10 53322.3 
1892.050 4 52852 .7 21611 5/2 - 74463°"/2 1875.309 20 53324.6 
1891.609 2 52865.0 17113 13/e 69978°" /2 1874.981 20 53333.9 
1890.948 5 52883.5 1874.079 60 53359.5 . 
1890.827 200 52886.9 1873.997 20 53361.9 

1890.665 2 52891.4 1873.914 5 b I 53364.2 
1889.832 2 52914.8 16516 7/2 - 6943r7/2 1873.470 5 53376.9 
1889.674 60 52919.2 1873.434 7 53377.9 
1888.294 30 52957.8 18063 "/2 - 71021 °"/2 1873.146 2 53386. 1 
1887.490 1 52980.4 27380 " /2- 80360°" /2 1872.737 200 53397.8 

1887.180 10 52989.1 1871.878 20 53422.3 
1886.792 4 53000 .0 15525 11 /2- 685250, 1/2 1870.826 5 53452.3 
1886.624 10 53004.7 18990 7/2 - 71994\ /2 1870.354 1 53465.8 
1886.491 7 53008. 5 1869.803 2 53481.6 
1886.412 5 53010.7 14859 11 /2- 67870°9 /2 1868.246 1 53526.1 

1886.132 1 53018.6 15525 11 /2- 68544°"/2 1867.982 5 53533.7 
1885.940 3 53024.0 1867.565 200 53545.7 
1885.869 4 53026.0 1867.224 5 53555.4 
1885.328 3 53041.2 26095 11 /2- 79136°'3/2 1866.957 5 53563.1 
1885.015 5 53050.0 1866.678 1 53571.1 

1884.653 3 53060.2 1866.179 30 53585.4 
1884.399 20 53067 .3 1865.842 4 53595.1 
1884.152 10 53074.3 1865.698 5 53599.2 
1884.105 1 53075.6 12846 "/2 - 65922°11 /2 1865.530 lOc I 53604.1 
1883.789 3 53084.5 1865.503 lO c I 53604.8 

1883.700 50cl 53087.0 22527 7/2 - 75614\/2 1865.232 20 53612.6 
1883.647 50cl 53088.5 12846 "/2 - 65935°7/2 1865. 139 40 53615.3 
1883.315 2 53097.9 1865.061 2 .5361 7.6 
1883. 184 50 53101.6 30505 11 /2- 8360T II / 2 1864.141 SO b I 53644.0 
1883.007 1 53106.5 1863.670 20 53657.6 

1882.932 2 53108.7 1863.393 20 53665.5 
1882.843 3 53111.2 1863.347 5 53666.9 
1882. 031 20 53134.1 1863.289 10 53668.5 
1881.224 500 53156.9 . 25979 ,5/2- 79136°'3/2 1863.044 100 53675.6 
1880.919 10 53163 .5 16516 7/2 - 69681\ /2 1862.028 4h 53704.9 

a Fur doubly-classified lines, tbe wavelength is entered on ly oncc. 

335-761 0 - 69 - 6 357 

Classification a 

35024 7/2 - 88220°"/2 
30505 11/2- 83703°'3/2 

22080 7/2 - 75294°7/2 

20848 5/ 2 - 74105\/2 

17113 , 3/2- 70381°'3/2 

15045 5/2 - 68331 °7/2 

18211 .' /2 - 7l50r'/2 
14558 "/2 - 67870°"/2 

18063 "/2 - 71385°7/2 
18211 5/2 - 71536°5/2 

23532 5/2 - 76892°"/2 

14859 11/2-- 6823W" /2 

22080 7/2 - 75614\/2 
16135 7/2 - 69681 \/2 

24250 :l/2 - 77822\/2 

15525 11 /2- 69138°"/2 
20848 5 /2 - 74463°"/2 

. . 
35291 lI/2 - 88948°"/2 

14859 11/2- 68525°11 /2 

24788 "/2 - 78463°7/2 
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TABLE X. Observed spectral lines of Pr III in the vacuum ultra violet region - Continued 

A.lac Intensity cr Classification a Axc Inte nsity cr Classification a 

(cm - ') (cm - ') 

1861.467 60 53721.1 19308 11 /2- 73029"/2 1843.574 4 54242.5 
1861.040 10 53733.4 1843.356 10 54248.9 19360 ':1/2- 73609' 11/, 
1860.876 30 53738.1 1842.950 10 54260.8 21148 :1/2 - 75409',,/, 
1860.257 10 53756.0 15045 ' /2 - 68801 '7/2 1842.789 200 54265.6 21294 7/2 - 75560's/, 
1860.167 100 53758.6 17627 ' /2 - 71385'7/2 26095 11 /2- 80360' 11 /2 

21535 ' /2 - 75294'7/2 1842.365 60 54278.1 14859 11 /'- 69138'. /, 
1859.679 40h 53772.7 14558 !I/2 - 68331 '7/; 1842.235 5 54281.9 
1859.328 5 53782.9 18211 '/2 - 71994"/2 1841.926 1 54291.0 35828 !I/2 - 90119' 11/, 
1859.270 5 53784.6 1841. 729 2 54296.8 
1858.198 10 53815.6 14558 9/2 - 68374"/2 1841.514 6 54303.1 20160 3/2 - 74463'3/' 

1857.791 5w 53827.4 1841.463 2 54304.6 
1857.615 5 53832.5 1841.311 2 54309.1 
1857.212 10 53844.1 1840.954 lOci 54319.7 21294 7/2 - 75614"/2 
1857.044 Ih 53849.0 1840.585 1 54330.6 
1856.931 1 53852.3 1840.136 3 54343.8 

1856.144 10 53875.1 21418 5/2 - 75294'7/2 1839.547 2 54361.2 
1856.053 10 53877.8 1838.456 200 54393.5 12846 "/2 - 67240'7/2 
1855.878 lOc I 53882.8 15525 11 /2- 69408'11 /, 1838.198 50 54401.1 21238 '3/2- 75640' 11/, 
1855.601 2 53890.9 1837.984 20 54407.4 
1855.511 lOh 53893.5 1837.352 3 54426.2 

1855.ll7 3 53905.0 30505 11 /2- 84410'./2 1837.311 1 54427.4 
1855.004 30 53908.2 19700 11 /,- 73609' 11 /2 1837.189 2 54431.0 
1854.181 5c1 53932.2 1837.074 6 54434 .4 
1853.958 lOh 53938.6 1836.887 3 54439.9 
1853.754 1 53944.6 20160 3/2 - 74105'5/2 1836.705 3 54445.3 20848 5/2 - 75294'7/' 

1853.326 4 53957.0 25409 7/2 - 79366',/2 1836.635 5 54447.4 
1853.288 4 53958.2 1836.471 7 54452.3 15525 11 /2- 69978' 11/2 
1853.078 4 53964.3 1835.696 2 54475.2 
1852.481 2 53981.7 1835.657 1 54476.4 
1852.409 211, 53983.8 1835.219 1 54489.4 

1851.891 1 53998.8 21294 7/2 - 75294'7/2 1834.398 8 54513 .8 
1850.099 8 54051.2 31254 7/2 - 85306 's/2 1833.240 100 54548.2 
1849.381 10 54072.1 1833.120 100 54551.8 
1849.277 2 54075.2 1832.466 2 54571.3 
1848.358 4 54102.1 1832.331 15 54575.3 29835 ' /2 - 84410'. /, 

1848.161 2 54107.8 1831.264 4 54607.1 
1847.484 10 54127.7 1831.212 8 54608.6 
1847.308 lOb I 54132.8 1830.872 50 54618.8 23844 !I/2 - 78463'7/2 
1847.196 20c I 54136.1 1830.727 1 54623.1 17113 '3/2- 71736' 11/2 
1847.167 2 54137.0 1830.593 100h 54627.1 

1847.014 10 54141.4 1830.311 20 54635.5 15045 7/2 - 69681\/2 
1846.935 20 54143.8 1829.742 lOll, 54652.5 
1846.836 40 54146.6 1829.313 100h 54665.3 
1846.378 20 54160.1 1828.849 5b I 54679.2 
1846.187 6 54165.7 1828.589 1 54687.0 

1845.896 1 54174.2 1828.196 2 54698.7 78694' 11/,-133393 '3/' 
1844.951 2 54202.0 1828.045 2 54703.2 
1844.862 3 54204.6 1827.758 4 54711.8 
1844.590 1 54212.6 1826.966 10 54735.6 
1843.910 20 54232.6 19872 7/2 - 74105"/2 1825.989 2 54764.8 

a For doubly-classified lines, the wavel e ngth is entered only once. 
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I TABLE X. Observed spectral lines of Pr III in the vaClwm ultra violet region- Continued 

I 

A.r Intensity (J" Classific;alion a AX'" Int e ns it y (J" C lass ifi cation a 
I (cm - ') (em- ') 

1825.792 1 54770.8 1798.347 20 55606.6 
1825.215 2 54788.1 18241 11 /2- 73029°"/2 1797.273 20 55639.8 

~ 1823.960 3 54825 .8 1797. 085 20 55645.7 12846 9/2 - 68492°7/2 

1823.855 15 54828.9 35291 "/2 - 90119°11 /2 1797.011 1 55648.0 
I 1823.703 60 54833.5 1795.721 2 55687.9 

I 1823.561 30 54837.8 1795.662 10 55689.8 28720 9/2 - 84410°"/2 
1822.640 2 54865.5 1794.822 10 55715.8 22747 " / 2 - 78463°7/2 
1822.514 20 54869.3 16516 7/2 - 71385°7/2 1794.614 40h 55722 .3 

I 1821.782 4 54891.3 1794.164 I 55736.3 

~ 1821.451 8 54901.3 1793.973 40 55742. 2 19872 7/2 - 75614\/2 

I 1821.333 1 54904.8 1793.695 100 55750.8 
1820.860 50 54919 .1 1793.502 40 55756.8 

I 
1820.296 4 54936.1 1792.983 10 55773.0 
1819.595 30 54957.3 26446 7/2 - 81404°5/ 2 1792.794 3 55778 .8 
1819.292 15 54966.4 18063 "/2 - 73029°"/2 1792. 569 I 55785.9 13352 11 /2- 69138\/2 

. 1819.259 10 54967.4 1792.101 1 55800.4 

I 1818.913 10 54977.9 1791. 938 30 55805.5 
1818.031 lOb I 55004.6 1791.690 80 55813.2 
1817.401 3 55023.6 1791.274 2 55826.2 

I 

1817.344 7 55025.4 1790.071 2 55863.7 

1817.023 1 55035.1 1790.027 3 55865.1 
1816.643 400 55046.6 23647 '3/2- 78694°" /2 1789.955 I 55867.3 
1816.484 2 55051.4 1789.656 5 55876.7 
1815: 721 30 55074.5 1789.247 I 55889.4 19872 7/2 - 75762°"/2 
1815.025 4 55095.7 1789.129 I 55893.1 18211 5/2 - 74105\/2 

1814.295 40 55117.8 14859 11 /2- 69978°,, /2 1788.462 2 55914.0 36640 7/2 - 92554°5/ , 

1812.375 20 55176.2 1787.770 3 55935.6 22527 7/2 - 78463°7/2 
1811.894 200w 55190.9 1787.635 1 55939.8 
1810.775 50 55225.0 1787.154 15 55954.9 12846 9/2 - 68801 °7/2 
1810.611 3 55230.0 1786.964 4 55960.8 23175 13/2- 79136°'3/2 

1809.556 4 55262.2 23050 3/2 - 78312°'/2 1786.691 10k 55969.4 
1808.516 15 55293.9 22527 7/2 - 77822°5/2 1786.141 70 55986 .6 
1808.106 30 55306.5 1785.885 10 55994.6 25409 7/2 - 81404\/2 
1807.913 4 55312.4 1785.330 I 56012.0 
1807.776 1 55316.6 1780.963 lOb l 56149.4 

1805.481 5 55386.9 1780.596 5 56161.0 14859 11 /2- 71021 °"/2 
1804.775 40 55408.6 1780.210 10 56173.1 
1804.354 10 55421.5 19872 7/2 - 75294°7/2 1779.460 4 56196.8 
1803.399 2 55450 .8 1779.025 2 56210.6 21611 5/2 - 77822°5/2 
1803.231 3bL 55456.0 1778.732 1 56219.8 

1803.100 3 b I 55460.0 1778.422 1 56229.6 
1802.430 20 b l 55480.6 1777. 716 4 56251.9 18211 5/2 - 74463°3/2 
1802.292 20 55484.9 12846 " /2 - 68331 °7/2 1777.452 2 56260.3 
1802.186 5 55488.2 23647 '3/2- 79136°'3/2 1776.879 20 56278.4 
1801.964 1 55495.0 1776.515 15h 56290 .0 

1801.172 100 55519.4 23175 ':1/2- 78694°11 /2 1774.491 5 56354.2 
38448 "/2 - 93967°7/2 1774.257 1 56361.6 

1800.902 20 55527 .7 12846 9/2 - 68374°"/2 1773.023 7 56400 .8 
1800.839 10 55529.7 1772.390 1 56421.0 38726 7/2 - 9514T "/2 
1799.453 I 55572 .4 1772.129 3 56429.3 

a For doubl y-class ified lines, the wave le ngth is e ntered only once. 
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TABLE X. Observed spectra/lines of p,. III in the vacuum. ultra vio let region-Con linue d 

Avac Int e nsit y if Classifica tion " Avac Inte ns it y (T Class ificalion" 

A (e m - I) A (em - I) 

1771. 958 4 56434.7 1740.056 1 57469.4 
1771.680 1 56443.6 1739.840 200 57476.6 
1771.545 15 56447 .9 1738.971 30 57505.3 
1771.483 10 56449 .9 1737.972 5 h 57538.3 
1771.328 4 56454.8 1736.996 10 57570.6 

1769.398 100 56516.4 23844 "/2 - 80360' 11 /2 17.36.747 5 57578.9 
1769.064 20 56527. 1 21294 ' /2 - 77822\ /2 1736.646 200 57582.2 
1768.618 7 56541.3 1735.801 4 57610.3 
1768.479 10 56545 .8 1735.757 1 57611.8 
1768.114 5 56557.4 1734.029 2 57669.2 13352 11 /2- 7l02r,'/2 

1766.432 3 566 11 .3 22277 a/2 - 78889'a/2 1732 .382 20 57724.0 25979 15/2- 83703' '''/2 
1765.543 2 56639.8 1731.526 2 57752.5 23651 ' /2 - 81404\ /2 
1765.299 1 56647 .6 22747 "/2 - 79395"/2 1731.442 2 57755 .3 21611 5/2 - 79366\/2 
1765.087 4 56654.4 36642 la/2- 93296' '' /2 1729 .702 3 57813.4 23175 "'/2- 80988' ,,,/2 
1764.859 10 " 56661.7 1728.302 1 57860.3 21535 "/2 - 79395"/2 

1763.122 20 56717.6 1727.281 1 57894.4 
]763.005 ] 56721.3 1727 .194 1 57897.4 21238 1"/2- 79136 1,,/2 
1762.665 7 56732 .3 14859 ,, /e 71592\ /2 1725.553 3 b / 57952 .4 
1761.668 20 56764.4 1724.116 1 58000.7 
1761.052 2 56784.2 1723.641 10 58016.7 

1760.859 ]0 56790.5 1722.693 2 58048 .6 
1760.518 10" 56801.5 1722.011 15 58071.6 21294 7/2 - 79366\ /2 
1759.916 ] 56820.9 1721.800 1 58078.8 ~ 

1759.318 30 56840 .2 1721.473 1 58089.8 
1759.278 lOel 56841.5 1721.102 5 h 58102.3 

1758.351 5 56871.5 1720.034 2 58138.4 
1758.277 1 56873.9 1719.940 4 58141.6 
1758.196 7 56876.5 14859 11/2- 71736' ''/2 1717.770 200 58215.0 30733 11 /2- 88948',,/2 
1755.522 20 56963.1 1717.152 1 58236.0 
1755.445 4 56965.6 31254 7/2 - 88220'''/2 1715.471 5 58293.0 

1754.934 10" 56982.2 1713 .147 4 58372 .1 
1754.583 200 56993.6 1712.848 60h 58382.3 38448 "/2 - 96830'7/2 
1753.297 10 57035.4 1712.381 1 58398.2 
1750.486 5 c / 57127 .0 1712 .058 1 58409.2 
1750.462 5 c I 57127.8 71978' 7/2 - 129106 "/2 1711.408 2h 5843 1.4 

1749.160 2 57170.3 35384 5/2 - 9255f 5/2 1710.139 2 58474.8 
1748.330 5 57197.4 1709 .377 5 h 58500.8 
1747.949 100 57209.9 1707.514 1 58564.7 24461 5/2 - 83025\ /2 
1746.225 1 57266.4 1706.743 10 58591.1 19872 7/2 - 78463',/2 
1745.879 3 57277. 7 21611 5/2 - 78889':1/2 1705.705 50h 58626.8 28885 "/2 - 87511 "/2 

1745.474 10" 57291.0 1702.266 1 58745 .2 21418 5/2 - 80164'a/2 
1745.329 2 57295.8 1700.952 20 58790.6 28720 "/2 - 87511 "/2 
1744.57 ] 4 57320.7 1700.128 1 58819. 1 24788 "/2 - 83601', 1/2 
1743.957 3 57340.9 2364 7 1"/2- 80988' 13/2 1699.416 3 58843.7 
1743.758 1 57347.4 1698.689 10 58868.9 

1743.377 400 57359.9 32760 13/2- 90ll9' 11/2 1697 .558 3 58908.1 
1742.574 2 57386.4 1696.079 15 58959 .5 
1742.073 10 57402.9 18211 5/2 - 75614\/2 1694.896 1 59000.7 25409 7/2 - 84410'''/2 
1741.563 1 57419.7 14558 "/2 - 71978"/2 1694.547 ]00 59012 .8 25979 15/2- 84992' 15/2 
1740.471 1 57455.7 21238 1"/2- 78694' 11/2 1692.766 30 59074 .9 

a For doubl y-c lass ified lincs . tilt' wavl,len glh is e nt e red on ly once. 
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TABLE X. Observed spectral lines of Pr III in the vacuum ultra violet region - Continued 

Axc Intensity (]" Classification a Axc I nte nsil Y (]" Classifi ca ti on a 

(cm - I) (cm- I) 

1691.726 10 59ll 1.2 1521.236 10 65736.0 
1689.800 2 59178.6 1520.128 I 65783.9 13352 11 /2- 79136°1:1/2 
1687.085 1 59273.8 1520.030 3 65788.2 
1685.905 1 59315.3 20848 5/2 - 80164°3/2 1519.247 100 65822.1 
1685.033 2 59346.0 35801 ' /2 - 9514r"/2 1518.966 4h 65834.2 

1684.583 1 59361.9 1518.655 2 65847.7 12846 "/2 - 78694°" /2 
1683.887 5 59386.4 30733 11 /2- 90ll 9°11 /2 1518.560 2 65851.9 15045 5/2 - 8089r:l/2 
1681.073 Ih 59485.8 1518.374 1 65859.9 
1680.841 8 59494.0 19872 ' /2 - 79366\ /2 1518.212 1 65867 .0 
1679.872 1 59528 .3 1518.142 40h 65870.0 

1677.314 20;' 59619. ] 1517.622 20;' 65892.6 
1676.900 30 59633.8 71592°"" - 131226 "/2 1517.441 10 65900.4 21611 5/2 - 87511 °' /2 
1676.363 3 59653.0 1517.341 100h 65904.8 
1674.074 4 ;' 59734.5 1516.753 5 65930.3 65295°' /2 - 131226 "/' 
1673.663 1 59749.2 1516.533 40w 65939.9 

1672.914 4 59775.9 19360 13/2- 79136\1/2 1516.365 1 65947.2 
1671.427 20 59829.1 1515.694 15 65976.4 21535 "/2 - 87511°' /2 
1667.796 4· 59959.4 23647 ' :1/2- 8360rl1 /2 1514.893 50b I 66011.3 
1666.198 7 60016.9 1513.746 lOh 66061.3 
1666.118 ] 60019.8 1513 .602 5 66067.6 

1665.129 8 60055.4 23647 13/2- 83703\ J/2 1513.530 5w 66070.7 18921 15/2- 84992°15/2 
1663.639 1 60109.2 1512.678 1 66107 .9 26446 7/2 - 92554\/2 
1660.981 3 60205.4 71021 °,,/, - 131226 "/2 1512.632 1 66109.9 
1657.206 2 60342.5 1512.206 100w 66128.6 14859 " /' - 80988°13/, 
1654.182 3 60452.8 18241 11/2- 78694°11 /2 1511.988 10 66138.1 

.1653.351 2 60483.2 1511.274 4 66169.3 18241 11 /2- 84410°"/2 
1649.187 400w 60635.9 1510.693 lOh 66194.8 
1648.067 3 60677.2 18211 5/2 - 78889°:1/2 ]509.987 4 66225.7 
1645.043 1 60788.7 1509.565 50 ;' 66244.2 
1630.147 5;' 61344.2 23647 13/2- 84992°'5/2 1509. 155 2cl 66262.2 28885 "/2 - 95 14r,,/, 

1627.434 200;' 61446.4 35384 5/2 - 96830°' /2 1508.867 7w 66274.9 23844 "/' - 90119°11 /2 
1624.969 I 61539.6 35291 "/2 - 96830°' /2 1508.327 3 66298.6 
1622.622 I 61628.6 19360 13/2- 8098W13/, 1508.074 20;' 66309.7 
1621.248 100 61680.9 33466 11/2- 9514 r"/2 1506.863 3 66363.0 27604 "/2 - 9396 T7/2 
1614.502 2 61938.6 1506.805 1 66365.6 44903 5/2 - 1I126W"" 

1611.809 100 c I 62042.1 1506.425 2 66382.3 
1604.766 1 62314.4 1505.774 3 664ll.0 
1594.572 10 62712.7 31254 7/2 - 9396r'/2 1505.654 300 66416.3 
1589.553 2 62910.8 1505.409 5 66427.1 28720 "/2 - 9514r"/2 
1580.105 3 63286.9 29267 5/2 - 92554\ /2 1505. 329 20h 66430 .7 

1579.856 1 63296.9 1504.783 30 66454.8 67049°,,/, - 133503 11/, 
1574.825 1 63499 .1 1504.761 400w 66455.7 
1573.388 10;' 63557.1 28885 "/2 - 92441 °7/2 1504:662 2 66460.1 69408°11 /2- 135868 "/2 

1569.341 1 63721.0 28720 "/2 - 92441 °7/2 1504.398 400b / 66471.8 23647 13/2- 90ll9°11/2 
1531.171 5 65309.5 1504.269 1 66477.5 

1529.851 I 65365.8 18241 11/2- 8360r l1 / 2 1504.086 8 66485.6 46673 7/2 - 113158°"/2 
1522.489 2h 65681. 9 1503.607 20 66506.7 25934 5/2 - 92441 °7/2 
1522.241 100h 65692.6 27604 "/2 - 93296°11 /2 1503.422 100 c I 66514.9 27452 5/2 - 9396r'/2 

22527 ' /2 - 88220°"/2 1502.967 10 66535.1 
1521.417 3 65728. 2 1502.807 2 66542.1 

II For duubly-classified lines, til(' wavelength is e n I ' -cd on ly once. 

361 



TABLE X. Observed spectral lines of Pr III in the vacuum ultra violet region- Continued 

"Xc Inte ns ity cr Classification" "Xc Inte ns ity cr Classification a 

(em - I) (em- I) 

1502.688 10 66547.4 6255WII/,-129106 "/2 1487.561 15 67224.1 
1502.435 3 66558.6 1487.137 100h 67243.3 
1502.305 10 66564.4 1486.827 1 67257.3 
1501.676 10 66592.3 1486.630 20h 67266. 2 
1501.054 20 66619.8 25934 5/2 - 92554'0/2 1486.538 5 67270.4 

1500 .901 3w 66626.6 1485.425 200 67320.8 
1500.675 10 66636.7 1484.932 20 67343.2 68525 ' 11/,-135868 . /2 
1500.445 20h 66646.9 1484.661 50 67355.4 66148' 13/2-133503 11 /2 
1500.080 50 66663.1 44679 7/2 -111342' 7/2 1484.298 300w 67371.9 22747 "/2 - 90119 ' 11 /2 
1499.756 50w 66677.5 23442 11/2- 90119' 11/2 1484.211 3 67375 .9 

1499.586 3h 66685.1 21535 9/2 - 88220'9/2 1484.046 3 67383.4 63816 ' 11 /2-131200 11 /2 
1499.112 2 66706.2 1483.825 7 67393.4 
1498.566 4 66730.5 69138',,/2 -135868 !l/2 1483.598 10 67403.7 
1498.426 ~ 66736.7 1483 .508 5 67407 .8 25033 !l/2 - 92441 ' 7/2 
1497.724 1 66768.0 66735' 13/2-133503 11 /2 1483.470 8 67409.5 63816 ' 11 /2-131226 9/2 

1497.352 3 66784.6 23844 "/2 - 90629'9/2 1483.400 10 67412.7 
1496.880 7 66805.6 1482.662 3 67446.2 
1496.831 8 66807.8 1482.585 10 67449.8 
1496.247 20 66833.9 1482.548 1 67451.4 
1495.999 200 66845.0 1482.417 20 67457.4 17534 15/2- 84992' 15/2 

1495. 547 30 66865.2 62240' 11 /2-129106 "/2 1482.127 10 67470.6 65922 ' 11/2-133393 13/2 
1495.506 7 66867.0 1481. 704 3 67489.9 
1495.220 200 66879.8 1481.609 1 67494.2 68374 '9/2 -135868 ' /2 
1495.047 2h 66887 .5 1481.475 7 67500.3 61605 ' 7/2 -129106 9/2 
1494.944 20h 66892.1 1481.193 5 67513.1 

1494.747 10 66901.0 68544'9/2 - 135445 7/2 1481.123 5 67516.3 
1494.200 4Pw 66925.4 21294 7/2 - 88220' ,,/2 1481.035 40 67520.3 26446 7/2 - 93967"7/2 
1493.724 4 c l 66946.8 1480.953 3 67524.1 
1493.694 lO c l 66948.1 1480.527 2 67543.5 27604 9/2 - 95147"9/2 
1493.590 5 66952.8 68492 '7/2 - 135445 7/2 1480.093 10h 67563 .3 

1492.951 4 66981.4 1479.953 10 67569.7 
1492.874 60 66984.9 64215'13/2-131200 11/2 1479.887 40 67572.7 
1492.352 100w 67008.3 13352 11 /2- 80360' 11/2 1479.849 2 67574.5 67870 '9/2 -135445 7/2 
1491.830 3 67031.8 25409 7/2 - 92441 '7/2 1479.695 20 67581.5 65922 ' 11/2-133503 11/2 
1491. 713 lOh 67037.0 1479.549 lOb l 67588.2 

1490.867 7 67075.1 64150' 11/,-131226 9/2 1479.300 2 67599.5 
1490.494 50 67091.8 66301 ' 15/2-133393 13/2 1479.136 10 67607.0 63593 '9/2 -131200 11/2 
1490.431 2 67094.7 1479.083 20 67609.4 
1490.014 3h 67113.5 68331'7/2 -135445 7/2 1478.974 2 67614.4 
1489.937 50h 67116 .9 1478.835 5 67620.8 

1489.689 3 67128.1 1478.618 3 67630.7 68238' 11 /2- 135868 9/2 
1489.567 200 67133.6 1478.572 8 67632.8 63593 '9/2 -131226 "/2 
1489.319 40 67144.8 25409 7/2 - 92554'5/2 1478.527 20 67634.9 
1489.187 4h 67150.7 1478.436 10 67639.0 19872 7/2 - 87511 ' 7/2 
1489.073 lOh 67155.9 1478.324 20 67644.2 

1488.984 lOPh 67159 .9 1478.253 10 67647 .4 
1488.202 1 67195.2 1478.120 100 67653.5 24788 9/2 - 92441 ' 7/2 
1488.071 30 67201.1 26095 11 /2- 93296' 11 /2 1478.048 20 67656.8 
1487.843 20 67211.4 1477.977 20b l 67660.0 
1487.723 ~ 67216.8 1477.650 8 67675.0 

11 Fur doubly-classified lines. th e wavelength is entered onl y on ce. 
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TABLE X. Observed spectral lines of Pr III in the vacuum ultra violet region - Continued 

")\<lC Intensity a Classification a AX" Intens ity a Classification a 
(cm - ') (cm- ') 

I -
! 

1477.559 6 67679.2 1466.320 1 68197.9 
1477.506 3 67681.6 1466.011 1 68212.3 
1477.109 15 67699.8 1465.984 1 68213.6 
1477.046 7 67702.7 1465.899 2 68217.5 
1476.843 30 67712.0 45844 3/2 -113556 °5/2 1465.216 2 68249.3 15454 '3/2- 83703°'3/2 

I 
1476.566 67724.7 1465.124 68253.6 

I 
2 200 

1476.516 10 67727.0 1465.021 200 68258.4 
1476.274 200 67738.1 1464.853 3 68266.2 

r 

1475.801 4 67759.8 1464.742 5b I 68271.4 
1475.700 10 67764.4 1464.502 60w 68282.6 

I 
1475.562 10 67770.8 1464.400 1 68287.3 
1475.508 20h 67773.3 1464.013 40 68305.4 
1475.411 200 67777.7 1463.825 100 68314.2 
1474.094 50 67838.3 1463.756 10 68317.4 
1474.013 100 67842.0 1463.554 400 68326.8 

, 

I 
1473.818 200w 67851.0 1463.332 200 68337.2 
1473.720 4" 67855.5 1463.233 400 68341.8 
1473.364 2 67871.9 1462.700 30 68366.7 

I 1473.155 2 67881.5 22747 9/2 - 90629°9/2 1462.585 20 68372.1 
1472.995 1 67888.9 1462.155 50 68392 .2 

1472.456 I 679]3.7 1462.019 1 68398.6 
1472.332 20 67919.5 1461.616 lOOh 68417.4 
1472.142 1 67928.2 1461.504 1 68422.7 
1472.102 2 67930.1 1461.405 4 68427 .3 
1471.895 3 67939.6 1461.218 2 68436.0 

1471.767 30 67945.5 28885 ' /2 - 96830°", 1460.632 2 68463.5 
1471.518 3 67957.0 1460.440 2 68472.5 
1471.255 5 67969.2 1460.223 1 68482 .7 
1470.908 3 67985.2 1460.050 40 68490.8 
1470.805 80 67990.0 1459.674 40 68508.4 24788 !I/2 - 93296°" /2 

1470.324 10 68012.2 1459.405 3 68521.1 
1470.261 20b I 68015.1 1459 .339 100 68524.2 
1470.045 3w 68025.1 1459.257 2h 68528.0 64865°" /2-133393 '3/2 
1469.887 2 68032.4 25934 5/2 - 93967"7/2 1459.033 1 68538.5 
1469.649 2 68043.4 1458.771 8 68550.8 

1469.511 7 68049.8 67395°5/2 - 135445 7/2 1458.701 2 68554.1 
\, 1469.369 3 68056.4 1458.614 30h 68558.2 

1468.902 60 68078.1 1458.202 10 68577.6 
I 1468.779 10 68083.8 244 70 7/2 - 92554°5/2 1458.130 100 68581.0 

1468.573 5w 68093.3 24461 5/2 - 92554\/2 1457.894 2 68592.1 66852°7/2 -135445 7/2 

1468.399 200 68101.4 22527 7/2 - 90629°. /2 1457.784 10 68597.3 23844 9/2 - 92441 °7/2 
I 1468.227 20 68109.3 28720 9/2 - 96830°7/2 1457.512 30 68610.1 

~ 1467.698 100h 68133.9 1457.433 4h 68613.8 
1467.646 3 68136.3 1457.357 3" 68617.4 
1467.595 10 68138.7 1457.257 5 68622.1 

1467.409 4 68147.3 1456.949 40 68636.6 

I 1467.247 3 68154.8 1456.787 1 68644.2 
1467.153 7 68159.2 1456.738 1 68646.5 64857",,/2 -133503 11 /2 
1467.081 lOh 68162.6 1456.574 2 68654.2 
1466.971 2 68167.7 1455.583 30 68701.0 26446 7/2 - 95147". /2 

a For doubly-classified lines . the wave length is e ntered only once. 
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TABLE X. Observed spectral lines of Pr III in the vacuum ultra violet region - Continued 

AX" Intensity Q" Classification a Avac Inte n sit y (]" Classification a 

(c m - I ) A (cm- ' ) 

1454.957 400 b l 68730.6 1440.844 III 69403.8 
1454.832 4 68736.4 1440.733 101> 69409.1 
1454.775 5 68 739.2 1440.234 .'} 69433. 2 
1454.602 5 6874 7.3 46673 7/2 - 1I5420·7/ 2 1439.922 30 69448.2 18063 "/2 - 87511·7/2 

14859 " /2- 8360T " /2 1439.540 100 69466.6 

1454.265 20 68763.2 1439.420 10h 69472.4 
1454 .029 40 68774.4 1438.925 2 69496.3 24470 7/2 - 9396T7/2 
1453 .934 5 68778.9 1438.766 3 69504.0 23050 3/2 - 92554\ /2 
1453. 705 7 68789.8 16516 7/2 - 85306.5/2 1438.719 5 69506.3 24461 5/2 - 9396T;/2 
1453.541 15 68797.5 1438.532 2011 69515 .3 

1453.405 30 68803.9 1438.037 50h 69539 .2 
1453.094 201> 68818.7 1437.871 1 69547 .3 
1453 .014 10011 68822.5 1437.405 7 69569.8 
1452.887 40 68828.5 1435.977 10 69639.0 
1452.569 1 68843.6 14859 " /2- 83703\,/2 1434.845 40 69693.9 45805 "/2 -1I5499°"/2 

1452.478 1 68847.8 1434.629 4011 69704.4 
1452 .352 400 68853.8 1434.540 511 69708.8 
1452.005 8" 68870.3 1434.187 2011 69725.9 
1451.783 100 68880.8 21238 13/2- 90119°" /2 1434.090 1011 69730.6 
1451.358 300" 68901.0 1433.936 20 69738.1 25409 7/2 - 95147"9/2 

1451.193 30 68908.8 23532 5/2 - 92441°7/2 1432.971 511 69785 .1 
1450.960 4 " 68919.9 1432.015 511 69831.7 
1450. 500 2 68941.7 1431.711 5w 69846.5 
1450.403 4 68946.4 1431.554 3 69854.1 23442 " /'- 93296°" /2 
1450.241 10" 68954.0 1431.244 20 69869.3 61357"!I/2 - 131226 !I/2 

1448.814 5 69022.0 23532 5/2 - 92554\/2 1431.103 40 69876.2 
1448. 524 1011 69035.8 1431.014 100 69880.5 
1448.168 100 69052. 8 26095 " /2- 95147",,/2 1430.930 3 69884.6 17627 "/2 - 8751I 07/2 
1447.963 4 69062 .5 1430.543 5 69903.5 
1447.616 100 69079.1 1430.329 20 69914.0 22527 7/2 - 92441 °7/2 

1447.301 3 69094.1 21535 !I/2 - 90629°"/2 1430.158 300 69922.3 
1446.361 1 69139.0 48401 :l/2 - 1I7540°:l/2 1429.627 1 69948.3 
1445.822 50h 69164.8 1428.703 3 69993.6 45807 5/2 -1I5800";/2 
1445.659 4 69172.6 1428.018 40 70027.1 22527 7/2 - 92554°5/2 
1445.517 300 69179.4 24788 "/2 - 93967"7/2 1427.709 20 70042.3 

1445.279 2 69190.8 1427.561 3 70049.5 
1445. 033 3" 69202.6 1427.014 100 70076.4 
1444.551 SOh 69225 .7 1426.067 100 70122.9 23844 "/2 - 93967"7/2 
1444.331 2 69236.2 1424.775 2 70186.5 
1444.106 20 69247 .0 1424.001 1 70224.7 

1443.659 2h 69268 .4 64235°!l/2 - 133503 " /2 1423.653 5 70241.8 
1443.470 400 69277.5 1423.393 3 70254.7 
1443.005 1 69299.8 18211 5/2 - 8751I07/2 1423.187 411 70264.8 
1442.865 3" 69306.6 1423.114 211 70268.4 
1442 .750 5 " 69312.1 1422.943 2 70276.9 22277 3/2 - 92554\/2 

1442.290 10 69334.2 21294 7/2 - 90629°!l/2 1422.718 10 70288-.0 
1442. 085 7 69344.0 1422.551 lOll 70296.2 
1441. 730 7 69361.1 1422.079 3 11 70319.6 
1441.388 20 69377.6 27452 5/2 - 96830°7/2 1421. 745 10 70336.1 
1440.948 20" 69398 .8 1421.636 20 70341.5 

<I For doubly-classifi ed lines . the wavelength is ent ered only once. 
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TABLE X. Observed spectra/lines of Pril l in tlte vacuum ultra violet region - Con tinued 

I 

~ 

I 

\ 
t 

1 

l~ 

j 

Axe Intensity (J Classificalion" 
(e m - ' ) 

1421.479 1 70349.3 
1421.262 100 70360.0 24788 !I/2 - 95147",,/2 
1420.795 15 70383.1 26446 7/2 - 96830'7/2 
1420.334 5 70406.0 
1420.071 50h 70419.0 19700 11 /2- 90119°11/2 

1420.021 lOe I 70421.5 
1418.966 7 70473 .8 22080 7/2 - 92554\/2 
1418.4 77 2 70498.1 
1417.458 I 70548.8 22747 . /2 - 93296 ' 11 /2 
1417.081 20 70567.6 

1416.779 20 70582.6 
1416.165 5 70613.2 
1415.874 J 70627.8 64817'5/2 - 135445 7/2 
1415.756 300 70633 .6 
1414.393 3 70701.7 

1414.230 2 70709.8 
1414.137 50 70714.5 62678" 3/2-133393 '3/2 
1413.766 3 70733. 1 
1413.674 10 70737 .7 
1413.359 5 70753 .4 

1413.235 3 1t 70759.6 19360 1:,/'- 90119°1l / 2 
1412.825 400 70780.2 
1412.655 5h 70788 .7 
1412.492 3 70796 .9 
1412.297 20 70806 .6 60419' 11 /,-131226 "/2 

1412.087 10 70817.2 
1411.924 20 70825.3 62678" 3/,-133503 11 /2 
1411.819 20 70830 .6 21611 5/2 - 92441 °7/2 
1411.732 l00h 70835 .0 
1411.399 lOe I 70851.7 

1411.372 3 e I 70853 .0 
1411.184 2 70862 .5 
1410.745 10 70884.5 50647 " /2-121532°" /2 
1410.651 100 70889 .3 64979°7/2 - 135868 "/2 
1410.528 lOb I 70895.4 25934 5/2 - 96830' 7/2 

1410.304 60 70906.7 21535 !}/2 - 92441 °7/2 
1409.801 100h 70932.0 58174°"/2 - 129106 "/2 
1409.708 5 70936.7 
1409.535 3 70945 .4 62558° 11/2-133503 11/2 
1409.479 20 70948.2 58158°7/2 -129106 !I/2 

1408.544 3 70995 .3 16516 7/2 - 87511 °7/2 
1408.221 10 710] 1.6 64857'!I/2 - 135868 0/2 
1407.904 2 71027.6 
1407.773 20 71034.2 60166 '!I/2 - 131200 11 /2 
1407.574 3 71044.2 64401 \/2 - 135445 7/2 

1407.485 30 h 71048 .7 
1407.352 6 71055.4 
1407.283 10 e I 71058 .9 13352 11 /2- 8441O'!I/2 
1407.260 lO e I 71060 .1 60166°"/2 - 131226 9/2 
1407.212 5 71062.5 40205 :1/2 -111268'3/2 

:I For doubly-classified lines, the wavelength is entered only oncc. 
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A'A'ilC Inte nsity (J Classification" 
(em- ') 

1406.68J 15 71089.3 
1406.071 15 71120.2 44679 7/2 -115800'5/2 
1405.544 50 71146.8 21294 7/2 - 92441 '7/2 
1405.434 2 71152.4 62240'11 /2-1333931:'/2 
1405.100 1 71169.3 

1404.974 30 71175.7 
1404.747 300 71187.2 
1404.102 20 71219.9 22747 !I/2 - 93967'7/2 
1403 .981 300 71226.0 
1403.868 4 71231.8 

1403.598 60 71245.5 
1403 .310 100 71260.1 21294 7/2 - 92554\/2 
1403.171 100 71267.2 
1402 .907 40 71280 .6 
1402.743 20 71288.9 40205 :1/2 - 111494"/2 

1402.599 3 71296.2 
1402.458 8 71303.4 23844 !I/2 - 95147',,/2 
1402.J22 8 71320.5 19308 11 /2- 90629',,/2 
1402.047 100 c / 71324.3 
1402.030 30 e / 71325 .2 

1401. 774 3 71338.2 
1401.405 4 71357.0 
1401.176 100 71368.6 
1400.611 20h 71397.4 
1400.434 7 71406.4 21148 3/2 - 92554'5/2 

1400.359 7h 71410.3 
1400.160 3 71420.4 25409 7/2 - 96830'7/2 
1399. 141 5 71472.4 39870 "/2 - 111342'7/2 
1398.824 40 71488.6 
1398.695 5 71495.2 

1398.619 40 71499.1 
1397.919 2 71534.9 
1397.770 4 71542.5 
1397.421 100h 71560.4 
1397.344 20 71564.3 

1397.227 5 71570.3 
1396.842 7 71590.0 
1396.444 50 71610.5 
1396.219 20 71622 .0 
1395.722 2 71647.5 

1395.658 5 71650.8 
1395.383 8 71664.9 
1395.316 3 71668.4 
1395. 196 4h 71674.5 
1394.784 10 71695.7 45844 3/2 - 117540'3/2 

1394.718 20 h 71699.1 
1394.585 60 71705.9 20848 5/2 - 92554'5/2 

23442 11 /2- 95147',,/2 
1394.540 2 71708.2 
1394.435 3 71713.6 



TABLE X. Observed spectral lines of Pr III in the vacuum ultra violet region - Continued 

Al.3C 
Intensity (J" Class ification a A'Aac Intensity (J" Classificat ion a 

(em - I) (em- I) 

1394.323 20 7l7l9.4 1370.129 2 72985.8 23844 9/2 - 96830°' /2 
1393.964 20 7l737.9 1368.661 lOOh 73064.1 
1393.905 4 7l740.9 1367.730 5 73113.8 
1393.526 2 71760.4 1366.761 3 73165.7 
1393.452 lOO 7l764.2 1366.522 3 73178.5 23651 ' /2 - 96830°' /2 

1392.825 lOO 7l796.5 25033 "/2 - 96830°' /2 1366.392 200 73185.4 
1392.651 3 71805.5 1364.645 1 73279.1 
1392.367 1 71820.1 1364.382 2 73293.2 
1390.762 3 71903.0 1364.303 1 73297.5 39725 15/2-113023°" /2 
1390.367 100 71923.4 1363.020 2 73366.5 

1390.301 2 71926.9 1362.453 40h 73397.0 
1390.089 5 7l937.8 1362.37l 20h 73401.4 44679 ' /2 -118081 °"/2 
1389.786 7 7l953.5 1362.113 1 73415.4 44903 5/2 -118318°'/2 
1389.588 l00h 71963.8 1361.813 2 73431.5 
1389.240 7w 71981.8 1359.082 3h 73579.1 

1388.403 2 72025.2 1359.003 30h 73583.4 
1388.073 1 72042.3 24788 9/2 - 96830°' /2 1358.233 2 73625.1 
1388.004 1 72045.9 1356.483 200h 73720.0 
1387.775 40 72057.8 21238 13/2- 93296°" /2 1356.355 2h 73727.0 40098 5/2 -113825°3/2 
1387.268 4 72084.1 16135 ' /2 - 88220°"/2 1355.383 1 73779.9 

1387.136 2 72091.0 1355.214 3 73789.1 44679 ' /2 -118468°"/2 I 

1386.163 3 72141.6 44903 5/2 -117044°7/2 1354.815 2 738lO.8 ,! 
1385.459 511 72178.2 1353.997 2 73855.4 
1384.669 3 72219.4 1353.601 lOh 73877.0 
1383.796 10 72265.0 1353.151 3 73901.6 

1383.656 300h 72272.3 1352.987 2 73910.5 39870 "/2 -113780°"/2 
1383.608 2 72274.8 45805 "/2 -118081 °"/2 1352.697 600 73926.4 
1382.351 2 72340.5 1352.511 300 73936.5 19360 ,3/2- 93296°" /2 
1382.193 2 72348.8 1350.905 1 74024.4 
1382.045 1 72356.5 45844 3/2 -118201 °:3/2 1350.326 lOh 74056.2 

1381.886 2 72364.9 44679 ' /2 -117044°' /2 1350.171 20 74064.7 
1381.816 4 72368.5 1349.740 1 74088.3 61357'''/2 -135445 ' /2 
1381.446 lOO 72387.9 18241 11 /2- 90629°"/2 1349.618 7 74095.0 19872 ' /2 - 93967'7/2 
1381.209 lO 72400.3 22747 9/2 - 95147°"/2 1349.334 7 74110.6 3878515/2-112896°15/2 
1380.107 40h 72458.2 1349.059 5 74125.7 

1379.958 3 72466.0 45805 9/2 -118271 °" /2 1347.513 10 74210.8 36670 " /2-110881 °" /2 
1378.385 1 72548.7 3878515/2-1 11335°15/2 1347.328 5 74221.0 
1377.992 15 72569.4 19872 ' /2 - 92441°'/2 1347.162 30 74230.1 18211 5/2 - 92441 °' /2 
1377.425 20 72599.2 1345.174 l00h 74339.8 39485 ,/2 -113825°3/2 
1376.770 15 72633.8 38701'3/2-111335°15/2 1345.087 200w 74344.6 

1376.032 8 72672.7 21294 ' /2 - 93967'7/2 1344.704 5 74365.8 
1375.992 4 72674.8 1344.323 10 74386.9 
1375.847 1 72682 .5 19872 ' /2 - 925540,/2 1342.855 lO 74468.2 36642 13/2-11111 0 ° 13/2 
1374.618 20h 72747.5 1342.259 100 74501.3 
1374.199 2 72769.7 1338.810 4 74693.2 36642 13/2-111335°15/2 

1373.939 lO 72783.4 44903 5/2 - 117686°5 /2 1338.568 2h 74706.7 
1372.124 311 72879.7 1337.468 40h 74768.1 
1371.420 100h 72917.1 1335.134 100 74898.8 38701'3/2-113600°'3/2 
1371.220 2h 72927.8 1334.983 10 74907.3 
1370.471 15 72967 .6 44679 ' /2 -117647'7/2 1334.811 2 74917.0 

a For doubly-class ified lines, the wave length is entered o nly once. 

366 



TABLE X. Observed spectral lines of Pr III in the vacuum ultra violet region - Continued 

AX' Intensity (T Classification" AXle intensity (T Classification" 
(cm - ') (cm - ') 

1333.802 20h 74973.6 1294.456 2 77252.5 
1332.359 1 75054.8 18241 11/2- 93296"" /2 1294.103 3 77273.6 36640 1/2 -1l3914"5/2 
1331.490 1 75103.8 15525 11/2- 90629",,/2 1294.043 10 77277.2 13352 " /2- 90629"'/2 
1330.985 60 75132.3 38701 13/2-113833"15/2 1293.079 5 77334.8 40205 3/2 -1l7540"3/2 
1329.459 1 75218.6 1292.456 3h 77372.1 

1328.452 30 75275.6 38549 1/' -113825"3/2 1292.062 1 77395.7 15045 5/2 - 92441"7/2 
1328.207 5 75289.5 45805 9 /2 -121095"" /2 1291.104 20 77453.1 38785 15/2-116238"'5/2 
1325.155 4 75462.9 41026 11/,-1l6489"11/2 39870 9/2 - 117323',, /, 
1324.595 50h 75494.8 1289.817 1 77530.4 
1322.376 1 75621.4 1288.999 2 77579.6 37919 1/2 - 115499"9/2 

1321.520 5 75670.4 39732 1'/2-115403" 1/2 1287.736 2h 77655 .7 
1319.844 1 75766.5 39732 ' 1/2-115499"/2 1286.935 300 77704.0 38785 ,,/,-1l6489"'1/' 
1319.796 1 75769.3 14859 '1/2- 90629"9/2 1286.530 4011 77728.5 
1316.719 3 75946.4 39725 15/2-115672' ''/2 1286.233 1 77746.4 
1316.264 1 75972.6 36670 11/2-112643''' /2 1284.023 10 77880.2 37919 1/2 - 1l5800\ /2 

1315.596 1 76011.2 38785 15/2- 114797"'3/2 1278.394 3h 78223.1 
1314.573 2 76070.3 14558 9 / , - 90629'9/2 1277. 726 2 78264.0 
1314.136 20 76095.6 38701 13/2-114797"13/2 1277.553 50h 78274.6 
1313.582 10 76127.7 36642 ,3/,-112769",3/2 1277.286 30 78291.0 
1313.538 2 76130.3 35137 3/2 - 111268"3/2 1276.937 1 78312.4 

1313.376 5h 76139.6 1276.817 2h 78319.8 
1312.336 7 76199.0 39732 11/,-115933"11 /2 1276.612 2h 78332.3 
1310.972 III 76279.3 37011 5/2 - 113291"7/2 1276.327 1 78349.8 38694 5/2 -1l7044"1/2 
1310.898 2h 76283.6 1275.701 1 78388.3 
1310.307 2 76318.0 35024 1/2 - 111342"7/2 1274.924 20 78436.0 

I 

1310.001 1 76335.8 1273.361 5 78532.3 35024 1/2 - 113556°5/2 
1309.831 2h 76345.7 1272. 901 20 78560.7 25244"" /2-103805 '3/2 
1308.577 2 76418.9 16135 1/, - 92554\/2 1272.820 1 78565.7 39120 3/2 - 1l7686"5/2 

r 
1308.234 2 76438.9 39870 "/2 -116309",, /, 1272.690 3 78573 .7 23091 "3/2 -101665 5/2 
1307.215 20h 76498.5 1271 .934 IOh 78620.4 

1306.420 1 76545.1 37011 5/2 -113556"5/2 1271.829 1 78626.9 
1305.892 1 76576.0 39732 11/2-116309"'1/2 1269.499 1 78771.2 34520 5/2 -1l3291°", 
1305.771 1 76583.1 39870 9 / , -116453""/2 1269.345 1 78780.8 36640 1/2 - 115420 0", 

1305.623 1 76591.8 1269.232 2 78787 .8 37011 5/2 -115800"5/2 
1303.501 2 76716.5 37197 3/2 - 113914"5/2 1268.819 2 78813.4 

1302.%1 3 76748.3 34520 5/' - 111268"3/2 1268.084 1 78859.1 36640 1/2 -115499°9/2 
1302.884 3h 76752.8 1267.783 40 78877.8 39732 " /2-118610"'3/2 
1302.696 10 76763.9 39725 15/2-116489"11/2 1267.235 2h 78912.0 
1300.617 50 76886 .6 38785 15/2-115672\5/' 1266.730 2h 78943.4 
1300.285 3 76906.2 18241 11/'- 95147"'/2 1265.676 20 79009.2 39870 9/2 -118879°'1 /2 

1299.811 30h 76934.3 1265.347 5 79029.7 36640 1/2 - 115670°1/2 
1299.407 10 76958.2 36642 13/,-113600"13/2 36642 '3/2-115672°15/, 
1299.193 2 76970.9 38701 13/2-115672'15/2 1264.221 10 79100.1 
1298.693 40 77000.5 1263.489 20 79145.9 39732 " /2-118879°'1 /' 
1298.630 100 77004.2 1263.274 20 79159.4 36640 1/2 -115800°5/2 

1298.410 2 77017.3 1263.160 1 79166.5 
1298.139 IOh 77033.4 1261.871 20 79247 .4 39024 9/2 -118271"11/2 
1297.828 3 77051.8 38448 9 /2 - 1l5499"./2 1260.991 20 79302.7 
1295.473 30 77191.9 36642 '3/2-113833" 5/2 1259.747 4 79381.0 36640 1/2 -116021 "1/2 ( 
1294.860 2 77228.4 1258.859 4h 79437.0 

<I Fvr doubl y-c lassified lines. the wa\'cleng1h is entered only once. 
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TABLE X. Observed spectral lines of Pr III in the vacuum ultra violet region - Continued 

"- vac Intensity u Classification a )ac Inte nsity u Classifi cation a 

A (cm- ') (cm- ' ) 

1258.754 1 79443.6 1217.644 40 82125.8 
1258.700 2 79447.0 24357'11/2-103805 13/2 1217.473 3 82137.3 30505 11 /,-112643' 11 /2 
1257.936 1 79495.3 35828 9/2 - 115324'9/2 1217.169 4 82157 .9 29835 9/2 - 111993'9/2 
1257.835 10h 79501.7 1217.063 1 82165.0 
1256.362 20 79594.9 12846 9/2 - 92441 '7/2 1215.996 2 82237 .1 36642 13/2-118879'11 /2 

1255. 468 1 79651.6 38549 1/2 - 118201 '3/2 1214.562 1 82334.2 
1255.162 3 79671.0 35828 9/2 -115499'''/2 1212.271 1 82489.8 35828 "/2 -118318'7/2 
1254.915 5 79686.7 1212.053 2 82504 .6 
1252.937 7 79812.5 36640 7/2 -116453'''/2 1211.998 1 82508.4 39024 9/2 - 121532'11 /2 

48401 3/2 - 128214'''/2 1211.894 60 82515.5 

1250.337 20 79978.4 1211.111 3 82568 .8 
1250.190 10 79987.8 1210.532 3 82608.3 
1249.025 3 80062.4 23245 '5/2 - 103308 7/2 1210.158 4 82633.8 
1246.860 5h 80201.5 1210.078 20 82639.3 
1245.521 5 80287.7 14859 11 /2- 95147'9/2 1209.191 2 82699.9 

1244.669 2 80342.6 37197 3/2 - 117540'3/2 1208.938 2h 82717.2 
1242.667 1 80472.1 1208.755 2 82729.8 27604 9/2 - 110333'7/2 
1241.027 5h 80578.4 38701 13/2-121431 " 3/2 
1239.467 7 80679.8 24886'7/2 - 105566 !I/2 1208.272 2 82762.8 45805 9/2 - 128568'''/2 
1238.007 4 80775.0 35024 7/2 -115800'0/2 1208.013 40b I 82780.6 

1237.976 2 80777.0 1205.675 2h 82941.1 
1236.596 1 80867 .2 1205.511 20h 82952.4 
1235.607 20h 80931.9 1204.999 20b I 82987.6 
1235.369 1 80947.5 1204.511 4h 83021.2 
1234.649 .1 80994.7 36652 5/2 -117647'7/2 1204.078 50 83051.1 35828 9/2 - 118879' 11/2 

1234.534 3 81002.2 1204.000 4 83056.5 35024 7/2 - 118081 '!I/2 
1234.351 1 81014.2 1203.946 2h 83060.2 
1234.150 3 81027.4 1203.448 2 83094.6 30505 11/2-113600" 3/2 
1233.869 3 81045.9 29835 9/2 - 110881 ' 11/2 1203.266 1 83107.1 

36640 7/2 - 117686'5/2 1203.106 lOh 83118.2 

1233.573 1 81065.3 29267 5/2 - 110333' 7/2 1203.054 2h 83121.8 
1233.242 1 81087.1 29835 9/2 -110922'9/2 1202.997 1 83125.7 
1231. 958 1 81171.6 1202.889 1 83133.2 
1229.989 3h 81301.5 1202.515 2 83159.0 
1229.728 20 81318.8 1202.463 5b I 83162.6 

1228.610 10 c I 81392.8 39725 '5/2-121119' 15/2 1202.389 4 83167.8 25391"3/2-108559 11 /2 
1228.067 2 81428.8 35024 7/2 -116453'9/2 1201.999 1 83194.8 27138 7/2 - 110333' 7/2 
1224.015 5 81698.3 39732 11/2-121431 " 3/2 1200.879 1 83272.3 28720 9/2 - 111993'9/2 
1223.251 1 81749.4 1200.565 3 83294.1 35024 7/2 -118318'7/2 
1223.055 1 81762.5 1200.254 5 83315.7 

1222.497 10 81799.8 39732 11/2- 121532' '' /2 1200.203 5b I 83319.2 
1222.214 2 81818.7 35828 9/ 2 - 117647'7/2 1200.140 8 83323.6 29835 9/2 - 113158'9/2 
1222.173 1 81821.5 1200.067 5h 83328.7 
1220.398 1 81940.5 36670 11 /2-118610" 3/2 1198.482 2h 83438.9 
1220.279 4 81948.5 1198.399 40 83444.7 35024 7/2 - 118468'''/2 

1219.975 2 81968.9 36642 ,3/2-118610" 3/2 1197.869 3 83481.6 
1219.500 1 82000.8 29267 5/2 - 111268'''/2 1197.651 2 83496.8 
1219.208 20 82020.5 35024 7/2 - 117044' 7/2 1197.589 50 83501.1 27380 11/2-110881 ' '' /2 
1218.533 2 82065.9 1197.505 30 83507.0 29263 '3/2-112769" 3/2 
1218.403 4 82074.6 29267 5/2 - 111342' 7/2 1196.999 1 83542.3 27380 11 /2-110922'''/2 

11 For doubl y-classified lines, the wave length is ent ered only once. 
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TABLE X. Observed spectral lines of Pr III in the vacuum ultra violet region~Cont.inued 

A.x8 C 
Intensity a Class ificati on a AXle Int ensity a Classification a 

(em - I) (em- I) 

1196.893 10 83549.7 44903 5/, - 128453°7/2 1161.532 7 86093.2 24788 9/ , -110881 °11 /2 
1196.513 I 83576.2 1161.460 8 86098 .5 29835 9/2 -115933°11 /2 
1195.692 4 83633.6 29263 13/2-112896°';/2 1160.892 2 86140.7 29263 13/,-115403°11 /2 
1194.310 20 83730.4 2738011/2- 111110°'3/2 1160.821 3 86145.9 29263 '3/2-115408°'3/2 
1192.794 3 83836.8 1160.717 10 86153.6 27138 7/2 - 113291°7/2 

1192.472 I 83859.4 1160.409 4 86176.5 27604 "/2 -113780°9/2 
1192.047 15 83889.3 44679 7/2 -128568°"/2 1159.818 20 86220 .4 2738011/2-113600°'3/2 
1191.806 100 83906.3 1159.497 10 86244.3 
1190.132 10 84024.3 29267 5/2 - ll 3291 07/2 1158.871 1 86290.9 
1190.043 100 84030.6 1158.222 511. 86339.2 

1189.183 20 84091 .3 1157.964 2 86358.5 35024 7/2 - 121382°"/2 
1188.622 3 84131.0 1157.912 40 86362.3 
1187.589 15 84204.2 27138 7/, - 111342°7/2 1157.279 20 86409.6 29263 '3/,-1l5672°,5/, 
1187.470 4 84212.6 1156.41O 15 86474.5 29835 9/2 - 1l6309°1l /2 
1187.418 I 84216.3 1155~87 1 3 86514.8 

1187.176 2 84233.5 1155.747 40 86524.1 
1185.662 1 84341.1 1155.635 2 86532 .5 29267 5/2 - 115800°5/2 
1185.135 2 84378.6 1154.705 I 86602.2 
1184.806 I 84402.0 ]]54.526 1 86615.6 
1183 .796 I 84474.0 1154.091 1 86648.3 

1183.751 1 84477.2 36642'3/,- 121119°'5/2 1153.796 5 86670.4 29263 13/2-115933°11/2 
1183.029 I 84528.8 1152.347 10 86779.4 28720 "/2 -1l5499°9/2 
1182.794 20 84545.6 31254 7/, - 1l580005/2 1151.922 2 86811.4 
1182.655 15 84555.5 1151.863 3 86815.9 
1182.425 611. 84572.0 1151.718 5 86826 .8 31254 7/2 - 118081°' /2 

1182.002 311. 84602.2 1151.530 10 86841.0 
1181.852 2 84612. 27380 11 /2-111993°,,/, 1151.474 10 86845.2 26446 7/2 - 1l3291°7/2 
1181.804 1 84616.4 1150.956 2 86884.3 14181'5/2 - 101071 5/2 

>- 1180.016 80 84744 .6 1150.518 20 86917.4 25979 15/2-112896°15/, 
1179.786 4 84761.1 1149.956 30 86959.8 24309 3/2 - 111268°3/2 

1179.739 4 84764.5 1149.740 20 86976.2 29263 1'1/2-ll6238"'5/2 
1178.552 3 84849.9 1149.180 5 87018.6 24250 3/2 - 111268°3/2 
1178.140 40 84879.6 1148.979 10 87033.8 24461 5/2 - 111494°5/2 
1178.012 5 84888.8 28936 3/2 - 113825 ':J/2 1148.836 100 87044.6 
1177.911 5 c I 84896 .1 26446 7/2 - 111342°7/2 1148.493 2011. 87070.6 

1177.886 20 c I 84897.9 30505 11 /,- 115403°" /2 1148.136 5 87097.7 
~. 

1176.548 5 84994.4 30505 11 /2-115499°"/2 ll46.717 I 87205.5 24788 9/2 - 111993°"/2 
1175.638 10 85060.2 28720 ' /2 -113780°"/2 1146.659 I 87209.9 29835 !l/2 - 11 7044 07/2 
1175.458 I 85073.2 1146.600 I 87214.4 31254 7/2 - 118468°,j/2 
1175.410 I 85076.7 1146.346 4 87233.7 23647 13/2-11088!"1I/2 

1175.191 10 85092 .6 1146.060 I 87255 .5 16089°'3/2-103344 11/2 
1172.829 30 85263.9 1145.869 4 87270.0 30505 1I /2-117775°'3/2 
1171.087 4 85390.8 1145.456 10 87301.5 28720 9/2 - 1l6021 °7/2 
1170.564 10 85428.9 1145.216 I 87319.8 
1169.104 10 85535.6 ll44.726 10 87357.2 25934 5/2 - II 329 1'7/2 

1166.804 10 85704.2 35828 9/2 -121532°" /2 1144.009 I 87411.9 
1165.446 3 85804.1 30505 11 /2- 116309°" /2 1143.937 4 87417.4 27380 1I/2- ll4791" 3/2 
1164.659 I 85862.0 244 70 7/2 - 110333°7/, 1143.836 2 87425.1 
1163.805 4 85925.0 1143.342 50 87462.9 2364 7 13/2- 1111 10' 13/' 
1163.324 3b l 85960.6 1143.244 I 87470.4 

a For doubl y.classi fi ed lines. the wavelen~lh is e nt ered only onCI::. 
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TABLE X. Observed spectral lines ofPr III in the vacuum ultra violet region-Continue d 

Axe Intensity U" Classification a A.Aac lntens it y U" Classifi cation a 

(cm - ' ) (cnr ') 

1143.020 2 87487.5 29835 9/2 -117323' '' /2 1130.153 3 88483.6 
1142.900 20 87496.7 1129.886 3 88504 .5 25409 ' /2 -113914's/2 
1142.788 10 87505.3 26095 it/2-113600" 3/2 1129.785 10 88512.4 29263 '3/2-117775' 13/2 
1142.690 20 87512.8 1129.054 1 88569.7 27452 5/2 -116021 ' ,/2 
1142.012 20 87564.8 1128.731 1 88595.1 227479/2 - 111342'1/2 

1141.868 2 87575.8 30505 11/2-118081 '9/2 1127.367 40 88702.3 26095 " /2-114797'13/2 
1141.795 20 87581.4 1127.107 4 88722.7 21611 5/2 -110333' ,/2 
1141.697 40 87588.9 28720 9/2 -116309' '' /2 1127.030 2 88728 .8 39485 '/2 -128214'3/2 
1141.465 4 87606.7 1126.802 5 88746.7 25033 . /2 -113780'9/2 
1141.419 1 87610.2 1126.623 2 88760.8 

1141.262 3 87622.3 25934 5/2 -113556's/2 1126.282 3 88787.7 
1141.157 2 87630.4 1126.128 300h 88799.8 29263 '3/2-118063" 5/2 
1140.413 200 87687.5 23647 '3/2-111335"5/2 1125.935 4 88815.1 22527 7/2 -111342'7/2 
1140.174 30 87705.9 23175 13/2-110881 ' '' /2 1125.895 5 88818.2 25979 '5/2-114797" 3/2 
1139.821 10 87733.1 28720 9/2 -116453'9/2 1125.725 20 88831.6 

1139.688 10 87743.3 1125.596 20 88841.8 22080 7/2 -110922'. /2 
1139.245 1 87777.4 29267 5/2 -117044"/2 1125.442 5 88854.0 28720 ' /2 -117574' ''/2 
1139.090 3 87789.4 1125.355 1 88860.8 
1138.958 3 87799.6 27604 9/ 2 -115403' ''12 1124.668 30 88915.1 21418 5/2 -110333'1/2 
1138.822 2 87810.0 23532 5/2 -111342" /2 1124.366 1 88939.0 

1138.712 80 87818.5 1124.014 1 88966.9 22527 7/2 -111494'5/2 
1138.231 2 87855.6 24788 9/2 -112643' '' /2 1123.920 15 88974.3 26446 7/2 -115420'1/2 
1137.886 30 87882 .3 25409 ' /2 -113291'7/2 1123.708 1 88991.1 22277 3/2 -111268'3/2 
1137.809 50 87888.2 1123.647 3 88995.9 
1137.714 100 87895.6 27604 9/2 -115499"/2 1123.103 2 89039.0 21294 7/2 -110333 '1/2 

1137.197 20 87935.5 23175 '3/2-111110' 13/2 1123.041 1 89043.9 29835 9/2 -118879' ''/2 
1136.852 3 87962.2 23532 5/2 -111494 's/2 1122.803 3 89062.8 
1136.709 50 87973.3 1122.386 7 89095.9 24461 5/2 -113556'5/2 
1136.628 8 87979.5 25934 5/2 -113914'5/2 1122.005 40 89126.2 
1136.551 1 87985.5 29263 13/,-117248' 13/2 1121.452 3 89170.1 

1136.484 4 87990.7 17642" 5/2-105632 '3/2 1121.115 5 89196.9 
1135.927 20 88033 .8 1120.707 3 89229.4 26095 " /2-115324"/2 
1135.835 1 88041.0 17409' ''/2-105450 " /2 1120.577 2 89239.7 
1135.654 1 88055.0 1120.463 1 89248.8 23647 '3/2-112896" 5/2 
1135.268 10 88084.9 1120.300 4 89261.8 22080 7/2 -111342'1/2 

1135.004 300 88105.4 30505 11/2-118610" 3/2 1120.257 1 89265.2 28936 3/2 -118201'3/2 
1134.751 8 88125.1 25033 9/2 -113158"/2 1119.698 2 89309.8 244 70 7/2 -1l3780"/2 
1134.462 4 88147.5 25409 ' /2 -1l3556'5/2 1119.636 30 89314.7 23844 ./2 - 113158"/2 
1134.298 50 88160.2 23175 13/2-111335' ''/2 27138 712 -116453'''/2 
1133.483 30 88223.6 1119.555 1 89321.2 

1133.272 20 88240.1 1119.470 10 89328.0 23442 " /2-112769' 13/2 
1132.851 40 88272.9 29267 5/2 -117540'3/2 1119.241 40 89346.3 . 21535 ' /2 -1l0881 ' '' /2 
1131.973 1 88341.3 23651 7/2 - 111993"/2 1119.153 40 89353.3 26446 7/2 - 115800'5/2 
1131. 719 2 88361.2 27138 7/2 -115499'9/2 1119.054 l00h 89361.2 
1131.558 10 88373 .7 30505 " /2-118879' '' /2 1118.723 4 89387.6 21535 9/2 -110922"/2 

1131.283 8 88395.2 22527 7/2 -110922"/2 1118.508 30 89404.8 26095 " /2-115499'9/2 
1130.988 15 88418.3 29267 5/2 -117686\/2 1118.395 15 89413 .8 22080 7/2 -111494 's/2 
1130.753 2 88436.6 29835 . /2 -118271 ' '' /2 1118.027 8 89443.3 24470 7/2 - 113914'5/2 
1130.654 1 88444.4 23050 3/2 -111494'5/2 1117.977 20 89447 .3 23844 . /2 -113291 '1/2 
1130.363 3 88467.2 1117.904 5 89453.1 24461 5/2 -H3914'5/2 

iI For doubly-classified lines, the wave length is ente red only once. 
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TABLE X. Observed spectral lines of Pr III in the vacuum ultra violet region - Continued 

Axe Inte nsity (T Classification a Alae Intens ity (T Class ifi cation a 

(em - I) (em- I) 

1117.803 10 89461.2 1107.998 40 90252.9 
1117.500 6 89485.5 20848 5/2 -110333°7/2 1107.911 80 90260.0 2597915/2- 116238°15/2 

25934 5/2 -115420°7/2 25409 7/2 -115670°7/2 
1117.230 3 89507.1 23651 7/2 -113158",,/2 1107.881 20cl 90262.4 23651 7/2 -113914\/2 
1116.681 30 89551.1 28720 "/2 - 118271 °11 /2 1107.536 100 90290.5 25033 9/2 -115324°' /2 

1116.516 3 89564.3 1107.096 20 90326.4 
1116.382 30 89575.1 24250 3/2 -113825°3/2 1106.948 2 90338.5 23442 11/.-113780°. /2 

26446 7/2 -116021 °7/2 1106.755 3 90354.2 
1116.264 3 89584.5 1106.567 80 90369.6 25033 ' /2 -115403 ° 11/2 
1116.139 50 89594.6 23175 13/.-112769°13/2 1106.423 20 90381.4 23532 5/2 - 1139]4\/2 

1115.725 15 89627.8 21294 7/2 - 110922°9/2 1106.341 10 c l 90388.0 
1115.571 30 89640.2 23651 7/2 -113291 °7/2 1106.311 30 90390.5 25409 7/2 - 115800°5/2 
1115. 429 10 89651.6 1106.252 3 90395.3 2738011/2-117775°13/2 
1115.353 ] 89657.7 21611 5/2 - 111268°3/2 1106.060 4 90411.0 22747 ' /2 - 113]58°9/2 
1114.912 60 89693.2 25979 15/2-115672°15/2 1105.962 200 90419.0 

1114.581 30 89719.8 1105.754 6 90436.0 
1114.436 ] 89731.5 21611 5/2 - 111342°7/2 1105.492 2 90457.5 21535 9/2 -111993°9/2 
1114.228 20 89748.2 28720 9/2 - 118468°9/2 1105.386 80 90466.1 25033 9/2 -115499°9/2 
1113.753 10 89786.5 23844 ' /2 - 113630°7/2 1105.214 20 90480.2 
1113.489 10 89807.8 21535 9/2 - 111342°7/2 1104.843 2000 90510.6 25979 15/.-116489°17/2 

1112.965 10 89850.1 21418 5/2 - 111268°3/2 1104.721 10 90520.6 
1112.582 10 89881.0 1104.525 40 90536.7 24788 ' /2 -115324°9/2 
1112.549 5 89883.7 21611 5/2 -111494°5/2 1104.389 4 90547.8 27138 7/2 -117686\/2 
1112.400 1 89895.7 22747 9/2 -112643°11/2 1104.173 2 90565.5 20315 9/2 -110881 °11/2 
1112.268 30 89906.4 27138 7/2 -117044°7/2 1103.780 20 90597.8 26446 7/2 -117044°7/2 

1112.162 10 89915.0 25409 7/2 -115324°9/2 1103.660 40 90607.6 
1112.050 5 89924.0 21418 5/2 -111342°7/2 1103.605 10 90612.1 25409 7/2 - 116021°7/2 
1111.902 10 89936.0 23844 9/2 -113780°"/2 1103.553 20h 90616.4 

1111.768 40 89946.8 1103.354 5 90632 .7 24788 9/2 - 115420°7/2 
1111.694 100 89952.8 2364713/2-113600°13/2 1103.185 8 90646.6 20848 5/2 - 111494 "s/2 

1111.539 20 89965.4 1103.150 15 90649.5 37919 7/2 - 128568°' /2 
1111.475 10 89970.5 27604 9/2 - 117574\ 1/2 1103.035 400 90659.0 23175 13/2-113833°15/2 
1111.373 3 89978.8 23651 7/2 -113630°7/2 1102.938 1 90666.9 27604 9/2 - 118271°11/2 
ll1Ll74 50 89994.9 28885 "/2 - 118879°" /2 1102.556 20 90698.3 21294 7/2 -111993°. /2 
ll1Ll17 ] 89999.5 1102.392 200 90711.8 24788 9/2 -115499°' /2 

1111.035 ] 90006.2 26446 7/2 -116453°'/2 1101.939 20 90749.1 27452 5/2 -118201 °3/2 
1110.898 ] 90017 .3 20315 '/2 - 11 0333 07/2 1101.757 100 90764.1 22527 7/2 -113291 °7/2 
1110.656 ] 90036.9 1101.660 ] 90772.1 
1110.520 200 90047.9 21294 7/2 -111342°7/2 1101.542 1 90781.8 
1110.172 30 90076.1 21418 5/2 -111494°5/2 1100.673 40 90853.5 244 70 7/2 -115324°9/, 

I~ 1110.082 ] 90083.4 1100.546 1 90864.0 23050 3/2 -113914\/2 
1109.801 5 90106.2 27604 9/2 -118468°'/2 
1109.523 15 90128.8 23651 7/2 -1l378009/2 1100.515 2 90866.6 27452 5/2 -118318°7/2 
1109.156 200 90158.6 28720 ' /2 -118879\ 1/2 1100.389 4 90877.0 30505 11/2-121382°"/2 
1109.011 20 90170.4 1099.894 4 90917.8 

1108.879 10 90181.2 1099.803 200 90925.4 30505 11/.-121431 °13/2 
1108.817 500 90186.2 23647 13/2-113833°15/2 1099.596 4 90942.5 27138 7/2 - 118081 °9/2 
1108.709 20 90195.0 27452 5/2 -117647"7/2 1099.505 20 90950.0 24470 7/2 -115420°7/2 
1108.648 3 90200.0 21294 7/2 - 111494°5/2 1099.389 7 90959.6 24461 5/2 -115420°7/2 
1108.115 6 90243 .3 1099.045 40 90988.1 25033 9/2 -116021 °7/2 

a For doubly-classified lines, the wavelength is ent ered only once. 
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TABLE X. Observed spectral lines of Pr III in the vacuum ultra violet region - Continued 

Avac Intensity (J Classification a A.. vac Inte nsity (J Classification a 

A (cm - I) A (em- I) 

1098.981 3 90993.4 1091.293 2 91634.4 25409 7/, -117044'7/' 
1098.735 1 91013.8 21755 11/,-112769' 13/' 26446 7/' -118081 '9/' 
1098.573 40 91027.2 20315 9/, -111342'7/, 1091.097 1 91650.9 

30505 11/,-121532'11/, 1091.047 2 91655.1 23844 9/' -115499'9/' 
1098.506 4 91032.7 22747 9/, -113780'9/' 1090.876 2 91669.4 

1098.296 40 91050.1 19872 7/2 -11 0922'9/2 1090.839 2 91672 .6 23651 7/2 -115324'9/2 
1098.243 20 91054.5 1090.739 5 91681.0 21611 5/2 -113291 '7/' 
1098.164 2 91061.1 1090.626 50 91690.5 
1097.967 1 91077.4 22080 7/, -113158'9/' 1090.536 200 91698.0 29835 9/2 -121532' 11/2 
1097.595 100 91108.3 20160 3/' -111268'3/2 1090.366 10 91712 .3 25934 5/2 -117647'7/2 

1097.148 50 91145.4 24788 9/' -115933'11/, 36640 7/' -128352'9/' 
10%.955 1 91161.4 1090.006 15 91742.6 
10%.731 20 91180.1 19700 11/,-110881 '11/' 1089.921 1 91749.8 19360 13/2-111110\3/2 

27138 7/' - 118318'7/2 1089.844 4 91756.2 21535 9/ , - 113291 '7/2 
1096.367 lOh 91210.3 22080 7/, -113291 '7/2 23647 13/2-115403' 11 /' 

1096.121 100 91230.8 27380 11/,-118610' 13/, 1089.571 20 91779.2 
1096.080 50b I 91234.2 24788 9/' -116021 '7/2 1089.464 15 91 788.2 
1095.856 30 91252.9 22527 7/' -113780'9/' 1089.312 8 91801.1 19308 11 /2-111110' 13/' 
1095.766 100 91260.4 29835 9/, -121095'11/, 36652 5/, - 128453'7/2 
1095.587 60 91275.3 25033 9/, -116309'11/' 1089.167 1 91813.3 36640 7/' -128453'7/, 

27604 9/, -118879' 11/' 1088.933 30 91833.0 22080 7/2 - 113914'5/2 
1095.513 30 91281.4 1088.879 3 91837.6 
1095.403 15 91290.6 1088.659 500 91856.1 29263 13/2-121119\5/2 
1094.928 80 91330.2 27138 7/' -118468'9/2 1088.572 20 91863.5 21294 7/2 -113158'9/, 
1094.878 30 91334.4 20160 3/' -111494'5/, 1088.353 10 91881.9 23442 11 /2-115324'9/2 

1094.832 1 91338.2 24461 5/' - 115800';/2 1088.284 10 91887.8 23532 5/2 -115420'7/2 
1094.767 15 91343.6 18990 7/2 -110333'7/2 1088.125 70 91901.2 
1094.637 1 91354.5 23442 11/2-114797'13/2 1087.804 100 91928.3 36640 7/2 -128568'9/2 
1094.486 30 91367.1 1087.601 4 91945.5 21611 5/2 -113556'5/' 
1094.255 80 91386.4 22527 7/2 -113914'5/' 1087.563 1 91948.7 

1094.058 3 91402.8 21755 11/,-113158'9/2 1087.465 2 91957.0 
1093.870 10 91418.5 1087.418 2 91961.0 23442 11/2-115403'11/2 
1093.601 1 91441.0 37011 5/2 -128453'7/2 1087.362 1 91965.7 23442 11 /,-115408' 13/2 
1093.521 80 91447.7 1087.252 4 91974.0 19360 13/,-111335'15/, 
1093.253 80 91470.1 19872 7/2 -111342'7/2 1087.164 4 91982.4 24470 7/2 -116453'9/2 

1093.185 60 91475.8 22080 7/2 -113556'5/2 1087.063 1 91991.0 
1092.910 20 91498.8 27380 11 /,- 118879' 11/, 1086.993 ' 5 91996.9 21294 7/, -113291 '7/2 
1092.529 2 91530.8 21238 13/2-112769' 13/' 1086.700 40 92021.7 26446 7/2 -118468'9/2 

36683 1/' -128214'3/2 1086.598 10 92030.4 
1092.481 6 91534.8 1086.538 1 92035.4 

1092.325 20cl 91547.8 22277 3/' - 113825'3/2 1086.388 2 92048.1 
29835 ./, - 121382'9/' 1086.321 3 92053.8 18241 11/2-110295' 11/2 

1092.301 20cl 91549.9 22080 7/2 -113630'7/2 1086.280 2 92057.3 23442 11/2-115499'9/' 
24250 3/' - 115800'5/2 1085.915 40 92088.2 23844 9/' -115933' 11/' 

1092.032 2 91572.4 19308 11 /2-110881 ' 11/2 1085.828 20 92095.6 21535 9/, -113630'7/2 

1091.983 3 91576.5 23844 !I/' -115420'7/2 1085.531 20 92120.8 19872 7/2 -111993'9/' 
1091.676 1 91602.3 1085.435 1 92129.0 21535 9/2 -113664' 11/2 
1091.555 30 91612.4 1085.380 1 92133.6 
1091.477 70 91619.0 1085.283 2 92141.9 
1091.430 30h 91622.9 1085.236 10 92145.8 

a For doubly-class ified lines , the wavelength is e ntered only once. 
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TABLE X. Observed spectral lines of Pr III in the vacuum ultra violet region - Continued 

Axc Intensity (J" C lassification a AXle Inte nsity (J" Classification" 
, (em-') (cm- ') 

).. 

1085.112 8 92156.4 1079.013 10 92677.3 21148 3/2 -113825'3/2 
1084.976 15 92167.9 29263 '3/2- 121431 " 3/2 1078.672 1 92706.6 17627 9/2 -110333'7/2 
1084.873 10 92176.7 23844 9/2 - 116021 '7/2 1078.516 2 92720.0 

26095 " /2-118271 ' ''/2 1077.972 2 92766.8 
1084.417 500 92215.4 41026 '7/2-133242" 9/2 1077.851 I 92777.2 

I 1084.262 8b I 92228.6 23175 '3/2-115403' ''/2 1077. 782 40 92783.1 
1084.204 7 92233.6 23175 '3/2-11540W'3/2 1077. 742 4 92786.6 24788 9/2 -117574' '' /2 
1084.157 20 92237.6 25409 7/ 2 - 11764T 7/2 1077.623 2 92796.8 22527 7/2 -115324'9/2 
1084.071 1 92244.9 21535 9/2 - 113780'''/2 1077.571 30 92801.3 23651 7/2 -116453'9/2 
1083.936 20 92256.4 24470 7/ 2 - 11672T 5/ 2 1077.451 10 92811.6 28720 9/2 - 121532' '' /2 

24788 9/2 - 11 7044 '7/2 1077.382 20 92817.6 18063 9/2 - 1I0881 ' '' /2 
1083.876 40 92261. 5 21294 7/2 - 113556'5/2 1076.902 40 92856 .0 18063 "/2 - 1I0922'9/2 
1083.815 10 92266.7 23532 5/2 - 115800\ /2 24788 9/2 - 1l764T 7/2 

, 25934 5/2 - 11820r3 /2 1076.831 3 92865 .1 
1083.747 20 92272.4 1076.790 10 92868.6 18241 11 /2-111110" 3/2 

1083.697 2 92276.7 25409 7/2 - 117686'5/2 1076.708 2 92875.7 
1083.548 5 92289.4 18241 11 /2- 110530" 3/2 1076.325 30 92908.7 25409 7/2 - 11831W7/2 

25033 9/2 - 117323' '' /2 1076. l37 5 92925 .0 
1083.393 10 92302.6 21611 5/2 - 113914'5/2 1075.961 100 92940.2 
1083.348 20 92306.4 1075.707 2 92962.1 

1083.285 1 92311.8 1075.586 10 c I 92972 .6 22527 7/2 -115499'9/2 
1083.001 10 92336.0 21294 7/2 - 113630'7/2 1075.565 50c! 92974.4 
1082.881 40 92346.2 41026 '7/2- 133373" 7/2 1075.532 10 c I 92977 .2 20848 5/2 - 113825 '3/2 
1082.824 8 92351.1 1075.448 I 92984.5 
1082.704 50 92361.4 21238 '3/2- 113600" 3/2 1075.147 1 93010.5 23442 11 /2-116453'9/2 

I 

1082 .445 8 92383.4 25934 5/2 - 118318'7/2 1074.855 100 93035.8 
1082 .091 20 92413.7 18921 15/2-111335' 15/2 1074. 726 5 93047.0 25033 9/2 - 118081 ' ''/2 
1082.045 10 92417.6 24309 3/2 - 116727\ /2 1074.669 40 93051.9 
1081.807 3 92437.9 1074.590 7 93058.8 25409 7/2 - 118468'9/2 

I 
1081.746 10 92443 .1 20848 5/2 - 113291 '7/2 1074.515 100 93065 .2 20848 5/2 - 113914'5/2 

I 

I 1081.574 3 92457.8 1074.474 5 93068.8 19700 " /2-112769" 3/2 

I 

1081.356 20 92476 .5 24250 3/ 2 - 11672T 5/ 2 1074.353 7 93079.3 24461 5/2 - 117540'3/2 
1081 .252 5 92485.4 21294 7/2 - 113780'9/2 1074.171 5 93095.0 
1081.210 5 92489.0 23532 5/ 2 - 11602r 7/2 1074.041 5 93106.3 

« 1080.898 100 92515.7 26095 11/2-118610" 3/2 1073.901 200 93118.4 27380 11 /2-1204980,3/2 

1080.797 6 92524.3 35828 9/2 - 128352'9/2 1073.801 1 93127.1 
1080.553 2 92545.2 1073.661 100 93139.3 

I 
1080.459 300 92553 .3 35828 9/2 - 128381 ' ''/2 1073.340 20 93167.1 
1080.187 50 92576.6 22747 9/2 -115324'9/2 1073.308 3 93169.9 

I 
1080.110 20 92583.2 24461 5/2 - 117044'7/2 1073.126 200 93185.7 22747 9/2 -115933' ''/2 

,. 1080.019 2 92591.0 1072.600 30 93231.4 24309 3/2 -117540'3/2 
1079.947 3 92597.1 1072.529 100 93237.6 25033 9/2 -11827rll /2 
1079.921 10 92599.4 1072.466 20 93243.0 22080 7/2 - 115324'9/2 
1079.727 10 92616.0 1072.425 5 93246.6 19649 '7/2-ll2896' 15/2 
1079.698 10 92618.5 1072.342 20 93253.8 17627 9/2 - l1088rll /2 

1079.452 100 92639.6 18241 " /2- ll0881 ' 11 /2 1072.237 8 93263.0 

l 1079.268 60 92655 .4 22747 9/2 - ll5403 ' '' /2 1072.108 50c! 93274.2 22747 9/2 - ll6021 '7/2 
1079.204 I 92660.9 23647 13/2- 116309' 11 /2 1072.076 lO c I 93277.0 35291 9/2 - 128568'''/2 

r 1079.078 50cl 92671.7 25409 7/2 - 118081 '9/2 1072.009 100 93282.8 

I 1079.058 50c! 92673.4 22747 9/2 - 115420'7/2 1071.968 10 93286 .4 19872 7/2 - ll3158'9/2 

a For doubl y.classified lines, Ihe wa velength is enlered onl y once. 
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TABLE X. Observed spectral lines ofPr 1II in the vacuum ultra violet region-Continued 

"Xc Intens ity (J Classificat ion" Al.ac Inte nsity (J 

(em - I) (em- I) 

1071.865 200 93295.3 17627 9/2 -110922°"/2 1065.331 40 93867.5 
1071.487 100 93328.2 35024 7/2 -128352°9/2 1065.224 2 93877.0 
1071.422 300 93333.9 19308 " /2-112643°" /2 1065.128 20 93885.4 
1071.334 50 93341.6 1064.971 40 93899.3 
1071.213 100 93352.1 1064.874 10 93907.8 

1070.750 3 93392.5 23651 7/2 - 117044°7/2 1064.795 50 93914.8 
1070.617 7 93404.1 1064.640 20cl 93928.5 
1070.554 80 93409.6 19360'3/2-112769°13/2 1064.585 100 93933.3 
1070.461 60 93417 .7 17113 13/2-110530°13/2 1064.499 40 93940.9 
1070.336 10 93428.6 35024 7/2 - 28453°'/2 1064.390 100 93950.5 

1070.246 100 93436.5 1064.289 50 93959.4 
1069.881 500 93468.3 39725 15/2- 133194°" /2 1064.127 lOcl 93973.7 
1069.768 20 93478.2 23844 9/2 -117323 ° 11 /2 1064.102 5 c 1 93976.0 
1069.710 40 93483.3 24788 !I/2 -118271 °11 /2 1063.926 20 93991.5 
1069.622 100 93491.0 27604 9/2 - 121095°11 /2 1063.858 60 93997.5 

1069.520 1 93499.9 
1069.385 60 93511.7 23532 5/2 -117044°' /2 1063.746 10 94007.4 
1069.265 5 93522.2 22277 3/2 - 115800°5/2 1063.653 20 94015 .6 
1069.108 20 93535.9 19360 ,3/.-112896°,./2 1063.362 20 94041.4 
1068.852 500c 1 93558.3 2123813/2-11479T'3/2 1063.255 100 94050.8 

1068.820 5cl 93561.1 22747 9/2 -116309°11/2 1063.163 70 94059.0 
1068.761 lOh 93566.3 1063.104 50 94064.2 
1068.641 80 93576.8 1062.911 10 94081.2 
1068.397 200 93598.2 1062.819 5 94089 .4 
1068.270 2 93609.3 1062.673 100 94102.3 

1068.014 10 93631.7 1062.392 50c I 94127.2 
1067.950 300 93637.3 1062.356 50c I 94130.4 
1067.910 5cl 93640.8 1062.095 80 94153.5 
1067.848 lOh 93646.3 1061.975 40 94164.2 
1067.779 20 93652.3 21755 11/2- 115408°13/2 1061.909 20c I 94170.0 

1067.503 50 93676.6 23050 3/2 - 11672T./2 1061.887 10 c I 94172.0 
1067.416 40 93684.2 19872 7/2 - 113556°./2 1061.830 4 94177.0 
1067.167 10 93706.0 22747 9/2 - 116453°"/2 1061.695 10 94189.0 
1067.117 200 93710.4 1061.599 500 94197.5 
1067.068 20 93714.7 27380 11/2-121095°11 /2 1061.519 5 94204.6 

1067.000 10 93720.7 1061.328 200 94221.6 
1066.896 200 93729.8 23844 9/2 - 117574°11 /2 1061.162 30c I 94236.3 
1066.570 20 93758.5 19872 7/2 - 113630°'/2 1061.120 30c I 94240.0 
1066.520 2 93762.9 1061.072 5 c I 94244.3 
1066.465 3 93767 .7 17113 13/.-110881 °11/2 1061.051 5 c I 94246 .2 

1066.345 100 93778.3 27604 9/2 - 121382°"/2 1060.993 100 94251.3 
1066.223 20 93789.0 21535 9/2 -1l5324°"/2 1060.857 100 94263.4 
1066.177 3 93793.0 1060.734 20 94274.3 
1066.089 20 c I 93800.8 17534 15/2-111335°'./2 1060.546 200 94291.0 
1066.034 500 93805 .6 23442 1I /2-117248°13/2 1060.486 10 94296.4 

1065.791 30 93827 .0 1060.250 30 94317.4 
1065.625 10 93841.6 1060.160 40 94325.4 
1065.586 10 93845.1 25033 "/2 - 118879°11/2 1060.077 20 94332.8 
1065.524 80 93850.5 1059.926 10 94346.2 
1065.464 20 93855.8 1059.822 20 94355.5 

11 For doubly-c lassified lines, the wavelength is entered only oncc. 
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Classification a 

21535 9/2 -1l5403°" /2 

21535 "/2 - 1l542007/2 
19700 1I /2-113600013/2 
19872 7/2 -1l37800"/2 

27604 9/2 -121532°11 /2 
34520 5 /2 -128453°7/2 
22080 7/2 -116021 °' /2 
24250 3/2 -1l8201 °3/2 

17113'3/2-1 11110013/2 

24470 7/2 - 1l8468°9/2 
23532 5/2 -117540°3/2 
34198 1/2 - 128214°3/2 
19872 7/2 - 1l3914°. /2 
27380 11 /.-121431 °13/2 

21611 5/2 - 1l5670°' /2 

18921 1./2-113023°" /2 

2364 7 13/2-117775°13/2 

23532 5/2 -1l7686°5/2 
21238 13/.-115403°1l /2 
21238 13/2-115408°13/2 

21755 1I/2- 115933°1l /2 
21611 5/2 - 115800°5/2 
16135 ' /2 -1l0333°' /2 
21294 ' /2 - 115499°"/2 

17113 13/2-111335°15/2 
23844 9/2 - 1l8081 °"/2 
1936013/2-113600°'3/2 
27138 7/2 - 121382°9/2 

21418 5/2 -1l567007/2 

1930811/2-113600°'3/2 
22747 9/2 - 1l7044°7/2 

23442 1I /2-117775°13/2 

19308 1I /2-113664°1l /2 

J 
I 

J 



TABLE X. Observed spectraL Lines ofPr III in the vacunnL uLtra violet region-Continued 

;>1'" Inte nsity a C lass ifica t ion" AXl e Intens it y a Classification a 

(cm-') (em- ') 

1059.714 10 94365.1 1053.177 1 94950.8 
1059.631 100cL 94372.5 22080 712 - 1l6453°"12 1053. 105 1 94957.3 
1059.587 100 c I 94376.4 1053.021 100 94964.9 
1059.410 50 94392.2 1052.860 100 c L 94979.4 
1059.281 400c I 94403.7 26095 " 12-120498°'312 1052.815 40 94983.4 

1059.250 100 c L 94406.4 16516 712 -1l0922°"12 1052.633 lOOO 94999.9 21238 '312-116238°'512 
1059.157 200 94414.7 lO52.571 100 95005.5 15525 " 12-1105300'312 
1059.022 60 94426.8 23844 "12 - 1l8271"" 12 lO52.456 3 95015.8 17627 "12 -112643°1112 
lO58.948 10 94433 .3 21238 '312-115672°'512 1052.262 3 95033.4 
1058.769 60 94449 .3 22277 :112 - 116727"0/2 lO52.202 Sci 95038.8 

1058.510 100 94472.4 lO52.133 Sci 95045.0 
1058.393 3 94482.9 ]051.929 30 95063.4 
1058.348 3 94486.9 21535 "/2 - 116021°7/2 lO51.851 5 95070.5 21238 '312-116309°" /2 
1058.150 4 94504.6 21294 712 - 115800°5/2 1051. 792 200 95075.8 19649 17/,- 1l4725°17I' 
1058.018 20 94516.4 22527 7/2 - 117044°7/2 lO51.732 40 95081.2 

1057.903 5c1 94526.6 lO51.568 200 95096.1 19700 " /2- 114797"'312 
1057.885 lOci 94528.2 18241 ,,/,-112769°,3/2 lO51.423 30 95lO9.2 
1057.783 100 94537.3 1051.347 5 95116.1 21611 51' - 116727"5/2 
1057.721 100 94542.9 lO51.313 20 95119.2 22527 712 - 1l7647"7/2 
1057.490 lO ci 94563.5 lO51.093 10 95139.1 

1057.456 20 94566.6 18990 7/2 -1l3556°5/2 1050.961 5 95151.0 23050 3/2 - 118201"3/, 
38785 '5/2-133352°'512 1050.881 10 95158.2 21294 712 -1l6453°"/2 

1057.3 10 400 94579.6 18063 912 - 112643°11 /2 22527 71' -117686°5/, 
lO57.228 200 94587.0 38785 '51,-133373°17/2 1050.770 1 95168.3 23442 1I/2-118610°'312 
1057.080 40 94600.2 23175 '3/2-117775°'3/' 1050.652 7 95179.0 

1056.81 5 10 94623.9 23647 '3/2-1182710" I' 1050.595 3 95184.2 20315 9/' - 115499°"/2 
23844 "12 - 1l8468°"/2 1050.433 20 95198.8 

1056.619 8 94641.5 1050.323 100 95208.8 
1056.518 100 94650.5 38701 '3/2-133352\51' 1050.107 70 95228.4 18063 !I/2 - 113291 '712 
1056.314 20 94668 .8 23532 5/2 - 118201 °3/2 1050.056 20 95233.0 

1056.211 50 94678.0 1049.914 1 95245.9 
1056.030 80 94694 .3 21238 '3/2-115933°,, /, 1049.546 20 95279.3 
1055.857 20 94709 .8 1049.456 100 95287.5 15045 512 - ll 0333 07/2 
1055.668 20 94726.8 21294 7/2 - 1l6021 °7/2 26095 ,,/,-121382°9/ 2 
1055.297 20 94760.0 1049.228 20 95308.2 21418 5/2 -1l6727"512 

1055.143 300 94773.9 21535 9/ , - 1l6309°1l12 1049.086 2000 95321.1 196491712-114970" 9/2 
1055.072 30 94780.3 1048.951 5 95333.3 22747 ,,/, -118081 °9/2 
1054.613 50 94821.5 20848 512 -115670°7/, 1048.923 15 95335.9 26095 11/2-121431"'3/2 
1054.558 50cl 94826.5 16516 712 -111342°7/, 1048.703 l00e L 95355.9 15525 1I/,-1l0881°1l/2 
1054.525 80cl 94829.4 23442 1112-118271 \ '12 1048.672 20cl 95358.7 16135 7/2.-111494"s12 

18241 " /2-113600°'3/2 
1054.441 60 94837.0 
1054.388 5 94841.7 1048.643 200c L 95361.3 17534 '5/2-112896°'5/2 
1054.263 7 94853.0 1048.413 3 95382.2 
1053.876 400 94887.8 23175 '3/2-118063°'512 1048.318 4 95390.9 
1053.584 6 94914.1 lO48.255 40 95396.6 15525 1112-110922°9/ 2 

1053.542 3 94917.9 18241 " /2- 113158°912 1048.122 7 95408.7 22277 3/2 - 1l7686°5/2 
21535 "/2 - 116453°!lI' 1047.966 3 95422.9 18241 " 12-113664°11 12 

1053.412 1 94929.6 1047.924 8 95426.8 15454 '3/,- 1l0881 0, ' /2 
1053.344 40 94935.8 26446 712 - 121382°"/2 1047.811 100 95437.1 19360 '3/,-1l4797"'3/2 
1053.260 2 94943.3 23442 " 1,-118879°" 12 

II For doubly-classified lines. the wavelength is ent ered only once. 
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TABLE X. Observed spectral lines oj Pr III in the vacuum ultra violet region - Continued 

AXle Intensity (J" Classific ation a Axac Intens ity (J" Classification a 

(em - I) (em- I) 

1047.752 1 95442.4 1041.872 100 95981.1 
1047.625 10 95454.0 1041. 740 100 95993.2 20315 "/2 -1l6309' l1 /2 
1047.375 10 c I 95476.8 16516 7/2 - IlI993'''/2 1041.625 100 96003.8 17627 !I/2 -113630'7/2 
1047.352 10 c I 95478.9 1041.563 20 96009.6 2]2381:1/2-117248' 13/2 
1047.244 3000 95488.7 17534 15/2-113023' 17/2 1041.459 400 96019.1 2] 755 11 /2-117775' 13/2 

1047.105 3 95501.4 1041.260 200 96037.5 17627 9/2 -113664' 11/2 
1047.048 1 95506.6 1041.205 20 96042 .6 19360 13/2-115403' 11/2 
1046.941 3 95516.4 1041.145 100 96048.1 19360 13/2-115408' 13/2 
1046.779 300 95531.1 1041.002 60 96061.3 25033 9/2 -121095' 11/2 
1046.700 20 95538.4 1040.849 10 96075.4 2]611 5/2 -1l7686'5/2 

1046.594 I 95548.0 19872 7/2 -115420'7/2 1040.646 50 96094.2 19308 11/2-115403' 11/2 
1046.543 1 95552.7 1040.591 100 96099.2 ]9308 11/2-115408' 13/2 
1046.195 500 95584.5 15525 11 /2-IIlIlO' 13/2 1040.437 6 96113.5 
1046.113 10 95592.0 1040.387 3 96118.1 
1046.014 30 95601.0 18063 9/ , - 113664' 11 /2 1040.247 20 96131.0 22747 "/2 -118879' 11/' 

1045.900 10 95611.4 1040.180 100 96137.2 20315 "/2 -116453'''/2 
1045.858 100 95615.3 1040.139 50 96141.0 
1045.765 5 95623.8 19700 11 /2-115324'9/2 1040.082 5 96146.3 
1045.707 20 95629.1 1040.051 5 96149.1 ]9872 7/2 - 116021 ' 7/2 
1045.511 10 b I 95647.0 1039.943 10 96159.1 

1045.447 20 c I 956~.9 1039.778 50 96174.4 
1045.411 300 c l 95656.2 15454 13/,- llll1 0' 13/2 1039.380 10 96211.2 
1045.248 8 95671.1 14859 11/2-110530' 13/2 1039.253 60cl 96223.0 15045 5/2 -111268'3/2 
1045.181 1 95677.2 1039.200 50cl 96227.9 21418 5/2 -1l764 7'7/2 
1045.049 I 95689.3 1039.156 100 c l 96231.9 19700 11 /2-115933' ''/2 

1044.993 4 95694.4 1039.033 5 96243.3 
1044.909 30 95702.1 182Il 5/2 -Il3914'5/2 1038.962 10 96249.9 14859 11 /2-IIIlIO' 13/2 

19700 11 /.-115403' ,,/2 1038.773 3 96267.4 21418 5/2 - Il7686\/2 
1044.851 10 95707.4 19700 " /2-115408' 13/2 1038.451 10 96297.3 15045 5/2 -111342'7/2 
1044.608 30 95729.7 1038.356 7 96306.1 

1044.239 50 95763.5 1038.293 1000 96311.9 19360 1:1/2-Il5672'15/2 
1044.203 50 95766.8 1038.186 400 96321.8 14558 9/2 -Il088I'''/2 
1044.117 3 95774.7 14558 9/ 2 -110333'7/2 1038.066 40 96333.0 
1044.029 500 95782 .8 17113 13/2-112896' 15/2 1037.862 5 96351.9 21294 7/2 -117647'7/2 
1043.970 3 95788.2 21535 9/2 -117323' 11/2 1037.738 50cl 96363.4 14558 9/2 -1I0922'9/2 

1043.853 50 95798.9 19700 11/2-115499'''/2 1037.703 50cl 96366.7 
1043.797 500 95804.1 18921 15/2-114725' ''/2 1037.584 20 96377.7 
1043.639 10 95818.6 21755 " /2-117574' '' /2 1037.479 5 96387.5 22080 7/2 -118468'9/2 
1043.501 50 95831.2 1037.432 2 96391.9 21148 3/2 -1l7540'3/2 
1043.294 5 95850.2 21294 7/2 - Il7686 '5/2 

1043.223 200 95856 .8 16135 7/2 - I II 993'9/2 1037.390 30 96395.8 
1043.110 10 95867.2 1037.232 10 96410.4 3]803 1/2 -128214'3/2 
1042.964 1000 95880.6 15454 13/2-111335' 15/2 1036.823 15 96448.5 
1042.819 10 95893.9 1036.749 5 96455.4 
1042.651 7 95909.4 1036.623 10 96467.1 15525 11 /2-111993'9/2 

1042.478 100 95925.3 32288 3/2 -128214'3/2 1036.410 60 96486.9 17II3 13/2-113600' 13/2 
1042.306 2 95941.1 22527 7/2 - II 8468 '9/2 18921 15/2-115408'13/2 
1042.250 20 95946.3 1036.174 40 c I 96508.9 
1042.031 3 95966.4 1036.151 40 c I 96511.0 
1041.963 60 95972 .7 25409 7/2 -121382'9/2 1035.765 8bl 96547.0 

a For doubly-classified li nes , the wave length is e nte red only once. 
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TABLE X. Observed spectral lines oj Pr III in the vacuum ultra violet region - Continued 

"lac Intensity fT Classification " Axe Int e nsity fT Classification a 
(em-I) (em-I) 

1035.675 30 96555.4 18241 1I /2-114791'13/, ]029.711 200 97114.6 16516 7/2 -113630'7/, 
1035.554 10 96566.7 20160 3/2 - 116721'5/2 1029.631 50 97122.2 
1035.386 20 96582.3 1029.393 5 97144.6 19308 11 /,-116453'9/2 
1035.312 10 96589.2 19649 17/2- 116238'15/2 1029.284 10h 97154.9 
1035.260 10 96594.1 24788 9/2 -121382"l/2 1029.212 ]00 97161.7 18241 11/2-115403' 11/2 

1035.111 50 96607.0 19700 11/2-116309'11/2 1029.158 30 97166.8 18241 11/,-115408' 13/2 
1035.063 2 96612.5 1029.032 2000 97178.7 13352 11 /2-110530' 13/2 
1034.937 3 96624.2 19308 11/2-115933'11/2 1028.90] 100 97191.1 17534 15/2-114725' 17/2 
1034.826 5 96634.6 1028.711 8h 97209.0 18211 5/2 -115420'7/2 
1034.804 30 96636.6 1028.277 10 97250 .1 

1034.338 100 96680.2 18990 7/2 - 115670'7/2 1028.164 20 c I 97260.8 18063 9/2 -115324'9/2 
1034.114 7 96701.1 1028.029 2 97273.5 
1034.045 20 c I 96707.6 21611 5/2 - ]]8318'7/2 1027.569 ]OOb I 973]7.] 18921 15/2- 116238'15/2 
1034.012 10 c I 967]0.7 1027.488 10h 97324.7 
1033.827 10 96728.0 1027.226 40 97349.6 

1033.787 5 96731.7 1027.146 3 97357.1 18063 9/2 -115420'7/. 
1033.738 20 96736.3 21535 9/2 - 118271 ' 11/2 1026.922 2 97378.4 
1033.680 20 96741.7 1026.706 1 97398.9 
1033.652 10 96744.4 24788 9/2 -121532'11/2 1026.477 20 97420.6 16135 7/. -113556\/. 
1033.582 ]00 96750.9 18921 15/.-115672'15/' 1026.415 1 97426.5 

1033.424 5 96765.7 1026.333 2 97434.3 14558 9/2 -111993'9/2 
1033.329 30 96774.6 1026.251 ]00 97442 .0 15454 13/2-112896' 15/2 
1033.238 50el 96783.1 21535 9/2 - 118318'7/2 1026.183 500 97448.5 12846 9/2 -110295' 11/2 
1033.207 20 c I 96786.0 21294 7/2 - 118081 '9/2 1026.030 ]OOcl 97463.0 18990 7/2 -116453'9/2 
1033.070 15 96798.9 20848 5/2 -117641'7/' 1025.999 10 cl 97466.0 

1032.977 2 96807.6 1025.945 4 97471.1 23647 13/2-121119' 15/2 
1032.798 70 96824.4 21238 13/2-118063'15/2 1025.694 40h 97495.0 16135 7/2 - 113630'7/2 
1032.496 2 96852.7 1025.243 10 97537 .8 23844 ' /2 - 121382'9/2 
1032.450 200 96857.0 1025.144 50 97547.3 19700 11 /,-117248' 13/' 
1032.299 10 96871.2 1024.944 10h 97566.3 

1032.221 7 96878.5 19360 13/2-116238'15/2 1024.711 10h 97588.5 18211 5/2 -115800'5/2 
1032.147 2 96885.4 1024.358 8 97622.1 19700 11 /2- 117323' 11/' 
1032.083 400 96891.4 1024.308 I 97626.9 
1031.870 10 96911.4 24470 7/2 -12]382'9/2 1024.210 5 97636.2 
1031.635 20 96933.5 21535 9/2 - 118468'9/2 1024.123 1 97644.5 16135 7/2 -113780'9/2 

1031.536 300 96942 .8 13352 11/.-110295'11 /' 1024.036 10 97652.8 23442 11 /2-121095' 11/2 
1031.435 5 96952.3 L023.976 20 97658.5 
1031.360 3 96959.4 1023.670 5 c I 97687.7 23844 9/2 - 121532' 11 /2 
1031.297 2 96965.3 1023.573 30 97697.0 17627 9/2 - 115324"l/' 
1031.17] 20 96977.1 1023.268 100 97726 .1 

1030.944 5 96998.5 1023.223 10 97730.4 23651 7/2 -121382',,/. 
1030.851 300 97007.2 20315 9/. -1l7323' 11 /2 1022.935 200 97757.9 13352 11 /2-111110'13/2 
1030.687 50 97022.7 16135 7/2 -1l3158'9/. 1022.900 10el 97761.3 
1030.600 5 97030.8 1022.756 50 97775.0 19872 7/2 -1l7641'7/2 
1030.500 20 97040.3 ]6516 7/2 -1l3556'5/. 1022.560 2 97793.8 17627 9/2 - 115420'7/2 

1030.329 20 97056.4 23442 11/.-120498' 13/2 1022.395 2 97809.6 18211 5/2 - 1l6021 ' 7/2 
1030.193 40 97069 .2 ] 022.301 4 97818. 5 
1030.125 3 97075.6 1022.146 4 97833.4 

{' 1030.047 20 97082.9 18241 1I/2-115324 '9/2 1022.077 4 97840.0 
1029.785 20 97107.6 1021.865 5h 97860. 3 

a For duu bl y-classified line::s, the wave l e n~lh is t: nlered only once. 
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TABLE X. Observed spectral lines of Pr '" in the vacuum ultra violet regioll- Continued 

~xc Intensity a- C lass ifieation a ~~t Intensi ty a- Classification a 
(em - I) (em - I) 

1021. 764 1 97867 .0 18063 9/2 - 115933°" /2 1013.841 4 98634.8 22747 "/2 - 121382°9/2 
1021.726 30 97873.6 17534 15/2-115408°13/2 1013.780 30 98640.7 13352 11/2- 111993°"/2 

19700 11 /2-117574°" /2 1013.462 100 98671.7 
1021.664 7 97879.5 1013.354 5 98682.2 17627 "/2 - 116309°11/2 
1021.578 15 97887.8 19360 13/2- 117248°13/2 1013.142 80 98702.8 1936013/2- 118063°15/2 

1021.352 1000 97909.4 14859 11 /2- 112769\1/2 1012.832 5 98733.1 14558 "/2 - 11329r7/2 
1021.150 20 97928.8 29835 "/2 -128568°"/2 
1021.039 7 97939.4 19308 11/2- 1 I 7248°13/ 2 1012.760 I 98740.1 14859 11 /2-113600°13/2 
1020.990 50 97944.2 2317513/2-121119°15/2 1012.300 2 98784.9 22747 "/2 -121532°11 /2 
1020.609 10 97980.7 1012.101 400 98804.4 14859 11 /2-113664°11/2 

1020.252 5 98015 .0 1011.809 50 98832.9 18211 5/2 - 117044°7/2 
1020.189 5 98021.0 1011.307 10 98881.9 
1020.052 40 98034.2 12846 "/2 - ]]0881 °" /2 1011.012 60 98910.8 
1019.982 2 98040.9 20160 3/2 - 11820r:l/2 1010.914 10 98920.4 14859 11 /2- 113780°"/2 
1019.890 10 98049.8 1010.560 50 98955.0 17534 15/2-116489°" /2 

1019.699 1 98068.2 18241 11 /2-116309°" /2 1010.282 20 98982.3 
1019.631 60 98074.7 15525 11 /2-113600°"1/2 1010.153 20 98994.9 

19700 11 /2-117775°13/2 1010.034 20 99006.6 18241 11 /2-117248°"1/2 
1019.534 60 98084.0 14558 "/2 -112643°11/2 1009.750 1 99034.4 
1019.474 1 98089.8 23442 11 /2-121532°11/2 1009.570 1 99052.1 

1019.311 100 98105.5 1009.029 1 99105.2 14558 9 /2 - 113664°11/2 
1019.207 2 98115.5 1008.938 I 99114.1 
1018.968 200 98138.5 15525 11 /.-113664°11/2 1008.742 15 99133.4 
1018.890 3 98146 .0 1545413/2-113600°13/2 1008.612 500 99146.2 12846 9 / 2 - 111993°"/2 
1018.544 1 98179.4 1008.536 3 99153.6 16516 7/2 - 115670°7/2 

1018.373 5 98195.8 1008.285 2 99178.3 19700 1I /2-118879°1l/2 

1018.242 100 98208.5 19872 7/2 - 118081 0,,/2 1008.220 20h 99184.7 
1017.853 2 98246 .0 15045 5/2 - 11329r7/2 1007.847 40 99221.4 14558 B/2 - 1l37800"" 

18063 "/2 - 116309°11/2 1007.459 40 99259.6 18063 "/2 - 1l7323°1l /2 
1017.516 10 98278.6 21238 1:1/2-120498°1:1/2 

1017.396 5 c l 98290.1 17113 13/2-115403°11/2 1007.392 1 99266.2 
1017.345 50cl 98295.1 17113 "1/2-115408°13/2 1007.336 7 99271.7 15525 11/2-11479T"I/2 
1017.310 20 c l 98298.4 14859 11 /2- 113158°"/2 1007.088 I 99296.2 
1017.231 5 98306 .1 17627 "/2 - 115933°11/2 1006.829 3 99321.7 
1016.991 10 98329 .3 1006.681 5 99336.3 

1016.714 5 98356 .1 1006.383 3 99365.7 
1016.471 200 98379.6 1545413/2-11 3833°15/2 1006.221 3 99381.7 
1015 .785 20 98446.0 19872 7/2 - 11831W7/2 1005.857 10 99417.7 13352 11 /.-112769°13/2 
1015.730 10 98451.4 17627 "/2 - 1l7044°7/2 
1015.699 2 98454.4 1005.676 5 99435.6 18211 5/2 - 11764 T7/2 

1015.469 5 98476.7 1005.584 1 99444.7 
1015 .340 1 98489.2 1005.280 3 99474.8 
1015.274 30 98495.6 1004.912 30 99511.2 
1015.170 8 98505 .7 1004.533 2 99548.8 1398°11 / 2- 100947 "/2 
1015.046 3 98517.7 29835 9/2 - 128352°9/2 1004.259 1 99575 .9 

1014.815 3 98540.1 1003.399 8 99661.2 
1014.750 10 98546.4 29835 " / 2 - 128381 ° 11/2 1003.258 10 99675.2 
1014.622 30 98558.9 17113 13/2-115672°15/2 1002.876 I 99713.2 
1014.231 10 cl 98596.9 19872 7/2 - 118468°"/2 1002.724 1 99728.3 
1014.202 100 98599.7 14558 "/2 - 113 158°"/2 1002.035 20b I 99796.9 

a For doubly·class ifi ed \int!s. the wave le n61 h is e nt ered onl y ullce. 
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TABLE X. Observed spectral lines o/Pr III in the vacuum ultra violet region-Continued 

Ax" Intensity (T C lass ificat ion a AXle Inte ns ity (T C lass ifi ca ti on " 
(em - I) (em- I) 

1001. 528 4 99847 .4 979. 694 2 102072.7 
100l.224 50d 99877.7 979.218 1 102122.3 19308 11/2- 121431 \'/2 
1001.197 20 c l 99880 .4 26446 7/2 - 128568°"/2 
1000.630 80 99937.0 14859 11 /2- ll4 797" 13/2 978.001 4 102249.4 15525 11 /2- 117775°13/2 

16516 7/2 - 116453°" 2 977.928 7 102257.0 18241 11 /2- 120498°13/2 

1000.525 7 99947.5 17627 "/2 - 117574°11 /2 976.676 10 102388.1 14859 11 /2- 117248"13/2 
1000.351 3 99964.9 974.231 2 102645 .1 
1000.023 5 99997.7 21535 "/2 - 121532°11 /2 973.100 3 102764.4 14558 "/2 - 117323°11/2 
999.499 30 100050 .1 972 .263 1 102852.8 
999.118 3 100088.3 21294 7/2 - 121382°"/2 972. 148 2 102865.0 

2893°1:1/2- 102981 1:1/2 971.675 10 102915.1 1485911 /2- 117775°13/2 
998.93 1 10 100107.0 18211 ; /2 - 118318°7/2 971.358 1 102948.6 
998.827 1 100117.4 970.727 5 10301 5. 6 14558 "/2 - 117574°11/2 
997.048 10 100296.1 970.065 10 103085.9 
996.885 1 1003l2 .5 12846 !I/2 - 113l 58°"/2 969.090 20 103189.6 18241 11/,-121431°13/2 

13352 11 /,-113664°11/2 968.140 2 103290.8 18241 11 /2- 121532°11/2 
996.425 5 lO0358.8 966. 531 2 103462.8 12846 "/2 - 116309°11/2 
996.321 10 100369 .3 18241 11 /2-118610°13/2 965.313 10 103593.3 24788 "/2 - 128381 °11 /2 
995.957 2 100405.9 18063 9/2 - 118468 °"/2 964.531 1 103677.3 
995.571 2 100444.9 12846 "/2 - 113291 °7/2 963.849 10 103750.7 1485911/2- 118610°13/2 

995.520 51! 100450.0 954.857 8 104727.7 12846 "/2 - 117574°11/2 
995.377 3 100464.4 14859 11/2- 115324°"/2 936.296 5 106803.8 
994.598 70 100543.1 1485911/2- 115403°11 /2 935.046 3 106946.6 
994.545 6 100548. 5 14859 11 /2- 115408°13/2 934.970 5 106955. 3 
994.380 3 100565.2 4453 °15/2- 1050 19 13/2 934.074 2 107057. 9 21294 7/2 - 128352°"/2 

I 

994.123 1 100591.2 16135 7/2 - 116727 \ /2 932.196 3 107273.6 21294 7/2 - 128568°,,/2 
2893°13/2- 103484 15/2 931.153 40 107393.7 2597915/2- 133373°17/2 

994.075 2 100596.0 4453°15/2- 105049 15/2 920.003 1 108695.3 
, 

993.795 100 100624.4 15045 ;/2 - 115670°7/2 914.635 1 109333.2 
993.642 2 100639. 9 14859 11 /2-115499°"/2 913 .825 60 109430. 1 

993.600 1 100644.1 17627 "/2 - 118271 °11/2 912.340 1 109608.3 
993.422 4 100662.2 17113 13/2-11 7775°13/2 909 .894 4 109902.9 
992 .169 5 100789.3 0°"/2 - 100788 7/2 907.103 1 110241.1 18211 ; /2 - 128453°7/2 
992.085 30 100797.8 1970011/2-120498°13/2 904.386 2 110572.2 

>-
990.750 5 100933 .6 12846 "/2 - 113780°"/2 903.766 2 110648.1 

989.627 2 101048.2 902.999 3 110742. 1 
989.381 20 101073.3 14859 !1/2-115933°1l/2 896 .172 1 111585.7 
988.353 2 101l78.4 894.647 3 111775.9 
988.001 60 101214.5 27138 7/2 - 128352°"/2 890.276 1 112324.7 
987.960 3 101218.7 1398°11 /2- 102617 11 /2 889.296 2 112448.5 

[ 
987.344 4 101281.8 888.257 1 112580.0 
987.023 2 101314.8 27138 7/2 - 128453°7/2 887.360 4 112693.8 
985.880 2 101432.2 1398°11/2-102830 "/2 886.233 2 112837.1 
985. 120 3 101510.5 19872 7/2 - 121382°"/2 885. 575 2 112921.0 
983 .927 3 101633.6 885.279 20 112958.7 

983.461 8 10168l .7 19700 11 /2- 121382°"/2 884.158 40 113102.0 

~ 982.796 4 101750.5 14558 "/2 - 116309°11 /2 883.838 3 113142.9 
982.709 20 101 759 .5 193601 3/2- 121119°15/2 882.990 3 113251.6 
982 .340 1 101797.8 15525 11 /2- 117323°11 /2 882. 336 I 113335.5 
979 .899 1 102051.3 13352 11 /2- 115403°11/2 881.591 3 11 3431.3 

;l FBf doub ly-c lassified lines. the wavelength is ent ered only once. 
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TABLE X. Observed spectral lines of Pr III ill the vacuum ultra violet regioll- Continued 

i'XC Intensity (J Classification a Alac Inte nsity (J Classification a 
(em - I) (em- I) 

880.303 10 113597.2 856.826 1 116709.8 
879.840 2 113657.0 856.740 2h 116721.5 
879.441 10 113708.6 14859 11 / 2-128568°"/2 856.285 1 116783.5 
878.749 1 113798.1 856.192 20 116796.2 
878.215 10 ll3867.3 855.808 3 116848.6 

876.355 2 114109.0 855.718 20 116860.9 
876.305 1 114115.5 855.422 1 116901.4 
875.339 1 114241.4 855.038 1 116953.9 ) 

874.680 2 114327.5 854.692 1 117001.2 
874.481 1 114353.5 854.254 1 117061.2 

874.173 1 114393.8 853.782 2 117125.9 
874.147 1 114397.2 853.413 10 117176.6 
874.051 1 114409.8 853.318 2 117189.6 
873.749 1 114449.3 853.229 4 117201.8 
872.569 1 114604.1 853.120 1 117216.8 

872.104 30 114665.2 853 .054 1 117225.9 
871.932 1 114687.8 852.968 1 117237.7 
871.699 3 114718.5 851.867 2 117389.2 
871.069 2 114801.5 851.524 2 117436.5 
870.893 1 114824.7 851.438 3 117448.4 

869.598 1 114995.7 851.361 8 117459.0 
868.558 10 115133.4 851.301 200 117467.3 
868.490 1 115142.4 851.168 15 117485.6 
868.414 1 115152.4 850.903 5 117522.2 
866.285 4 115435.4 850.331 5 117601.3 

864.910 1 115619.0 850.156 10 b I 117625.5 
864.582 1 115662.8 850.061 1 117638.6 
864.320 1 115697.9 850.011 1 117645.5 
863 .941 8 115748.6 849.895 20 117661.6 
863.349 1 115828.0 849.803 20 117674.3 

863.131 3h 115857.3 848.718 I 117824.8 
862.823 2 115898.6 848.657 10 117833.2 
862.427 2 115951.8 848.440 1 117863.4 
862.227 I 115978.7 847.729 1 117962.2 
861.535 2 116071.9 847.474 3 117997.7 

861.498 1 116076.9 846.565 2 118124.4 
861.307 1 116102.6 846.209 2 118174.1 
860.721 2 116181.7 845.710 7 118243.8 
860 .522 2 116208.5 845.231 10 11831O.8 
860.313 3 116236.8 845.066 5 118334.0 

859.956 2 116285.0 844.788 3 118372.9 
859.730 3 116315.6 844.395 100 118428.0 
859.541 1 116341.2 843.998 2 118483.7. 
859.299 I 116373.9 843.887 10 118499.3 
859.102 7 116400.6 843.542 40b I 118547.7 

857.723 8 116587.8 843.338 200 118576.4 
857.614 1 116602.6 843.312 lOci 118580.1 
857.348 5 116638.8 842.497 40 118694.8 
857.210 1 116657.5 842.384 1 11871O.7 
857.091 1 116673.7 842.130 1 118746.5 

11 For doubl y-class ified lines. the wave length is entered only once. 
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TABLE X. Observed spectral lines of Pr III in the vacuum ultra violet region - Cont inued 

"X" Intensity a Class ification a "Xc Intensity a Classifica tion" 
(em - I) (em- ' ) 

841.990 3 118766.2 832.631 2 120101.2 
841.779 1 118796.0 832.164 1 120168.6 
841.628 20b l 118817.3 832.013 1 120190.4 
841.426 8 118845.9 831.919 3 120204.0 
841.015 4 118903.9 831.846 10 120214.6 

840.890 30c l 118921.6 831.265 200 120298.4 
840.871 lOci 118924.3 831.136 1 120317.2 

r' 
840.459 6 118982.6 830.927 2 120347.5 
840.282 8 119007.7 830.386 1 120425.9 
840.057 60 119039.5 830.061 2 120473.1 

839.995 60 119048.3 829.325 3 120580.0 
839.619 1 119101.6 828 .364 50 120719.9 
839.529 1 119114.4 828.169 1 120748.3 
839.474 2 119122.2 828.134 1 120753.4 
839.358 30h 119138.7 827.345 1 120868.6 

838.933 30 119199.0 825.989 30 121067.0 
838.809 1 119216.6 825.404 7 121152.8 
837.712 2 119372.8 824.880 3 121229.8 
837.223 3 119442.5 824.542 1 121279.4 
836.744 8 119510.9 823.117 1 121489.4 

836.295 1 119575.0 822.725 2 121547.3 
835.843 15b l 119639.7 822.467 15 121585.4 
834.617 1 119815.4 821.942 10 121663.1 
833.478 10 119979.2 
833.190 10 120020.6 

1. For duubly-classifled lines. the wavelength is e ntered on ly lIn ce. 

(Paper 73A3-557) 
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