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1. Introduction 

The anaylsis of the third spectrum of copper (eu III) 
which is described in this paper, is the result of 
research by a number of spectroscopists. The work 
up to 1951 is summarized in the paper published in 
that year by A. G. Shenstone and L. Wilets [1] 1 in 
which a correct description was given of the low 
structures and of a few higher ones. It was restricted, 
however, by the inadequacy of the condensed spark 
source which was the usual means, at that date, of 
exciting spectra of ionization above the second. 

In 1956, Dr. W. C. Martin and I began to make a 
new description of the spectrum using the pulsed 
hollow cathode tube which had been recently intro
duced. The result was a new and much expanded 
line list which was adequate for the discovery of many 
new odd and e ven levels including 3d7 4S24F. Along 
with work on other spectra, I continued to work on 
that description of eu III until 1965, when I came to 
the conclusion that I might gain a great deal by first 
making a very complete analysis of th e isoelectronic 
spectrum Ni II. A second spectrum is more easily 

I Figures in brackets indicat e the literature refe rences al the end of thi s paper. 

observed and analyzed because it can be produ ced 
with great purity and with fin e lines by the hollow 
cathode tube discharge so metimes called a Schwer 
tube. An additional advantage was that the Bureau of 
Standards was then in a position to supply me with 
plates in the Schumann region taken with their 10.7 
meter vacuum spectrograph. The Ni II analysis was 
published in 1970 [2] and I then returned to eu Ill. 
In both Ni II and eu III, I was greatly assisted by the 
kindness of Victor Kaufman of NBS who photographed 
the vacuum spectra on the 10.7 meter instrument 
using the hollow cathode. the pulsed hollow cathode, 
and the sliding spark. The dispersion of about. 78 A 
per mm. on the NBS plates much improved the ac
curacy of the data, in spite of the fact that the Doppler 
and Stark broadening of the lines reduced the resolu
tion considerably. The six 18" plates from NBS, 
which I measured several times with great care, 
consisted of the following: 

0) 2 plates 1400 to 2100 A with a lithium fluoride 
filter to eliminate second order lines. The spectra co n
sisted of two exposures using the ordinary hollow cath
ode, one exposure of the pulsed hollow cathode, and 
three of the sliding spark with increasing pulse current. 

(2) 2 plates 820 to 1520 A. Six spectra were taken, 
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one being the ordinary hollow cathode and five being 
the pulsed hollow cathode. It was fortunate that those 
exposures are very good because that wavelength range 
includes a very large number of important transitions. 

(3) 2 plates 0 to 950 A with two hollow cathode 
exposures, one sliding spark and three pulsed hollow 
cathode exposures. The sliding spark exposure is 
obviously impure and the weakest pulsed hollow cath
ode does not extend below 850 A. The other two are 
good but lack standards. Many of the strong lines are, 
however, calculable approximately, and almost all of 
them occur in second order on other plates where 
standards are available. Throughout the U-V spectrum, 
except as just mentioned, there are adequate standards 
OfCUII[3],CI [4], Sill [5],andClr [6] so that there 
are few regions where too long interpolations must be 
used. I made all measurements by eye, using a Societe 
Genevoise Comparator of 40 cm travel and accuracy 
about 2 /-tm. Intensity estimates were made on three 
exposures wherever available in order to obtain as 
much data as possible to distinguish Cu III and Cu IV 
lines. This is important because of the existence of the 
paper on Cu IV by Schroder and Van Kleef [7]. 

The spectra above 2000 A were photographed on the 
Princeton 21 ft Paschen circle at about 1.3 A per mm 
or, where necessary, in the first or second orders of our 
21 ft Wadsworth spectrograph which uses a 15,000 
line-per-inch grating. 

Table 1 is the list of all lines attributed to Cu III. The 
total number of lines measured is about 3200 including 
both Cu III and Cu IV, and all were measured at least 
twice and many four or five times. Many small sections 
were remeasured wherever there was a question of 
close pairs or impurities. 

2. Analysis 

Table 2 is a synopsis of all the levels found. The 
chief structures expected in Cu III are due to the 
addition of an electron to 3d8(3F, 3P, IS, ID, IG). 
This includes the lowest term of all, 3d~' 2D. 

The much improved line list required the redetermin· 
ation of the levels of the principal terms of 3d 84s and 
3d84p. That then led to the determination of the levels 
of 3d8 4d which had previously been the stumbling 
block which led to my analysis of Ni II [2]. The difficulty 
was revealed when 31 levels were found in the group, 
ten based on 3d8 3F 4, twelve instead of ten apparently 
on 3F3 and nine on 3F2. The extra two levels in the 
middle group have }-values of 5t and 4t and must be 
the two components of the term 3d74s22H. They 
perturb the 3d84d levels quite badly. As in Ni II, 
the 4d 2D term is several thousand wave numbers 
above the other levels of the configuration. 

The structure 3d84s was known previously except 
for the predicted level3d8 (1S)4s 2S. The corresponding 
2p was identified when I noticed two strong lines at 
542.902 A and 553.012 A which could hardly be any· 
thing but combinations with the two levels 01 3d9 20. 
This was confirmed by the discovery of the necessary 
satellite at 549.075 A, completing the multiplet. It 
then became clear that the term involved must be 

3dB (1S) 4p 2P, and knowing the approximate POSItIon 
of 2S, it was possible to find the combinations of 2S 
and 2P, thus fixing the true position of2S. I believe this 
is the first spectrum in which those levels have been 
found with certainty. 

It is pertinent to make a few remarks about the 
naming of levels. It is obvious that in Ni II and Cu III 
we are dealing with spectra in which there is no pure 
Russell-Saunders coupling except in 3d 9 2D. However, 
it has meaning and is useful to use R -5 nomenclature 
throughout the analysis for the following reasons. 
The argument starts with the lowest term 3d~'2D which 
is pure R-5 coupling and the 3d 84s 4F and 2F terms 
which are quite close to R-S coupling, the doublet 
being well removed from the quartet. Those levels 
combine with 18 levels of 3d8 (3F)4p to give a pattern 
of intensities that reveals the characters of the 18 
levels with very little doubt. There is evidently some 
mixing of 4G41/2 and 4F 41 /2, but there is enough evidence 
to distinguish them. Within the higher levels of 3d84s, 
there is some ambiguity between 2D21f2 and 4P21/2 
but the intensities favor the choice made here. The 
4s'" 2G and its triad of odd terms are quite close to 
R -S coupling. The argument can be carried on step 
by step up to 3d85g. 

I have carried out that system of naming by inten· 
sities throughout the spectrum, and the nomenclature 
used is the same as that used in "Atomic Energy 
Levels" except that the levels are not grouped together 
in terms but are arranged numerically. The right·hand 
superscript has been omitted from the odd levels as 
unnecessary except in the case of a few numbered 
levels. Tables 3 and 4 are the lists of the even and 
odd levels found in this research. 

Throughout this work I was very much helped by 
calculations made for me at NBS by Sugar and Martin 
[8]. They included 3d8(4d & 5s) +3d 74s 2 ; 3d 8 (5d & 
6s); 3d84p; 3d85p; 3d 84f; 3d 85g. Their calculations 
made possible the discovery of a large number of 
levels, especially many of the levels of the prime, 
double·prime and triple·prime groups (Table 2) as 
well as the 4f and 5g configurations. 

The S2 4F was found some years ago from its combina· 
tions with the 4p levels and by extrapolation from Co I 
and Ni II. The 2H was identified in the 4d group and 
2G and 2F were named by using the calculated predic· 
tions. It is strange that the s24p has evaded all my 
efforts to find it, though it must be fairly close to the 
predicted position. 

In finding the levels of configurations built on 3F, 
I have used a general regularity which impressed me 
in the analysis of Ni II. Taking as an example the group 
5p 4 & 2 DFG, the higher two }-values of each quartet 
are based on 3F 4, the next three quartet levels and the 
three doublet levels of higher } are based on 3F 3, 
and the remaining three quartet and three doublet 
levels are based on 3F2. The same scheme is appli· 
cable to the 4d, 5d, and 4flevels with some modifica
tions because 4S and 4p do not have the requisite 
number of components. In 5g the scheme reaches an 
extreme which makes it possible to identify some, but 
not all of the levels. In fact, the number of combinations 
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TABLE 1. Observed lines of eu 1II 

A (vae) Inten· Wavenumber Transition A (vae) 
Inte n· Wavenumber Transition 

sity sity 

505 .722 15 197737.1 658.609 0 151835.2 89018 "'" - 240852°,m 
514.566 10 194338.5 659.022 0 151740.0 89046 'I" - 240786°, ," 
526.684 3 189867.2 62065 'I" - 251932° C,," 659.110 15 151719.7 60805 "'" - 212525° " '" 
526.783 4 189831.5 60805 "I" - 250636° , ," 659.533 3 151622.4 63143 'I" - 214766°c,," 
527.387 2 189614.1 60805 "'" - 250419°,," 659.587 5 151610.0 60805 !II" -212415°,m 
528.882 2 189078.1 60805 "'" - 249883°,," 659.810 2 151558.8 63143,," - 2147020,," 
530.915 1 188354.1 62065 'I" - 250419°,," 659.935 4 151530.1 63886 m - 2154170,," 
535.407 3 186773.8 60805 "'" - 247578° ,w 661.053 0 151273.8 63886 :I," - 215160° II" 
537.785 1 185947.9 62065,," - 248013°,," ? 661.169 8 151247.3 62065 'I" - 213311 0", 
538. 105 5 185837.3 62065 'I" - 247902°"," 661.312 5 151214.6 63143", - 214357°:1" 
538.487 1 185705.5 60805 "'" - 246510°"," 661.445 5 151184.1 63143", - 214328°", 
539.382 1 185397.4 60805 "'" - 246202° ", 661.681 0 151130.2 77968 'I" - 229098° 'I' 
540.513 0 185009.4 63886 :I," - 248896°:1," 662.180 20 151016.3 60805 "'" - 211821°", 
540.930 25 184866.8 60805 "'" - 2456 71 ° ,," 662.424 10 150960.7 62065 'I" - 213025°3" 
541.185 0 184779.7 662.556 0 150930.6 62065 'I" - 2129950"" 
541.345 0 184725 .1 663.213 I 150781.1 80552 'I' - 2313330", 
542.312 1 184395.7 63886 :I," - 248281 0"," 664.651 5 150454.9 77968 c", - 228423\," 
542.378 20 184373.3 62065 'I" - 2490770"," 665.114 2 150350.2 62065 'I' - 212415°"" 
542.493 40 184334.2 60805 "', - 245139° " '" 665.868 I 150179.9 78780 :I," - 228960° 'I" 
542.902 75 184195.3 o C,," - 18419r:l," 666.116 3 150124.0 89018 "'" - 239142°, w 
547.324 3 182707.1 667.819 4 149741.2 89046 'I' - 2387880"," 
547.833 1 182537.4 62065 'I" - 2446020"," 672.668 50 148661. 7 o c", - 148663°,," 
548.159 2 182428.8 60805 "'" - 243234°", 675.312 0 148079. 7 78780 :I," - 22685 70,," ? 

549.075 4 182124.5 2071 :I," - 184197°:1" 675.753 3 147983. 1 67016 'I" - 215000°,," 
549.669 1 181927.7 675.884 10 147954.4 77968 C,," - 225923° 'I" 
549.987 4 181822.5 676.566 75 147805.2 o C,," - 147806°,," 
553.012 50 180827.9 2071 :I'" - 182900°,," 677.115 2 147685.4 67016 '" - 2147020", 
556 .231 15 179781.4 677.502 3 147601.0 68963 .", - 2165650", 
559.279 30 178801.6 60805 "', - 239606°"," 677.640 3 147571.0 67016 'I' - 214588°"" 
559.836 3 178623.7 678.578 1 147367.0 85447 :I" - 232814°:1" 
560.155 3 178522.0 679.401 3 147188.5 80305 :I" - 227494°:1" 
569.648 2 175547.0 679.940 3 14707 1.8 80423 w - 227494°:1" 
570 .683 3 175228.6 680.022 5 147054. 1 68963 c", - 21601 r 'I' 
582 .657 1 171627.6 60805 "'" - 232435 ° ' " 682.166 125 146591.9 2071 m - 148663°c", 

589 .328 15 169684.8 682.357 20 146550 .8 80305 m - 22685 r c", 

595.662 1 167880.4 685.024 1 145980.3 67016 '" - 212995°"" ? 

598.680 2 167034.1 62065 'I' -229098°,," 686.128 5 145745.4 2071 :I" - 14781r:l" 
601.433 3 166269.6 67016 'I' -233285\," 686.902 50 145581.2 2071 :I" - 147653°", 
602.507 50 165973.2 67016", -2329890"" 687.763 2 145398.9 67016 '" - 212415°"" 
603.549 50 165686.6 68963 c", - 234650°:1" 687.896 5 145370.8 80552 c" , - 225923° 'I' 
604 .441 3 165442.1 67016,," - 2324580,,, 687.981 150 145352.8 o C", - 145353°:1" 
605.516 3 165148.4 690.249 40 144875.3 o C,," - 144876°:1" 
605.625 150 165118.7 60805 ,m - 225923°,,, 691.549 50 144602.9 2071 :I," - 146675°", 
605.792 2 165073.2 63886 :I," - 228960\," 693.510 40 144194.0 0,," - 144195°c,," 

606.131 100 164980.8 697.926 20 143281.7 2071 :m - 145353°:1," 
606.821 125 164 793.2 62065,," - 226857\," 700.186 40 142819.2 o C, ," - 142820° 'I" 
608.453 40 164351.2 63143 C, ," - 227494°:1" 700.261 50 142803.9 2071 :I'" - 144876°:1," 
609.468 10 164077.5 63886 :I," - 227964°,," 701.688 20 142513.5 o C,," - 142513°:1," 
609.661 10 164025.6 68963 'I" - 232989° 'I" 702.118 25 142426.2 0,," - 14242rc", 

611.543 50 163520.8 703.612 30 142123.8 2071 :I," - 144195°c,," 

612.282 3 163323.4 711.853 15 140478.4 2071 :I,' - 142550°", 
613.728 5 162938.6 712.043 20 140441.0 2071 :I," - 142513°:1," 
614.129 20 162832.2 712.481 35 140354.6 2071 :I" - 142427° 'I' 
615.246 3 162536.6 713.264 30 140200.5 0.,," - 140201°:1," 
615.670 200 162424.7 60805 "'" -223229°,w 715.532 150 139756.2 o C,," - 13975r,," 
616.031 150 162329.5 60805 "~ I" - 223134°"," 

719.489 75 138987.5 o C,," - 138989° :I," 
616.971 I 162082.2 67016 'I" - 229098°", 

719.520 75 138981.5 o C,," - 138982°,," 

617.349 125 161982.9 62065 'I' - 2240480"" 
723.961 35 138129.0 2071 :I," - 140201°:1," 
724.197 50 138084.0 o c", - 138084°,," 

619.174 100 161505.5 62065 'I" - 223570°", 726.296 30 137684.9 2071 :I'" - 13975r c", 
619.674 5 161375.2 728.920 10 137189.3 2071 :I," - 139261°w 
619.775 50 161348.9 63886 :I," - 225235°:1" 730.375 125 136916.0 2071 :1I" - 138989°:1," 
619.936 75 161307.0 63143 C,," - 224450° ", 732.029 100 136606.6 o c", - 13660r C,," 
620.230 30 161230.5 732.693 25 136482.8 o 'I' - 136483°:1," 
620.850 20 161069.5 62065 , ," - 223134° ,,'" 735.229 100 136012.0 2071 :I," - 138084°,," 
622.806 4 160563.6 63886 :", - 2244500", 743.298 100 134535.5 2071 :I," - 136607°.,," 
623.337 5 160426.9 63143 .,," - 2235 70° 'I" 743.986 35 134411. 1 2071 :1I" - 136483°:1" 
651.000 30 153609.8 o 'I" - 153609°", 777.119 150 128680.4 0 "," - 128679°"," 
653.871 1 152935.4 62065 'I" - 215000°,," 778.599 75 128435.8 o C,," - 128435°:m 
655.638 2 152523.2 62065 'I" -214588°"" 788.071 250 126892.1 o C,," - 126892° 'I" 
657.074 10 152189.9 60805 "'" - 212995°"" 788.460 250 126829.5 o 3'" - 126829° 'I" 
658.342 3 151896.7 63886 :m - 215782°3," 789.837 100 126608.4 2071 :I," - 128679° C,," 
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TABLE 1. Observed lines of Cu III - Continued 

A (vael 
Inten· Wavenumber Transition A (vael Inte n· Wavenumber Transition sity sity 

791.365 250 126363.9 2071 :I," - 128435°:1," 1042.934 10 95883.34 118864°,," - 214747 "'" 
793.055 100 126094.7 0 "," - 126094°,," 1048.880 40 95339.8 
795.261 15 125744.9 o ,,'" - 125744°:1," 1052.287 I 9503Ll 1268290,," - 22 1861 " " 
797.559 75 125382.6 o ,,'" - 125382° ,,'" 1058.542 1 94469.6 126094°,," - 220563 "'" 
80Ll45 150 124821.3 2071 :I," - 126892°,," 1060.815 10 94267.1 120577\," - 214844 " " 
802.840 100 124557.8 o ,,'" - 124557°,," 1062.854 3 94086.3 1188640,,, - 212951 ,,'" 
808.579 40 123673.8 2071 :I," - 125744°:1," 1072.974 4 93198.9 128679\ ," - 221878 "" 
810. 105 10 123440.8 o ,,'" - 123440°" ," 1073.822 10 93125.3 121864°"," -214989 ,,'" 
810.959 20 123310.8 2071 " " - 125382°,," 1078.350 I 92734.3 120577\," - 213312 :w 
8 16.297 12 122504.4 0 ,," - 122504°,," 1080.380 5 92560.0 12263r,," - 215197 :I," 
820.591 0 121863.4 o ,,'" - 121864°:1," 1080.513 2 92548.6 120577\," - 213127 "'" 
829.345 100 120577.1 o ,,'" - 120577°"," 1081.679 5 92448.9 118864° " " - 21 1313 "'" 
829.429 10 120564.9 2071 :I," - 122637° "" 1082.569 I 92372.9 120577°"," - 212951 " " 
830.394 3 120424.8 118864°,," - 239290 "'" 1083.732 20 92273.7 
833.654 5 119953.8 118864°,," - 238818 ,,'" 1089.246 1 91806.6 
834.262 3 119866.4 118864° "" - 238730 "" 1095.742 1 91262.4 121864°:1," - 213 127 :I," 
834. 782 IS 119791.8 2071 :I," - 121864°:1," 1097.134 1 91146.6 
836.632 0 119526.9 121864°:1," - 241391 :I," 1098.775 1 91010.4 1188640,," - 209875 .',," 
836.922 I 119485.4 120577\ ," - 240062 ,,'" 1107.574 1 90287.4 124557° " " - 214844 " " 
837.4 15 4 119415.1 118864°,," - 238280 "'" 1132.874 3 8827Ll 1268290,," - 215100 " " 
840.269 1 119009.5 146534°"," - 265544 " '" 1142.133 3 87555.5 128679°" ," - 216235 :I," 
841.300 4 118863.7 o ,,'" - 118864°,," 1147.815 1 87122.1 1245570,," - 211679 ."" 
842 . 113 0 118748.9 120577°,," - 239326 :I," 1149.405 1 87001.5 60805 "" - 147806°,," 
842.828 3 118648.2 123440° ,,'" - 242088 " " 1154.825 5 86593.2 67016 "" - 153609°,," 
843.414 1 118565.7 123440° ,,'" - 242006 ,,'" 1157.149 20 86419.3 138084°,," - 224503 :I," 
843.843 12 118505.5 2071 :I," - 120577°"," 1158.697 1 86303.8 126829° " " - 213133 ,," 
844. 106 5 118468.5 122504° " " - 240972 "'" 1161. 993 2 86059.0 126892\ ," - 212951 " " 
844.160 1 118461.0 121864°:1" - 240325 " " 1165.037 2 85834.2 
847.022 0 118060.7 120577° ,,'" - 238638 " " 1166.295 5 85741.6 62065 " " - 147806° " " 
847.801 4 117952.2 121337°"," - 239290 "'" 1166.954 3 85693 .2 
847.874 2 117942.1 14764 7° 1""- 265589 1:1'" 11 69.022 1 85541.6 125744°:1," - 211286 I'" 
848.740 2 117821.7 122504°,," - 240325 ,,'" 1169.312 0 85520.4 63 143 ,,'" - 148663°.,," 
849.081 10 117774.4 1213370,.," - 239112 11/" 1169.376 5 85515.7 138989°:1," - 224503 :I," 
850.760 2 117542.0 121699° II ,"- 239240Iw 1174.588 20 85136.2 128679°"," - 213815 " " 
851.530 2 117435.7 1177.311 4 84939.3 
852.508 3 11 7301.0 1213370,.," - 238638 " " 1178.554 3 84849.7 1268290,," - 211679 ,,'" 
852 .548 20 117295.4 121699°11 ,,- 238994 1:1," 1179. 186 25 84804.3 1389820,," - 223787 ,,'" 
855. 124 I 116942.1 121337°"," - 238280 "'" 1179.270 3 84798.2 138989°:1" - 223787 ."" 
856.360 3 116773.3 124442°"," - 241215 "" 1179.807 4 84759.6 126892°"" - 211652 :1/" 
856.846 2 116707.1 125382° ,,'" - 242088 " " 1180.559 2 84705.6 128435°:1" - 213141 II :! 

857.767 20 116581.8 121699° II '" - 238280 "'" 1181.391 1 84646.0 68963 " " - 153609° " " 
858.036 3 116545.2 125744°"," - 242290 '" 1182.887 15 84538.9 169608 m - 254147°:1," 
858.241 15 116517.4 124442°"," - 240960 II '" 1183.606 3 84487.6 
858.995 2 116415.1 124557° " " - 240972 "'" 1183.747 20 84477.5 166159 "'" - 250636°,," 
860.554 4 116204.2 126094°,," - 242297 "'" 1184.635 3 84414.2 125744°:1" - 210159 .', ," 
861. 934 3 116018.2 123550°"," - 239568 "'" 1185.638 2 84342.8 
863 . 105 5 115860.8 124442°"," - 240303 "" 1186.223 2 84301.2 14020 I 0:1/" - 224503 :1'" ? 

863.798 0 115767.8 124557°,," - 240325 ,,'" 1186.405 1 84288.2 125744°:1/" - 210033 :1 '" 
864.008 I 115739.7 123550°"," - 239290 "'" 1186.801 50 84260.1 166159 "'" - 250419° " " 
864.378 12 115690.1 123550°"," - 239240 II '" 1187.006 15 84245 .6 168856 ,," - 253102° :1'" 
864.768 1 115638.0 138982° "" - 254620 ,, '" 1187.393 3 84218.1 138982° "" - 223200 "'" 
865.047 2 115600.7 126094°,," - 241693 ,,'" 1187.746 40 84193.1 167739 " " - 251932\ ," 
868 .646 1 115 121.7 126094°,," - 241215 "'" 1188.981 20 84105.6 169608 1/" - 253713° I'" 
868.804 I 115 100.8 128679°"," - 243780 ,, '" 1190.054 25 84029 .8 1397570"," - 223787 ,, '" 
868 .898 2 115088.3 123550° "'" - 238638 " " 1196.385 1 83585.1 140201°"," - 223787 ,,'" 
869.478 1 115011.5 124557°,," - 239568 "'" 1196.450 18 83580.6 168856 "," - 252437° ,," 
870.451 I 114883.0 124557° " " - 239440 " " 1197.235 1 83525.8 
871.611 10 114730.1 123550°"," - 238280 "'" 1197.535 10 83504.9 
874.230 I 114386.4 126829°,," - 241215 "I" 1197.685 8 83494.4 169608 :11" - 2531 02°:11" 
876.569 2 114081.1 124557°,," -238638 "" 1199.793 35 83347.7 126892\ 1" - 210239 " " 
877. 729 3 113930.4 128679° ',I" - 242610 "" 1200.374 1 83307.4 
881.260 2 113473.9 126829° " " - 240303 " " 1200.449 1 83302.2 
884.845 3 113014. 1 128679° ,1" - 241693 ',I" 1200.956 50 83267.0 126892°',1" - 210159 ',I" 
894.888 2 111745.8 126892° " " - 238638 " " 1201.287 10 83244.1 128435°:1," - 211679 .'" 
941.369 I 106228.3 77968 ,,11 - 184197°:1" 1203.472 3 83092.9 
960.431 3 104119.9 78780 :1" - 182900°111 1203.725 25 83075.5 168856 "" - 251932°"" 
964.789 5 103649.6 1203.782 3 83071.5 

1012.608 1 98754.9 1204.791 5 83001.9 
1012.665 2 98749.3 85447 :1'" - 18419r:1" 1205.067 20 82982.9 126892°.", - 209875 ,," 
1033.419 5 96766.2 86133 I'" - 182900° I" 1206.014 10 82917.8 166159 "" - 24907r,,,, 
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TABLE 1. Observed lines of Cu III - Continued 

;.. (vael 
Inten· Wavenumber Tra nsition ;.. (vael Inte n· Wavenumbe r Trans ition 

s ity sity 

1206.303 20 82897.9 167739 "" - 250636°,," 1244.841 18 80331.5 
1206.996 10 82850.3 128435°:1," - 211286 "" 1245.204 15 80308. I 144195\," - 224503 :m 
1207.300 5 82829.5 169608 :,," - 252437""," 1245.643 5h 80279.8 166159 "'" - 246439°"," 
1212.073 2 82503.3 1245.724 30 80274.6 167739 "" - 248013°,," 
1212.342 4 82485.0 138084°"," - 220569 "" 1247. 113 12 80185.2 167739 "" - 247924°"," 
1212.941 3 82444.2 1286790,.,," - 211123 :I," 1247.463 10 80162.7 167739 " " - 247902°"," 
1213.1 63 5 82429.2 167739 "" - 250168°,," 1248.198 3 80115.5 
1214.005 15 82372.0 1249.108 15 80057. 1 
1214.173 I 82360.6 1249.322 5h 80043.4 166 159 "'" - 246202°,," 
1214.323 I 82350.4 118864°,," - 20 1215 ."" 1249.376 20 80040.0 168856 51" - 248896° :I," 
1214.709 2 82324.2 169608 :I," - 251932°"," 1250.429 I S 79972.6 
1216.176 5 82224.9 125 1. 68 1 20 79892.6 136483°"," - 216376 "'" 
1216.395 12 82210.1 63 143 ',I" - 145353°:1," 1252.Q73 I 79867.5 121864°:1," - 201732 "'" 
1216.532 2 82200.9 166 159 "'" - 2483600,.," 1252.783 I 79822.3 11 8864°,," - 198687 "'" 
1217.361 5 82144.9 1252.884 50 79815.8 
1217.580 50 82 130.1 62065 "" - 144 195°"," 1253.261 20 7979 1.8 137041°11" - 216833 "" 
1217.703 2 82 121.8 139757°"," - 221878 51" 1253.63 1 30 79768 .3 136607°.,," -216376 ',I" 
1218.371 5 82076.8 142427°"," - 224503 :m 1253.984 25 79745.8 169608 :I," - 249353° "'" 
1219.299 300 82014.3 60805 "'" - 142820° "" 1254. 136 25 79736.2 167739 " " - 247475°,," 
1219.5]] 4 82000. 1 1254.7 11 100 79699.6 68963 " " - 148663°,," 
1219. 725 30 81985 .7 1254.777 20 79695.4 
1220.493 5 81934.1 1254.875 12 79689.2 
1221.678 5 81854.6 166159 "'" - 2480 13° "" 1255.082 15 79676. 1 63143 ',I" - 142820° "" 
1221.742 10 81850.3 1255.3 14 35 79661.3 136483°:1," - 216145 "," 
1222.796 30 81779.8 168856 ',I" - 250636°,," 1255.848 35 79627.5 136607°"," - 216235 :I'" 
1223.0 19 3 81764.9 166159 "'" - 247924°"," 144876°"," - 224503 "," 
1223.217 25 8175 1.6 1256.409 20 79591.9 144195°"," - 223787 "~ I " 
1223 .347 75 81743.0 166 159 "'" - 247902°"," 1256 .822 20 79565 .8 
1223.507 10 81732.3 63 143.,," - 144876°"," 1257.273 50 79537.2 1366070"," - 216145 :,'" 
1223.639 40 81723.4 128435°:1," - 210 159 " " 1257.672 75 79512.0 166159 "'" - 245671 °,," 
1223.959 25 81702.1 1259.052 50 79424.8 168856 "," - 248281°"," 
1224.253 35 81682.5 167739 "" - 24942 1°"," 1259.503 12 79396.4 
1224.784 25 81647.0 67016 "" - 148663°"," 1259.576 8 7939 1.8 
1224.870 3 81641.3 1259.934 150 79369.2 63143 .,," - 1425 13°"," 
1225.269 I 81614.7 167739 "" - 249353 °"," 136607°"," - 215976 "" 
1225.526 20 81597.6 128435°:1," - 210033 "'" 1260.226 15 79350.8 121864°"," - 201215 " " 
1225 .778 20 81580.8 138982° " " - 220563 !II" 1260.658 15 79323.7 136483°"," - 215807 "'" 
1226.091 10 81560.0 128679°"," - 210239 "" 1261.204 30 79289.3 169608 :I," - 248896°"," 
1227.830 15 81444.5 169608 "'" - 251052°"," 1261.301 60 79283.2 63143 "," - 142427""," 
1228.2 10 150 81419.3 1661 59 "'" - 247578°111" 1261.388 40 79277.7 136483°:1," - 21 5761 I'" 
1229. 108 3 81359.8 142427° 'I" - 223787 ',I" 1261.616 2 79263.4 
1229.439 50 81337.9 167739 "" - 249077°"," 1261.928 3 79243.8 
1229.771 3 81316.0 166159 "'" - 247475°;," 1262.637 40 79199.3 136607""," - 215807 :1'" 
1229.847 25 81310.9 168856" ," - 250168°;," 1262.725 2 79193.8 137041 ° I," - 216235 :1'" 
1230.412 I 81273.6 142513°:,," - 223787 ',I" 1264.305 I 79094.8 122637° "" - 20 17 32 "'" 
1232.469 I 81137.9 1265 .164 10 7904 1.1 142820°;," - 22186 1 ;'" 
1233.309 3 81082.7 1266. 134 40 78980.6 166159 'I," - 245139°111" 
1233 .788 30 81051. 2 63143 :,'" - 144 195°"," 1266.380 15 78965.2 
1234.932 I 80976.1 1267.252 10 78910.9 144876°:1," - 223787 "~ I" 
1235.071 20 80967.0 142820° ;'" - 223787 ',I" 1267.855 15 78873.4 
1235.326 30 80950.3 1268.346 4 78842.8 68963 ',I" - 147806° ;'" 
1235.643 15 80929.5 1269.254 4 78786.4 
1236.131 50 80897.6 1269.587 60 78765.8 137041 °11" - 215807 "'" 
1236.260 1 80889.1 1270. 181 8 78728.9 118864° ;'" - 197593 ;'" 
1236.776 5 80855.4 1270.327 20 78719.9 137041 °1," - 21576 1 W 

1237.204 50 80827.4 1270.484 2 78710.2 
1237.441 I 80811. 9 139757°.,," - 220569 ;'" 1270.646 20 78700. 1 167739 ;'" - 246439°,1," 
1237 .745 20 80792. I 1271.07 1 8 78673 .8 169608 "'" - 248281 0"," 
1237.780 50 80789.8 67016 ;'" - 147806°;," 1271.231 100 78663 .9 63886 :I," - 142550° "" 
1237.905 10 8078 1. 6 1271. 826 75 78627. 1 63886 "'" - 1425 13°:1," 
1238.323 a 60 80754.4 62065 ;'" - 142820° ;'" 1271. 988 40 78617.1 136483°:1," - 215 100 ',I" 
1239.927 8 80649.9 1272 .449 2 78588 .6 1366070"," - 215 197 :I,"? 
1240. 126 6 80637.0 120577°"," - 2012 15 ."" 1272.710 8 78572 .5 
1240.216 15 80631. 1 1273.129 30 78546 .6 
1240.363 40 8062 1. 6 167739 ;," - 248360°,1," 1273.231 15 78540.3 63886 :1'" - 142427°.,," 
124 1. 244 30 80564.3 168856 ',I" - 24942 1 ° ',I" 1273 .703 35 7851 1. 2 118864°;," - 197375 "'" 
124 1. 574 5 80542.9 167739 "" - 248281°"," 1273.790 10 78505 .9 136483°:1," - 214989 ',I" 
1242.282 20 80497.0 168856 ',I" - 249353° ',I" 1273.904 2 78498.8 
1242.439 2 80486.8 1274.007 25 78492 .5 136607°"," -215100 ',I" 
1243.016 I 80449.5 1274.476 15 78463.6 167739 ;'" - 246202°;," 
1244.082 2 80380.6 142820°;," - 223200 "'" 1274.969 30 78433.3 145353°"," - 223787 ',I" 
1244.378 200 80361.4 62065 ;'" - 142427",," 1275.808 5 78381.7 136607°,," - 214989 ',I" 
1244.538 75 80351. 1 166159 'I," - 246510° "'" 
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TABLE 1. Observed lines of Cu III - Continued 

A {vael 
Inten· Wavenumber Transition A {vael Inten· Wavenumber Transition 

sity sity 

1276.280 20 78352.7 120577\'2 - 198930 "2 1312.391 200 76196.8 118864°"2 - 195061 "'2 
1276.691 5 78327.5 1312.630 5 76182.9 122504° 712 - 198687 "'2 
1277.081 30 78303.6 1312.867 30 76169.2 121864°:112 - 198033 112 
1278.928 12 78190.5 1188640,'2 -197055 "2 1312.950 30 76164.4 120577°.,2 - 196742 "2 
1279.142 100 78177.4 60805 '112 - 138982° "2 1313.295 75 76144 .4 136607° '.12 - 212752 '" 
1279.422 8 78160.3 1313.697 50 76121.1 121864°:11, - 197985 "" 
1281.064 18 78060.1 138084°.;/2 -216145 '/2 1314.062 50 76099 .9 137041°1/' - 213141 1/' 
1281.617 3 78026.4 1314.933 25 76049.5 139757°", - 215807 :\/2 
1283.744 2 77897.1 1315.208 5 76033 .6 140201 °:1/2 -216235 :1/2 
1283.829 2 77892.0 138084\/2 - 215976 ,/2 1315.455 40 76019.3 62065 '" - 138084\" 
1284.259 18 77865.9 118864° '" - 196730 ,." 1316.131 100 75980.3 147806°", - 223787 " , 
1284.877 35 77828.5 146675° 1" - 224503 :1" 1317.312 20 75912 .2 68963 '" - 144876°:1/2 
1285.677 15 77780.0 1318.483 20 75844 .7 63143 "/2 - 138989°:1/2 
1286.276 8 77743.8 142820° '" - 220563 "" 1318. 574 60 75839.5 148663° ,./2 - 224503 :1/2 
1286.631 12 77722.4 138084°"2 - 215807 :\12 1318.689 30 75832.9 125382°,./2 -201215 5/2 
1287.139 50 77691.7 62065", - 139757°"/2? 1319.204 25 75803.3 67016 '" '- 142820°", 
1287.256 12 77684.6 1319.870 15 75765 .0 138982° '" - 214747 "" 
1289.123 2 77572.1 139261°1/2 - 216833 1" 1320.208 4 75745 .6 168856 .;/2 - 244602° '" 
1289.647 3 77540.6 1320.469 40 75730.7 138084°", - 213815 ' " 
1290.598 35 77483.5 120577°'./2 - 198061 ,." 1320.513 50 75728.1 
1291.504 2 77429.1 1320.697 25 75717.6 121337°w, - 197055 '" 
1291. 773 3 77413.0 1320.985 10 75701.1 121337°"" - 197038 11/' 
1291.860 10 77407.8 12057T,." - 197985 "" 132 1.859 2 75651.0 
1292.011 12 77398.7 1322.655 30 75605.5 140201°:1" - 215807 :1/2 
1292.201 10 77387.3 138989°:112 - 216376 '.12 1323.456 20 75559.7 140201°:1" - 215761 1" 
1293.286 2 77322.4 120577\" - 197900 ,." 1323.501 20 75557.2 122504°", - 198061 ,." 
1295.206 15 77207.8 136607\" - 213815 "2 1323.575 40 75553.0 147647°11,,- 223200 "" 
1295. 70 1 60 77178 .3 67016,,, - 144195°,." 1324.025 50 75527.3 147647" 11"- 223175 11,, 
1295.852 2 77169.3 1324.108 25 75522 .5 120577° ,./2 - 196100 :1/2 
1295.944 30 77163 .8 118864 ° '" - 196028 "" 1324.502 3 75500. 1 
1296.075 20 77156 .0 138989°:1/2 - 216145 "/2 1324.594 5 75494 .8 167739", - 243234°" , 
1297.438 30 77075 .0 166159 ,,/2 - 243234°", 1324.685 35 75489.6 123440° ,./2 - 198930 '" 
1297.580 5 77066 .5 1325.042 40 75469 .3 139261 °1/, - 214730 1/2 
1297.729 10 77057.7 63143.;/2 - 140201°:1" 1325.241 20 75458 .0 121337°"/2 - 196795,,/2 
1297.809 2 77052.9 1325.52 1 40 75442 .0 14764 7° 11/' - 223089 '''' 
1298.433 40 77015.9 120577\/2 - 197593 ,/2 1325.734 20 75429 .9 138084°.;12 - 213514 :1/2 
1298.653 3 77002.9 144876°:1" - 221878 ,./2 1326.080 10 75410 .2 67016 '" - 14242T .. " 
1299.2 16 20 76969.5 1326.1 74 15 75404.9 1213370"" - 196742 '" 
1299.807 20 76934.5 136483°:1" - 2134 18 1" 1326.314 15 75396.9 122504° '" - 197900 ,.,,? 
1299.987 30 76923 .8 11 8864°", - 195788 '" 1326.362 75 75394.2 147806° '" - 223200 "" 
1300.093 15 76917.6 62065 '" - 138982° '" 1326.453 8 75389.0 
1300.272 I 76907 .0 136607°'./2 - 213514 :1/2 1326.828 15 75367 .7 147806°", - 223174 ", 
130 1.005 15 76863 .7 167739 , /2 -244602°,./2 1327.171 150 75348.2 12263T I12 - 197985 :112 
1301.235 15 76850.1 147653°1/2 - 224503 :1/2 1327.265 20 75342.9 13975T,." - 215100 ,." 
1301.603 2 76828 .3 136483°:1/2 - 213312 11' 1327.399 75 75335.3 121864°:1/2 - 197199 1/2 
1301.699 15 76822 .7 120577°,." - 197400;/2 1327.55 1 8 75326.7 1465340,,/2 - 22 1861 '" 
1301. 779 2 76818 .0 138989°:1/2 - 215807 :1/2 1328.316 50 75283.3 147806° '" - 223089 "" 
1302.547 35 76772.7 138989°:1" - 215761 1/2 1328.854 25 75252.8 118864°", - 194 11 7 ' /2 
1303.708 12 76704 .3 136607\/2 - 2133 12 :1/2 1329.230 25 75231. 5 68963 "12 - 144195\12 
1303.945 5 76690.3 118864 ° '" - 195555 ,./2 1329.861 60 75 195.8 136483°:112 - 211679 ,./2 
1304.362 35 76665 .8 1465340"" - 223200 "" 1330.352 75 75 168.1 136483°:1/2 - 211652 :1" 
1304.504 35 76657.5 124557°", - 201215 ,." 1331. 147 15 75123.2 148663\" -223787 ,." 
1304.572 50 76653.5 118864°", - 195518 "" 1331.187 20 75120.9 126094°", - 201215 .;/2 
1304.634 40 76649.8 136483°"" - 213133 ,./2 1331.741 50 75089.7 122504°", - 197593 ,/2 
1304.743 30 76643.4 136483°:112 - 213127 :1" 1332.062 75 75071. 6 !-36607°"/2 - 211679 ,./2 
1304.804 40 76639.9 146534°"" - 223174 , /2 1332.469 5 75048.6 138084°"" - 213133 .;/2 
1304.944 12 76631.6 140201 °"/2 - 216833 1/2 1332.554 40 75043.9 136607\/2 - 211652 :1/2 
1305.161 40 76618.9 139757\/2 - 216376 ,./2 1332.971 300 75020.4 118864°", - 193885 "/2 
1306.246 100 76555.3 146534°'1/2 - 223089 ,,/2 1333.280 3 75003.0 139261°1/2 - 214264 :\/2 
1306.409 20 76545.7 139261°1/2 - 215807 "/2 1333.735 60 74977 .4 120577° ,./2 - 195555 "" 
1306.750 10 76525.7 1366070,,/2 - 213133 ,./2 1334. 367 150 74941.9 121864°:1/2 - 196806 :1/2 
1306.864 12 76519.1 136607\/2 - 213127 "" 1334.685 10 74924.0 
1307.117 2 76504.2 1334.832 10 74915.8 
1307.186 5 76500.2 139261°1/2 - 215761 1/2 1335.181 O? 74896 .2 122504°", - 197400 ,./2 
1307.573 100 76477.6 120577\/2 - 197055 '/2 1336. 184 60 74840.0 126892° "" - 201732 :\/2 
1307.610 50 76475.4 11 8864 ° '" - 195340 ,./2 1336.310 30 74832.9 138982° '" - 213815 '" 
1309.069 15 76390.2 68963 ,./2 - 145353°:1/2 1336.859 40 74802.2 136483°:1/2 - 211286 1" 
1309.113 25 76387.6 139757\" - 216145 ,." 1337.116 3 74787.8 140201°:1/2 -214989 ,./2 
1309.882 50 76342.8 136607\/2 - 212951 ,." 1337.508 50 74765.9 12057T", - 195343 '" 
1311.124 60 76270.4 137041°1/2 - 21 33 12 1/2 1337.567 150 74762.6 120577° '" - 195340 ,." 
1311.847 75 76228.4 120577\/2 - 196806 :\/2 1338.849 75 74691.0 121337°'1" - 196028 "" 
1312.001 10 76219.5 139757\" - 215976 , /2 1339.271 30 74667.5 138084\/2 - 212752 '" 

1339.345 20 74663.4 136607"· .. - 211271 ... 
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TABLE 1. Observed lines of Cu III - Con tinued 

A (vac) Inten· Wavenumber Transition A (vac) Inten· Wavenumber Transition 
sity sity 

1339.484 200 74655.6 11 8864° "" - 193520 "" 1365.275 20 73245.3 123550°"," - 196795 "'" 
1339.761 60 74640.2 136483°"," - 2111 23 "'" 1365.836 60 73215.2 148663\ ," - 221878 :.," 
1340.880 15 74577.9 121864°"," - 196442 "'" 1366.241 40 73193.5 139757\," - 212951 :.," 
1341.157 100 74562.5 122637°,," - 197 199 "" 1366.375 100 73186.3 138084°:.," - 211271 "" 
1341.470 100 74545.1 123440° :.," - 197985 "'" 1367.627 150 73119.4 121699°11 ,, - 1948 18 " '" 
1341.515 100 74542.6 62065 "" - 13660r:.," 1367.791 30 73110.6 140201 °"," - 2133 12 "" 
1341.766 5 74528.6 140201°"," - 2]4730 "" 1368.257 50 73085.7 122637° "" - 195722 "" 
1341.817 25 74525.8 138989°:1," - 213514 :1'" 1368.778 3? 73057.9 80552 " " - 153609° "" 
1341.997 40 74515.8 136607°:.," - 2111 23 :1/" 1368.898 100 73051.5 1225040,," - 195555 :.," 
1342.093 75 74510.5 148663°:.," - 223174 7," 1369.130 40 73039.1 138084°,," - 2lJ123 :1 '" 
1342.177 150 74505.8 118864°7," - 193370 "'" 1369. 189 50 73035.9 124557° 7," - 197593 7," 
1342 .503 3 74487.7 124442°"," - 198930 7," 1369.593 100 73014.4 122504°7," - 195518 "'" 
1343.007 100 74459.8 123440°:.," - 197900 :.," 1369.838 50 73001.3 123440\," - 196442 "'" 
1343. 164 25 74451.1 121 337°,.," - 195788 7," 1369.958 60 72994.9 139757\," - 212752 "" 
1343.721 100 74420.2 1213370"," - 195757 " '" 1370.855 30 72947.2 139261 ° "" - 212208 "" 
1344.351 100 74385.3 126829°7," - 201215 :.," 1370.936 40 72942.9 120577° :.," - 193520 "" 
1345.483 80 74322 .8 126892°:.," - 201215 :.," 1371. 123 75 72932.9 1244420"," - 197375 "'" 
1346.050 100 74291.4 122504°7," - 196795 "'" 1371.267 25 72925.3 140201°"," - 213127 "" 
1346.903 60 74244.4 124442°"," - 198687 '''" 1371.441 50 72916.0 14764 r " '" - 220563 "'" 
1347.013 100 74238.3 122504°7," - 196742 7'" 1372.878 75 72839.7 122504° 7," - 195343 "" 
1347.059 75 74235.8 121864°"" - 196100 "" 1372.947 100 72836.0 126094°7" - 198930 " " 
1348.061 60 74180.6 121337°"" - 1955 18 "'" 1373.282 75 72818.3 12455r,," - 197375 "'" 
1348.268 30 74169.2 122637°,,, - 196806 "" 1374.014 75 72779.5 128435°"," - 20 1215 :.," 
1348.566 150 74152.8 123440° :.," - 197593 7'" 12133r"," - 194117 "" 
1348.7 14 40 74144.7 138989°"," - 213133 '" 1374.275 100 72765.6 14764r ll ,"-22041 3 1:1/" 
1348.831 50 74138 .3 138989°"" - 213127 :11' 1374.436 25 72757.1 147806° 7," - 220563 ,,'" 
1349.420 300 74105 .9 120577°:.," - 194683 :11' 1374.75 1 100 72740.4 67016 7," - 139757°:., 
1349.851 40 74082.2 137041°,," - 2111 23 :11' 1375. 108 3 72721.6 63886 "'" - 136607° ... ," 
1350.032 20 74072 .3 147806°7" - 22 1878 '" 1375.337 2 72709.5 
1350.208 40 74062 .7 140201 °"" - 214264 :11' 1375.598 150 72695.7 121 337°"," - 194033 11 " 
1350.280 80 74058.7 12 1699°" ,,- 195757 " '" 1375.693 40 72690.6 138989°,," - 211679 :." 
1350.364 150 74054. 1 147806°;," - 22186 1 '" 1375.824 30 72683.7 142513°"," - 21 5197 "" 
1350.557 3 74043.5 123550°"" - 197593 7'" 1375.909 100 72679 .2 125382° .. ," - 198061 .. " 
1350.712 60 74035.0 146534°"," - 220569 7'" 1376.208 30 72663.4 14764r ,,,,-2203 11 '" 
1350.8 16 15 74029.3 146534°"," - 220563 "'" 1376.278 10 72659.7 123440° :.," - 196100 "'" 
1351.244 150 74005.9 121337°"" - 195343 7" 1376.530 50 72646 .4 142550°,," - 21 5197 '" 
1352.0fl5 2 73959.8 1234400"" - 197400 :." 1376.787 300r 72632.9 121699°" ,,- 194331 1:1 " 
1352.691 4 73926 .7 1377.174 40 72612. 5 1244420,.," - 197055 ;" 
1353.545 50 73880 .1 139261 °,,, - 21314 1 II:! 1377.489 200r 72595.9 1244420", - 197038 11 " 
1353.943 100 73858 .4 121864°"" - 195722 '" 1377.548 75 72592.8 126094° '" - 198687 '" 
1354.658 30 73819.4 121699°,,,,- 195518 "'" 1377.656 30 72587.1 142513°"" - 215100 :. , 
1354.923 30 73804.9 122637° '" - 196442 "'" 1378.124 60 72562.4 142427°:. , - 2H989 ... " 
1355.442 100 73776.7 146534°"" - 2203 11 " '" 1378.214 75 72557 .7 122504° "" - 195061 " " 
1355.631 20 73766.4 1378.644 75 72535.0 128679° :." - 20 121 5 :." 
1356.406 150 73724.2 121337°"" - 195061 ,.," 1379.362 75 72497. 3 124557°", - 197055 ;" 
1357.023 40 73690 .7 121864°"" - 195555 :.," 1379.726 60 72478.2 123550° '''' - 196028 "" 
1357.308 50 73675.2 136483°"" - 210159 :." 1379.769 70 72475.9 1~25 1 3°" , " - 214989 :. , 
1358. 105 75 73632.0 136607° :." - 210239 '" 1380.883 100 72417.4 1424270"," - 214844 "" 
1358.428 75 73614.5 123440° :." - 197055 '" 1381.395 50 72390.6 139261 °", - 211652 "I' 

1359.298 8 73567.4 138084°:." - 211652 "" 1381.437 30 72388.4 
1359.355 5 73564.3 1382.120 50 72352.6 124442°"" - 196795 "'" 
1359.529 15 73554.9 139757°"" - 213312 "'" 1382.211 20 72347.9 123440Q

. , " - 195788 "" 
1359.615 75 73550.2 142427°:." - 215976 "" 1382.472 40 72334.2 121699° 11 " - 194033 " " 
1359.815 75 73539.4 12057r:." - 194117 "" 1382.542 100 72330.5 138982° 7," - 211313 '''" 
1360.087 25 73524.7 122504° '" - 196028 "" 1382.8 11 50 72316.5 125744°:1/ ' - 198061 :.," 
1360.454 25 73504.9 123550°"" - 197055 "" 1383. 136 IO? 72299.5 124442°,,,, - 196742 '" 
1360.761 25 73488.3 123550°"" - 197038 " '" 1383.184 30 72297.0 138989°"," - 211286 "" 
1360.902 75 73480.7 121337°"" - 194818 " '" 1383.341 40 72288.8 125744°"," - 198033 "" 
1360.987 60 73476.1 121864°"" - 195340 :." 138982°,," - 211271 7" 
136 1.224 50 73463.3 68963 " " - 142427Q

. , " 1384.264 75 72240.6 125744°:1/ ' - 197985 "" 
1361.517 30 73447.5 1661 59 "'" - 239606°"," 1384.324 100 72237.4 12455 r,," - 196795 "" 
1362.559 50 7339 1.3 136483°:1/' - 209875 ."" 1384.718 15 72216.9 142513°"," - 214730 "" 
1362.840 50 73376.2 139757°.;" - 213133 :." 1384.822 150 72211.4 125382°:.," - 197593 "" 
1362.960 40 73369.7 139757°:." - 213127 "" 1384.897 100 72207.5 1235500"" - 195757 " '" 
1363.083 150 73363.1 121699°11 ,"- 19506 1 "" 1385.366 60 72183.1 1213370"" - 193520 '" 
1363.516 30 73339.8 63143 :." - 136483°"," 1385.896 100 72155.5 125744°"" - 197900 :." 
1364.014 15 73313.0 140201 °"" - 213514 "'" 1386.292 35 72134.9 138989°"" - 211123 "'" 
1364.117 40 73307.5 120577Q

. , " - 193885 "" 1386.689 50 72114.2 123440° :." - 195555 "'" 
1364.227 100 73301.6 123440°:." - 196742 "" 1386.948 50 72100.8 126829° '" - 198930 "" 
1364.440 50 73290. 1 123440°:." - 196730 :.," 1387.459 60 72074 .2 138084°:." - 210159 :.," 
1364.548 5 73284.3 122504°;" - 195788 "" 1387.992 25 72046 .5 122637° '" - 194683 "" 
1364.867 60 73267.2 136607°.;" - 209875 :.," 1388. 153 40 72038.2 1268920"," - 198930 71" 
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TABLE 1. Observed lines of Cu III - Continued 

A (vac) 
Inten· Wavenumber Transition A (vac) Inten· Wavenumber Transition 

sity sity 

1388.254 80 72032.9 121337°"," - 193370 "'" 1412.709 75 70786.0 124557°,," - 195343 "" 
1388.412 50 72024.7 139261° "" - 211286 "" 1412.776 60 70782.6 124557° "" - 195340 512 

142820° "2 - 214844 "" 1412.997 75 70771.6 139261° "2 - 210033 :1,2 
1388.485 30 72020.9 121864°:1," - 193885 :, '" 1413.147 2 70764.0 126829°"2 - 197593 "2 
1389.508 150 71967.9 123550°"," - 195518 "'2 1413.190 1 70761. 9 142550°,," -213312 ,,2 
1389.551 60 71965.7 67016 "" - 138982°,," 1414.060 60 70718.4 125382° 512 - 196100 :1'2 
1389.708 15 71957.6 144876°:1'2 - 216833 "2 1414.29 1 8 70706.8 142427°:,'2 - 213133 512 
1389.877 40 71948.8 138084\ ,2 - 210033 :I '2? 1414.399 75 70701.4 126094°,," - 196795 !1I2 
1390.272 150 71928.4 142820° "2 - 214747 "'" 1414.481 65 70697.3 125744°"," - 196442 :1,2 
1390.389 30 71922.3 139757°:,'2 - 211679 :,,2 1415.439 20 70649.5 144195°51" -214844 "2 
1390.715 60 71905.5 148663° :,,2 - 220569 " " 1415.464 30 70648.2 126094°,," - 196742 "2 
1390.827 I 71899.7 123440° "2 - 195340 :,'" 1415.695 35 70636.7 126094° "" - 196730 512 
1390.923 30 71894.7 139757° "2 -211652 :1,2 1415.855 10 70628.7 142513°"'2 - 213141 ,,2 
1391.443 2 71867.8 167739 "2 -239606°"'2 1416.025 20 70620.2 142513°:1," -213133 51" 
1391.551 50 71862.3 139261°,," - 211123 :1,2 1416.153 40 70613.8 142513°"," -213127 :m 

1391.647 100 71857.3 126829° " " - 198687 "" 1416.610 20 70591.1 142550°,," -213141 "2 
1392.036 35 71837.2 1424270" ," - 214264 m 1416.906 15 70576.3 142550° "2 - 213127 :m 

1392.631 50 71806.5 126094°,," - 197900 :, '" 1417.024 40 70570.4 126829° "" - 197400 512 
1392 .885 10 71793.4 1235500,.," - 195343 "" 1417.096 50 70566.8 123550° "," - 194117 "2 
1392.944 15? 71790.4 1380840"," - 209875 :,'" 1417.513 100 70546.1 126829°"2 - 197375 !1I2 
1393.117 80 71781.5 144195\," - 215976 "" 1417.960 30 70523.8 142427°"2 -212951 " 2 
1394.428 5 71714.0 142550°,," -214264 :I," 1418.279 15 70508.0 126892° :,'" - 197400 " " 
1395.250 150 71671.7 121699° 11 ,"- 193370 "'" 1418.358 50 70504.1 124557°,," - 195061 "'" 
1395.567 40 71655.5 125744°:1," - 197375 :,,2 1418.782 100 70483.0 123550°"," - 194033 ' ''" 
1396.394 60 71613.0 122504°,," - 194117 . 1' 1419.378 5 70453.4 145353°:1'2 - 215807 :I," 
1398.333 60 71513.7 139757\," - 211271 . 1' 1419.552 3 70444.8 123440° :,'" - 193885 :,'" 
1398.379 80 71511.4 123550°"," - 195061 !1I2 1419.691 10 70437.9 142513°:1," - 212951 :,'" 
1398.602 50 71499.9 144876°:1," - 216376 :, '" 1420.3 16 30 70406.9 1253820"," - 195788 "" 
1399.000 60 71479.6 145353°:1," - 216833 "2 1420.945 30 70375.7 124442°"," - 194818 " '" 
1399.035 50 71477.8 140201 °:1," - 211679 :, '" 1421.353 10 70355 .5 125744°:1," - 196100 :I," 
1399.171 150 71470.9 124557° "" - 196028 "'" 1421.701 3 70338 .3 
1399.485 20 71454.9 125744°:1," - 197199 "" 1421. 963 30 70325 .3 14242T:, ," - 212752 "" 
1399.574 40 71450.3 140201 °:1," - 211652 :I," 1422.049 5 70321.1 144876°"," - 215197 :I," 
1400.081 15 71424.4 125382° :,'" - 196806 :I," 1422.202 40 70313.5 142820°,," - 213133 :,'" 
1400.783 20 71388.6 1424270" ," - 213815 "" 1422.964 30 70275.8 1397570" ," - 210033 :I," 
1400.926 20 71381.4 122504°,," - 193885 :,'" 1423.475 150 70250.6 1286790"," - 198930 "" 
1401.333 25 71360.6 125382°,," - 196742 "" 1423.984 75 70225.5 126829° "" - 197055 "" 
1401.364 25 71359.0 144876°:1," - 216235 :I," 1425.050 75 70173 .0 125382° :,'" - 195555 :,'" 
1401.566 60 71348.8 125382\," - 196730 ."" 1425.253 50 70163 .0 126892°.,," - 197055 "" 
1401.623 100 71345.9 1244420"," - 195788 "" 1425. 352 20 70158.1 146675°,," - 216833 "" 
1402.226 100 71315.2 1244420,.," - 195757 11 ,2 1425.904 50 70130.9 142820°,," - 212951 :,'" 
1402.407 60 71306.0 126094° "" - 197400 :,,2 1425.997 10 70126.4 
1402.885 50 71281.7 126094°,," - 197375 !II" 1426.171 30 70117.8 1397570"," - 209875 "" 
1403.152 100 71268.1 123550°"," - 194818 '''" 1426.259 20 70113.5 144876°:1," - 214989 :,'" 
1403.371 a 100 71257.0 138982°,," - 210239 "" 1427.161 60 70069.2 1441950" ," - 214264 :I," 
1403.750 30 71237.8 68963 :,'" - 14020 I 0,.," 1427.762 20 70039.7 167739 "" - 237778°"," 
1403.873 15 71231.5 126829° "2 - 198061 :,'" 1428.064 150 70024.9 68963 :,'" - 138989° :I," 
1404.963 30 71176.3 138982°,," - 210159 :.," 1429.020 75 69978.0 125744°:1," - 195722 "" 
1405.082 30 71170.2 138989°:1'2 - 210159 :.," 1429.179 100 69970.2 123550°",2 - 193520 "" 
1405.099 30 71169.4 126892° :,'" - 198061 ." " 1429.904 100 69934.8 126094°,," - 196028 "'" 
1406.708 8 71088.0 142427°:,," - 213514 :I," 1429.960 80 69932.0 142820°,," -212752 "" 
1406.946 8 71075 .9 124442°"," - 195518 ",2 1430.330 60? 69913 .9 126892° :,'" -196806 "'2 
1407.044 20 71071.0 126829° "" - 197900 51" 1430.364 40? 69912.3 126829°"2 - 196742 "2 
1407.105 50 71067.9 67016 " " - 1380840,,," 1430.587 5 69901.4 126829° "" - 196730 :,,2 
1407.574 35 71044.2 138989°:1," - 210033 :II' 1430.948 100 69883.7 78780 "'" - 1486630"," 
1408.006 100 71022.4 145353°:1," - 216376 :,,2 1431.550 20 69854.4 144876°:1," - 214730 "" 
1408.119 15 71016.7 122504° "" - 193520 "2 1431.662 100 69848.9 77968 51" - 147817°:1," 
1408.291 50 71008.1 126892\," - 197900 :. ,2 1431.875 75 69838.5 77968 51" - 147806° 7/2 
1408.505 50 70997.3 124557°,," - 195555 :,,2 126892°51" - 196730 "'2 
1409.224 50 70961.0 126094°,," - 197055 "" 1432.017 50 69831.6 140201°"'2 -210033 :I," 
1409.637 30 70940.2 1432.249 100 69820.3 123550° "'" - 193370 "," 
1409.820 15 70931.0 144876°:1," - 215807 :m 1432.453 30 69810.3 125744°:1," - 195555 51" 
1410.336 40 70905.1 144195°:,," - 215100 ."" 1432.759 8 69795.4 
1410.336 40 70905.1 14251 3°"," - 213418 "2 1432.847 2 69791.1 
1410.377 20? 70903.0 1433.760 30 69746.7 145353°"," -215100 "'" 
1410.415 50 70901.1 124442°"," - 195343 ,,2 1434.831 75 69694.6 126094° 7/" - 195788 7/" 
1410.597 75 70892.0 138982° "" - 209875 .;'2 1435.265 30 69673.5 140201°"," -209875 .;," 
1410.732 40 70885.2 144876°:1," -215761 W 1436.251 50 69625.7 128435°"," - 198061 :,'" 
1411.085 30 70867.5 142550°,," - 213418 w 1436.363 60 69620.3 144195°:,," - 213815 "" 
1412.451 15 70798.9 142513°:1," -213312 :1 '2 1436.820 100 69598.1 128435°:1," - 198033 "" 
1412.555 40 70793.7 68963 :,'" - 139757\'2 1436.973 100 69590.7 124442°"," - 194033 I,," 
1412.605 30 70791.2 145353°:1," - 216145 " 2 1437.518 75 69564.3 153609° "" -223174 "" 

1437.623 100 69559.3 124557°." - 194117 -., d_ 
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TABLE 1. Observed lines of Cu III - Continued 

A (vac) Inten· Wavenumber Tran sition A (vac) Inten· Wavenumber Tran sition sity si ty 

1437.8 17 20 69549.9 126892° ,," - 196442 "" 1469.452 50 68052.6 153808°"" - 22186 1 ""? 
128435°,,," - 197985 "'" 1470.502 10 68004.0 

1439.264 80 69480.0 153609° "" - 223089 "'" 1470.807 60 67989.9 147817°,,,, - 215807 "'" 
1439.572 20 69465.1 128435°"," - 197900 "," 147l.488 10 67958.4 145353°"," - 2133 12 "" 
1440.417 75 69424.3 126094°,," - 195518 "'" 1471.797 45 67944.2 147817°"," - 215761 II:.! 

1441.076 75 69392.6 153808°"," - 223200 "'" 1472.858 100 67895.2 78780 "'" - 146675°,," 
1441.163 40 69388.4 144876°"," - 214264 "'" 1474.796 8 67806.0 
1441.306 40 69381.5 1286790"," - 198061 ,, '" 1475. 11 3 50 67791.4 126892°"," - 194683 "'" 
1441.411 30 69376.5 145353°"," - 214730 "" 1475. 189 10 67787 .9 145353°,,,, - 213141 I /:! 

1441.611 75 69366.8 1538080,.," - 223175 " '" 1475.369 20 67779.7 145353°"," - 213133 ,,'" 
1442.4 14 100 69328.2 124557° "" - 193885 ,, '" 1475.509 25 67773.2 145353°"," - 213127 "'" 
1442.968 40 69301.6 1253820"," - 194683 "'" 1475.747 20 67762.3 128679° ,,'" - 196442 "'" 
1443.384 30 69281.6 153808° "'" - 223089 "'" 1476.405 10 67732.1 142427°"," - 210159 51" 

1444.053 10 69249.5 126094° "" - 195343 "" 1477.876 40 67664.7 128435°'112 - 196100 "'" 
1444.565 15 69225.0 142427°"," - 211 652 "'" 1478.325 40 67644.1 68963 "" - 136607",," 
1444.653 50 69220.8 128679°"," - 197900 ,,'" 1479 .351 15 67597 .2 145353°"," - 212951 "" 
1444.919 60 69208.0 126892° ,," - 196 100 "'" 1479.524 15 67589.3 146675°,," - 214264 'm 
1445. 108 40 69199.0 126829° "" - 196028 "'" 1479.917 50 6757l.4 148663° "" - 216235 'm 
1445.2 17 35 69193.8 1481.050 50 67519.7 68963 .;'2 - 136483°,,,, 
1445.501 40 69180.2 147653°1;" - 216833 "" 1481.229 300r 67511.5 80305 "'" - 147817°,,,, 
1446.508 5 69132.0 146675°,," - 215807,,," 1482.622 4 67448. I 142427°"2 - 209875 .;," 
1446.737 25 6912 1.1 68963 .. ,," - 1380840"," 1483.084 4 67427.1 126094° "2 - 193520 "" 
1446.824 25 69116.9 144 195°,," - 213312,,," 1483 .232 40 67420.3 128679° "2 - 196100 "'" 
1447. 147 5 69101.5 142550° "" - 211 652 "'" 1483.816 150 67393 .8 80423 "2 - 1478 17°"," 
1447.636 20 69078. 1 124442°"," - 193520 " " 1483.997 75 67385.6 77968 ,,'" - 145353°"," 
1448.493 60 69037 .3 78780 "'" - 147817""," 1484.831 40 67347 .7 80305 :I," - 147653°,," 
1448.933 10 690 16.3 147817°"," - 216833 "" 1485.022 5 67339 .1 142820° "" - 210 159 ,,'" 
1450.02 1 ISO 68964.5 128435°"," - 197400 ,, '" 1485. 170 20 67332.4 144876°"," - 212208 "" 
1450.14 1 75 68958.8 126829° "" - 195788 "" 1485 .595 15 673 13. 1 148663° ,," - 215976 "" 
1450.56 1 40 68938.8 125744°"," - 194683 "'" 1486.021 50 67293.8 147806°,," - 215100 ,,'" 
1450.788 15 68928. 1 1244420,.," - 193370 "'" 1486.1 65 40 67287. 3 126829° "" - 194117 "" 
1451.084 5 68914.0 1286790"," - 197593 "" 1486.257 35 67283. 1 1478 17°"," - 215 1 00 ,,'" 
1451.155 20 689 10.6 145353°"'2 - 214264 "'" 1486.396 5 67276.8 126094°,," - 193370 '''" 
1451.457 60 68896.3 1268920"," - 195788 "" 1486.655 150r 67265. 1 80552 "," - 147817°"," 
1451. 943 10 68873.2 78780 "'2 - 147653° "" 1486.892 100r 67254.4 80552 "," - 147806°,," 
1452.228 20 68859.7 142820°,," - 211 679.;," 1487 .282 5 67236.7 
1452.544 10 68844.7 1424270"," - 211 27 1 " 2? 1487.541 60 67225.0 126892° ,,'" - 194117 "" 
1453.2 13 15 68813. 0 124557",," - 193370 "'" 1488.47 1 30 67183 .0 147806°,," - 214989 ,.,," 
1453.525 2 68798.3 167739 " " - 23653 7""," 1488.706 10 67172.4 147817°'''2 - 214989 ,,'" 
1454.246 15 68764.2 128435°"," - 197199 "" 1489. 347 20 67 143.5 148663°:,,, - 215807 "" 
1454.425 25 68755.7 144195°"," - 21295 1 ,.,," 1489.880 40 67J19.5 128435°,,,, - 195555 ,,'" 
1454.861 25 68735. I 125382°"" - 194]) 7 ", 1490.344 15 67098.6 122504°", - 189602 "" 
1455.063 10 68725.5 126829° " , - 195555 ,," 1490.844 15 67076.1 144195°"" - 211 27 1 ", 
1455. 174 50 68720.3 1286790"" - 197400 "" 1491.300 40 67055.6 142820°", - 209875 ,," 
1455.669 15 68696.9 142427""" - 21 11 23 "" 149 1. 300 40 67055.6 126829° " , - 193885 ',I, 
1455.842 40 68688.8 126829°", - 1955 18 "" 1493.437 60 66959 .6 153609° '" - 220569 ", 
1456.390 15 68662.9 126892°.,,, - 195555 ,," 1493.559 2 66954.2 153609°;" - 220563 "" 
1456.905 45 68638.7 144876°,,,, - 213514 "" 1493.843 40 66941.4 147806°;" - 214747 "" 
1457.499 8 68610.7 142513°,,,, - 211123,,,, 1494.481 5 66912.9 147817°,,,, - 214730 '" 
1458.370 30 68569.7 147806°;" - 216376" ," 1494.590 60 66908.0 77968 ,,'" - 144876°,,,, 
1458.602 60 68558.8 147817°,,,, -2 16376"" 1495.320 10 66875. 3 128679° ,," - 195555 ,," 
1459.556 50 68514.0 126829";" - 195343 ;" 1495.778 20 66854.8 145353°"" - 212208 '" 
1459.630 20 685 10. 5 126829"; I" - 195340 ,," 1496.545 2 66820 .6 
1459.778 10 68503.6 125382°"," - 193885 .;" 1496.927 4 66803.5 144876°,,,, - 211679 "" 
1459.991 20 68493.6 142820°;" - 211313 "" 1497.548 35 66775.8 144876°,,,, - 211652 "" 
1460.893 75 68451.3 142820°;" - 2]]271 ;" 1497.900 40 66760.1 121337°"," - 188097 "" 

1268920"" - 195343 ;'" 1498.004 75 66755.5 153808°"" - 220563 "" 
1460.953 10 68448.5 1268920"" - 195340 "" 1498.604 50 66728.8 
1461.604 15 684 18.0 1478 17°"," - 216235 "" 1499.452 6 66691.0 126829°;" - 193520 ;" 
1462.514 4 68375.4 128679\" - 197055 ;" 1500. 060 40 66664.00 128679°.", - 195343 ;" 
1462.885 60 68358 .1 80305 "'" - 148663\" 1500.670 10 66636.90 146675°", - 213312 '" 
1463.537 60 68327.6 147817°,,,, - 216145 "" 150 1. 171 100 66614.66 62065 ;" - 128679°", 
1464.234 50 68295.1 128435°"" - 196730 "" 1501.255 20 66610.93 147653°", - 214264 '''' 
1464.792 50 68269. 1 153609°;" - 221878"" 1502.093 100 66573.77 78780 "" - 145353°,,,, 
1465.040 3 68257.5 144876°,,,, - 213133"" 1502.832 15 66541.04 126829°;" - 193370 "" 
1465. 174 20 68251.3 153609";" - 22186 1 ;" 1503.69 1 10 66503.02 153808°"" - 220311 " " 
1466.919 15 68 170. 1 147806°", - 215976 ;" 1504.521 15 66466.34 146675°,," - 213141 '" 
1467.118 35 68 160.8 145353°,,,, - 213514 "" 1504.853 15 66451.67 146675° ", - 213127 "'" 
1467.188 15 68157.6 1504.955 15 66447.17 147817°,,,, - 214264 "'" 
1467.596 5 681 38.6 1253820"" - 193520 ;'" 1505. 197 5 66436.49 148663°"" - 215100 " , 
1467.857 30 68126.5 1286790"" - 196806 "" 1505.804 5 66409 .70 144876°,,,, - 211286 II, 

1469.238 40 68062 .5 1286790"" - 196742 ;" 1506.7 16 50 66369.51 80305 "'" - 146675° '" 
1469.406 40 68054.7 146675°", - 214730 '" 1507.71 I 3 66325 .71 145353°,,,, - 211679 " , 
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TABLE L Observed lines of Cu III - Continued 

A (vac) Inten· Wavenumber Transition A (vac) Inten· Wavenumber Transition 
sity sity 

148663° " /~ - 214989 :,,, 1625.496 30 61519.68 86133 II~ - 147653° '" 
1508.336 30 66298.22 145353°:", - 211652 "/ ~ 1626.130 300 61495.70 63886 "/ ~ - 125382° .;" 
1508.830 I 66276.52 166159 " I' - 232435° ,,~ 1626.405 300 614S5.30 62065 "" - 1235500"/" 
1509.392 40 66251.84 80423 II~ - 146675° II~ 1628.085 100 61421.85 78780 " / ~ - 140201°:m 
1509.484 30 66247.80 144876°"," - 211123 " / ~ 1628.290 300 61414.12 63143 :,/2 - 124557° "2 

128435°:1/2 - 194683 " / ~ 1629.3 13 20 61375.56 62065 ,,~ - 123440° "" 
1509.955 125 66227.14 77968 :,/2 - 144195 o"/~ 1630.356 75 61336.30 122860 112 - 184197°:1/2 
1512.948 20 66096.12 78780 :'" - 144876°"/2 1632.176 3 61267.90 126829° "2 - 188097 "/2 
1514.593 100 66024.34 60805 "/2 - 126829° ,,~ 1633.239 8 61228.03 85447 :l/2 - 146675°112 
1514.946 20 66008.95 147806°,,~ - 213815 ,,~ 1638.788 8 61020.71 77968 " 2 - 139757°.;/2 
1515.063 40 66003.86 128679°:,,, - 194683 "/~ 1638.945 300 61014.86 77968 " 2 - 1389?2° "2 
1516.711 10 65932.14 145353°:1/2 - 211286 II~ 1639.950 30 60977.47 78780 :1/2 - 139757°.>12 
1523.023 3 65658.89 147653° ' /~ - 213312 '" 1641.419 1 60922.90 1286790,,/2 -189602 "2 
1523.549 50 65636.22 1642.206 lO00r 60893.70 60805 "/2 - 121699° 11 /2 
1523.921 5 65620.20 1651. 754 50 60541. 70 86133 1/2 - 146675° 1/2 
1524.372 8 65600.78 147817°:1 /~ - 213418 1/2 1652.003 500 60532.58 60805 "/2 - 121337°"/2 
1524.539 4 65593.60 122504° ; /~ - 188097 "'" 1653.400 75 60481.43 78780 :1/2 - 139261°112 
1525.884 100 65535.78 63143 .>I~ - 1286790,,/2 1654.559 300 60439.06 62065 ;/2 - 122504° ; /~ 
1525.945 20? 65533.16 146675°'12 - 212208 1/2 1658.457 300 60297.01 63143 ,,~ - 123440°"2 
1526.839 25 65494.79 147817°:1/2 - 213312 II' 1660.885 100 60208.86 78780 :I / ~ - 138989° 3/~ 
1526.998 35 65487.97 147653°1/2 - 213141 II~ 1663.431 3 60116.71 77968 "2 - 138084°512 
1528.695 10 65415.27 78780 :1/2 - 144195";" 1665.576 50 60039.29 122860 I /~ - 182900° II~ 
1531.002 5 65316.70 147817°:1/2 - 213133 "/ 1669.267 40 59906.53 85447 "/2 - 145353°:", 
1531.159 20 65310.00 147817°:", - 213127 :J/2 1670.130 200 59875.58 67016 ; /~ - 126892°:,/~ 
1531.588 30 65291. 71 63143 " 2 - 128435°:l/2 1671.873 250 59813.16 67016 ; /~ - 126829° ; /~ 
1531.653 10 65288.94 60805 "/2 - 126094"; I~ 1672.850 5 59778.22 80423 I / ~ - 140201°:", 
1535.310 2 65133.43 147817°:1" - 212951 '12 1674.588 200 59716.18 68963 ,,~ - 1286 79° :, / ~ 
1537.332 1 65047.76 80305 :1/2 - 145353°:1/2 1676.452 100 59649.78 80552 .; /~ - 140201 ° :I / ~ 
1541. 976 100 64851.85 77968 , ,, - 142820"; 12 1677.365 150 59617.32 89046 ; / ~ - 148663° :"~ 
1542.569 15 64826.92 62065 ;" - 126892°:, /2 1679.139 300 59554.33 63886 : 1!~ - 1234400,,~ 

1543.172 20 64801.59 80552 .;" - 145353° :1/2 1681.462 150 59472.05 68963 .; /~ - 128435 ° :I / ~ 
1543.366 100 64793.44 63886 m - 128679°:,/2 1682.034 50 59451.83 80305 :I / ~ - 13975 7" :, / ~ 
1543.455 200 64789 .71 89018 "/~ - 153808",./2 1682.680 100 59429.01 85447 :I /~ - 144876° :1 /~ 
1544.056 15 64764.49 62065 ;/2 - 126829° m 1684.624 250 59360.43 63143 :, / ~ - 122504 ° ; /~ 
1544.132 50 64761.30 89046 ; /~ - 153808°"'2 1686.194 200 59305.16 78780 :I / ~ - 138084°:, /~ 
]548.877 150 64562.91 89046 ;/2 - 153609°,," 1687.115 300 59272.78 62065 ,,~ - 121337° "/~ 
1549.2 15 50 64548.82 63886 :I / ~ - 128435°:1/2 1688.609 50 59220.34 86133 I / ~ - 145353°:1 /~ 
1549.306 2 64545.03 77968 :, / ~ - 142513°:1" 1689.032 100 59205.51 80552 :, /~ - 139757°:,,, 
1554.617 20 64324.52 80552 :, /~ - 144876°:1" 1692.686 200 59077. 70 67016 ;/2 - 126094°,,~ 
1561.793 100 64028.97 62065 ;" - 126094°;" 1696.183 75 58955.90 80305 : 1!~ - 139261 ° 1/2 
1565.202 125 63889.52 80305 :1/2 - 144195°:,,, 1699.574 3 58838.27 80423 1/2 - 139261°,," 
1568.118 5 63770.71 78780 :I / ~ - 142550° II ' 1701.011 200 58788.57 89018 "/ ~ - 147806°,,~ 
1568.567 50 63752.46 60805 " / ~ - 124557° ;" 1702.104 400 58750.82 63886 "/ ~ - 122637° '" 
1568.669 40 63748.31 63143 :,,, - 1268920"" 1702.183 300 58748.09 85447 "'" - 144195°:,/2 
1569.044 40 63733.07 78780 "" - 142513°"" 1702.334 35 58742.88 86133 1/2 - 144876°"," 
1570.204 200 63685.99 63143 .; / ~ - 126829° '" 1702.971 300 58720.91 63143 :"~ - 121864°"," 
1570.975 1 63654.74 124442°"" - 188097 "" 1704.061 30 58683.34 80305 "/ ~ - 138989° "'" 
1571. 166 75 63647.00 1 38084° :, /~ - 201732 "" 1705.319 150 58640.05 77968 :, / ~ - 136607°:,/2 

78780 m - 142427";" 1705.620 200 58629.71 89018 "/ ~ - 147647° II" 
1571.265 20 63642.99 80552 '" - 1441950"" 1707.483 20 58565.74 80423 1/2 - 138989° " /~ 
1571.402 40 63637.44 60805 "" - 124442",." 1708.935 100 58515.98 77968 " " - 136483°:1/2 
1579.361 75 63316.75 62065 ;" - 1253820"" 1709.026 300 58512.86 62065 ;/2 - 120577°"2 
1581.863 I 63216.60 85447 :'" - 148663°:,,, 1711.245 75 58436.99 80552 " 2 - 138989° "/2 
1588.554 75 62950.33 63143 ,,, - 126094°;" 1711.423 100 58430.91 80552 :,,, - 138982°;" 
1593.748 50 Or 62745.18 60805 "/2 - 123550°"/2 1713.336 30 58365.67 67016 ; / ~ - 125382°'12 
1597.425 50 62600.75 63143 '12 - 125744°"/2 1716.390 100 58261.82 78780 :1/2 - 137041 ° 112 
1600.185 400 62492.77 62065 ;" -124557°;" 1722. 369 500 58059.57 60805 '1/2 -118864°;1" 
1603.134 300 62377.82 62065 ;" - 124442",." 1724.795 75 57977.90 63886 "" - 121864°:", 
1605.960 200 62268.05 80552 :,/2 - 142820° ;" 1726.265 30 57928.53 68963 512 - 126892° 5/2 
1606.557 20 62244.91 80305 "" - 142550° '" 1728.125 150 57866.18 68963 5/2 -126829° ; /~ 
1606.723 300 62238.48 63143 :,,, - 125382";" 1730.724 5 57779.29 80305 :1 /2 - 138084 ° ,,~ 
1606.850 40 62233.56 77968 5/" - 140201°:", 1732.988 50 57703.80 78780 " /~ - 136483°"" 
1607.524 100 62207.47 80305 m - 142513°"" 1737.888 100 57541.11 67016 ;/2 - 124557";/~ 

1607.559 100 62206 .11 85447 :1/2 - 147653°,,, 1738.142 100 57532.70 80552 "2 - 138084 ° .;/~ 
1609.597 100 62127 .35 80423 1/2 - 142550° ' " 1738.646 75 57516.02 89018 "/2 - 1465340,,/2 
1609.748 200 62121.52 80305 :I I" - 142427° .;" 1739.505 300 57487.62 89046 ;/2 - 146534°"/2 
1610.570 150 62089.82 80423 II~ - 142513°:", 1741.131 75 57433.93 63143 '12 - 120577° :,/2 
1616.161 50 61875.02 80552 :"~ - 1424270"" 1741.368 600 57426.12 67016 ;/2 - 1244420,,/2 
1616.605 200 61858.03 63886 m - 125744°:", 1750.386 400 57130.26 68963 .;1" - 126094°;1" 
1618.406 50 61789 .19 77968 5/2 - 139757°,,, 1755.006 100 56979.86 8544 7 "/ ~ - 142427° :,/" 
1620.774 15 61698.92 60805 "/~ - 122504°;" 1760.580 75 56799.46 62065 ;/2 - 118864°;/2 
1621.718 40 61663.00 67016 ; /~ - 128679°", 1761.155 75 56780.92 68963 51~ - 125744°:1/2 

1762.555 100 56735.82 80305 .. , - 137041° ., .~ I _ 11_ 
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TABLE 1. Observed Lines of Cu III - Continued 

A {vae} 
Inte n· Wavenumber Transition A {vae} Inten· Wavenumbe r Transition sity sit y 

1763.948 1 56691.01 63886 "'" - 120577° ,,'" 1873.343 0 53380.51 89046 "" - 142427° ,,'" 
1766.221 50 56618.06 80423 "" - 137041 ° "" 1882.252 40 53127.85 86133 w - 139261 ° ,," 
1768.861 200 56533.55 67016 "" - 123550°"," 1889.888 2 52913.19 142427° ,, '" - 195340 ,,'" 
1772.299 2 56423.89 67016 "" - 123440°,," 1890.340 20 52900.54 68963 ,, '" - 121864°"," 
1772.483 50 56418.03 68963 ,,'" - 125382° ,,'" 1891.960 2 52855.24 86133 "" - 138989°"," 
1773.697 20 56379.41 86133 I'" - 142513°:1," 1904.024 2 52520.35 142820° "" - 195340 ,,'" 
1776.129 75 56302 .22 80305 :1'" - 136607""," 1913.644 2 52256.32 142427° ,," - 194683 :1' " 
1780.059 30 56177.91 80305 :11" - 136483°"," 1928. 714 75 51848.02 67016 "" - 118864°,," 
1783.792 75 56060.35 80423 I'" - 136483°:1," 1937.462 50 51613.91 68963 "'" - 120577° "'" 
1783.941 30 56055.67 80552 .;'" - 136607° "'" 1954.630 20 51160.58 85447 :1," - 136607" "'" 
1787.902 10 55931.48 80552 .;'" -136483°:1," 1958.282 10 51065.17 142820° "" - 193885 ,,'" 
1798.757 30 55593.95 68963 .;'" - 124557" "" 1959.386 30 51036.40 85447 :1" - 136483° :1' " 
1826.339 100 54754.35 85447 :1'" - 140201°:1," 1964.335 20 50907.81 86133 I'" - 137041 ° 11" 
1835.643 2 54476.82 68963 ,, '" - 123440° ,," 1968.026 3 50812. 34 
1840.913 200 54320.87 67016 "" - 121337°,,," 1971.948 100 507 11.28 77968 ,, '" - 128679° .;'" 
1849.525 15 54067.94 86133 I'" - 140201°:11" 1972.370 3 50700.43 142820° "" - 193520 "" 
1858.251 5 538 14.04 85447 :1'" - 139261° "" 1978.211 3 50550.72 142820° "" - 193370 "'" 
1858.678 20 53801.68 89018 "'" - 142820°,," 1981.478 20 50467.38 77968 ,,'" - 128435° :11" 
1867.023 2 53561.20 67016 "" - 120577°"," 1986.104 3 50349.83 86133 I' " - 136483°:11" 
1867.747 100 53540.44 68963 ,,'" - 122504° "" 
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TABLE 1. Observed lines of CUIIl - Continued 

A (air) 
Inten· Wavenumber Transition A (air) Inten· Wavenumber Transition sity sity 

2000 .781 50 49964.30 89018 "'" - 138982° "" 2405.505 800 41558.67 80305 "'" - 121864°"," 
2001. 917 2 49935.95 89046 "" - 138982° "" 2408.381 10 41509.04 220311 " '" - 261820° 111" 
2003.367 I 49899.81 78780 "'" - 128679°:,," 2409.414 0 41491.25 196100 :I," - 237591 °,," 
2013.225 200 49655.50 78780 :I," - 128435°"," 2409.572 3 41488.53 195061 "'" - 236550°"," 
2038.577 50 49038.07 89046 "" - 138084°:,," 2409.947 I 41482.07 
2043 .326 100 48924.11 77968 :,'" - 126892° :,," 2410.645 3 41470.06 195061 "'" - 236531 ° " '" 
2077.046 75 48129.95 80305 :I," - 128435°"," 2412.107 400 41444.93 8544 7 "'" - 126892° :,'" 
2077.141 20 48127.75 80552 :,'" - 128679°:,," 24 12.338 700 41440.96 80423 "" - 121864°"," 
2077.813 5 48112.19 78780 "'" - 1268920" ," 2413 .188 2 41426.37 220569 "" -261995°"," 
2083.452 2 47981. 99 147806°,," - 195788 "" 2417.243 5 41356.88 195061 "" - 236418° I '" 
2087.742 ]5 47883.40 80552 :,'" - 128435°"," 2419.858 30 41312 . 19 80552 :,'" - 121864°"," 
2092.408 ]5 47776.64 77968 :,'" - 125744°"" 2420.033 15 41309.20 
2108.420 30 47413.85 77968 "" - 1253820.," 2420.088 3 41308.26 
2112.314 ]5 47326.46 211821 ° "" - 259147 "'"? 2421.836 150 41278.45 212752 " " - 254030°,,," 
2113.741 ]0 47294.51 118864°,," - 1661 59 "'" 2422.266 0 41271.12 195340 :,'" -236611 °,," 
2119.715 5 47161.24 120577°:,," - 167739 "" 2423 .070 2 41257.43 213514 :,'" - 254772°,," 
2128.577 30 46964.91 78780 :I," - 125744°"," 2423.502 I 41250.07 195340·,," - 2365900" ," 
2145.727 5 46589.58 77968 :,'" - 124557° "" 2426.058 0 41206.62 195343 "" - 236550° "'" 
2154.435 3 46401.29 121337°"," - 167739 "" 2428.151 75 41171.10 195340 :,'" - 236511 ° "" 
2156.677 2 46353.06 122504°,," - 168856.,," 2430.345 200 41133.94 193520 "" - 234654°"" 
2157.277 150 46340.17 80552 .',," - 126892°.,," 2430.528 100 41130.84 195340 :,'" - 2364 71 0"," 
2186.448 2 45721. 98 2431.728 3 41110.55 
2217.768 3 45076.34 80305 :I," - 125382\ ," 2432.755 0 41093.19 195518 "'" - 236611 °,," ., 
2244.680 1 44535.96 77968 :,'" - 122504°,," 2433.499 3 41080.63 
2248.491 6 44460.49 121699°" ,"- 166159 "'" 2434.004 2 41072.11 196742 "" - 237814°,," 
2271.728 25 44005.75 80552 :,'" - 12455 r "" 2434.370 15 41065.93 
2277 .395 40 43896.26 77968 :,'" - 121864°"," 2435.048 15 41054.50 195340 :,'" - 2363950"," 
2279.102 10 43863.39 125744°"," - 169608 "'" 2435.824 300 41041.42 193520 " " - 234562° "" 
2279 .416 15 43857.34 78780 "'" - 122637° "" 2436.107 3 41036.65 196742 "" - 237778°"," 
2299.4 73 100 43474.84 1253820"," - 168856 :,'" 2436.388 10 41031. 92 195518 "'" - 236550°"," 
2312.353 12 43232.70 85447 :I," - 128679°:,," 2436.843 5 41024.26 196806 "," - 2378300" ," 
2315.103 20 43181.35 124557°,," - 167739 "" 2437.168 10 41018.79 195518 "," - 236537°"," 
2318.815 0 43112.23 125744°"," - 168856 "" 2437.482 4 41013 .51 195518 "'" - 236531°" ," 
2320.306 100 43084.53 78780 "," - 121864°"," 2437.774 3 41008.59 196742 " " -237751°,," 
2323 .268 2 43029.60 193520 "" - 236550°"," 2438. 130 2 41002.61 
2323.972 2 43016.57 193520 "" - 2365370"," 2438.356 10 40998.81 213127 :I," -254125°.,,"? 
2325.370 5 42990.71 194683 :1," - 237674°:,," 2439.269 20 40983.46 196795 ,.," - 2377780,.," 

193520 " " - 236511 ° "" 2440.072 200 40969.98 193520 " " - 2344900" ," 
2325.499 3 42988.33 85447 :1," - 128435°"," 2440.884 5 40956.35 195555 :,'" - 236511 ° "" 
2345.253 3 42626.27 193885 :,'" - 236511 ° "" 2441. 933 15 40938.75 1486630" ," - 189602 "" 
2346.159 200 42609.81 77968 :, '" - 1205770"," 2442.582 125 40927.88 196806 :I," - 237734°"," 
2346.198 200 42609.10 123550°"," - 166159 "'" 2443.701 20 40909.14 126829°,," - 167739 "" 
2346 .774 10 42598.64 2444.122 10 40902.09 196742 "" - 237644°"," 
2347.4 70 3 42586.01 193885 :," - 2364 71 °:,,, 2444.233 250 40900.23 1955 18 "'" - 236418° ' 11 ' 
2353.652 10 42474.17 195340 :,'" -237814°,," 2444.439 2000 40896.79 77968 :, '" - 118864° "" 
2354.848 10 42452 .60 211 679 :,'" - 254132° '" 2444.864 5 40889.68 193885 :, '" -234775°:,," 
2357.160 I 42410.96 195340 :," - 237751 °", 2445.942 2 40871.66 
2358.775 3 42381.93 2446.164 15 40867.95 196806 "," - 237674°:,,"? 
2360.162 20 42357.02 1253820"" - 167739 "" 2446.743 250 40858.28 22031 1 " " - 261169° 1:,," 
2361.586 200 42331.48 80305 "'" - 122637° "" 2447.508 200 40845.51 196795 m - 237641 ° '11' 
2363.234 100 42301. 96 86133 "" - 128435°"," 2449.424 10 40813.56 213312 :I," - 254125°:,," 
2367.915 1 42218.35 2450.694 1 40792.41 195757 " " - 236550° "'" 
2368. 174 500 42213.73 80423 "" - 122637° "" 2451.137 1 40785.04 196806 :I," - 237591 ° "" 
2377. 788 5 42043.06 2451.722 3 40775.31 193885 :, '" - 234660°:1," 
2379.591 5 42011.21 195722 "" - 237734°"," 2451.805 50 40773.93 195757 111" - 236531 °" ," 
2380.855 3 41988.91 2452.513 25 40762.16 195722 "" - 236484°"," 
2382.033 10 41968.15 2452.668 5 40759.58 197055 " " -237814°,,"? 
2382.952 5 41951. 96 80552 ', ," - 122504°,," 210239 "" - 250999°","? 
2383 .070 2 41949.88 153808°"," - 195757 " '" 2452.980 300 40754.40 220413 ,,,,"- 261167°,,,,, 
2385.408 0 41908.77 153609° "" - 19551 8 "'" 2453.758 8 40741.48 194033 111" - 234774°"," 
2385.522 I 41906.77 194683 :I," - 236590° "" 2454.312 5 40732.28 196806 :I," - 237538°"," 
2387.693 5 41868.67 195722 "" - 237591 °,," 2454.819 5 40723.87 197055 " " - 237778°"," 
2390.709 10 41815.85 195722 '" - 237538°"," 2456.499 3 40696 .02 197055 " , -237751°,," 
2391.739 400 41797.85 78780 :1," - 120577\," 2457 .661 30 40676 .78 193885 :,'" - 234562° "" 
2392.324 2 41787.63 194683 :1," - 2364 71 ° :,'" 2458.691 400 40659.74 195757 111"-236417°1:1" 
2394.463 1 41750.30 196028 "'" - 237778°"," 2459.396 250 40648.09 195722 "" - 236370°,," 
2396.405 10 41716.47 124442°"," - 166159 "'" 194033 1", - 234681 ° 111' 
2396.575 0 41713.51 194818 ,11"-236531 ° " ," 2460.302 15 40633.12 213815 "" - 254448°"," 
2396.698 10 41711.37 194683 :I'" - 236395°"," 2461.981 200 40605.41 193885 .',," - 234490°.,," 
2400.803 15 41640.05 194683 "'" - 236323°", 2462.248 2 40601.01 195722 "" - 236323°,," 
2402.401 10 41612.36 196028 "'" - 237641 °11 , " 2462.954 100 40589.37 197055 "" - 237644°"," 
2403.046 10 41601.19 12455r,," - 166159 !I" 2463.059 10 40587.64 
2404.606 10 41574.20 196100 "" - 2376740" , 
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TABLE 1. Observed lines of Cu III - Continued 

" (air) 
lnten· Wavenumber Transition " (air) 

Inte n· Wavenumber Transition 
sity sity 

2463.657 5 40577. 79 210239 "" - 25081r ,," 2515.063 10 39748.47 197985 :1/2 - 237734°:l/2 
2463.860 150 40574.45 210159 51" -250733°,," 2515.492 3 39741.69 196795 "I" - 236537°"1~ 
2465.848 100 40541.74 193885 "'" - 23442r:ll" 2515.568 5 39740.49 196730 "I" - 23647 1°,," 
2466.297 3 40534.36 197199 1/" -237734°:11" 2515.829 5 39736.37 196795 "12 - 236531° " 12 
2467.873 25 40508.48 196028 "I" - 23653r"12 2516.331 250 39728.44 211 271 " 2 - 250999°"" 
2468.191 50 40503 .26 196028 "12 - 236531 ° I W 2516.736 3 39722.05 
2468.411 500 40499.65 194033 " 12 - 234532° 1:1/" 2516.866 250 39720.00 214747 ",2 - 254467° 11/2 
2468.725 300 40494.50 210239 "" - 250734°"1" 2517.214 3 39714. 51 194818 11/2 - 234532° 1:1/2 
2468.777 10 40493.64 210239 " 2 - 250733°"2 2517.321 100 397 12.82 195061 "12 - 234774°"" 
2468.987 50 40490.20 196100 :1/2 - 236590°:'12 2517.687 15 39707.05 
2469.433 I 40482 .89 196028 "12 - 2365 11 ° "2 2518. 11 2 15 39700.34 198033 1/2 - 237734°:112 

2471.454 I 40449.78 147647°" 1"- 188097 "I" 2518.324 300 39697.00 211313 "12 - 251010°" 12 
2474.503 3 40399 .95 2518. 777 300 39689.86 198061 .>12 - 23775 1°"2 
2475. 116 200 40389.94 196028 "'" - 236418° " I" 2518.846 75 39688.78 197985 :1/2 - 237674°51 " 

2475.428 50 40384.85 19433 1 1:11"-234716°" 1" 2519.488 5 3%78.66 196806 :II" - 236484 °:11" 
196100 :II" - 236484 °:1/2 25 19.863 0 39672.76 198061 "'" - 237734°:1/2 

2477.593 1 40349.57 19433 1 1:11"- 234681 °" 1" 25 19.917 5 3%71.91 215100 "'" - 254772°"2 
2478.236 400 40339 .10 194331 1:11" - 234670° 1:1/" 2520.363 35 39664.89 196806 :II" - 2364 71 ° 51" 

197199 1/" - 237538°:1/2 2520.995 200 39654.95 195061 "'" - 234716° " 1" 
2479.629 2 403 16.44 213815 ,, ~ - 254132°"2 2522.385 500 39633.09 89046 '" - 128679°"," 
2480.957 5 40294.86 196100 :l1~ - 236395 ° :l l ~ 2523.022 350 39623.09 196795 "'~ - 236418° " 1~ 
2481.196 15 40290.98 14 7806°,, ~ - 188097 " I ~ 2523.254 250 39619.45 195061 " '~ - 23468 1 ° ' 1/~ 
2482.357 1000 40272. 13 80305 :l 1 ~ - 1205 77° "' ~ 2523.654 50 39613. 17 198061 "2 - 237674°"," 
2482.782 10 40265.24 197375 " I ~ - 237641°" " 2523.774 5 39611. 28 86133 I/~ - 125744°:1" 
2485.267 3 40224.98 153808°"1" - 194033 " ,,? 2523.977 15 39608. 10 211123 :1/2 - 25073 1 °:'1~ 
2485.358 15 40223.51 196100 :l 1 ~ - 236323°1/~ 2524.243 25 39603.92 214844 ,,~ - 254448° " '~ 
2486.463 700 40205.64 194331 1:I,, - 23453rl:," 2524.950 100d 39592.84 195061 " '~ - 234654°"" 
2486.741 3 40201.1 4 194331 1:1/' - 234532° I: I/ ~ 2525.213 25 39588.71 196806 :II" - 236395°:11" 
2487.721 35 40 185.3 1 197593 "" - 237778°"1" 2526.755 10 39564.55 196806 :II" - 2363 70° 1/" 
2488.231 3 40177.07 128679°:'1" - 168856 :,1" 2527 .189 35 39557.76 198033 II" - 237591 ° 1/" 
2489.449 25 40157.41 2527.495 10 39552.97 197985 :II" - 237538°:1/~ 
2490.972 3 40 132.86 2527.913 3 39546.43 211 271 ,,~ - 250817°,," 
2493.552 25 40091.34 194683 :II" - 234 775° :' 1~ 2528.552 3 39536.44 
2494.148 3 40081.76 214844 ,,~ - 254926°,,~ 2529.768 10 395 17.44 196806 :I" - 236323° '" 
2494.193 2 40081.04 197593 ' " -237674°:'1~ 2530.122 1 39511.91 197038 " I~ - 236550° "" 
2495.563 2 40059.04 2530.570 5 39504.91 198033 W - 23 7538°:11" 
2496.Q78 350 40050.77 197593 ,, ~ - 237644°"1~ 2530.868 50 39500.26 195061 "I' - 234562° '" 
2496.962 2 40036.60 214747 "I" - 254448°"" 2531. 188 10 39495.27 197055 ,,~ - 236550° "" 
2497.638 400 40025.76 80552 "'~ - 120577"',,, 2531.314 50 39493.30 197038 " ,, - 23653 1° " 1" 
2497.867 10 40022.09 2532.038 250 39482.01 197055 ,,~ - 236537°"" 
2500.6~6 100 39976.82 194683 :I" - 234660°:1/' 2532 .341 2 39477.29 198061 :"~ - 237538°:11" 
2501.638 10 39961.76 2532.648 25 39472.50 195340 :," - 234812° '" 
2501.975 1 39956.38 194818 " " - 234774°",, 2532.863 250 39469. 15 195343,,, - 234812°", 
2503.029 75 39939.56 214844 '" - 254784°"" 2533.249 3 39463 .1 4 211271 ' " - 250734°"" 
2503. 180 5 39937.15 214989 :," - 254926°", 2533.308 5 39462.22 211271 "" - 250733°", 
2503 .327 2 39934.80 85447 :I" - 1 25382 ° :' 1 ~ 2533.686 200 39456.33 197055 ", - 23651 1°", 
2503.625 75 39930.05 197900 ·,,, - 237830""1~ 2535.083 25 39434.59 195340 :," - 234775"',,, 
2504.629 150 39914.05 197900 :," - 2378 1 4°,, ~ 2535.316 400 39430.97 195343 ' " - 234774° "1~ 
2505 .609 200 39898.44 1948 18 " ,,- 234716° " 1~ 2535.965 10 39420.88 21 1313 "" - 250734°"" 
2505.762 10 39896.00 221861 '" - 261757°"" 2536.270 10 39416.14 197055 " , - 236471 °:,,, 
2506.527 10 39883.82 22 1878 :'I~ - 261762 ° ,,~ 2538.659 500 39379.05 197038 11/" - 236417° 1:l/2 
2506.720 125 39880.75 196730 :," - 236611 0", 2540.045 10 39357.56 189602 '" - 228960"',,, 
2507.452 150 39869.11 196742,,, -236611 0", 2540.153 2 39355.89 
2507.832 5 39863.07 1948 18 I W- 234681 ° "" 2540.446 5 39351.35 
2508 .052 125 39859.57 196730 :," - 236590°:,,, 2543.557 25 39303.22 211652 :I" - 250955°:,,, ? 
2508 .488 500 39852 .65 1948 18 " ,,- 234670° 1:1/, 2543.738 3 39300.42 
2508.612 75 39850.68 197900 :," - 237751 ° '" 2546.596 50 39256.32 195518 "" - 234774°"" 
2508.775 5 39848.09 196742 ' " - 236390"',,, 2547.008 3 39249.97 
2508.848 50 39846.93 194683 :l 1 ~ - 234530° 1/, 2547.938 3 39235.65 197375 "" - 236611 °,,~ 
2508.965 15 39845.07 197985 :l 1 ~ - 237830° :," 2548.841 10 39221.75 195340 '" - 234562° '" 
2509 .515 15 39836.34 194818 I w- 234654°"" 2549.071 2 39218.21 195343,,, - 234562°", 
2509 .687 3 39833.61 197900 :," - 237734°"" 2549. 185 5 39216.45 
25 10.802 2 39815.92 196 795 " I ~ - 236611 ° '" 2549.519 2 392 11.32 197400 :," - 2366 110", 
25 11. 297 200 39808.07 196742 ,,~ - 236550°"" 2550.359 200 39198.40 195518 "" - 234716° ' 1/ ~ 
2512 .137 15? 39794.76 196742 ,,~ - 236537°"" 2550.889 1 39190.26 197400 :," - 236590° 51~ 
2512.815 2 39784.03 196806 :l 1 ~ - 236590"',,, 2551. 910 100 39174.58 197375 "" - 236550°"" 
2512 .896 35 39782.74 214989 :, I ~ - 254772° '" 2552.122 5 39171.33 197 199 I/~ - 23637001/~ 

2513.023 50 39780.73 196730 "'~ - 236511 ° '" 2552.671 200 39162.90 195518 "'" - 234681 ° " 1~ 
2513 .748 8 39769.26 196742 ' " - 236511 ° '" 2552.774 15 39161.32 197375 "" - 236537° "1~ 
2514.658 25 39754.87 196795 ,." - 236550° "" 2553.115 400 39156.09 197375 "I" - 236531 ° " 1~ 
25 14.700 3 39754.21 196730 :," - 236484°:1/' 2553.490 10 39150.34 195340 :," - 234490° "'~ 
25 14.753 10 39753.37 198061 .,,, - 237814°", 2553.712 3 39146.94 195343 "" - 234490° "'~ 
2514.906 3 39750.95 195061 'I" - 234812°" 2554.000 8 39142. 52 214989 "., - 254132°, ., . 1- I . 1-
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TABLE 1. Observed lines of Cu III - Continued 

" (air) 
Inten· Wavenumber Transition " (air) 

Inten· Wavenumber Transition 
sity sity 

2554.295 75 39138.00 211679 012 -250817° 712 2599.916 1 .38451.29 198033 112 -236484°:112 
2554.419 125 39136.10 195518 9/2 - 234654° !I/2 2599.983 3 38450.30 198061 512 -2365 11° 712 

214989 012 -254125°012 2601.335 10 38430.31 196100 :1/2 - 234530° 112 
2554.985 1 39127.44 198687 !I/2 - 237814°7/2 2602.710 5 38410.01 198061 012 -236471°"'2 
2557.129 3 39094.63 2603.664 4 38395.94 216376 5/2 -254772° 712 

2557.315 25 39091.79 1986879/2 -237778°"'2 2604.387 0 38385.28 197985 :l/2 -236370° 112 

2557.656 15 39086.58 195340 012 -234427°:l/2 2607.589 0 38338.15 197985 3/2 -236323°1/2 
2560.460 10 39043.77 195518 !I/2 -234562°7/2 2607.644 3 38337.34 198033 1/2 -236370° 112 
2561.251 15 39031.72 215100 3/2 -254132°712 2607.884 5 38333.81 198061 012 -236395°:112 
2561.737 5 39024.31 195788 7/2 -234812°712 2608.448 10 38325.53 
2562.163 5 39017.82 197593 7/2 -236611°712 2609.320 500 38312.72 80552 ',/2 -118864°712 

2564.176 10 38987.20 215807 :1/2 -254794°012 2611.473 10 38281.13 
2564.247 8 38986.12 195788 712 -234774°!l/2 2620.090 3 38155.24 215976 7/2 -254132°712 
2565.188 3 38971.82 2624.228 20 38095.08 
2566.044 10 38958.82 19575711 /2-234716°1112 2625.116 15 38082.19 196730 012 -234812°7/2 
2566.143 1 38957.31 198687 '1/2 -237644\/2 2625.924 0 38070.48 196742 7/2 -2348 12°7/2 
2566.371 400 38953.85 198687 '1/2 -237641° 11 /2 2627.063 1 38053.97 2159767/2 -254030°"2 
2567.054 50 38943.49 197593 7/2 - 236537\" 2627.738 10 38044.20 196730 5 /2 -234775°512 
2568.742 8 38917.90 197593 712 -236511°7/2 2628.491 10 38033.30 
2569.065 15 38913.01 195757 I 1/2-234670° I:J/2 2628.550 0 38032.45 196742 7/2 -234774°!l/2 
2569.147 10 38911.77 215761 1/2 -254673°:l/2 2629.449 10 38019.44 
2569.358 3 38908.57 223089 !I" - 261998° 1112 2632.238 5 37979.16 196795 "/2 -234774°'1/2 
2569.530 20 38905.97 223089 !I" -261995°'1/2 2635.667 3 37929.75 196730 012 - 2346600 :l/2 

2569.723 5 38903.04 2636.258 1 37921.25 196795 "/2 -2347 16°1112 
2569.908 5 38900.24 198930 712 - 237830";/2 2636.891 0 37912.15 196742 7/2 - 234654°",,? 
2570.139 1 38896.75 195757 11"-234654\,, 2638.393 1 37893.57 216235 :J/2 -254125°"" 
2570.266 3 38894.83 2638. 726 15 37885.79 ]96795 !I/2 -234681°1112 
2570.972 ]50 38884.15 198930 712 -237814°712 2640.297 1 37863.25 198687 !I/2 -236550°,1/2 
2571.820 2 38871.32 2641.222 1 37849.99 198687 '!/2 -2365370"" 
2572 .747 10 38857.32 2641.537 50 37845.47 89046 '/2 - 126892°012 
2573.329 400 38848.53 198930 7/2 -237778°,1/2 2643.923 200 37811.32 89018 '1/2 - 126829°7/2 
2574.823 2 38825.99 2645.914 2 37782.87 89046 7/2 - 126829°,,, 
2574.998 30 38823.35 223175 1112- 261998° 11 /2 2646.383 15 37776.17 223787.>/2 - 261563°712 

2575.119 35 38821.53 223174 712 - 261995°9/2 2649.519 20 37731.47 198687 9/2 -236418 1' /, 
2575.166 1 38820.82 1989307/2 -237751°7/2 2652.095 4 37694.82 
2576.023 15 38807.91 195722 112 - 234530°1" 2652.854 3 37684.03 213133 .>/2 - 250817°712 

2576.454 3 38801.42 2653.075 3 37680.89 198930 7/2 - 236611 ° 7/2 
2576.581 5 38799.50 2655.769 10 37642.67 197038 1112-234681°11/2 
2576.724 30 38797.35 223200 '1/2 -261998° 11 /2 2656.493 0 37632.42 197038 11/2 - 2346 70° 1:1/2 
2577.594 1 38784.26 196028 '!12 - 234812° 712 2657.485 3 37618.37 
2577. 765 35 38781.68 216145 5/2 - 254926°7/2 2658.314 20 37606.64 198930 7/2 - 236537°!l" 
2578.212 150 38774.96 195757 11/2-234532° 1:,/2 2658.822 3 37599.45 197055 7/2 - 234654\" 
2580.135 125 38746.06 196028 !I" -234774°9" 2660.128 2 37580.99 198930 7/2 - 236511 ° 7/2 
2581.173 125 38730.48 223089 '1/2 - 261820° 11/2 2665.384 3 37506.89 197055 7/2 - 234562° 7/2 
2582 .264 5 38714. 12 198930 712 -237644°9/2 2670.481 30 37435.31 197055 7/2 - 234490\" ? 
2582 .478 2 38710.91 197900 5/2 - 236611 ° 7/2 2673.090 10 37398.77 197375,,/2 -234774°!l/2 
2583.882 1 38689.88 197900 -'/2 - 236590° ,," 2674.646 10 37377.02 
2584.001 15 38688.10 196028 '1/2 -234716° 11/2 2677.231 2 37340.93 197375 ,,/2 -234716°11 /2 
2584.888 5 38674.82 196100 :l/2 - 234775\" 2679.773 50 37305.51 197375 ,,/2 -234681 °11/2 
2585.012 3 38672.97 223089 '1/2 -261762° 712 2679.963 3 37302.87 
2585.393 1 38667.27 223089 ,,/2 -261757°912 2688.100 2 37189.95 8544 7 :1/2 -122637° 112 
2586.369 75 38652.68 196028 9 /2 -234681° 11 /2 2692.242 15 37132.74 
2586.589 5 38649.39 216145 5/2 - 254794°012 2696.378 200 37075.79 89018 '!/2 - 126094°7/2 
2587.420 150 38636.98 223175 1112 -261812° 1:1/2 2698.441 50 37047.44 89046 7/2 -126094°7/2 
2588.068 10 38627.30 216145 5/2 - 254772°712 2707.844 5 36918.80 213815 7/2 -250734°9 /2 
2588.159 10 38625.95 196028 '1/2 - 234654°9 " 2707.904 1 36917.98 213815 7/2 - 250733°7/2 
2588.594 10 38619.46 223200"/2 -261820°1112 2708.317 8 36912.35 197900 512 - 234812° 7/2 
2589.159 10 38611.03 197900 "/2 - 236511 °7/2 2711.102 8 36874.44 197900 ',/2 -234775\/2 
2589.573 10 38604.86 197985 :1/2 - 236590° ',/2 2719.540 2 36760.03 197900 012 - 234660° 3/2 
2590.677 15 38588.41 223 174 712 - 261762°712 2725.573 5 36678.67 
2591.102 3 38582.08 223175 1112 - 261757°"/2? 2730.267 15 36615.61 201215 012 - 237830\/2 
2591.864 5 38570.73 197900 012 -236471°5/2 2731.466 25 36599.54 201215 012 - 237814°712 
2592.564 5 38560.32 196100 3/2 - 234660° :1/2 2737.491 1 36518.99 201215 5 /2 -237734°3/2 
2592.643 3 38559.15 216235 :1/2 - 254794°5/2 2738.652 3 36503. 51 86133 1/2 -122637°1/2 
2592.846 30 38556.13 223200 '1/2 -261757°'!I2? 2741.967 2 36459.38 201215 ',/2 -237674°012 
2593.244 2 38550.21 198061 512 -236611 °7/2 2743.940 5 36433.17 
2594.370 1 38533.48 196028 9/2 - 234562° 712 2751.330 20 36335.32 89046 7/2 - 125382°012 
2594.648 O? 38529.35 198061 -'/2 - 236590° 512 2769.378 10 36098.53 201732 :1/2 -237830°5/2 
2596.667 8 38499.40 197985 :1/2 - 236484°3/2 2776.817 10 36001.83 201732 312 - 237734°3/2 
2596.995 3 38494.53 197900 012 - 236395°:1/2 2777.510 0 35992.85 153609° 7/2 - 189602 7/2 
2597.332 10 38489.54 2781.424 5 35942.20 201732 :1/2 -237674°5/2 
2598.522 50 38471.91 215976 7/2 -254448°912 2787.865 2 35859.17 201732 :1/2 -237591°112 
2599.240 3 38461.29 2791.966 0 35806.50 201732:1/2 -237538°32 
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T ABLE 1. Observed lines of Cu III - Continued 

" (air) 
lnten- Wavenumber Transition " (air) 

lnte n- Wa venumber Transition 
s ity sity 

2798_946 3 3571 7.2 1 21 5100 :.," - 2508 17",," 3689.446 25 27096.63 
28 12.943 100 35539.49 8901 8 "'" - 124557°,," 3689.660 15 27095 .06 142513°:1," - 169608 :I" 
2822. 070 5 35424.55 89018 "" - 124442°"" 3690.151 20 27091.45 
2825.990 10 35375.42 201215 :." - 236590°:." 3691.752 15 27079.70 
2835.546 3 35256.21 201 215 .'" - 23647 1°"" 3694.662 75 27058.37 215160°,," - 2422 19 :I" 
2841.687 2 35180.02 201215 " , - 236395°:1" 3694.766 10 27057.61 142550° '" - 169608 :I" 
2867. 91 6 3 34858.29 201732 :I,' - 236590° "'" 3696.693 5 27043.51 212525°" "-239568,,,, 
2876.624 5 34752.77 201732 :I'" - 236484°:1" 3697.557 200 27037.19 213025°"" - 240062 :." 
2975.508 100 33597.90 201215 ", - 2348 12°", 3698.035 75 27033.69 214357°:\!, - 241391 '" 
2978.866 100 33560.03 201215 " " - 234775".;" 3698.452 3 27030.65 223787 "" - 250817°", 
2988.000 2 33457.44 89046 '" - 122504°,," 3699.154 60 27025.52 212415°,,,, - 239440 '" 
2989. 070 30 33445.47 201215 .,," - 234660°:1" 3700.000 10 27019.34 
3093.220 3 32319.39 89018 "" - 121337""" 3700.752 5 27013.85 2133 11 ° '" - 240325 .'" 
3281.1 23 I 30468.59 213311 °", - 243780 :." 3701.060 10 2701 1. 60 
3294.457 5 30345.28 223787 :", - 254132°", 3701.811 20 27006. 12 215000° '" - 242006 '" 
3358.730 3 29764.60 3702.920 500 26998.03 211821°.", - 2388 18 "" 
3394.340 2 29452.35 214328° '" - 243 780 :." 3703.921 50 26990.74 214702\" - 241693 "" 
3438.088 10 29077.60 214702°:." - 243 780 :." 3706.757 40 26970.09 214357":\!, - 241328 :I,' 
3445.623 3 29014.01 214766°:." - 243 780 :." 3708.538 8 26957. 13 
3473. 651 3 28779.91 215000° '" - 243 780 :." 3710.228 15 26944.86 223787 ,,, - 250731 °:." 
3533.762 2 28290.37 201215 :," - 229505°:1" 3710.483 40 26943.00 239148".;" - 266091 "" 
3542.052 2 28224. 16 21 3025°.", - 241249 '" 37 13.405 65 26921.80 214328°", - 241249 ' " 
3545.430 10 28197.27 238833° '" - 267031 .," 37 14.616 20 2691 3. 03 
3548.870 75 28169.94 216448° :I,' - 244618 :I,' 37 15.037 400 26909.98 211821 °", - 238730 '" 
3549.926 10 28161.56 239148°"" - 267310 :I" 37 15.705 3 26905.14 
3555.834 5 281 14.77 37 19.900 300 26874.80 212415°"" - 239290 "" 
3558. 126 8 28096.66 3720. 180 75 26872.78 215417\" - 242290 :." 
3563 .695 30 28052.75 216565°.", - 244618 :I" 3721.071 40 26866.34 231333°:." - 258199 ' " 
3564.251 20 28048.38 213025° "" - 241074 ' " 3722.333 2 26857.23 
3568.751 20 28013.01 3726. 167 75 26829.60 
3579.098 10 27932 .03 214357°:1/ ' - 242290 "" 3726.825 20 26824.86 2124 15°"" - 239240 " " 
3582 .. 717 8 27903 .81 213311°", - 2412 15 "" 3727.850 5 26817.49 21 182 1 ° '" - 238638 '" 
3584.579 10 27889. 32 214357°:", - 242247 :I" 3728.393 2 26813.58 
3585.364 5 27883.21 2012 15 '" - 229098°",? 3730.041 5 26801.74 215417".;" - 2422 19 :I,' 
3588.221 2 27861.01 214357°:1" - 242219 :I" 3730.693 10 26797.05 
3589.005 10 27854.93 238788°"" - 266643 '" 3731.661 2 26790.10 228960":,,, - 255750 :I" 
3593.553 25 27819.67 238833° '" - 266653 ,,,,? 3734.453 3 26770.07 
3594.867 50h 27809.51 238788°"" - 266597 "" 3735.201 75 26764.7 1 212525°" ,,-239290 "" 

238833° '" - 266643 '" 3735.597 5 26761.87 
3600. 141 25 27768.77 213025°.", - 240794 :I" 3736.425 150 26755.94 238788°,,,, - 265544 II" 
3600.777 5 27763.86 238833° '" - 266597 '1" 3737. 108 75 26751.05 2133 11 °", - 240062 :." 
3600.962 20h 27762.44 216017° '" - 243780 '" 3737.279 75 26749.83 228423°:." - 255173 '" 

213311 °", - 241074 '" 3737.807 85 26746.05 214328",,, - 241074 '" 
3602.843 5 27747.94 21 1821 °", - 239568 '1" 3738.812 65 26738.86 215160°1" - 241899 I" 
36 11.32 1 2 27682 .80 2133 11°", - 240994 :." 3742. 188 150 26714.74 212525° II ', - 239240 II" 
36 11. 883 20 27678.50 214328° '" - 242006 "" 3744.698 800 26696.83 21241 5°'1" - 239 11 2 II" 
36 14. 20 1 15 27660.74 213311 ° '" - 240972 '1" 3746.817 20 26681.74 
3615.795 15 27648.55 214357°:1" - 242006 :." 3748.266 400 26671.42 215417°:." - 242088 ' " 
36 19.566 15 27619.75 211 82 1°", - 239440 '" 3748.956 5 26666.51 214328° '" - 240994 :." 
3632.211 5 27523.59 214766°:." - 242290 '" 3749.657 2 26661.53 2145880"" - 241249 '" 
3633. 173 5 27516.31 214702° ", - 2422 19 :\!, 3750.370 10 26656.46 
3633.888 10 27510.89 239142°11,, - 266653 '1" 3750. 646 5 26654.50 
3636.000 65 27494.91 239142°1,,"-266637 III' 3752.056 600 26644.48 214328° '" - 240972 "" 
3636.094 15 27494.20 239 148°:." - 266643 '" 3753.166 75 26636.60 214357°:1" - 240994 :." 
3637.319 2 27484.94 3754.480 200 26627.28 214588°,1" - 241215 'I" 
3639.420 100 27469.08 21182 1°", - 239290 'I" 3754.759 50 26625.30 214702":,,, - 241328 :JI' 

364 1. 256 5 27455.23 239142°" ,, - 266597 'I" 214766°:." - 241391 :1" 
3641. 598 3 27452.65 2147660"" - 242219 :1" 3756.408 3 26613.61 
3645.893 3 27420 .31 3759.424 100 26592.26 2160]7°", - 242610,,, 
3650.474 5 27385.90 214702° :." - 242088 ' " 3760.056 25 26587.79 229505°:11' - 256093 :." 
3657. 193 3 27335.59 214357":1" - 241693 :." 3760.215 150 26586.67 212525°111, - 239112 II" 
3657.724 50 2733 1.62 216448°:1" - 243780 :." 3760.734 15 26583.00 
3658.388 15 27326.66 228423".,,, - 255750 :\!, 3762.052 150 26573.69 212995°"" - 239568 "" 
3658.97 1 10 27322.30 214766°." - 242088 '" 3762.286 65 26572.03 
3661.453 100 27303.78 214702°:." - 242006 :." 3763.762 5 26561.61 214766° '" - 241328 :\!, 
366 1. 975 2 27299.89 213025°", - 240325 :." 3763.992 100 26559.99 232458".,,, - 259018 ' " 
3664.472 10 27281.29 228468°:1" - 255750 :I"? 3765.014 10 26552.78 231333°.", - 257885 '" 
3664.5 11 5 27281.00 228468°:1" - 255750 :1" 3765.840 20 26546.96 214702°:." - 241249 '" 
3669.195 50 27246. 17 238833° '" - 266079 '" 3768.729 50 26526.61 228960°:." - 255486 '" 
3673.455 75 27214.58 216565°:." - 243780 :." 3770.928 15 26511.14 
3675.872 2 27 196.68 3771.150 20 26509.58 
3678.604 20 27176.49 138982° '" - 1661 59 ,m 3771. 523 100 26506.96 215782°:1" - 242290 :." 
3681. 692 60 27153.69 212415°"" - 239568 'I" 3771.878 2 26504.46 238788° 'I, - 265292 ,,,,? 
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TABLE 1. Observed lines of CUIII - Continued 

).. (air) Inten- Wavenumber Transition ).. (air) Inten- Wavenumber Transition 
sity sity 

3774.547 50 26485.72 214588°"" - 241074 ' " 3881.682 300 25754.73 212525° " '2- 238280 "'2 
3774.793 50 26484.00 3883.169 8 25744.87 240852° "'2 - 266597 "'2 
3774.886 150 26483.34 214766°"" - 241249 '" 3884.549 b 75 25735.72 212995°"" - 238730 " 2 
3776.971 1000 26468.72 212525°" '2- 238994 ' '''2 3884.772 30 25734.24 228960° 5'2 - 254694 :m 
3778.344 100 26459. 11 238833° '" - 265292 !I" 3885.921 40 25726.63 

211821\" - 238280 '0" 3887.702 200 25714.85 214588°"'2 - 240303 "2 
3780.052 100 26447.15 239142°' 112-265589 ' :"2 3889.208 0 25704.89 21435T:m - 240062 " 2 
378 1. 561 75 26436.60 214357°"" - 240794 "" 3890.799 20 25694.38 
378 1.631 50 26436.11 215782°"" - 242219 "" 3893.605 85 25675.86 216017°"2 - 241693 ,,2 
3782.520 5 26429.89 142427\'2 - 168856 Of' 3894.203 10 25671.92 
3782.732 3 26428.41 231457°"'2 - 257885 ;,,, 3898.545 75 25643 .33 212995°"'2 - 238638 " 2 
3784.030 100 26419. 35 232435° "2 - 258855 " I' 3901.662 25 25622.84 214702° ,,2 - 240325 5'2 
3784.657 75 26414.97 213025°;,,2 - 239440 '" 3902.294 50 25618.69 
3785.914 10 26406.20 214357°"'2 - 240764 ' I' 3903.222 100 25612 .60 213025° 5" - 238638 " 2 
3789.070 3 26384.21 214588° ''' ' - 240972 " I' 3903.829 30 25608.62 215782°"," - 241391 3'2 
3790.798 800 26372.18 214588°"" - 240960 '1 ,2 3904.651 3 25603 .23 215160°1'2 - 240764 112 
3790.931 100 26371.26 214702\ " - 241074 ' I' 3905.079 50 25600.42 214702° 5'2 - 240303 " 2 
3792.486 85 26360.44 229098° '" - 255458 " I' 3908.611 10 25577.29 215417°" 2 - 240994 5'2 
3794.880 50 26343.81 142513°"" - 168856 ;,1' 3911.361 50 25559.31 214766°"2 - 240325 "2 
3798.931 65 26315.72 212415°"" - 238730 ' I' 3911.578 20 25557.89 216448°:1'2 - 242006 " 2 
3799.103 10 26314.53 3913.545 40 25545.05 215782°"," - 241328 :1'2 
380 1.009 100 26301.34 213025°;,,, - 239326 :II' 3914.802 15 25536.84 214766°5'2 - 240303 " 2 
3801.948 75 26294 .84 2129950"" - 239290 " I' 3917. 101 50 25521.86 229098° " 2 - 254620 "'2 
3802.385 5 26291.82 214702°;,,2 - 240994 ;,1' 3928.168 40 25449.95 232435° "2 - 257885 5'2 
3804.132 600 26279.75 216017° " 2 - 242297 ' II' 3929.587 60 25440.76 216565° 5" - 242006 OJ2 
3807.4 14 300 26257 .09 21 33 110"2 - 239568 ,1/2 3932 .93 1 40 25419. 13 2133 110", - 238730,,, 
3808.547 65 26249 .28 21 5000°"2 - 241249 ' I' 3939.420 2 25377.26 215417° 5'2 - 240794 :1'2 
3809 .175 600 26244.95 212995°"'2 - 239240 11/2 3940.397 1 25370.97 
38 11.588 85 26228.34 214766\ ,2 - 240994 "I' 3942.098 I 25360.02 214702° " 2 - 240062 ;,'2 
3812.0 12 5 26225.42 228468°:1'2 - 254694 :1/2 3947.284 100 25326.7 1 21 33 110" , - 238638 " 2 
3812.3 12 65 26223.36 212415°"'2 - 238638 ' I' 3947.512 10 25325. 24 215000° '" - 240325 ," 2 
3813.5 19 300 26215 .'06 215000°"2 - 241215 " I' 3949. 572 60 25312.04 142427° " 2 - 167739 " 2 
3813.770 10 26213.33 228960°;,,2 - 255173 ' I' 3950.620 15 25305.32 240786°"2 - 266091 ','2 
3815.2 18 3 26203 .38 3951.022 100 25302. 75 215000°" 2 - 240303 " 2 
38 16.170 20 26196.85 228423°,;'2 - 254620 ;,1' 3953.809 150 25284.91 212995°"'2 - 238280 ",2 
3820.4 73 20 26167 .34 215160°,,, - 241328 :1/2 3960.072 50 25244.92 216448°"," - 241693 ;,'2 
3821.57 1 2 26159 .83 3960.720 8 25240.79 214328°"2 - 239568 "'2 
3822.800 3 26151.42 228468°:1" - 254620 " I' 3962.877 15 25227.05 240852°"'2 - 266079 " 2 
3822.942 50 26150 .44 239142° 11 '2- 265292 " I' 3968.852 20 25189.08 229505°:1/2 - 254694 :1/2 
3826.089 100 26128.94 213311 °m - 239440,1' 3978. 532 100 25127 .79 216565°"'2 - 241693 ;,'2 
3827.893 10 26116.62 215782°:112 - 241899 1/' 3980.574 15 2511 4.90 229505°:1'2 - 254620 ;,'2 
383 1.53 1 85 26091.82 214702°;,,2 - 240794 :1'2 3980.930 30 25112.66 214328° "2 - 239440 ' " 
3833.768 5 26076.60 3988.923 10 25062.34 215:)00° "2 -240062 5'2 
3834.022 50 26074.87 229098° "2 - 255173 ' I' 4008.025 10 24942.89 216448°:1'2 - 241391 :1'2 
3834.21 1 75 26073 .59 215000°"2 - 241074 ' I' 4011.858 15 24919.06 142820°"2 - 167739,,, 
3838.525 100 26044.29 216565°;,'2 - 242610 " 2 4013.577 10 24908. 39 215417°,"2 - 240325 " 2 
3839.461 5 26037.94 4019.430 15 24872.1 2 
3840.894 20 26028.22 214766°;,'2 - 240794 :1'2 4037 .268 5 24762 .23 216565° " 2 - 241328 :J/2 

3845.4 12 75 25997.64 214328\ '2 - 240325 ;,1' 4039. 580 10 24748.06 234654 m - 259402° "'2 
3845.937 15 25994.09 215000° "2 - 240994 " I' 4041.242 30 24737.88 214702°.,,2 -239440 " 2 
3846.199 65 25992 .32 4050.073 2 24683.94 216565°;,'2 - 241249 "2 
3846.720 3? 25988.80 216017° " 2 - 242006 51' 4051.651 30 24674.33 214766°" 2 - 239440 "2 
3848.292 20 25978.19 213311 ° " 2 - 239290 "'2 4059.889 40 24624.26 214702°.,,2 - 239326 :1'2 
3848.739 5 25975.17 214328° " 2 - 240303 "2 4069.123 10 24568.38 215000° '" - 239568 "'2 
3848.859 15 25974.36 21 541 7°;,,2 - 241 391 :In 4070.395 20 24560.70 214766°512 - 239326 "'2 
3849.208 20 25972.00 215000° "2 - 240972 "I' 4072.843 30 24545.94 216448°"," - 240994 5'2 
3849.845 65 25967. 71 214357°"'2 - 240325 ;,,, 4078.337 15 24512.88 
3858.078 1 25912 .29 4090.487 100 2444 3.07 215000° "2 - 239440 " 2 
3858.305 60 25910.77 215417°;,'2 - 241328 :112 240852° !I'2 - 265292 "" 
3860.875 5 25893.52 4092. 376 2 24428.79 216565° " 2 - 240994 "'2 
3864.866 10 25866.78 240786° "2 - 266653 "'2 4096.722 3 24402.87 214328°"2 - 238730,,, 
3865. 153 80 25864.86 212415°"'2 - 238280 " I' 4106. 327 30 24345.79 216448°:1'2 - 240794 ",, ? 
3866.390 40 25856.59 240786° "2 - 266643 '" 4112 .299 10 24310.44 214328° " 2 - 238638 " 2 
3868.682 5 25841. 27 216448°:1'2 - 242290 "I' 4125.237 10 24234.19 
3869.158 I 25838.09 4149.236 2 24094.03 
3870.002 2 25832.46 21541 T;,'2 - 241249 ' I' 4186.957 15 23876.97 216448°"," - 240325 5,2 
3873.200 b 50 2581 1.13 240786° " 2 - 266597 " I' 210159 5'2 - 234036°:1'2 
3873.958 20 25806.08 4187.807 10 23872.12 214766°5'2 - 238638 "2 
3874.790 40 25800. 54 2408520"" - 266653 "'2 4191.723 5 23849.82 234036°:1'2 - 257885 "2 
3875.081 65 25798.60 216448°:1'2 - 242247 :112 4197.252 2 23818.40 215000°" , - 238818 5" 
3875.244 10 25797 .51 4212. 301 20 23733.31 215100 ;,,, - 238833°", 
3875.883 1 25 793.26 213025°;,,2 - 238818 ;,,, 4232.447 8 23620.34 210033 3" - 233653°:", 
3877. 197 75 25 784.52 240852°"" - 266637 I I " 4246.192 20 23543.88 144195°"" - 167739 ' " 
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TAB LE 1. Observed lines of Cu IlI- Co nti nued 

A (air) Inten· Wavenumber T rans ition A (a ir) Inten· Wavenumber Trans ition 
sit y sity 

4253.549 2 23503.16 145353°"," - 168856 ".1" 4368.3 18 75 22885.68 23653 1°" ,"- 259417 " " 
4270.654 8 23409.03 243234°,," - 266643 ""? 4369.314 75 22880.46 236537\," - 2594 17 '''" 
4283.400 200 23339.37 1428200,," - 166159 "'" 4369.438 75 22879.81 236590°:1'" - 2594 70 ."" 
4286.475 3 23322.63 4370. 126 300 22876.21 234654°"," - 257530 " " 
4286.800 2 23320.86 4370.344 300 22875.07 234681°" ,"- 257556 II '" 
4298.294 10 23258.50 4370.841 500 22872.46 236531°II,"- 259404,:m 
4313.014 3 23179.12 4371.395 500 22869.57 234670° Im - 257540 10" 
4313.330 100 23177.42 234490° ".1" - 257668 ' " 4371.878 200 22867.04 237778°!l" - 260646 " " 
4313.661 100 23175.65 23442r.'l'" - 257602 :m 4372. 167 5 22865.53 23653r!ll" - 259402 "" 
4316.650 3 23159.60 4372.446 5 22864.07 
4318.034 2 23 152.18 4372.864 75 22861.88 237814° '" - 260676 "" 
4318.313 I 23150.68 4373.429 500 22858.93 234681°,,,, - 257540I:m 
4318.537 30 23149.48 234812°", - 257671 ... " 
4321.522 2 23133.49 4374.154 10 22855. 14 2348 12° '" - 257668 '" 
4323.742 15 23121.61 4374.398 50 22853.87 236550°,", - 259404 II" 
4325.539 2 23112.01 234490° ... " - 257602 "'" 4374.682 5 22852.38 236550°"" - 259402 "" 
4326.118 2 23108.91 236323° '" - 259432 "'" 4374.984 3 22850.81 234774°!l" - 257625 "" 
4328.657 8 23095.36 211679.·.," - 334775° ... ," ? 4375.432 300 22848.47 234716° ' ''' - 257565 1:1/, 
4332.157 2 23076.70 4376.243 5 22844.23 
4332.909 20 23072.70 250734°"" - 273807 !II" 4376.649 15 22842.1 1 236590°"" - 259432 "" 
4333 .011 10 23072.15 234530° '" - 257602 "" 4377.113 1000 22839.69 234716°,,,,-257556 , ,,, 
4333.574 3 23069.16 4378.064 75 22834.73 234660°:1/' - 257495 '" 
4334.927 100 23061. 95 234427°:1/ ' - 257488 ... " 4378.991 10 22829.90 
4335.276 5 23060.10 4379.309 5 22828.24 234660°:1/' - 257488 .,,,? 
4335.787 20 23057.38 4381.002 3 22819.42 
4337.486 15 23048.35 438 1. 290 5 22817.92 237814°", - 260632 ",? 
4338.221 2 23044.44 4382.026 100 22814.08 2347 16°,,,,- 257530 ,,,, 
4339 .663 100 23036.78 4382.314 300 22812.58 2348 12°,," - 257625 !I" 

4341.874 10 23025.06 189602 "" - 212415°!l" 
4342.065 100 23024.04 234490°", - 257514 "" 4382.686 10 22810.65 
4343.016 0 23019.00 4384.351 50 22801.99 237830° '" - 260632 '" 
4343.490 2 23016.49 4384.561 100 22800.89 250999°!l" - 273800 '" 
4344 .139 5 23013. 05 4384.768 20 22799.82 214844 ", - 237644°!l" ? 
4344.339 100 23011. 99 234562°", - 257574 !I" 4385.397 150 22796.55 25 1010°,,,, - 273807 "" 
4344.466 100 23011.32 2346600 m - 257671 .'" 4386.077 20 22793.0 ] 
4345.004 50 23008.47 2364 71 ° "" - 2594 79 '" 4386.333 50 22791.68 251010° ,,,, - 273802 ,,,,, 
4345.203 30 23007.42 234532° '"'' - 25 7540 '"'' 4386.425 200 22791.21 236611 ° '" - 259402 !I /1 

4346.038 40 23003.00 234537°,...,, - 257540 "''' 4388.256 200? 22781.70 2347740"" - 257556 II" 
4346.827 20 22998.82 236471 ° ... " - 2594 70 ... " 4389 . 123 100 22777.20 
4346.936 20 22998.24 234490° ... " - 257488 "" 4390.258 5 22771.31 
4348.576 2 22989.57 250817°", - 273807 "" 4391.488 5 22764.93 
4348.736 10 22988.73 4396.147 30 22740.80 
4349.099 150 22986.81 236417°1:11,-259404 1m 4396.499 50 22738.98 250999°"" - 273738 !I /1 

4349.331 50? 22985.58 236418°,,,, - 259404 ' ''' 4399. 732 75 22722.27 251010 ° II " - 273732 II" 
4349.751 I 22983.36 4403.499 5 22702.84 
4349.849 3 22982 .84 250817° '" - 273800 '" 4408.235 15 22678.45 
4350.746 20 22978. 10 4409.880 30 22669.99 
4351.834 50 22972.36 4417. 191 2 22632.47 
4351.971 500 22971.64 234532°l:m- 257504 "''' 4418.324 5 22626.66 
4352 .219 5 22970.33 4418.977 2 22623.32 
4352.451 3? 22969. ]0 4438.030 3 22526.20 
4352.798 1000 22967.27 234537°,...,, - 257504 "" 4453.330 2 22448.8 1 194117 '" - 216565".,,, 
4353 .308 3 22964 .58 234530° '" - 257495 '" 4568.621 5 21882.31 194683 m - 2165650,,, 
4354.525 10 22958. ]6 237674°,,, - 260632 '" 4621. 943 10 21629.86 193370 "" - 215000°", 
4355.237 500 22954.41 236417" l:m- 259372 "''' 4724.409 30 21l60.75 
4355 .478 200 22953.14 236418°,,,, - 259371 '"'' 4741. 343 30 21085.17 212951 ... " - 234036°:1/' 
4355.569 100 22952.66 234562°", - 2575 14 '" 4745.29 1 4 21067.63 193520 '" - 214588\" 
4356.079 300 22949.97 237641 °, 11, - 26059 1 '"'' 4781.271 30 20909.09 213127 "" - 234036°:1/' 
4356.750 300 22946.44 2376440"" - 260590 ' ''' 4784.813 ] 0 20893.62 195555 "" - 216448° :1/, 
4356.975 3 22945.25 4787. 148 5 20883.43 19411 7 '" - 215000°", 
4358.163 3 22939.00 209875 ... " - 232814° m 4806.435 I 20799.63 
4358.530 10 22937.07 4834.873 3 20677.29 195340 "" - 2160 17° '" 
4360.148 30 22928 .56 261169° 1:1/, - 254098° L"'? 4839.333 10 20658 .23 
4360.346 100 22927.52 261167°, .. ,,,- 284095 " ,,? 4841. 423 25 20649.31 194117 '" - 214766° .. ,,, 
4361.862 15 22919.55 234654°!l" - 257574 ,1/, 4856.428 8 20585.52 194117 '" - 214702°", 
4362 .735 3 22914.96 4857. 135 ]0 20582 .52 
4362.989 10 22913.63 216235 m - 239148°." 4863 .626 5 20555 .05 194033 1", - 214588°"" 
4363.244 30 22912 .29 211 123 "" - 234036°"" 4883.553 30 2047 1.18 194117 ' " - 214588°"" 
4364 .226 2 22907. 13 4885.570 15 20462.73 195555 ' " - 2160 17° '" 
4364.565 20 22905 .35 4927.410 150 20288 .97 220563 "" - 240852° "" 
4366.186 200 22896.85 234775° .. ,,, - 257671 ... " 4928.792 10 20283 .28 220569 '" - 240852° "" 
4366.690 20 22894.21 234670°\:1/, - 257565 \:m 4944.952 120 20217.00 220569 '" - 240786°", 
4367 .247 100 22891.29 236511 ° '" - 259402 "" 
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TABLE L Observed lines of Cu III - Continued 

A (air) Inten· Wavenumber Transition A (air) Inten· Wavenumber Transition 
sity sity 

4946.455 10 20210.86 194117 "" - 214328° "" 5362.793 5 18641.82 197375 ,"" -216017°,," 
4967.901 10 20123.61 196442 "'" - 216565°.,," 5364.709 15 18635.16 195722 w - 214357°:m 
4996.988 5 20006.47 196442 :I," -216448°:,," 5369.794 300 18617.51 197400 "'" -216017°,," 
5001.366 20 19988.96 196028 !I'" - 21601r ,," 5374.114 20 18602.55 196100 :I," -214702°,," 
5005.202 6 19973.64 213312 "'" - 233285°.,," 5376.665 15 18593.72 209875 " " -228468°:1," 
5008.721 4 19959.61 234660°"," - 254620 "'"? 5380.443 15 18580.66 212752 "" -231333°,," 
5020.148 3 19914.18 5380.826 25 18579.34 220569 "" - 239148° "" 
5033.291 40 19862.18 195555 ;,'" - 215417°,," 5381.044 100 18578.59 220563 !I'" -239142° " '" 
5045.966 8 19812.29 5386.560 3 1~59.56 196028 !I," - 214588°.12 
5056.710 2 19770.19 5389.417 25 18549.72 214264 "'" - 232814°,," 
5070.133 20 19717.85 196730 ;,'" - 216448°:m 5389.812 75 18548.37 209875 5'" - 228423° 5'" 
5078.970 10 19683.54 212752 "" - 232435°,," 5391.703 3 18541.86 
5085.023 15 19660.11 195340 ;,'" - 215000°,," 5392.431 25 18539.36 195788 "" - 214328°", 
5085.910 15 19656.69 195343 "" - 215000°", 5402.013 15 18506.47 212951 "'" -23 1457°3/" 
5092.762 70 19630.24 209875 " " - 229505°:m 5402.584 10 18504.52 198061 51" -216565°'12 
5094.282 400 19624.38 193370 !I'" - 212995°"12 5410.669 40 18476.87 220311 111"-238788°!l12 
5124.894 5 19507.16 212951 " " - 232458°"12 5418.485 350 18450.21 193370 !I'" -211821°", 
5125.476 5 19504.95 193520 "" - 213025° ."" 5422.762 20 18435.66 210033 m - 228468° 312 
5130.731 150 19484.97 212951 " " - 232435°,," 5428.839 15 18415.03 198033 "' - 216448° :I," 
5133.512 40 19474.42 193520 "" -212995°"," 5429.566 5 18412.56 
5134.104 20 19472.17 210033 :I," - 229505°:m 5437.001 3 18387.38 198061 5/2 -216448°:1," 
5134.606 3 19470.27 213815 "" - 233285°", 5438.602 200 18381. 97 212951 5/" -231333°'12 
5141.185 20 19445.35 195555 ;,'" - 215000°", 5438.602 200 18381.97 194033 " '"- 212415°!l12 
5147.218 15 19422.56 195343 "" - 214766°"12 5444.480 2 18362.12 197055 "" - 215417°,," 
5156.097 5 19389.11 214264 :I," - 233653°:11, 5447.050 3h 18353.46 
5164.119 15 19358.99 195343 "" - 214702\" 5450.455 50 18341.99 194683 :m -213025°,," 
5168.967 200 19340.84 196442 "'" -215782°:112 5453.893 10 18330.43 213127 "/2 - 231457°"," 
5171.584 40 19331.05 213127 "'" - 232458°,," 5455.842 15 18323.88 213133 51 " - 231457°"," 
5175.332 2 19317.05 196100 :11" -215417°.,12 5459.735 5 18310.82 
5178.367 1 19305.73 5460.065 15 18309.71 210159 '/2 -228468°"," 
5179.271 8 19302.36 213133 " " - 232435°,," 5462.888 50 18300.25 193520 "" - 211821°,," 
5194.846 15 19244.49 195343 "" -2145880"," 5463.161 10 18299.34 196028!112 -214328°", 
5198 .108 10 19232.41 5463.548 250 18298.04 194117 "" -2124150"," 
5200.561 150 19223.34 209875 " " - 229098° "" 5471.976 50 18269.86 220563 !l12 - 238833° '" 
5200.876 30 19222.18 196795 !I'" - 216017°,," 5473.322 0 18265.36 
5203.670 200 19211.86 195788 "" - 215000°'12 5473.617 2 18264.38 220569 "" - 238833° "" 
5203.839 150 19211.23 195555 "'" -214766°.", 210159 " " - 228423°"," 
5208.338 400 19194.64 194117 "" - 213311 °,," 5475.494 15 18258.12 196742 '12 -215000°,," 
5216.231 250 19165.59 197400 ;,'" -216565°'12 5475.593 5 18257.79 196100 "'" -2 14357°:m 
5219.213 600 19154.64 193370 "'" -212525° 11 ," 5477.959 5 18249.90 195061 "'" -213311 °,," 
5221.113 80 19147.67 195555 ;,'" -214702°"12 5485.687 I 18224.19 220563 '"" - 238788\," 
5221.608 20 19145.86 213312 :I," - 232458°.", 5487.355 50 18218.65 220569 "" - 238788°"," 
5223.070 2 19140.50 193885 51" - 213025°.,12 5491.169 1 18206.00 213127 m - 231333°"12 
5241.473 15 19073.30 5494.937 250 18193.52 214264 m - 232458°'12 
5244.986 3 19060.52 196100 :I," - 215160°1/2 194331 1:1,"- 212525° 11 ," 
5248.300 150 19048.49 197400 ;,'" -216448°:,," 5497.951 15 18183.54 210239 "" -228423\," 
5249.407 250 19044.47 193370 "'" - 212415°"/2 5499.985 50 18176.82 194818 111" - 212995°,", 
5255.753 60 19021.47 214264 :I," - 233285°.", 5516.648 5 18121.92 
5255 .960 10 19020.73 210033 31" - 229054°11" 5520.010 2 18110.88 
5256.834 15 19017.56 195340 " " - 214357°:11, 5520.825 15h 18108.20 
5263.989 5 18991. 71 221861 "" - 240852° 'm 5523.027 5 18100.99 
5265 .117 5 18987.65 195340 "" -214328°,," 5542.045 10 18038.87 
5267.877 30? 18977. 70 195788,," -214766°;;12 5543.062 15 18035.56 196730 "" -214766°,," 
5268.588 200 18975.14 196442 :I," -215417°51, 5544.821 1 18029.84 236590°"," - 254620 51"? 
5269.504 10 18971.84 196028 !I'" - 215000°", 5546.619 5 18023.99 196742 "" - 214766°,," 
5272.262 50 18961. 91 194033 lw - 212995\," 5548.757 3 18017.05 197400 .'12 -215417°'12 
5278.538 3 18939.37 210159 "" - 229098°,," 5552.618 15w 18004.52 
5282.018 100 18926.89 210033 :m - 228960\12 5558.267 10 17986.22 213312 3/2 - 231298° "" 
5283.033 5 18923.25 214730 "" - 233653°:,," 5558.950 2 17984.01 
5285.578 150 18914.14 195788 "" - 214702°"12 5559.990 3 17980.65 
5287.136 250 18908.57 194117 "" - 213025°51" 5562.667 0 17972.00 196730 "" -214702°,," 
5291.071 7 18894.51 193520 "" -212415°!l12 5562.861 3 17971.37 195340 51" - 2133110,," 
5295.689 200 18878.03 194117 m - 212995\," 5563.904 30 17968.00 195343 "" -2133 110 "" 
5301.165 15 18858.53 210239 "" - 229098° 0/' 5566.035 10 17961. 12 197199 1/2 -215160° 11, 
5309.107 100 18830.32 195757 11 ,"- 214588°,", 5566.258 25 17960.40 196742 "" -214702°,/2 
5314.957 10 18809.59 195518 !I'" -214328°", 5570.945 20 17945.29 197055 "" - 215000° "" 
5316.862 150 18802.86 195555 ."" - 21435r:II, 5571.920 3 17942.15 
5317.778 400 18799.62 195788 "" - 214588°,1/, 5573 .938 50 17935.66 193885 5/2 - 211821°"2 
5325.344 250 18772.91 195555 "" - 214328° "" 5574.680 5 17933.27 195061 !I'" -212995°!l'" 
5337.864 75 18728.88 220413 1:11 " - 239142° " '" 5575.634 10 17930.20 211123 "" - 229054° 112 
5340.362 2 18720.12 210239 "" - 228960° '12 5580.05 1 17916.01 196442 :I," -214357°:1," 
5340.798 60 187]8.59 196442 m - 215160° 11, 5586.11 1 17896.58 196806 :I," - 214702°"2 
5356.064 20 18665.24 197900· ., -216565°;., 5587.837 5 17891.04 216145 '., -234036° .. , :I,. 
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TABLE 1. Observed lines of Cu III - Continued 

'A (air) Inten· Wavenumber Transition 'A (air) Inte n· Wavenumbe r Transition 
sity sity 

5590.526 10 17882.44 197900 '" -215782°"1" 5814.720 3 17192.97 214264 " I" - 23 1457""" 
559Ll79 5h 17880.35 213418,," -231298°,," 5818.140 10 17182.86 211286 I I" - 228468°"1" 
5597.190 2 1786Ll5 5820.763 100 171 75.12 197985:m - 215160°", 
5598.120 3 17858.18 5821.58 2 17172.71 197593 "" - 214766°." , 
5599.646 5 17853.31 211652 3 /' - 229505°"" 5828.55 30 17152.17 211271 " " - 228423°." , 
5601.900 2 17846.13 215807 3" - 233653°:", 5837.05 0 17127.19 198033 '" - 215160°", 
5603.278 5 17841.74 5846.32 5 17100.04 197900 "" - 215000°", 
5604.96 1 17836.39 211123 "" - 228960° ,," ? 5847 .29 2h 17097.20 
5607.410 2 17828.60 5850.72 100 17087.18 198930 ' /2 - 216017°", 
5608.315 10 17825.72 211679 51" -229505°"" 5856.13 50 17071.39 195343 '" - 212415\" 
5609.001 100 17823.54 197593 "" - 215417°"" 5867.85 3 17037.29 
5610.517 15 17818.72 5878.32 5h 17006.95 195518 "" - 212525°1", 
5617 .246 10 17797.38 197985 "" - 215782°"" 215807 "/2 - 232814°"" 
5618.526 50 17793.32 195518 "" - 213311 0,," 5890.22 15 16972.59 221861 "" - 238833°", 
5618.701 0 17792.77 196795 "" -214588°"" 5892.36 30 16966.43 196028 ,1/' - 2 12995°,,1, 
5621.237 50 17784.74 211313 "" -229098°", 5895.32 30 16957.91 197400 '" - 214357°"" 
5622.78 1 17779.86 5901.82 3 16939.23 198061 "" - 215000°", 
5628.116 2 17763.00 223089 ,1/' - 240852° "" 5905.78 10 16927.87 197400 " , - 2143280,/, 
5628.336 1 17762.31 5909 .73 10 16916. 56 
5630.125 5 17756.67 195555.", - 213311 0,," 59 16.71 75 16896.60 195518 ,,/2 - 212415°"" 
5636.900 5 17735.32 237751°", - 255486 ' /2 5948.37 1 16806.67 
5637.691 5 17732.84 5949.93 50 16802.27 197900 '/2 - 214702°", 
5641.230 20 17721.71 198061 " , - 215782°,,1, 5960.82 10 16771.57 211652 :1/2 - 228423°.,,, 
5643."i47 3 17713.81 215100 " , - 232814°"" 5962 .29 5 16767.43 19575711/, - 212525°1", 
5644.595 30 17711.15 197055 "" - 214766\/2 5965.25 200 16759. Jl 195061 ,,/2 - 211821°", 
5645.925 50 17706.97 194818 1112 - 212525°111' 5970.68 5 16743.87 211679 OJ' - 228423°", 
5649.232 10 17696.61 223089 "" - 240786°", 5974.06 15 16734.40 197593 ' /2 - 2143280,,, 
5651.762 20 17688.69 211271 ", - 228960°"" 5980.18 5 16717.27 197985 "" - 214702°.,/2 
5652.001 30 17687.94 214747 "/2 - 232435°,," 5984.53 15 16705.12 198061 '" - 214766°., /2 
5652.847 20 17685.29 195340 .>12 - 213025°,," 5997.40 1 16669.27 216145 "'" - 232814°"" 
5653.923 10 17681.93 195343 ' " - 213025°,," 5998.99 5 16664 .86 
5655.292 10 17677.65 223175 11 ,, - 240852°91" 6001.72 50 16657 .28 195757 1112 - 212415°"/2 
5663 .529 10 17651. 94 223200 "" - 240852°"" 6007.34 5 16641.69 198061 .,/2 - 214702°,,, 
5668.876 50 17635.29 198930 "" - 216565°.,," 6012.79 3 16626.61 195788 ' /2 - 212415\" 
5671.494 10 17627.1 5 196730 ,,, - 214357""" 6029.30 30 16581.08 196730" /2 - 213311 0", ? 
5672.310 50 17624.61 197375 "" - 215000°,," 6030.04 2h 16579 .05 216235 "" - 232814°,,/2 
5676.005 30 17613.14 214844 "" - 232458°.,," 6033.45 15 16569 .68 196742 " " - 213311 ° '" 
5676.329 5 17612.13 223174 "" - 240786° '" 6060.14 1 16496. 70 196028 "" - 212525°11" 
5680. 160 I 17600.25 197400 " " - 215000°,," 6063.29 0 16488 .13 214844 "" - 231333\/2 
5681.262 30 17596.84 194818 111, - 212415°"" 6063.77 1 16486.83 198930 " " - 2154 17°"" 
5684.886 20 17585.62 196742 ' " - 214328°,," 6066.07 30 16480.57 195340 ,," - 2Jl82 1°", 

223200 "" - 240786°,," 6067.30 10 16477.23 195343 " " - 2Jl82 1°,," 
5696.563 150 17549.58 197038 1", - 214588°,," 6070. 73 I 16467.92 214989 "'" - 231457°"" 
5700.593 5 17537.17 6076.43 2 16452.48 
5702. Jl6 75 17532.48 196795 "" - 214328° "" 6085 .63 3 16427.60 197900 ' " - 214328° '" 
5705.140 3 17523.19 195788 "" - 2133Jl o,," 6095.30 15 16401.54 
5707.25 1 15 17516.71 197900 "" - 215417".>1" 6095 .64 20 16400.63 122860 '" - 139261° 11, 
5716.420 20 17488.61 214989 "" - 232478°"" 6100.87 30 16386.57 196028 "/2 - 212415°"" 
5720.313 30 17476.71 195518 "" -212995°"" 6106. 13 15 16372.45 197985 ,,/2 - 214357°,, /2 
5722.340 1 17470.52 195555 "" -213025"--,,, 6111.85 1 16357.13 215100 ' /2 - 231457°"" 
5722.990 2 17468.54 214989.,," -232458°.,," 6132 .3 1 30 16302.56 195518 "/2 - 2Jl821 °", 
5724.651 10 17463.47 195061 ./2 -212525° 111' 6134.51 20 16296.71 198061 " , - 214357°"/2 
5735.070 2 17431.74 197985 "/2 -215417°.,/2 6135.16 10 16294.98 196730 '" - 213025\/2 
5736.830 2 17426.40 6145.79 5 16266.80 198061 .'/2 - 214328°", 
5739.440 3 17418.47 216235 "/2 -233653°,,/2 ? 6173.75 1 16193.13 213312 3/2 - 229505°"" 

211679 '" -229098°,," ? 6227.78 1 16052.65 223089 "/2 - 239142° '''' 
5760 .050 10 17356.15 198061 ,," -215417""" 6235.66 2 16032.36 195788,,, - 211821 °;" 
5760.987 75 17353.32 195061 ." - 212415°./2 6251. 94 2 15990.61 213514 "/2 - 229505°:", 
5763.790 5 17344.88 211 123 "/2 - 228468°:1/2 6255.80 2h 15980.75 216833 '/2 - 232814°"" 
5764.848 0 17341.70 6258.23 15 15974.54 223174 ;/2 - 239148°, ,, 
5765 .091 5 17340.97 122860 "" -140201°"" 6259.80 20 15970.53 197055 ; /2 - 213025°", 
5768 .564 100 17330.53 198687./2 -216017°;/2 6261.08 30 15967.27 223175 I i,,- 239142°11l, 
5775.730 15 17309.03 215976 ;" - 233285°,," 6265.28 10 15956.56 197038 11 /2 -212995°"" 
5783. 110 3 17286.94 6270.31 1 15943.76 
5784.400 10 17283.08 196028 "" -2133110;" 6271.17 15 15941.58 223200 ,1/' - 239142° " " 
5785 .3 10 2 17280.37 211679 "" -228960\ " 6316.40 2 15827.43 
5788.830 2 17269.86 221878"" -239148°,," 6330.41 5 15792.40 196028"/2 - 211821 °;" 
5797 .775 10 17243.21 224450°;" - 241693 "" 6349.91 3 15743.90 223089 "/2 - 2388330,,, 
5799.819 75 17237 .1 4 195788 ;" - 213025°"" 6360.33 2 15718.11 197593 ; /2 - 213311 0,,, 

195757 111' - 212995°"" 6368.35 30 15698.31 223089 "/2 - 238788°"" 
5802.320 5 17229.71 6369.27 50 15696.05 215761 11, - 231457""" 
5808.152 50 17212.41 197375 "" - 214588°9/2 6383.30 3 15661.55 
5810.155 10 17206.47 195788· ., - 212995°..- 6383.64 I 15660.71 , f_ f_ 
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TABLE 1. Observed lines 0/ Cu III - Continued 

A (air) Inten· 
sity 

6387 .87 
6391.69 
6395.00 
6397.98 
6402.79 
6431.58 
6439.13 
6472.64 
6478.19 
6501.58 
6508.61 
6512.54 
6528.82 

a Partly second order. 
h Partly Cu II. 

3 
15 
20 
2 

15 
15 
10 

1 
1 

15 
2 

20 
2 

Wavenumber Transition 

15650.34 215807 "" -23 1457°:", 
15640.99 198687 "" - 214328°,1, 
15632.89 223200 "I' - 238833° 'I' 
15625.61 197400 :.1' - 213025 ° :.1' 
15613.88 223174 'I' - 238788°"1' 
15543.98 
15525.76 215807 "I' - 231333°:.1, 
15445.38 213514 :11' - 228960° :.1' 
15432.15 226857° .,1' - 242290 :.1' 
15376.63 197038 11 1,-212415°,,1, 
15360.02 197055 'I' - 212415°"/' 
15350.75 201215 :.1' -216565°,1' 
15312.47 216145 :.1' -23 1457°:11' 

A (air) Inten· Wavenumber Transition sity 

6541.47 I 15282.86 213815 '/2 - 229098° ,,' 
6582.32 10 15188.02 216145 ..• 1, - 231333°:,/' 
6595.93 I 15156.68 213312 11' - 228468°:1/' 
6615.73 2 151! 1.32 
6628.94 I 15081.20 216376 :.1' - 231457°:11' 
6644.13 20 15046.72 223787 :.1' -238833°,1, 
6739.57 30 14833.65 201732 :11' -216565°,1' 
6753.65 20 14802.72 201215 :.1' -2 16017°,1, 
6776.61 I 14752.57 
6793 .20 50 14716.54 201732 :1/' -216448°:11' 
6826.29 10 14645.20 224503 :1/' - 239148°:.1, 
6831.58 1 14633.86 240852°"1' - 255486 'I' 
6851.62 3 14591.06 

TABLE 2. Observed terms of Cu III 

Configuration Observed terms 

3d9 3d'D 
3d'4s' s' 'PG'H'F 

ns(n ;. 4) np(n ;. 4) 

3d 8(3F)nx 4s to 7s 4 & 2 F 4p & 5p4 & 2DFG 
3d 8(I D)nx 4s' to 6s ' 'D 4p' & 5p' 'PDF 
3d 8(3P)nx 4s" to 6s" 4 & 2 P 4p" & 5p"4 & 2SPD 
3d8 (1G )nx 4s'" to 6S'" 2G 4p'" & 5p"' 'FGH 
3d8 ( IS )nx 4s 'V ,S 4p 'V,p 
3d'('F)4s4p( 3P ) z'DFG2D 
3d' ('F)4s4p (I P) x'DFG 
3d'(2G )4s4p(3P) y4F41 /2 

3d'(2P)4s4p(3P) w'D 
3d' (2H )4s4p (3P) w'G 
3d'(2D)4s4p(3P) v4 D & w'F 
3d'4s4p l °to r 

of a level is reduced in most cases to just two, a very 
strong one for which both !:::..L and !:::..j are in the same 
direction as !:::..l, and a second much weaker line for 
which !:::..L and !:::..j are zero. The result is that many 
levels must be represented by just one combina· 
tion and consequently there is no real evidence for 
choosing them. 

3. Differences Between Observed and 
Calculated Levels 

Among the low even levels, 4S l1 4p 11/2' 4p 1/2, 2p III" 
2p 1/2 all differ by over 100 cm - I from the calculated 
positions, but there can be no doubt of the experimental 
values. 4s 'V 2S is 536 cm - I below the calculated value 
but, again, the evidence is conclusive. 

The S2 2F 211. level mentioned above is 497 cm - I too 
high, and the 4d l 2F21/, is 202 cm - I too low. Although 
those two levels are 4500 cm - I apart, I suggest that 
the deviations from theory may be due to their mutual 
repulsion. 

After the 4/ levels were identified there remained in 
the same part of the spectrum a considerable number 

nd(n ;. 4) nf(n;. 4) ng(n ;. 5) 

4d to 5d 4 & 2PDFGH 4f4 &2SPDFGHI 5g4 & 2 PDFGHIK 
4d' to 5d' 'SPDFG 4f"DFGH 5g' 'GHI 
4d" to 5d" 4 & 2PDF 4/,,'DFG'G 
4d'" to 5d'" ' DFGHI 4/,,' 'GHIK 5g'" 2L 

of strong lines which had to be due to transItIons 
between the 4d and 4/ configurations, but there did 
not appear to be much agreement between them and 
the theoretical predictions. Accordingly, I tried for 
levels which might be about 300 cm- I from the pre· 
dicted values. That led to the definite iden tification of 
five 4F levels and two less certain ones. There still reo 
mained some of the strongest lines and several of them 
appeared in pairs. Ignoring the calCulations, I tried the 
strongest pair as the diagonals of the multiplet 
4d'" 21 -4/," 2K and found two levels very close 
together, as they should be. The next two strongest 
lines were then assumed to be 4d'" 2H - 4/'" 21, and 
I found two levels 8 cm - I apart. The reality of the levels 
was confirmed by two additional combinations of 
4/," 215 ' /2' Continuing the analysis by this method, I 
found 4/," 2H, 2G, and 2F31 /2 with sufficient combina· 
tions to confirm the whole set. The differences between 
observed and calculated values were very large,3 
ranging from + 1366 to + 1512 em- I. Having eliminated 
from consideration most of the strong lines as due to 

3 These large deviations of the predicted levels have since been corrected by the addition 
of effective int eract ions to the matrices for thi s configuration [8]. 
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4 {"', I then found it possible to identify with some 
certainty ten 41" levels with differences from pre· 
dicted values from -181 to + 121. It should be noticed 
that the differences for the 4/, and 4/," levels were 
of opposite sign. None of the levels combines with any 
level except those of its own family or with S 2 2F, which 
is very much mixed with the 4d" levels. 

The 5g levels produced a cons iderable number of 
diffuse lines in the region of 22,500 to 23,000 cm - 1, 

which are very difficult to measure. I have found it pos· 
sible, however, to identify 31 of the 41 levels based on 
3f with some certainty. From the remaining lines it 
was possible to make a definite identification of 5g' 2G 
and tentative identifications of 5g' 21 and 5g' 2H. A 
possible 5g'" 2L is also given in table 3. 

TABLE 3. Even levels af C u 111 

Configurati on Name Le ve l (e rn - I) 

3d' 3d 20 2 112 0.00 
3d 20 1 1/ 2 2071.69 

3d' (3F ,) 4s 4s 4F41/ z 60805.22 
4s 4F 31 /Z 62065.09 

3d ' (3F 3) 4s 4s 4F 2 112 63143.77 
3d ' (3F 2)4: 4s 4FI'lz 63886.51 
3d' (3F 3)4, 4s 2F 3 1/ 2 67016.71 
3d ' (3 F2)4.; 4s 2F2 1/ Z 68963.78 
3d'( '0 )4s 4s' 20 2'1, 77968.25 

4s ' 20 1lfz 78780.00 
3d' (3 P )4s 4S '1 4p 11 /2 80305.74 

4S '1 4 p 1/2. 80423.54 
4S'1 4 P 2 1/Z 80552 .14 
4S " 2Pl l lz 85447.29 
4S '1 2PI /Z 86133.66 

3d' ('C )4s 45 ',12G ,l l/z 89018.30 
45'" 2G 3 112 89046.71 

3d' ( ' 5 )4s 4s i v 25112 122860.82 
3d' 4s2 4s2 4f 4 1/ 2 166159.36 

4s2 4F 3 1/ 2 167739.09 
4s2 4F 21 k 168856.96 
452 4F 11 / 2 169608.26 
452 2G 4 1/ 2 188097.72 
4s2 2G a l/z 189602.62 

3d'(3 F,) 55 55 4F 4 112 193370.76 
3d'(3 F,)4d 4d 40 3 1/ 2 193520.75 

4d 4P Z l / 2 193885.30 
4d 4Hs l/2 194033.26 

3d8 (3F4 )55 55 'F 3'i, 194117.14 
3d8(3 F ,)4d 4d 4H'i1/z 194331.79 

4d 4Pll/z 194683.69 
4d 4G s l /z 194818.37 
4d 4F 4 1/z 195061.88 
4d 40 2 1/ 2 195340.40 
4d 'F3'i2 195343.79 
4d 4G 4 1f.l. 195518.43 

3d8(3F 3)5s 55 4F 2 1/Z 195555.12 
3d8(3F 3)4d 4d 4Pl/z 195722.78 
3d' 4s2 452 2H s '/z 195757.94 
3d8 (3 F 3)5s Ss 2F3•i, 195788.65 
3d8(3F 3)4d 4d 4H 41/z 196028.66 

4d 2PII/ Z 196100.20 
3d8(3 F 2)Ss Ss 4F It/ 2 196442.14 
3d8 (3 F 3)4d 4d 4F 2 1/Z 196730.75 

4d 4G 3 1/ Z 196742.34 
3d'4s2 452 2H4 1/z 196795.53 
3d8 (" F3)4d 4d 40 1 1/ 2 196806.22 

4d 2H1P !2 197038.62 
4d 2F' 3 1/ 2 197055.18 

3d8(3F 2)4d 4d 40'/2 197199.63 
3d8 (3F 3)4d 4d 2G " i, 197375.85 
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TABLE 3. Even levels afC u III :'" Continued 

Configuration Name Leve l (e rn - I) 

3d8(3F 2)5s 5s 2F2•i, 197400.19 
3d8(3F 2)4d 4d 4H31f:z 197593.69 

4d 'G 2'i, 197900.51 
4d 4Fll/z 197985.57 
4d 2P.i, 198033.60 
4d 2F 2 1/ 2. 198061.23 
4d 2H41 / 2. 198687.18 
4d 2G 3'i, 198930.42 

3d8(3F 3)4d 4d 2 0 2 1/ 2. 201215.00 
3d8(3F 2)4d 4d 2D " i, 201732.15 
3d8( '0)Ss Ss ' 20 2•i, 209875.15 

Ss' 2 0 1 1/ 2. 210033.19 
3d8('O)4d 4d' 2F 2 1/ 2. 210159 .14 

4d ' 2F 3 1/2 210239.88 
4d ' 20 I 'i, 211123.91 
4d' 2G 3 1/ 2. 211271.32 
4d ' t Pl / 2 211286.05 
4d ' 2G " i, 211313.62 
4d ' 2 PII /2 211652.05 
4d ' 2 D 21/ 2 211679 .61 
4d ' 25 'i, 212208.63 

3d8(3P)4d 4d" '03'i, 212752.39 
3d 8(3 P)5s 55" 4 P 2 1/2 212951.03 

Ss" 4 P I I/2 213127.07 
3d8(3 P)4d 4d" 40 2 1/ 2 213133 .65 

4d" 401/2 213141.65 
4d" 40 1 1/ 2 213312.19 

3d"(3P )55 Ss " 'P.i, 213418.17 
3d'452 4s2 2 F 2 1/2 213514.78 

4s2 2F 3 1/2 213815.69 
3d8(3P)Ss Ss" 2 p 1 1/2 214264.50 

Ss " 2P .i, 214730.18 
3d 8(3P)4d 4d" 4F '11 /2 214747.99 

4d" 4F 3 1/2 214844.87 
4d" 4F 21 / 2 214989.62 
4d" 20 2•i, 215100.44 
4d" 4Fl 1/ 2 215197.18 
4d" ' P,i, 215761.54 
4d" 4p 11/2 215807.35 
4d" 2F 3'i, 215976.94 
4d" 4P 2 112 216145.05 
4d" 2 0 1112 216235.32 
4d" 2 F 2 1/2 216376.27 
4d" 2 P'12 216833.51 

3d8 ('G)4d 4d '" 2 1 5 1/2 220311.20 
4d '" 2 1 6 1/2. 220413.54 

3d8 ( 'G )55 55 '" 2G '1I 12 220563.89 
55 '" 2 G 3 1/2 220569 .48 

3d8 ( 'G)4d 4d'" 2F 3 1/2 221861.15 
4d' " 2 F 2 1/2 221878.97 
4d'" 2 H41 /2 223089.88 
4d'" 2 G 3 1/2 223174.34 
4d '" 2H s I/2 223175.15 
4d '" 2G 4 1/ :z 223200.87 
4d'" 20 2 1/2 223787.07 
4d'" 20 1 1/2 224503 .61 

3d8 (3F,)6s 65 4F 4 1/2 238280.09 
65 4F 3 1/2 238638.49 

3d8 (3F 4)5d 5d 40 3 1/2 238730.93 
5d 4P 2 112 238818.98 
5d 4H6112 238994.08 
5d 4H5112 239112.04 
5d 4 G 5 1/2 239240.10 
5d 4F 41 /2 239290.03 
5d 4P 11 /2 239326.97 
5d 4F3 1/2 239440.71 
5d 4G 4 1/2 239568.88 
5d 40 2 1/2 240062.88 

3d8 (3F3)6s 65 2F 3'i, 240303.20 
65 4F 2 1h 240325 .65 

3d8 (3F 3)5d 5d 4P' lz 240764.06 



TABLE 3. Even levels 01 Cu II1- Continued TABLE 3. Even levels olCum-Continued 

Configuration Name Level (em -I) Configuration Name Level (em - I) 

5d 2PII /2 240794.56 
5d 2H s 'f2 240960.52 
5d 4H41 f2 240972.55 

3d8(3F3)5d 5d 4F 2 !/ 2 240994.59 
5d 'F3 ,. 241074.10 
5d 2G 4 1/ 'l 241215 .61 
5d 4G 3 1/ 'l 241249.83 

3d8(3F,)6s 6s 4F t ' f2 241328.02 
3d8(3F 3)5d 5d 40\1/ 2 241391.60 
3d8(,F,)6s 6s 2F 2 1/2 241693.54 

5d"f 2Dl '/z 267310.38 
3d8 (ID )5g 5g ' 2H s '/2 273732.91 ? 

5g' 2 H 4 1/2 273738.68 ? 
5g' 2I S !!2 273799.53 ? 
5g' 2G 3 1/ 2 273800.58 
5g' 21 6 1/ 2 273802.30 ? 

5g' 2G4 1/ 2 273807.19 
3d8 (IG )5g 5g 11 1 2 Ls,/z 284095.50 

5 g' 11 2 L 7 1/2 284098.12 
CuIV 3d8 3F. 297140 

3d8(3F,)5d 5d 401/2 241899.60 
5d 'F " k 242006.56 
5d 4H31 /2 242088.67 
5d 4FJ1 /2 242219.08 
5d 'P'k 242247.32 
5d 4G2 1/ 2 242290.02 
5d 2 H41 /'l 242297.51 

TABLE 4. Odd levels a/Cum 

5d 2G3 1h 242610.05 
3s8 (3F 3)5d 5d 20 2 1/ 2 243780.33 
3d8(3F2)5d 5d 20 1 1/ 2 244618.53 

Configuration Name Level(em - ~ 

3d8(ID)6s 6s ' 2D 2 1/2 254620.28 
6s ' 20 1 1/ 2 254694.27 

3d8 ( ID)5d 5d ' 2F31 /2 255173 .30 
5d ' 2G 4 1/2 255458.91 ? 
5d ' 2G 3 1f 2 255486.66 ? 
5d' ZPl1 1'l 255750.15 
5d ' 202 1/ 2 256093.09 ? 

3d8 (3F ,)5g 5g 4 P21/2 257488.98 
5g 4PI /2 257495.26 
5g 4K 71 12. 257504.55 
5g 4Ksl /2 257504.70 
5g 40 3 1/ 2 257514.75 
5g 4G5 1/2 257530.89 
5g 416 1/ 2 257540.31 
5g 4 I 7 1/ 2 257540.49 
5g 4 H 5 1/2 257566.45 
5g 4H 6 1/2 257565.23 
5g 4F 41 /2 257574.15 ? 
5g 4 p I l iz. 257602 .70 
5g 4G 4 1/ 2 257625 .54 
5g 4F3,. 257668.09 ? 
5g 4D21 /'l 257671.85 

3d8(3P)6s 6s " 4P 2 1/2 257885.87 
3d8 (3P )5d 5d" 40 3", 258199.34 ? 

5d" 4F " I, 258855.31 ? 

5d" 4F3", 259018.09 ? 
3d8(3F4 )7s 7s 4F 4 1f 'J. 259147.46 ? 
3d8(3F 3)5g 5g 4K fi l f2 259371.79 

5g 2 K71 f'l 259372.09 
5g 4 H41 f2 ? 259402.75 ? 

5g 2G4 1/ 2 ? 259402 .75 
5g 41 5 1/2 259404.25 
5g 216 112 259404.43 
5g 2H s 'f2 259417.64 
5g 2p 1 1/2 259432.58 
5g '0 2" 259470 .16 

3d8( 3F 2 )5g 5g 4K 5 1/2 260590.96 
5g 2 [(';' / ' 260591.04 
5g 4·H3 1/ 2 260632.62 
5g 21 5 1/ 2 260646.03 
5g 4 14 lIz. 260676.45 

3d8( IG )6s 6s ' /I 2G4 1/2 265292.86 
3d8('G )5d 5d'" 2I s l/:z 265544 .10 

Sd"1216112 265589.57 
5d'''2F3'k 266079.82 
5d '1 12 F2!!2 266091.84 
Sd'" 2 H4 1/2 266597 .63 
5d 'll 2H 51 /2 266637.30 
Sd flf 2G3 1/ 2 266643.08 
5d'll 2G4 1/ 2 266653 .32 
5d '" 20 21 /2 267031.05 

3d8(3F)4p 4p 'D 3'k 118864.85 
4p 4 D2 1/2 120577.85 
4p 4G" . 121337.72 
4p 4G 5 1/ 2 121699.08 
4p 4D\I/ 2 121864.48 
4p 4G J l f 2 122504.09 
4p 4DI /2 122637.26 
4p 4G2 l/2 123440.69 
4p 4F 41 /2 123550.38 
4p 2G 4 1/ 2 124442.77 
4p 4F 3 1 / 2 124557.85 
4p 4F 2 1/2 125382.09 
4p 4F \1 /2 125744.81 
4p ZGa l 12 126094.14 
4p 2F3 1/2 126829.76 
4p 20 2 1/ 2 126892.24 
4p 20 1 1/2 128435.61 
4p ' F 2 ' k 128679.85 

3d8 (3P)4p 4p " 4p'1 /2 136483.63 
4p" 4 P ZIf2: 136607.85 
4p " 4Pl/2 137041.60 

3d8(ID)4p 4p ' 'F2 ' k 138084.98 
4p' 2F 3 t h 138982.86 
4p ' '0, ' k 138989.01 
4p' 2P t/2 139261.52 
4p ' 20 21 / 2 139757.46 
4p' 2P\I /2 140201.72 

3d8(3P)4p 4p ' l 4D2112 142427.10 
4p" 4DII /2 142513.20 
4p " 40 1/ 2 142550.75 
4p fl 4D 3 1/2 142820.01 
4p ' l 2D 21/2 144195.35 
4p " '0" " 144876.29 
4p " zP'1 12 145353.84 

3d8( 'G )4p 4p ',12H 4 1/2 146534.51 
3d8('P)4p 4p " ZP ' /2 146675.34 
3d8( IG )4p 4p '" 2H 5 1/2 147647.87 
3d8(3 P)4p 4p " 25 ", 147653.36 
3d8( 'G)4p 4p" 45 1112 147806.69 
3d 8 (3P )4p 4p 'll 2 F 3 1/ 2 147817.32 
3d8( 'G )4p 4p '" 2F2 1/ 2 148663.85 

4p" '2 (; 3112 153609.87 
4p 'f l2G 4 1/2 153808.22 

3d8( IS )4p 4p 'v 2P 'I, 182900. II 
4pIV 2p )1 / 2 184197.12 

3d8( 3F . )5p 5p 40 3 1/ 2 211821.00 
5p 4G 4 1/ 2 212415 .20 
5p 4G 5 1/ 2 212525.35 
5p 4F 41 / 2 212995.16 
5p 4D 2 1f2 213025.70 
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TABLE 4. Odd levels o[ Cu III - Continued TABLE 4 . Odd levels o[Cu III - Continued 

Co nfiguration Name Level (em - I) Configurat ion Name Le vel (e m - I) 

5p 'IF 3 1/1. 213311.78 
3ds(3F 3)5p 5p 4G 3 1/ 2 214328.03 

5p 40 11 / 2 214357 .95 
5p 2G 4 1 / 2 214588.27 
5p 20 2 1/ 2 214702.78 
5p 4F2 1 ! ? 214766.34 
5p 2F3 1/2 215000.50 

3dS (3F,)5p 5p 401 /2 215160.74 
5p 4C 2 !1? 215417.25 
5p 'IF 11 /2 215782.96 
5p 2G 3 1/ 2 216017.68 
5p 20 1 1/2 216448.63 
5p 2F 2 112 216565.74 

3d' (4F)sp (ap) z 4F 41 12 223134.65 
Z 4Gs I I? 223229.90 
Z 'IF 3 1/: 223570.61 
Z 4G"I/? 224048.02 
Z 4F2 !/? 224450.45 
Z 4F\ I/2 225235.39 
Z 40 3 1/ 2 225923 .90 
Z 4D z l!? 226857 .54 
Z 40 11 /2 227494.85 
Z 40 If'/. 227964.02 ? 

3dS( I D)5p 5p' 20 2 1/ 2 228423.50 
5p' 20 1 1/ 2 228468.86 
5p' 2F 2 1/2. 228960.05 
5p ' 2 p , /'J. 229054.02 
5p ' 2F3 112 229098.47 
5p' ZP]112 229505.30 

3flS( 3P)5p 5p" 4P I/? 231298.41 ? 
5p" 4P 21 /2 231333.00 
5p" 4p ] 112 231457.50 
5p" 40 31 / 2 232435.96 
5p" 40 2 1/2 232458.10 
5p " 40 1 1/ 2 232478.23 ? 

5p" 2p I l l? 232814.29 
3d'(4F)sp(3 P) z 'D , ,/, 232989.62 ? 

3ds(a p) 5p 5p" 20 21/2 233285.96 
5p" 20 1 1/ 2 233653.51 
Spit 45 1 1/2 234036.16 

3dS(3F.)4[ 4{ "5 1 1/ 2 234427.01 
4[ "P 2 1/2 234490.73 
4[ 25 112 234530.60 
4[ 'lit; '/2 234532.91 
4[ 'I } 7 112 234537.43 
4[ 403 !f..! 234562.13 

3d'(4F)sp( ap) z 2D' lfJ. 234650.41 ? 
3d S(3F 4)4[ 4[ 4F 41 12 234654.68 

4[ 4p 11 / 2 234660.53 
4[ 4H61/2 234670.98 
4[ 4H s 'f2 234681.35 
4[ 4G S l / 2 234716.80 
4[ 4G4 1!2 234774.74 
4[ 4D21 12 234775.00 
4[ 'IF 3 1/ 2 234812.88 

3ds(JFa)4[ 4[ 4p I rl 236323.71 
4[ 4D1 12 236370.88 
4[ 2p 11 /2 236395.02 
4[ 2} (j 1/2 236417.68 
4[ 4Is '/2 236418.68 
4[ 4F 21 /2 236471.28 
4[ "D il l? 236484.91 
4[ 'IF 3 1rl 236511.51 
4[ 2 H 5 1/2 236531.91 
4[ 2G 4 1/ 2 236537 .18 
4[ 4H4 1{Z 236550.40 
4[ 20 2 1/ 2 236590.41 
4[ 4C 3 1f2 236611.48 

3ds(3F ,)4[ 4[ 'IF 1 112 237538.57 

4[ 4 1 4 ' /'J. 237644.52 
4[ 2F 21 {2 237674.38 
4[ 20 1 1/ 2 237734.00 
4[ 2G 3 1/ 2 237751.21 
4[ 2H 4 1/ 2 237778.99 
4[ 4H 3 1/ 2 237814.57 
4f 4C Z'l2 237830.63 

3dS('G)5p Sp 'll 2H 41/'l 238788.16 
5p'" 'Fa' l, 238833.78 
Sp" 12 H 51 12 239142.42 
5p III 2F 21~ 239148.82 

3d'('G)Sp(3P) y 4F 4 1/2 239606.85 
3dS( ' G )5p 5p'" 'Ga 'l, 240786.48 

Sp' " 2G 4 112 240852.75 
3d'('P)sp(3P) IV 40 3 112 243234.10 

IV "0 2 112 244602 .61 
3d'(' H )sp(3P) IV "G 5 112 245139.94 
3d'('D)sp(3P) v '10 3 1/2 245671.35 
3d'sp 1 °" II: 246202.65 
3d'('H)sp(3P) w "G 4 112 246439.20 
3d' ('D )sp (a P) w 4F 4 1/2 246510.54 

W 4F 3 1fl 247475.26 
3d' (4F)sp( ' P) x 4G s lh 247578.66 

x 4F 41 h 247902.05 
3d'sp 2 °41 /2 247924.26 

3 °3 112 248013.84 
3d'('D)sp(ap) w 4F 2 112 248281.96 
3d' sp 4 °4 112 248360.45 
3d'( ' D)sp (3P) w 4F 11 12 248896.92 
3d'(4F) sp( I P) x 4G4 1h 249077.07 
3d'sp 5°2 112 249353.93 

6 °2 112 249421.55 
3d' (4F)sp ( ' P) X 4G 3 112 250168.06 

x 4D a,/, 250419.48 
x 4F 3 1/2 250636.95 

3dS(' D )4[ '[' 2F 21/2 250731.98 
3dS(' D )4[ 4[' 'G3,/, 250733.55 

4[' 'G,, /, 250734.45 
4[' ' F 3'/, 250817.68 
4[' 2 H z11: 250955.22 ? 
4[' z H 41 /: 250999.71 
4[' 2 H 5 1/2 251010.62 

3d'(4F)sp(IP) x 4G 2 1/ 2 251052.76 ? 

x "O Z1/2 251932.36 
x "F 2 1/2 252437.63 
x 40\1/2 253102.60 
X 401/ 2 253713.29 ? 

3dS(3P) 4[ 4[" 4F 4 1/2 254030.84 
4[" 4F 2 1/2 254125.74 
4[" 'F 3 'I, 254132.14 

3d'(4F)sp('P) x 4F I II : 254147.19 ? 

3ds(3P)4[ 4f" 2G 41/2 254448.81 
4[" 4G 5 1/2 254467.96 
4[" 40 11 /2 254673.30 ? 
4f" 4G 3 1/2 254772.26 
4[" 4G4 1/2 254784 .41 
4[" 40 21 /2 254794.45 
4[" 40 3 1/2 254926.68 

edS(IG)4[ 4f '" 2K7 1/2 261167.97 
4f '" 2 K 61/2 261169.55 
4f" I 2F 31/2 261563 .41 
4f'" 2C4 1/ 2 261757.14 
4[''' 'G 3,/, 261762 .79 
4f' " 216 1/2 261812.11 
4f '" 21 5 1/2 261820.32 
4f" 1 2 H 4 1/ 2 261995.84 
4[' '' ' Hs ,/, 261998.41 

C u IV 3ds aF" 297140 

4[ 2p 1/2 237591.35 
4[ 215 1/? 237641.05 
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The numerical differences between observed and 
calculated levels are quite definite. Differences be
tween the names assigned by the two methods are 
fairly frequent, and are of course based on less definite 
evidence. In particular, in the 4d groups of levels, 
there are 17 cases of differing names. This is partly 
due to the presence of the S2 2H term and the thorough 
way in which it is embedded amongst the 4dlevels. In 
no case, however, in any of the various structures is 
there as extreme a disagreement as is described in 
[2, Addenda] for the case of 4p 4G 4d" 4p 4F4d2' 4p 2G 4d2 
in Ni II. 

After much of the analysis was done, there were 
many unidentified lines in the short wavelength end of 
the spectrum. On examination, I found that most -of 
them could be paired off by differences between 
4s 4F and 4S 24F. Since they had to be due to levels of 
3d74s4p, I plotted them on a graph with the levels of 
Co I and Ni II and was able to identify the origin of 
the majority of them. They appear in the term table 
with the same names as the corresponding levels in 
Ni II [2]. There are six numbered levels which could 
not be included amongst those identified. 

4. Ionization Potential 

The most important and reliable series from which 
to calculate a limit is the series ns 4F 4'/2 in which there 
are three members quite accurately determined and a 
fourth which is undependable. A Ritz calculation of 
4s, 5s, 6s 4F4'/2 yields a limit 296980 em - I, the formula 

being n*= n + /L-aT' where T' = -,§ , W=0.12070, 

and a= 2.886 X 10- 6• When the series ns' 2D 21/2, 
ns" 4P 21/2 and ns'" 2G41/2 each of three terms are fitted 
to Ritz formulae without reference to the analysis of 
Cu IV [7] they yield the following results: 

Series Limit Limit Limit level Diff. 
above 3F 4 in eu IV [6] 

ns 4F 41/ 2 296980 00. 00 00 
ns ' 2D21 12 313198 16213. 16249 + 36 
ns " 4P 21/2 316622 19642. 19696 + 54 
ns 'll 2G4 1/ 2 323881 ? 26901 27074 + 173 

The values of the limits of the 2D and 4P series 
cannot be much in error, but there is some doubt about 
the 2G because the 6s'" 2G term is not well established. 
It is, however, close to the calculated value. 

The comparison of the four series listed above is 
legitimate because they are all calculated from 4s, 5s, 
and 6s levels. It is known of course that, if higher 
series levels are found, it is possible to derive a more 
probable value of the true limit. In Ni II, where the 
series is known up to 9s, the limit from (4, 5, 6s) is 
146462 em - I, from (5,6, 7s) it is 146521 em - I, and from 
(6,7,8 , 9s) it is 146532 em - I. The Ni II limit obtained 
from the ng 4K81/2 series , which should be close to 

the true limit, is 146541 em - I. If those four values are 
plotted, they appear to form a curve converging 
towards the last one at very large values of n. If we 
accept the limit of 146541 em - I as being very near the 
true value and assume that the same relative increase 
can be applied to Cu III , we can calculate as a probable 
true ionization potential the value 296980 cm - I X 
1.00054=297140 em - I. 

5. Analysis of Cu IV 

I regret very much that it is incumbent upon me to 
criticize the paper on Cu IV published in 1970 by J. F. 
Schroder and Th. A. M. Van Kleef [7]. My criticism is 
known to Dr. Van Kleef, with whom I have had a con
siderable correspondence on the subject. 

The sources used to excite the spectra in that paper 
and in this were very similar and the observed spectra 
were obviously also very similar. Apparently the Cu IV 
measurement of the lines used fewer good standards 
than I did for the Cu III spectra, in which I found many 
Cu II, Si II , C I and Cl I lines given to 10- 4 A. The 
resulting wavelengths differ so much that it would, in 
many cases, be difficult to identify the same line in 
the two spectra if it were not for the fact that all the 
lines of any intensity appear in both spectra. A wave
length difference may be as high as 0.03 A, but the 
identity cannot be questioned. It is very odd also that 
there are about 140 weak lines which I do not observe 
at all, in spite of immense over-exposure of the strong 
lines. 

My criticism of the Cu IV paper is based on the 
following facts. 

(1) There are nine lines of Cu II included in the 
analysis and a tenth, the strongest line of Cu II in the 
Schumann region, 1358.773 A, which appears as two 
strong lines due to reversal. The lines are as follows. 

Cu II lines 
A [7] 
2161.995 
2130.763 
2085.983 
1929.757 
1522.587 
1517.918 
1472.421 
1358.770} 
1358. 732 
1044.748 
1039.589 

A [3] 
0.999 

.758 

.938 and 973 (AGS) 

.752 

.577 

.930 

.395 

.773 

.744 

.582 

The two lines at 2085 A are both Cu II , observed in the 
direct current hollow cathode tube. The two lines at 
1358 A are the two sides of the most heavily reversed 
line jn the Cu II spectrum, 3dlo IS 0 - 3d94p I P I. The 
line at 1472 Ais the companion line3dIo ISO -3d94p3P I. 
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(2) There are five impurity lines. 

A [7] 
1602.960 
1467.423 
1280.353 
1261.132 

580.970 

0.972CI [4] 
.402CI [4] 
.333CI [4] 
.122 C I [4] 
.9670u [9] 

(3) Nine second order lines are included. 

A [7] 
1576.895 
1404.247 
1400.527 
1373.812 
1301.999 
1216.910 
1165.308 
1098.151 
1051.588 

A (AGS) Origin 
788.460 X 2 = 1576.920 
702.118 X 2 = 1404.236 
700.261 X 2 = 1400.522 
686.902 X 2 = 1373.804 
651.000 X 2 = 1302.000 
608.453 X 2 = 1216.906 
582.657 X 2 = 1165.314 
549.075 X 2 = 1098.150 
525.795 X 2 = 1051. 590 

Cu III 
Cu III 

Cu III 
Cu III 
Cu III 
Cu III 
Cu III 
Cu III 
0111 [9] 

(4) Other questionable lin es 

1654.Q55 
1549.288 
1348.880 
1312.948 
1245.691 
1240.160 

1654.,:259 C u III 
1549.215 Cu III and 0.306 C u III? 
1348.831 Cu III and 0.919 Cu IV 
Obs-Calc is 13.4 not 0.4 cm - I 
1245.643 ? and 0.724 both Cu III 
1240.126 and 0.216 both Cu III 

(5) Cu III lines used as Cu IV 
There are 69 lines in table 1 of thi s paper which are 

identifi ed as Cu IV in [7] but which, on my evidence, 
belong to Cu III. They have been exam in ed individually 
with great care in all available exposures. It is possible 
that a few of the lines in my li st may be partly IV and 
partly III, but it can only be a very small number. 

In the co urse of examining the question of the origin 
of lines, I made a complete square array of the Cu IV 
analysis . On that diagram I marked all the questionable 
lines and it then appeared that a considerable number 
of levels must be spurious. To be certain of the whole 
analysis, it would be necessary to make a completely 
new and more accurate description of the spectrum, 
but from the diagram some examples can be given. 
The 5 P3 at 139604 may be correct, but its accompanyin g 
5P2 and SPI are based on many lines included in my 
various categories above. The deletion of those 2 

Jevels destroys the 5s02 at 204149 and all of the 
5Do at 214225 except 5D04 . 

As a second example, the 3G5 at 140070 is probably 
correct, but 3G4 and 3G3 must be spurious and they, 
in turn, make many of the odd levels based on the 
2G term of Cu V very doubtful, indeed. A very dubious 
level is the I G at 148885 which includes four Cu III 
lines among its few combinations. The two even 3p 
terms are both dubious and they lead to doubt about 
the odd terms based on the same ion terms. The 
highest 3D term includes four Cu III lines amongst its 
rather few combinations. 

From all the evidence I can only conclude that the 
Cu IV spectrum should be re-examined in its entirety. 

6. Conclusion 

In spite of the fact that the analysis of Cu III pre
sented in this paper has been worked on for so many 
years, it is obviously incomplete and it is disappointing 
that some lines of considerable strength remain 
unclassified. Perhaps it is inherent in the kind of source 
that one must use to excite spectra above the second 
that it suppresses the less probable transitions and 
makes high levels very difficult to find. As an example, 
one can con trast the many transitions of the ng 
levels in Ni II with the great paucity of such transitions 
in Cu III. If it becomes possible to devise sources 
which overcome such difficulties, Cu III will have 
to be more completely observed and analysed by some
one e lse, not me, and this paper will then serve as a 
usefu I guide. 
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