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THE EMISSION SPECTRUM OF URANIUM
BETWEEN 19,080 AND 30,261 cm"1

by

David W. Sleinhaus, Marilyn V. Phillips, Jean B. Moody,
Leon J. Radriemski, Jr., Kay J. Fisher and Dale R. Hahn

ABSTRACT

Wavenumber values for 39,659 line; of uranium between 19,080 and
30,261 i/.ff' are listed along with their log relative intensity values, a line shape
code, and an estimate of the wavenumber accuracy. Also, when known, the
classification of the line and its experimental assignment to U I or U II are
given. The source used was a 99.75% 238U hollow cathode discharge tube with
either neon or krypton carrier gas. The spectrographic resolution limit was
better than 0.04 cm~l and the measurement accuracy for most lines was better
than ±0.005 cm'1 . The Los Alamos Scientific Laboratory's automatic
comparator was used to find and measure each line on one to nine
spectrograms. An additional computer program, which was used to prepare the
final line list, is described.

I. Introduction

The optical spectra of uranium are among the most
complex of any element. With improving instrumentation,
more and more lines can be observed and measured. Until
now, the most complete list of experimental uranium
lines was contained in a Los Alamos Scientific Laboratory
(LASL) report.1 It listed 25,325 lines, between 4,065 and
49,353 cm"1, as measured by several laboratories and with
wavenumber accuracies that ranged from 0.003 to
0.5 cm"1.

The line list in the present report contains 39,659
lines wi thin the restricted range of 19,080 to
30,261 cm"1. The instrumentation had a resolution limit
of better than 0.04 cm"1 and the measurement accuracy
was better than 0.005 cm"1 for all good single lines. All of
the lines reported probably belong to U 1 or V II.

II. Apparatus

The light source used for all the spectrograms was a
liquid nitrogen cooled hollow cathode discharge tube. The

cathode was a solid piece of 238U (about 0.25% 23SU) with
die cathode hole 1 in. long and 0.25 in. in diameter. The
discharge current was 160 mA. Carrier gases of neon or
krypton were used. With neon, the starting pressure was
about 3.8 torr. This pressure slowly decreased durins; the
series of exposures. With krypton, the pressure remained
constant at about 1.2 torr. Two complete sets of spectro-
grams were made, one set with each carrier gas. During
the data reduction phase of this work, it was found that
the strong neon lines appeared weakly in the krypton set.
No krypton lines were found in the neon set.

The spectrograph used was the original 5-m, two-
mirror, plane-grating spectrograph.2'3 A spectrograph of
this type is now being manufactured as model No. 72-3*0
by the Jarrell-Ash Division of Fisher Scientific Co. It was
used in air at the normal Los Alamos atmospheric pres-
sure of approximately 585 torr. A 300 grooves/mm grat-
ing, 10 in. wide and with grooves masked to a height of
1 in. was used near 60° in the 11th through the 18th
order. By means of a crossed prism predisperser, simulta-
neous exposures of these orders were made on two
4- by 10-in. 103a0 photographic plates. Exposure times
ranged from 3 to 5 h. A total of 165 spectrograms was
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made, liach spectrogram was 10 in. long and contained up
to 2,101) lines with a measured resolution limit better
than 0.04 em"1 . Kxccpt for some interferences with the
rare gas lines, each uranium line was recorded on two or
more spectrograms. These grating spectra were more
adaptable to routine measurement with a digital computer
than the Fabry-Perot interferometer spectra1'4 made pre-
viously with a similar resolution limit. In addition, the
lower stray light made possible the measurement of many
weak lines that were lost in the background from the
Fabry-Perot interferometer. In some spectral regions up
to four times as manv lines were observed and measured.

III. Data Reduction and Final Line List

The formidable task of measuring the spectrograms
was one of the major reasons for the development of the
I.os Alamos automatic comparator.5 Over 176,000 lines
were to be measured at the highest practical accuracy. An
attempr was made to measure these lines manually with a
photoelectric comparator,h but it was soon obvious that
the task was tot) large and the possibility of cumulative
human errors was too great. The automatic comparator
uses a digital computer to do the complete job of finding
and measuring each spectral line for position, wave-
number, wavelength, log relative intensity, and a shape
code number. The values arc similar to those obtained by
a skilled operator using a photoelectric comparator. In
addition, they are more consistent than those obtained by
manual methods and arc made at a rate several orders of
magnitude faster. The log relative intensity is given on a
scale of 100 x logI0 (linear relative intensity). The shape
or character of each line is recognized and tagged with the
shape code number:

0 = a good line within all tolerances,

1 = line shaded toward smaller wavenumber values,

2 = line shaded toward larger wavenumber values,

4 = wide line,

6 = wide line with poor measurements (only from
merging program)

8 = line with poor measurements-several causes.

An intensity standard deviation for the automatic
comparator of less than 1% and a position standard devia-
tion of better than 0.0005 mm have been demonstrated,
but the present set of spectrograms increased these

standard deviations to approximately 10% for intensity
and 0.006 mm (equal to about 0.005 cm"1) for position.

A. Spectrogram Data Reduction

/. Automatic Comparator Apparatus Runs. To cor-
rect for errors caused by blemishes on the spectrum plate,
each of the 176,000 lines on the 165 spectrograms was
read twice, once along the top 0.5 mm and then along the
bottom 0.5 mm of the 1-mm-high spectrogram. Later in
the data reduction, spectrum lines not read on both runs
were either dropped or listed with a shape code number
of 8. A reading interval of 0.005 mm was selected to
insure that even the narrowest lines on the spectrogram
(0.025 mm) would have five readings. The microphotome-
ter line of light on the spectrogram was set to 0.4 by
0.005 mm and the linear (15 MJ2) plus logarithmic photo-
multiplier tube output current range was used. With this
range, even the darkest lines were recorded without a flat
top.

2. Automatic Comparator Computer Runs. Only
lines with five or more readings were kept. For line
finding, one-fifth of the absolute value of the smoothed
first derivative was subtracted from the smoothed second
derivative of the data. Cubic smoothing of the data was
done using four points on each side of the smoothed
point. Potential lines with maximum values closer togeth-
er than 0.030 mm were read as one line. A factor of 1.3
was used to find asymmetrical lines for shape coc<e num-
bers 1 or 2. Lines with a computed width less than
0.016 mm were given a shape code number of J, while
lines with a width greater than 0.055 were given a shape
code number of 4.

3. Merging of the Two Runs on Each Spectrogram.
The punched cards from each automatic comparator run
were used as input to a merging and correcting computer
program, which is described in the Appendix. In addition
to the wavenumber, log relative intensity, and shape code
number for each spectral line, these cards also contained a
count number to indicate the number of spectrograms on
which the particular line was measured. The count num-
ber was set equal to one by the automatic comparator.
For the output lines from this merging, it was held at one
to indicate the only one spectrogram had been read. All
pairs of lines with a wavenumber difference less than or
equal to 0.015 cm"1 were merged together. Also all other
pairs of lines with a wavenumber difference greater than
0.015 but less than or equal to 0.030 were also merged
together, but the shape code number was set to either 6
or 8. The root mean square wavenumber difference be-
tween rhe two automatic comparator runs for good lines



was about 0.005 cm"1. Also, each line with no matching
line in the other list was dropped if the shape code
number was greater than 4, or it was changed to 8 when
the single line was kept in the output list. The uranium
interval standard lines used were taken from LASL inter-
ferometric measurements with respect to the 198 Hg
lines.1'4

Hand checking and corrections to these computer
runs were made when necessary. The output from this
merging program was a deck of punched cards.

B. Preliminary line lists. Two preliminary line lists
on magnetic tape were made from the punched cards
from the previous merging run. One list contained the
uranium and neon lines, and the other list contained the
uranium and krypton lines. The merging and correcting
computer program is described in the Appendix. All pairs
of lines with a wavenumber difference less than or equal
to 0.027 cm"1 were merged together. The count number
was allowed to increase to show the number of spectro-
grams on which the line had been read. All lines with no
matching line in the other list were kept with no change
to the shape code number. The resulting uranium plus
jieon list contained 44,977 lines and the uranium plus
krypton list contained 58,330 lines.

C. Final Line List. The two preliminary line lists
were merged to make the final line list on magnetic tape.
The merging and correcting computer program was similar
to the previous one. AJ1 pairs of lines with a wavenumber
difference less than or equal to 0.027 cm"1 were kept.
Each line had to be present in both preliminary line lists.
An exception to this rule was made for lines masked by
neon or krypton lines. These lines were put into the list
by hand and sre given in Table I. The LASL interferogram
measurements1'4 (within 0.015 cm"1) were also merged
into the list. For these merges, the count number was
used as the weighting factor and it was allowed to increase
to a maximum of nine.

Values for the uranium lines were checked by com-
paring the stronger uranium lines to the thorium interna-
tional secondary standards on simultaneous exposures. As
a result a linear correction formula was applied to the
uranium wavenumber values:

WNc = WN - 0.0623 + 0.000003148 WN

where WNC= the final corrected wavenumber value, and
WN = the original wavenumber value. This correction was
-0 .0022 cm"1 at 19,080 cm"' and +0.0330 at
30,261 cm"1. From the standard deviation of the data
used to calculate this formula, we conclude that an aver-
age of the final uranium wavenumber values would differ
from the international secondary standard of length by

less than 0.001 cm 1. The standard deviation of a single
wavenumber determination on a line with a code number
of 0, 1, or 2 is about 0.005 cm"', and from this a
conservative estimate can be made of the wavenumber
accuracy (overall measurement error, including an esti-
mate of the standard deviation) for the lines in the final
list:

Letter Count
Value Number

A
B
C

>3
-2
= 1

and
and
or

Shape
Code

<2
>2

Accuracy

0.003 cm 1

0.005
0.01

The log intensity values were adjusted to agree with
the previous experimental uranium line list. In addition to
a downward shift for all lines, the log relative intensities
of all lines at the ends of this spectrogram list were raised
with re:>pect to the lines at the center of the list. The
scatter of intensity values was very large, and was surely
caused by the use of different sources in the lists. The
relative intensity values in the present spectrogram list are
much more consistent because one basic source was used.
Nevertheless, the intensities of some lines changed greatly
between neon or krypton carrier gas in the uranium
hollow cathode discharge tube. Because these differences
may be physically significant, the lines with intensity
differences of 30 cr more (a factor of two on a linear
scale) are given in Table II.

The final line list is given in Table III. Included for
each line are the log relative intensity, shape code and
accuracy indicators. Where known, the classification and
experimental assignment to U I or U II are given also.
With few exceptions, the levels are those presented in
LA-4501.1 The experimental assignment to U ! or U II
was made )y comparing integrated absorption coefficients
obtained in flash photolysis experiments with the hollow
cathode emission intensities.7 This comparison is com-
plete only over the region 24,000 to 30,061 cm"', and
provides information on 1947 of the stronger lines. The
utility of this assignment is illustrated by reference to the
line 27,682.226 cm"', which can be classified to either
U I or U II, but is assigned by the absorption-emission
comparison to U 1.

The number of lines and the various count number
and shape code values are given at the end of Table III.

IV. Discussion

Although the uranium hollow cathode source con-
tained only about 0.25% 235U, lines of 23SU are known to
be in the final list. For example the line at



23,555.372 cm"1 is a line of 23SU, and the line at

23,553.977 is its companion line of 238U. This line and

others that are known to be lines of 235U were not

removed. This is consistent with our not being able to

remove all the lines of M5U because the isotope shift for

each of the strong lines is not known. Precision measure-

ment of these isotope shifts remains a task for the future.

The extremes of this list contain only the stronger

lines of uranium. This resulted from the decrease in expo-

sure on the spectrograms at the ends of the wavenumber

range recorded. The list should be complete from 21,000

to 29,000 cm"1.

TABLE I

URANIUM LINES IN THE FINAL LIST THAT WERE
MASKED BY NEON OR KRYPTON LINES

SIGMA: observed wavenumber in cm"1.

SIGMA
20938. 9957
20945. 2844
20977.0528
20977.4891
21730.5604
21230.6766
21250.7847
20991.7250
21272.4057
21296.2312
21296.3149
2131O.OC13
21359.7B49
2145D.0010
21458.1805
21498.1879
21573.9739
21642.6305
21642.8055
21642.91C2
21740.6725
21767.6192
21814.8487
22105.3957
22204.4229
22221.2396
22339.8516
22340.2079
22396.6275
22429.2645
22445.7823
22445.9322
22532.1741
22532.3752
22532.5218
22532.7324
22558.2708
22558.5582
22672.8721
22774.4144
22797.5737
22878.7^90
22V15.4116
22915.5374
22952.9480
22953.3308
22953.6309
27974.6619
22976.5576
23081.7197
23125.9437
23143.6584
23143.8044
23149.3024
23246.3354

M*SK£C 6*
KR
KR
KR
KR
NE
NE
NE
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
NE
KR
NE
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
NE
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR

SIGMA
232*6.65C1
23275.2C50
23141.5916
23341.6668
23341.8448
23' .19.48')2
23419.7731
2347C.7555
23470.8722
23702.C360
237C5.8192
23706.CCC1
237<>5.3<)n
23687.4584
245<52.4619
24641.6541
24716.eC57
24942.63C9
24958.4855
250C6.1822
25C?5 .2CJ5
25043. '.317
25J30.5(Ti6
25260.C965
25518.7361
25519.0165
25549.9153
25551.1CC7
25551.3579
25668.9726
25908.1487
25938.2110
25993.8652
26004.8984
26019.C468
26019.2131
26058. 27C2
26190.7146
263C4.5845
26329.9564
26425.eei4
26461.1C62
25467.7441
26467.6318
26628.S244
26696.1920
26713.8596
26725.2962
26761.C366
26783.4660
26883.6367
26888.7354
266E8.8959
26949.1947
2 7 0 6 1 . 4568

MASKED BY
KR
KR
KR
KR
KR
KR
KR
Kit
KR
KR
NE
NE
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
MR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
NE
NE
KR
KR
KR
KR
KR
KR
KR
KR
KR
NE
NE

SIGfA
270»7.49J"
27081.6970
27087.9523
27120.9283
27121.1689
27149.4915
27163.6632
27163.7468
27248.1614
27274.B657
27288.9939
27359.8552
27360.0991
27400.3604
27400.5458
27480.94B9
27483.8856
27526.4833
27650.8890
2/651.1308
27684.9576
277C9.2399
27768.4253
27770.8060
27776.3601
27820.0899
27850.3899
28048.4976
28117.6151
26171.3612
28204.9784
28207.9199
28208.0444
28208.2221
28440.0395
28476.6625
28502.7490
28553.4366
28586.7674
28721.7164
28731.1748
28788.503*
28788.9415
28789.0370
28838.5766
28833.817C
28856.9514
288S7.4647
28369.1441
28922.0505
26970.9114
2924S.5689
29593.0181

M&SXEC sr
KR
KR
KR
KR
KR
NE
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
NE
KR
KR
KR
KR
KR
KR
KR
KR
NE
NE
KR
NE
KR
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE



TABLE II

M C A
19206.503*
20034.9790
20332.6709
21364.2983
20512.5036
20515.5039
2OS5O.8999
20569.1722
20660.6136
20671.706*
20843.7746
20991.0550
21003.2*91
21017.370*
21077.0295
2 109'*.4*65
21019.0967
2!1?1.0322
21113.(32*
21115.8005
21336.3678
21374.9?67
2ri4'<.74',4
21413.0450
2 i 5 ' > 3 . 7 5 2 3
21SJ2.)753
215«.9.1'19B
21623.••••C*
2174B.7417
21807.215'
21892.7405
21442.6189
22011.1939
i20ir.22 34
22044.3663
2 2O".<..eroo
22076.1865
220'>-..'>352
22112.3315
222.43.2400
22277. 1742
222SO.6791
22287.7297
22296.9469
22342.7331
22393.9309
22426.0002
22559.9405
22635.69*1
226*5.638'
2:676.6752
2mi .e*37
22812.68*3
J2«4!,4M4
21C0C.C7»3
2304C.7037
23202.6523
232C3.5I4J
23339.1*16
J3339.6i.C6
23347.5526
2336C.S424
23)66.(512
23382.C1C9
2339).373C

IKE
J74
359
296
301
305
305
27 5
283
319
273
209
233
270
231
249
204
203
260
194
220
2 4 4
1 7 4
1 6 9
2!9
2»2
233
195
158
162
217
1 9 8
1ST
174
226
260
137
225
135
152
161
1 7 6
232
U 9
136
196
.J42
226
196
I'.Z,
330
179
151
149
170
205
182
139
226
135
263
196
161
1C9
219
164

mis-me
- 3 0
- 8 2
- 4 4
- 5 6
- 6 4
- 6 4
- 6 4
- 6 3
- 7 0
- 2 4
-31
- 3 4
- 4 9

- 3 7
-It
- 3 5
- 3 6
- 6 4
- 3 0
- 4 0
- 4 7
- 2 6
- 3 9
- 4 8
- 8 1
- 7 2
- 3 7
- 4 0
- 4 1
- 7 7
- 5 7
- 5 !
- 3 5
- S 9

-as
- 3 9
- : 2
- 4 3
- 5 8
— JB
- 3 6
- 7 4
- 4 2
- 3 6
- 4 2
- 7 9
- 7 0
-:o
- 7 6
- 6 0
- 4 9
- 3 7
- J 2
- 4 9
- 5 9
- 4 4
- 4 0
- 1 . 5

- 3 9
- 6 9
- 6 3
- 5 3

35
- 7 4
- 6 1

URANIUM LINES WITH INTENSITY DIFFERENCES GREATER THAN 30
(A FACTOR OF TWO) BETWEEN THE TWO PRELIMINARY LINE LISTS

SIGMA: observed wavenumber in cmT1. ,'NE: log relative intensity from the
uranium plus neon line list. IKR: log relative intensity from the uranium plus
krypton line list. The log relative intensity is given on a scale of 100 x log10

(linear relative intensity).
SIGM

J3401!. 50(5
23411.64(7
23417. 46'.6
23423.1349
23451.C49C
:?46l.17t9
23479.C976
23487.C52*
23548.56C6
23567.1952
23574.7539
23589.C354
23625.(654
23635.27*5
23694.2648
2?703.9C35
23724.C129
23734.!J!S
23772.1417
23*72.7546
23838.J6te
23332.8579
23941. 8<I17
23985.14*1
23994.(555
24014.5443
24024.7645
24027.2334
34042.4926
24054.6191
24055.(4C1
24062.E915
24095.3113
24102.9647
24112.60(1
24161.44 75
24173.6114
24203.2103
24204.5377
24226.5536

24310.1552

24416.eai6
244b9.4084
24512.6641
24513.2794
24519.2147
24521.8036
24535.5648
24537.9653
24561.6230
24573.6200
24644.3243
24666.9642
24717.4549
24726.0018
24726.2900
24731.3504
24758.7977
24776.5606
24792.3048
24906.0348
24817.5160
24832.9457

I»E
l̂ O
146
1 6 !
146
2C7
2C4
142
141
1C9
181
149
1C0
112
1C6
111
158
208
1(9
145
138
140
144
111
2E3
2CI
1 4 4

4 0
177
166
K 5
162
149
153
148
139
165
1 4 9
1 4 3
144
137

176

122
187
169
149

9 9
151
199
109
225
146
133
189
178
201
lot
201
231

78
321
175
167
178

IK*-(HE
- * 6
- 4 0
- 4 !
- 3 1
- 8 0
-65
- 4 4
- 5 ?
- 3 7

- 5 9
- 3 4
- 3 1
- 3 2
- 3 7
- 4 6
- 5 4
- 7 9
- 3 1
- 4 2

- 4 8
- 5 6
- 3 3
-74
- 7 3
- 3 7
- 7 3
- 5 5
- 6 5
- 3 6
- 4 3
- 6 6
- 3 9
- 5 1
- 5 1
- 4 !
- 7 7
- 5 0
- 5 0
- 7 2

- 5 3

- 5 5
- 5 1
- 4 0
- 3 1
- 5 2
- 4 8
- 4 6
- 3 0
- 7 4
- S 6
- 3 0
-4 3
- 4 9
- 4 8
- 4 e
- 6 6

49
41

- 9 4
- 5 8
- 4 9
- 5 9

3IGH«
24469.4219
25012.9350
25021.4324
25029.U04
25O56.4719
25070.9114
2S075.3701
2^079.1106
25130.4519
2'.1S5.447S
25157.3004
2518(1.07.0
25206. UC8
25262.292T
25297.5260
25342.2645
25307.6760
25376."199
25391.4705
254 It.2409
25*23.6521
:547O.6J0a
25521.'I8i3
255J4.V631
?562f..97Or
J56i».7'>2?
25?<:2.?!54
2'<ni. >VS5
2SB7i.72 Yl
25877.O!<67
26051-4189
26069.4749
26047.5217

26112.7544
26266.4271
26361.1364
26474.13.17
26'.98.3649
26716.7636
26510.2114
2655_.5299
26^03.6301
26649.9264
26673.7043
26690.1087
26738.7516
26745.423?
26751.8909
26761.9163
26829.9046
2C832.6K1
2(857.5125
2t93C.£C10
21959.3426
2(969.6130
21120.3440
27125.505;
21153.412C
2716C.51fC
27194. 81C2
27206.16(2
27212.1233
27293. 74M
27302.C0c2

IKE
239
1 6 9
2 3 !
154
176
219
2 37
182
197
144
155
181
1 8 '
19
ie3
114
l e i
1 6 9
1B7

87
112

9 6
1>2
H 4
245
201
1 4 5
2 4 1
113
235
211
224
1 ' 2

1 7 8
209
259
221
1 1 0
1 7 4
175
204
162
160
148
1 9 2
267
19T
141
150
220
294
235
U 4
175
224
163
141
212
197
?1T
144
165
263

IKR-INE
- 6 5
- 3 9
- 4 0
- 3 0
- 3 6
- 6 7
- 3 9
- 4 5
- 6 1
- 3 6
- 3 3
- 5 7
- 3 8

3 6
- 3 8
- 3 6
- 4 3
- 5 0
- 6 4

41
- • i l

?9
- 3 4
- 3 5
- 7 3
- ( 7
- 3 6
- 6 4

50
- e l
- 1 0
- 3 3
- 5 2
— ' 4
- 4 8

16
- ; 6
- « 0

74
78

- 3 4
- 7 3
- 4 8

48
- J 7
- 3 7
-so
- 4 2
- 3 4

97
- 4 4
- 5 9
-54
- 3 6
- 3 7
- 4 0
- 3 2

39
- 3 3
- 4 4
- 4 0
- 4 0
- 3 6
- 1 0
- 4 1

S1CB«
21339.1936
27394.C414
21407.(1(7
21419.41C3
J742C.2515
21425.3615
21485.2054
21*11.8218
21541.212S
21S70.4f23
21599.C836
21619.48>6
27821.C6C6
21607.1921
218B(.C449
27'M5.1436
27-i2fi.?21v
2flOO4.064O
2B0 J6.7S41
28043.'1*29
21)065.4033
2U0&4.0001
2BU1S. M65
2U1<.2..'U41
28145.0400
H2?t>.liil
2a:/s.*Qua
28?til .<J4^6
262-»7.C9fcr
2Blb4.4236
28412.2?t4
2B5O2.1223
265 19.1638
2 « i 2 4 . 7 t l 9
286/2.4602
28645.8315
28601.5042
28879.6725
29011.0942
29324.6335
29438.0385
294 f2.7521
29715.9328

I X
143
2>3
204
212
267
joe
161
21)
19«
303
2 4 4
174
247
269
31S
227
211
2 SO
3 32
2 34
2 0 5
2 4 7
227
2 37
229
2 74
3CB
iOQ
3 26
227
' 6 7
314
247
2 5 4
2 34
305
211
HO
245
305
241
311
330

Ill-Kf
39

- 5 1
- 4 3
- 5 1
- 5 7
- 6 1
- 3 3
- 6 0
- 5 1
- 4 «
- 6 1
- 3 1
- 4 2
- 4 9
- 5 0
- 4 4
- 3 8
- 4 8
- ^ 9
- 4 7
- 3 2
- 4 1
- 4 1
- 3 3
- 3 4
- 5 6
- 6 9
- 3 7
- 5 5
- 3 3
- 5 4
- 5 3
- 5 9
- 4 0
- 4 2
- 6 1
- 5 0
- 3 2
- 3 6
- 3 1
- 3 1
- 3 6
- 3 6



TABLE III

EMISSION SPECTRUM OF URANIUM BETWEEN 19,080 AND 30,261 cm"1

SIGMA, observed wavelength in cm ' .

WL: observed wavenumber in angstroms.

IPS: The first numbers represent the log relative intensity on a scale of 100 log
(linear relative intensity). The letter stands for the accuracy of the wave-
number value, A = 0.003 cm"1 , B = 0.005 cm"1 , C = 0.01 cm"1. The last nu-
meral is the shape code number described in the text.

CLASSIFICATION: Even-level tags are in the first column, odd-level tags are
in the second. The first five digits of the tag arc the integer part of the level
value, the last two are the J value. The 1/2 for U II lines is not entered. A J
value greater than 20 is module 20 and is used to distinguish between levels
with the same integer level value and J value. When multiple classifications are
possible, all are listed in this column. The level list used is almost the same as
that given in LA-4501.

ION: U 1 lines are designated by a 1, U II lines by 2. The digit in the left
column is the spectrum predicted from the absorption-emission comparison.
The digit in the right column is the spectrum to which the line is classified by
the analysis.
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r^ —̂• ̂ ft c^ ̂ 3 *^ ̂ D F̂ ̂ ^ ̂ 3 ^^ Q̂ ̂ ^ -̂4 ̂ h QQ ̂ ^ ̂ ^ f.4 ̂ « <̂  p̂ i Qi —̂i ^^ ̂ ^ ^Q ̂ ^ ̂ ^ ̂ ^ ^^ ̂ ^ p̂r} ^^ ̂ 0 ̂ ^ t^ ^^ ^^ ̂ ^ ^^ 1^ ̂ ^ 1^ ̂ D 9^ ̂ 4 ̂ 0 D̂ ̂ ^ ̂ ^ .p r— ^^ #^ I t *^ ̂ n Cl̂  V^

J > • • • » • • • • • • • • • • • > • • • • * • • ^ J . • • * • • • • • • • • • < > • • • • • • • • • • • • • • • • • • • • •

AltUe\injfUA)AIAIAIAiA)AlAtAJAIAJAIAjOJAJAJfUAJAIAJAJtVIA]OIA;njl\jAJAjAJAiniAIAJI\IAIA^ -»M M M M •-« —•

ot> * o t r <-*o>' na-* <-*mr-Ajm>-ip- -*p- r- n o *o com mo-MmAim <c *> r* t- •& tQ p-io P - A I « -*O* r- n i\t O •-• * K A j ^ n n c o n ^ N H
cos'*Kria)Piff'*4'*ff'C»'S<iiui<*ajNuj — o oco -ommoo ry--»coivi-*yinji * tvt o 4QinsoMoiDN<fr4na |f ino««
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SIGMA
21211.224

21282.127
21282.2?3
212*2.357
21262.47)1
21282.»7i
21283.024
21283.099
2l283.2?3
21293.369
212B4.020
21264.178
21284.3.13
21284.407
2I2H4.602
21284.9*!
21265.144
2128S.24K
2128%,516
2128%.«5?
21286.Ill
21266.46ft
21286.548
212H6.76S
212B7.151
21287.23Q
21287.925
212BB.33f.

24
2RR.564

21
21

21289.5(1,1
212H9,9«1
212'O.IS*
2129O.4|7
21290.809
212*0.«9j

212*1*0]?
21291.122

2 l 0
21291.523
21291.A6A

9
2 1 2 l 2
21291.911
212*2.0«>3
21292-287
21292.Sif
21292.604
21292.7*3
21292.82a
21293.184
21294.H4
21294.224
21294.352
21294.483
21294.653
21295.665
21295.750
21296,231
21296.3H

l
46V7.6612

4647.4640
i697.43l8
4697,4132
4697,3864
4697.2997
4697.2660
4697.2493

4697.2220
4697,IH99
4697.0462
4697.0114
4696,9770
4696.9607
4606.9178
4696,4429
4696.7481
4696.7750
4696,7160
4696.6199
4696.5847
4696.SO60
4696.»883
4696.4403
4696.3S52
4696.33S9
4696.1»*5
4696.0938
4696. o^l
4696.0436
4*96.0117
469S.8103
4695.7398
469S.6920
4695,6349
4695.S483
4695.S302
469S.S036
469S.4794
4695.4163
469S.3910
4695.3549
4695.323B
4695.3053
4695,27,9
4695.2225
4695.1650
4695.1S26
4695,1175
4695.1031
4695,0246
4694.8195
4694.7954
4694.7671
4694.7361
4694,TOOT
46*4.4777
4694,4568
4694,3528
4694.3344

I PS
206*0 2*557 5
16110
203*0 2*400 6
176*0

171CB

186*0
223*0
213*0 283*7 4
165*0
tA4S(t 32574 5
l6?»0
163*0 38712 *
166*0
224*0
161*0 32741 S

178*0
208*0
205*0
210*0
1MH0

174*0
216*0
|kiCH

23**0
2*3*0
173*8
17**0
136C6
237»(1
311*0
191*0
215*0
I 71*0
168*0
1*0*0
156H0
l79*o
27?»0
190CK
202C6
3Sl*0
197R0
226*0
244*0
20880
241*0
193*0
166*0
165«0
197C4
331*0
l?6*0
178*0
1*5*0

28455 3
31974 •

ION sinx*
82?6 4 2 212*6.377

21296.718
8118 7 1 21296,929

21297,066
21297,224
212*7,40*
21297.510
21297,680
212*8,036
21298,137

7103 3 1 21298,256
21298.753

M2»0 » 1 21298,845
212*8.*61

17426 • 1 21299.1*4
21299,267
212*9.3»0

11457 6 1 21299,448
21299.505
21299,659
21300,022
21300,12?
21300.251
21300.33.1
21300.448
21301.111
21301,108
21302.0367)66

1066J

2*936 « 7645 6

25745 5

251*0 3

25713 4

25714 4

4453

3*68

4420

4420

3 1

29413 • (118 T

2 21302.406
I 21302,857

21302,980
21303.91*
21304.061
21304,561

1 21304.90*
21305.040
21305.105
21305.267
2130s.399
21305.711
21305.695
21305.98?

1 21306.101
21306.361
21306.525
21306.56S
21306.6?4
21306,935

2 21307.333
21307.45*

2 2130?,723
2130?.922
2130»,3«S
21308.52*
2130*.782

1 2130*.31?
2130*.4»«
21304.640
213O».7*2
21310.001

4694
4694
4694
4694
4*94
*694
41.94
4693
4693
4693
4693
4693
4693
4693
4693
4693
4693
4693
4693
4693
4693
4693
4693
4693
4693
4693
4693
4692
46*2
4692
4692
4692
4692
»692
4692
4692
4692
4692
4692
46*2
46*2
46*2
46*2
46*2
46*2
46*2
4641
•6*1
46*1
•6*1
46*1
4691
46*1
4641
•6*1
•6*1
46*1
•6*1
46*1

3206

2456
1991
1689
1341
0*32
0710
(13)5
9S50
9329
9060
7970
7768
7464
6999
67*4
6567
6439
61)2
5973
5174
4942
4668
4489
4235
2774
2339
0737
99.6
6*?6
6657
658*
6275
5174
44(1»
4120
J976
J6)9
3329
2642
2237
2033
1783
1208
064*
0761
0519
9*44
*06*
67*4
6211
7772
6751
6437
5877
4701
4302
3*81
3655
31*4

I PS
20?*0
19-.A0
171*0
166A.0

l 0
1H">AO
201*0
1S?BO
l«7*0
164B0
212*0
1*4*0
lT6*0
3U»0
207C6

ei*ssinc*TinN ION

34644 S 13346 7 1

31837 3 10540 3 1
27S81 6 6283 6 2

27«60 4 5762 S 1

167B0
165*0
203*0
17(190
205*0

l l 0
203*0
I618O
230*0
188*0
17**0
236*0
1*7*0
158*0
21**0
162*0
193*0
204*0
268*0
20flC6
l»2*0
163R0
178*0
164*0

32-V77 T 11677 7 1

28627 t. T326 7 1

2*613 5 637* 4 2

2**8« 3 i3?» 4 g
25560 6 4275 6 1

190*0
177*0
177*0
1*3*0
225*0
167*0
167*0
186A0
159C8
l?2*0
168A0
169*0
272*0
1*OC«
2*3*0

30860 5 »553 5 2

3466* S 1336J 4 1

305^0 S »241 4 I

31511 9 1020* 4 1

163*0

SIGH*
21310.307
21310.402
21310.652
21310.853
21311.118

21311.3S0
21311.504
21311.7JG
21311.R01
21311,681
21312.0'4
21312.2B6
21312,5*7
21312.656
21312.772
21313.070
21313.2H
21313.507
21313.856
21314.200
21314.607
21314,6*2
21314,831
21315.'74
21315,498
21115.946
21316.137
2131*.2^1
21316.442
21316.6*5
21316.611
21316.888
21317.053
21317.131
21317.682
21317.7*0
21318.023
21318.349
2I3I6.56S
21316.630
21319,028
21319,195
21319.264
21319.424
21319.582
21319,724
21319.9*5
21320.027
21320.204
21320.2*4
21320.3*4
21320.42*
21320.577
21320.787
21321.774
21322.516
21322.72*
21322.671
21323.443
21323.564

"I
4691,2520
4691,2311
4691.1762
4691.1319
4691.0736
469J.0225
46*0.90135
4*>9n.939S
4690.9233
46*0.9057
46*0.8632
4690.8166
469(1.7480
4690.7350
4690.7U95
4690.6*38
4690,6062
4690.5477
4690, 47()9
469n,3952
4690,3057
4690,2*169
469n.2b64
4690.1B0B
4690.1095
4690.0109
4689.9690
4689.9J73

4684.9020
4689.8572
4669,8208
4689.803''
4689.7674
4689,7502
4689.629]
4689.6162
4689.5b41
4689.4824
4684,43«8
4669,4205
4689.3330
4689,2963
4669, 28u
4689,2460
4689,2111
4689.1799
4689,1313
4669.1132
4689,0744
4689.0545
4669.0326
4689,0248
4686.9*24
4668.*461
4666.7292
46*8,565*
4688.51»2
4618.4677
4686.3*20
4686.3354

1 PS
31440
215C8
166*0
222*0
187*0

CL»SSIFIC«TION ION
27072 6 5762 5 1

U5*0
?o

15940
16940
195*0
175*0

34846 * 13535 » >
32*44 5 11633 5 1

218*0
196*0
163*0
163*0
187*0
210*0

162B0
1S3B0
162*0
231*0
225*0
199*0
(67*0

182*0
248*0
156C6
178*0
16080
180»0

33262 6 H*68 5 1

3094J 7 9626 4 2

29627 5 6510 5 2

186*0
147C8

176*0
160SO
216*0
259*0
167*0
16l»0
>9fl*0
206C6
23983
369*0
257C»
218*0
1*SBO
214*0
172*0
204*0
165*0
259*0
16380
1***0
24**0

21320 3 0 4 2

32997 6 1167? 7 1

3*110 7 10*8? 6 1

J*442 7 llli 7 1
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Do r̂^ cu û  *̂r̂  ̂ t ru ĉ  P^ rĵ  *s * ̂ o co ^̂ m r i f f n -••> p- m ruo OJO* CO
p> K •£•£ m m *

- * O * K — r> o com m o a

c * < r o r u " c o

:ssssss

« ^ M ^ ^ « ^ l M r 4 ^ ^ ^ H ^--H <-«-4-4'-«^4^«*«(( i f t jAiAiAjnjnjAiruAinjAjAjNrvtAiainjAi. ' \ iAtruAjnjnjru AJAJ AJ A IA I A J A I A J A I M A J A I (WAI
r * * * * ' r * * * * * * * * * * * * < * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
UAlAJiMA3<UAirUA)Af IV Alfu AlAIAlAlAIAiAIAIAJAIAiru AtA'AJAIAlAlniAJAiAl AKVAirUAIAJOJAIAIIVAl AIAI Al AJ A) Al AIAI At AJAI CU Al AJ
jnjAJAIAjAIAlAIAJAJ Al AJAJ AJAJAJAJAI AJAJASAjrWAIAl AJAJAIAiAlAIAIAJAJAI AJfU AJAIAIAJAIAJAJAJAI AJ(U AinjAlAIAJAIAJ AIAI Al AIAI

4
*
6
4

4
4
6
4

4
*
6
4

4
*
6
*

4
*
6
*

SSclCtnJ
CU At A* n f*> t

AJ tv ru AI AI n
At At AJ Af AJ 1

1
*
7
4

»

in
n
m
n

»
o
n
»
m
n

c «f tr •«
t * n c

- r e a

1 * •

r * «

Q n ^

2
2
3
9
4

i co tn "
•• O O 1

4
4
6
4

4
4
4
4

V*P- A) -i
- o p» *
r p- co o

• * * -

u AJAi n
y AIAJ r

«

un
o
o
r~

«
o
o
*
tr-
Al

1 >4 * <
- no r
i r—>o u

) con 4

t i n n •«
3 (M» P-

4
4
6
3

4
4
6
3

» C O •
• t*- o r
"• n o <<

2
2
3
9
5

2
2
3
9
6

*

*

CO
n
a
Al

I U S 4 I
•*. w «n * r

, r « _ - .

h O t»i O 1

*
*
6
3

4
*
6
3

4
*
6
3

J rt jo <\i'

2
2
3
9
6

2
2
3
9
7

2
2
3
9
7

4
4
6
3

4
4
6
3

2
2
3
9
0

2
2
3
9
6

*

*

*

m
n
n
ru

O 4 « X « U

* A I O 0

4
4
6
3

4
*
6
3

4
4
6
3

p- rum t

2
2
3
9
9

2
2
3
9
9

2
2
3
9
9

* • * *

r * *
• * • • * *

- m *
-MO-

2
2
4
0
0

2
2
4
0
0

* * *

*p - m
Al Al *
*oro «i

inp- n
o r e m
tn»- in

AJ n ru

•Cftp- »^Aicc * rv1 ir<

^P O^ *J1 ̂ D LOf^ *̂ T f̂̂  C^

A;ruAJAiAl(\J f\IM t\(

» * * * * * * * *
* * * * * * * * *

Mr4(r n t r * C1 -^ r-

<C fU * P~ P*- O •-•-* sD '

2
2
4
0
0

2
2
4
0
1

2
2
*
0
1

2
2
4
0
1

2
2
4
0
1

2
2
4
0
2

2
2
4
0
2

2
2
4
0
2

2
2
4
0
2

A) AJ AJ Al - *

« « a m At
Al A) * CO O
mm P- m *
mm *H * n

m« m m «

* K «

n o o*
n o *
- • • P*-
<o n —>

n r- «

» o ( u a> p- » «r> »
r u n m c o o n o un
crcr •-» o> CD m AJ —
p-p- * <o m o >o *
A) At Al Ajn n Al Al

r a1 < •« m < <» -ocr t
f* IT- O* P1 IT J1- ff P1 Ti

a ^ 4 M , ,,.„
• m ^ n i f v M n i c a :

*- © ~ K i n - * r v t * « r

Z
£
*
D
l

2
2
4
0
3

2
2
*
0
3
,

2
2
*
0
3

2
2
4
0
3
.

2
2
*
0
3
,

2
2
*
0
*

2
2
*
0
5
,

2
2
4
0
5

u A J " r u * m . * ' i * K « n n i / i m o n

j * f > - t * * » i » n o - * r u r u A I A I - « o n

i - • r u n a * * o t m c o o c o r u p - p - A j p -

r * * * * * * * * * * * * * * *
* * * < * * * • * * * * • # * • * • * *

^P** ^^*f t£ *̂  cc *o d̂ tio *̂& m v^ "*̂  m in

i—• in IPP* o- c\j <* p- - • ru t n e o n m e o

30 00000000000^ **-*
* * * * * - * * * • * * * * * * * *

j AI ruru (VJ nj <u ru AIAI AI njAjni AIAJ
J ru AJAI AJ ruru AJ AIAJ AJ AIAI MI W M

46



m f- tfitn *
^ O C4«
O O (̂  tfi If)
4 (E ift (VI Kl

o
n

9 0 9
CC fit o r- o

O CM •*

fticiru4aisu<4u<a:iraia:0Diiai«iD4a]« cc« arcr (Da: one <OD

x c a ts x a: n <r<c <r c x

> r r u n j o - o j
j i\jnji\jojru(vi (

nj H ̂  >4

M v rvrv rx i .
j (vjtu<\;(\i(\iruoj CJ re tMtu ru (

^ P H ni ^ H H ^

j (VI (VI (\| (Vi CM N Al(VirVi(M(V.N(MnjtVJ(M(M(MCMCM(M

c tr ff iri4 c c tf<
o « oc o m o> * o
aa (vi CM o ( i t « o o
(*t « h- ©» o r*-

r- in tn «*> m o m

K IT il 't fl 4 4 V

« m

o o

o n

* 4
4 4

O- (M

n i

9 
4

*^
3 r tfiinir irtrminir.in

r 4 * 4 •*•*'*•<*•+•*

j ncoM^nHnin

• 444 * 4 4 4?4

11=11111
if in in IT- ir »r- ir ir
4 4 4 4 4 - 4 4 4
4 4 ^ * 4 4 ^ » - » 4

4^5SSS^^

OOO OOO-4 OOO CO
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^1 Ĉ Ĉ ̂ 0 V̂ CC ^t tD ^DtiC QD ̂ C QD ^^ ^D

n ru —•«
4 v^tfi •*

m tr m m

4 * 4 4

1- C tMOD

in in in m in in in in

cs tfiiO ioo>i> n o o o o

o on»»- ̂ » coce * •• o

in mmtfitfimirtrmmifi

4- 4 4 4 ^ 4 - 4 4 * • * • *

o maj ̂ »4 tft 4l'^r- <D o

in ifiin miniflin<£ *9« «
(xi nj rviru ftj(vi(\i(vi(vi(vioj(yAi(vi<vi«jonviJy
Ai (VI (VI (VI (VI (VI ftl fU«V! CVI (VI AIM A I W N N N N

47



<W - . _ • •

S 5 •« Al O Al

r- m ~>«

* *fi «•*«

•a•-» «
O* CU A l
A*m m

rue «

•• o «

ECD •nncccDic<uffi<«4««itiiiffi O O I 4 O S U < B ) B I I B B B «

j ^ o <\i nius 4 in **tn AI « o o4<n nio<ON4ni o o m m-« o oo» w

>O S A N 4 r*
ru -*-« o o e

MN o —»CD » c o f

! < < # • # • # • # - * • * « * * - * < * • <

00c "

AlAl (U ruruAIAJAIAIAirufUAiruAl AJ tU l\> t\l Al AJAI AirufUAlAjAIAlAlAlAinjAJAJ tM Al Al Al Al Al Al Al W 1X1 CU (
AJ At turuAiAl tUAJ tUAlAfAIAtturu AJ tU At Al Al AJAJ AlAl tUAl AJAlAI AJ At AJ A) A* Al Al IU AJ At At Al I*' *J AJ tU A< I

ttfimioinintnifi
unininifUfwiuni

runniUAMN

«t- * m. f-

o r »

CL *X ffi CD OD ffi

* m A I o m
f - r u r u I P w

S O OC O O
• # • * • # « # • *

G
M
A

2
.
4
6
1
 *

2
.
7
4
1
 
4

3
,
0
8
3
 4

3
.
3
5
0
 
'

m m< D
r- •# "j o
0 m in r

O 4 I V I h
t>- * — t
•tf p̂  f- 1
IOIf>4 <

O O O C
• # * • * ^

3
.
4
2
4
 4

3
,
5
8
3
 1

3
.
8
1
2
 <

) *L> •« CD
• m AJ o*

UO (T Al •

- -#0 4)
1 * IP K
r m * *)
• • • m A.

>o o o<
t 0 0 0

t to tn <# «
hO» * CO <

u o m * (Vt(t i

A <-* - - « a
E ma •*«
\l 1** 4 9 i
ru o o a <
=> e oa- a
* • • 0 m *

5
,
8
3
0
 4

5
.
9
5
2
 I

6
,
2
2
8
 4

6
7
6
3
 1

•• c a
*> m i

* 4
1 CD 0

* m m A

i m m i

^"mmi

8
.
0
4
6
 i

fl
.4
77
 

4

*> m r*

- m -« f

itn o *

" a thO1

"n<~ mm

l i
t> a
m

m ^
« a

?S1gg?3SggSSSff.

3 *£ Ai r̂  ̂  c? ru ur v ^cc in m ̂

> r- o - i ^ rn m * tnm a> * i

r - ^ ^ ru

8
,
9
7
9
 4

9
.
1
8
4
 4

9
,
5
9
8
 t

1/) in mm m
tu curu ru
m ruru cu

tn m
ru ru
tutu

mm
ruru
rutxi

in m
tu ru
ru ru

tutufu tu rurururum cu ru ru ruru ruru rwrurum runjrufururuiumm
mm mmmmmm mmminmrnmn inminininirioinminininA

- i

4 <

n •

"i in if t • * (•>

• * • • * *

: -# A I A i r -

f • • * • -»

U tUAl At AJ

ruru ru -««

• * • • • • *

• * • * • * m i

• * - » - # • • ' .
- j fu ru rur
Al Al Al Air

- tu o
•» o a

» * *

2
2
4
9
5

2
2
4
9
6

>
,
7
5
0
4

|
 
6
8
7
7

•• *

2
2
4
9
7

2
2
4
9
7

i -4 cc - * m m >

r - • • * • * <# «

D *<C ec K K a
*> a tn o « a i
3 ac o •« eo cu <i

! A) At tU Al Al 1
U Al AJ AJ AJ Al t

3 (VK -O 0
U-» O F-l*-

• • • * • • • • •
+ 0 0 0*

m —> a a

2
2
5
0
0

2
2
5
0
0
,

2
2
5
0
2
,

2
Z
5
0
2

- H * - - * ~ « ^

•*»• io >A in m -a

0 0 0-00

• * < D a - * • * >

2
2
5
0
2

2
2
5
0
2

2
2
5
0
3

2
2
5
0
3

• (\J ^-«-j C

r •• 0- 0 *
00 0 0

\ - * HO

n -• in in <*
> o o o c
nm in mu
J Al AtAi C
i AJ AlAl (

* 3k a* a OD -o-c in * -*

t 0 0 0 0 0 0 0^0

: o^- «HC> unf- tP o l
3 «-IIE Mu* O £ ^ m <

D OO O O O OO O

nmmmmmmmmu
klCUAlAJAirUAIAlAtr
U tU Ai AJ A) A) AJ AJ AJ t

0
0
R
 4
4
4

i ru i
u AJ r

L
.
3
4
3
4

t •* <

in •

2
2
5
0
9

L
»
4

k
4
4

.
4
4

k
4
4

k
4
4
]

t
4
4

>
4
4
(

4
4
<

k
4
4
(

k
4
4
l

'tfv«c*-i4«foOfuoe»4n

^(^9^ OOOf4r4HN(|| IV

Kunini njAjNMflimiAiAi n

48



1
4

1

* o

[«

) m

s M o> n 43 4> tr
• ru n M m M«*I «

no
»*- »

n 43 MO 43
« m —• o —
S s 4> O O

«, ~ ~ ~ ~

in —
o n

3
6
S
9

4> 4>

**m o
n * M

os n

• 4> 4f

m os 4
4> M MO

S3

« «

MS
M M

43 P- m n o
NNC S n

O M m n *

M ^
43 «
K 1

4> «

M «
4> 1

O I
M 1

M M M S n i
• 4> AJ 4>4>«

• tree
J O " l

M —"CD S 43 O O O

4) * 4f 4T * 4
' * 4/
f • 4f

m m m m m m m m m m m m m m m m m m m m m m in m m m m
MMMMfXlMMMMMMMAiMMMMMMMMMMMMnJ M

O

49

CC 4 4
<•) 43 *

mso
4f Op 4

MAI r
• •*•(

MM n
IT mi

o o
ns

f * 4»

i m m
u M M

min
A

« 43 • 4>^
S O — M -4
t\»t--. 4>*
XI 4? S » <

4> m m« 43 e
4>

c

s

OO M ** f
4 > 0 O — *•
O S O M <

•o no « «fu

•-•O M M S 4
— 4>F» MM 4

MM M MM '

1 CD CCS S
UN S S S
1 MM AIM

-> C O43
-*«n M S

4ft
s
M
•

4>

S
O
m

u « « «cc
mm n M*n

4> m o m o

mm mmirmir mm mm m m ^ mm
M MM M MM M M M A i M M M t t M M

4)
N
tn

4t

4>
••#

*>
M

< 4RBI

MS S O O

nm

ntm fti Ajnj

o
o
s
m

K

» "

49
M

S«n*S

2
5
8
9
.
5

2
5
8
9
.
9

O S <*t

o oo

MMAI

i

I M MM M M MM MM IV AIM MMM MMMMMM ftt UN MAIN MM MMAI

o<» Ai
o«:u 4>
f- 45 4>

mm nt« m
mrt
4>

CD < CD O « « «

*Motfi r.« em o>in4>h-4>4)tnc
in f- if o IT •-*otr>*cvi4>»*)*ir'
43 ̂ o h-t*cctnosf'><-*43«a>- HO> « 4) a

* M «» m tf) o
^*s Mo 43 n o

ess ssooo 1

2 «
*- m

t - .nF4^f>« 1co«*B*4^i f>( \ i * *ui nowwff f ) in 4i m o M M O O n n ^ o s n n i t n n r m o o C ' t n n mm nm«M4>tf)4)M

P)Oi«lN<»HrtHHPlff m^AimMSO O^«4>0 •* K '-•45 CDrH43SOO<-*0 43 4> OS O OS 4> 4T tn O 4J O O4> M O 0 « i \ l « o 9 C 4)
4otvj4Hit+na">o»ft ) inn-H*oinopj iouia) j»on*einoo»j i f -oo<c ^rv wwe rv)(noo^-*«T»-ff MO mo s o « n
oscnss43<o4^mnmonjMM>^'^-^-^ooooi>0ss434)4>knmin4>4>4r'4rcnnMnj^r^«^ooooo9SKf-K4>4>minm4?

a nnmmmmmmmmmmmmmmmm mnmnn-MMMMNi M MM M M M M MM M MM M M M M M M M M * * " * * * * * H H H «-*«̂  *^ •*••

i*4«04*4*f4iAuiinjt^ininiflWiniAiriflifliiiiniiiinifliriflininifiiiifliniiiiniiiifiiflioiAifitniAi(iinifl iriAiniAiiiininiAiAin
) in in m m mm'.'Smmmminifimmmmm inmmmtnm in in m in mmmiomminm mmmmmmmmmmmmmmtntninminminmiritfi
MM MMMMniMMMMMAlMMMMM MMMMMMMMMM M MM MMMMMM M MMMMA1 MMMMMMM MM MMM MAI MMM
MM MMMMMMMMMMMNMMMMMMMMMMMMMM M MM ru MMM MM M AIM MMM MAtMMMMMMMAlAIAI AIM MMM

49



4)
m

<*
o

O O O O4D O O
m can?
m * » P - ft* .Mm *

o
mm

oo o
in*- «
nn m

«

m

oo o

P-

*
n

o o

mm «jf- m«

O43 41 m

•» m
\ n

m m mm o mm mm

mor>
o o«

P"

« p-
m *>
M M

o* ooo

sit
no m*

4> 9

m m
oo o o
m ©9 J*

* 4)

41
•
m

ooa o
•o < mm

OO O O40

h- ~* m o n
• m o m*

««« 4> OO
om» un 9

o
r>
oo

o •

o

m

»

*•%
r*
N
«

OO O
O * tft
m«-« in

o o

m«

4»

m

oo oo

m jitn V A m « ft* J -HC» V B M
s o m 9 ino
m m m »* - * ^

1 • * • * * • • • • • •

(5 -* mm m 4
i m «n m m m n m <
: * * * o c « « i
• mmrwmmmmt
<mmmmmmm<

9 «
m«o
« !

« •«
m o
m m m mm

m m * « n c — •* •#

-^*K ^ - *«c fniM om *D ® • m-** •- -• m r
r^r. ir:norucxnffNruxini>K4cpe oc
» mx • P - o M •* h- o *-*CDam*p--rrimr-it> *-»r

I 4? ̂ 0 *^^ *%f ̂ D *Q 4^ ̂ D ̂ ^ ̂ ^ i ^ i ^ »ĵ  ̂ ^ ^Q ^Q ̂ p fcj*i ̂ Q * ^ ̂
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Î *J if} ^Tl 1̂ "̂  Î D f̂̂  ̂ 0 t̂ ^ in in 1̂ ^ if* î ") y i ̂ p f̂*̂  ̂ ^ i^ T̂̂  ̂ 0 ̂ ^ ̂ *1 "̂*̂  î ^ ^^ ^o ^fy tf\ \ft in 1^ ̂ ft *̂1 >̂  *^ "4T -tf ̂ t ̂ f ^t -A1 ̂ f ^f -i*^ -^ -^ *^ -^ '•ff -*tt *4 *^ ^f ̂ ^ "̂ P "-̂  -̂ ^ *

*4̂  V1^ ̂ ^ *̂̂  ̂ 3 ^0 *-̂  ^^ ̂ f* "f Q̂ "̂*1 ^~ i-0 *̂ D in *~O F^ ^t" *LJ* W *̂** *v> l^ ^^ ̂ y >FH ̂ ^ ^^ ̂ ** ̂ ^ |̂ ^ ̂ ^ tfi ̂ Q ffi ̂ *̂  ^^ A ^^ >rt |̂ ^ ̂ n -̂a ^^ "̂̂  ^Q ^- *̂ "f ^^ ̂ ^ ̂ *̂  ^^ t^i ̂ ft ̂ n ^^ L

ru (\J ry ru (\i (\>pj-i\i(\ir\j(Mr\i(\j w ft) w w w no nj <M M <vi ru njnjpji\inj(\i(\injnj(u<>j(unj<\j(\>i\j'>jnjAj(Xii*u iMmrurvj tvj njt\i OJ cvi tu(u(*ui

« m

oto

in o

m ̂ *
m m

x m m r im tn mm
ir ir- *r \r if *r ir

nnnni

stsi-

*: f. n r f. p pi r>

ir r- —trvkprsjfvc-xi—••* o-tfh- --< c o ••

fu t\. (\t rj fy t\j (Mf\j(\irjojfXJCuiMcupaaioj
ir ir. ir iT'irir iririf itpiriTirir i r in ir ir
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^1 CD £^ ' ^ 4" ^D ^^ CO ̂ ^ ̂ t Q̂ f̂ . ̂ ^ c i^ Û  ̂ C Ĉ  (VJ rv ̂ ^ (n *̂* f^ ̂ ^ i^- i ^ ̂ p\ ̂  ^3 ^^ ^^ "^ tfy ̂ p ^u ^^ ^^ ̂ p ̂Q p̂» ^^ «Br4 ̂ ^ ̂ f ̂ ^ ^2 ^U ^^ 4" *f ^p ̂ ^ ^^ o^ ^^ ^^ | ^ f^ ^^ ̂ U
2 • • • * • • • • • • • . • • * » • • • • > • • • • • * • • • » • • • • • . , « • * • * • • • • • • • > • • • > • • • • • •
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v4 in ^^ ̂ ^ ̂ ^ cu ^^ in̂  ̂ n ^^ ̂ ^ ^^ ̂ ^ c^ CD 4^ ^^ ̂ ^ ^^ P^ CD ^^ ^^ *c .*^ o* c^ ̂ n *f ^F ̂ ^ ̂ ^ ^^ ̂ ^ ^n ^^ .p ^^ ̂ ^ ^^ c^ ^^ 1^ ĉ ô ĉ  ̂ t CD 10 ̂ ^ tn ^3 ̂ o cs CD ^^ m in c^ F*̂
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^TI in r** ̂ ^ û ̂ 0 *& *^^D *̂ ^ ̂ ^ 1A *̂̂

<\j<\jrufxj<\jftirv)(\j(\jf\jruf\jru

6
7

5
2

o>

<M

.0
3

0 
1

.•*)

in ni 0 0 1

o- a- & t> a

.1
4

5
.3

1
6 

i
.4

2
9 
4

.4
9

9

in in in in L
(vi (vi rvi (vi r
m m m m r

1 ff| OH K r i l

i mm • * ' * • * <

r. 0 0

VlftitV)

.7
63
 i

"i mm

UftliVI

0 0*0 0

(Uft) (VI f

CD r-cc

mm m u
PJtVl (Vi C

m m m 1"

3
8

9
1

V) ftl

.5
7

7
 4

•c

0>

ft

(VI CD

ftjftj

ft) * (VI
OCO IO
N(0C

0 0 • * 0
fv (vi rvi f\j

0 0 ao>

ftlTVIftltV

0 — m • *

0 (vimm

(TOP Ot>

—t-̂  - ^ 0 0

o> o» 0 0 0

(v ru fti tvi (vi

r̂  in fti * m
- • ^ i >D O* —
h- 03 O> - . *

00 O

^ a-
rvi-c )̂ nir

0* 0* O CD CO

01 CD CD (T (C 00 CD

rtJPJ

l]> •£>

(VI ftl ftl t V M

ftliD

CO CD

in • * ftco m

CO CD CO COCO tSCDCOCOfOCOOcO

(vi (vi (vi fti fti (vi (viftirviftiruftjfttftiru

(^ f̂ ^ CD *Ĉ  ftl ̂ FJ CD
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^ ^ ̂  s Ĉ  (̂  (̂  ̂  ̂  ̂  ^(^^ffCT^O^C^C^ ffC^ O f f O ^ f f ^
i f f f f f l ' O ' O ' f f t M M M f f f l M M M M M M y a f f CCT Pff (Tff ff ff

niAjm mMnj 4\J(VJ,M(\J Aim (\jrvjni M M M runiAjnji\jniAi<vntm ( 1 Al AjAg (UAI Al Al AJ At At Al Al A1AJ AJAIAJAIAtAi Affl

~ ~ — Al — *i

« IP
f* o
43 Al

F0> O>

a m » o
o a m *

"I O Al
m * * « * "
At *n A; n A
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iP 4^ c7 co ̂ n ̂ ^ ^D fu ^^ r̂  ̂ ^ ̂ * ̂ r> f^ r̂  ^r c^ ^Q ̂ ^ ru ̂ t ^^ ̂ ^ ^^ ̂ ^ ̂ c ̂ ^ co ^^ cs ru c? ^^ ̂ ^ ^f ^^ cc ̂ ^ ^^ ̂ u ^^ ̂ ^ ^^ ̂ ^ f i ^ ^Q Q^ f^ ^^ ^o ^D ̂ ^ ^ ^ to c^ o^ ̂ w î ^ ^o
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W r U M A K W A l f M CM CM CM CM CM 1*J CM fMCM CMfJCM CM CVjfM CM <M (M CM CM CM CM CM (M (M CM CM CMtM (M (M (M n i f U M C - C U A l A l f U C U n i n i t U A I f U I U A i n i A l tM CS1CM

O M

<J «•» n <*»

— w

V
9
*

m
9

« **)

Rj Al Rj mm

6
,*

T
4

CM i
K •
m 4

^ IT 1-

t * •#

« n, —on

*> _n e x 9

> 0 00 0.

ll- 09 9- t

• • —

•» i«i
99

r «9

K
_:«
9«

rutr>

f t r u c ru<r K

ft|i« *M 9 "̂  9
i»m *M*> a>•*-
9 C4)**NN

•com: m -#9

*
*

5*
ma
K «

K s <c off a.
0 m ru on) 10
« « « * in in

^ 9 tf^ CD •# O K "> ̂
I \ I 4 C OIU *4 9 rC M

•

0
IT

sss_
* -•OtT
J1 Ifl rf> •

nl — CM9

S
K
#

ecir*}CKh«t-co

« m CM 0 9 co <#ni •> t- •
* * v * f l P i n n CM CMCM

9 O O O O * « M I M « « M « « ** !" • ru ru
> O OO OOO OOOOOO OO
«99999999999999
«««« ««««««««« ««
M\lNAi IMfUftj «« I*J«V CV AIM fU CM

ru cum
OOO O
9999

_ ooc* 00 000 ooc o 000000000000000000 00 <_ _ _

CU CM CM CM AJAlM MAI A) MA> ruAlN CU (UN M n in i tV tgn jMniA lMNAI CMAIAI NAIAI

169



« £ j \ * m « j t A k n o « o z > * x 4 i & Q O i * « x * n f j o * *
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p̂ ^̂  ̂ ^ ̂ Q ^̂  ̂ ^ QĈ f ^D ̂ D 4^ ^C ̂ D Ĉ ̂ & D̂ f ^ ^ j ^Q ̂ Q ^̂ ) ̂  p ^^ ̂ ^ ̂ Q ^Q ̂ Q ^Q ^Q J^ p̂ ̂ Q ^^ ^ J ̂

r -c9 -c t- <r
*oocOin*^in
ui ^ r- H ^ M

rucctrcc o m inm CMCDCTO

N ^ K OI\IO> -^ •* a; ^ M * !

ai rvj* ec fy cc o o m c c o H K o m
ftr>-» cunt * tc CMT O —tin* o ^*C
—< m •• in x c o(Vi^*4> o n ^ M S H

> mmm mmmmmmmminmm
ftjnilVMH AJAlAl ft* ft* AJAiniftl

mmmm mm uiin mtn inm mm mmm mmmmmmmtnmm minmminmtnmmm m
MftilMIVJIVirufUni f\l(U N N A I I U (V!CM (U 4\1(U A) (MM fVl CVIftl (MAI AJAJAIAinj VJAlAlAIAIAf

uiin
AIAlAi M

187



s

s
S

5

41 N Q 43 N O O CO M

AI M M ftj AI MAI AJM
4>o N N 4> mm 4) *
O 4 > * O O O o 4 > O
M » <X> f> \ | o (S 41 CM

O OAlOOCOOOC OOOS OO OO OOOOOOOOOO O<
CDCDCD«CCCD(TCDCDU«CD«4J<a3(DS<SCDa:<CDCDCLeDCDCDf

co -*4> *-nn M M N m o N 4 ) i r - * o o w o 4 * N m ( 0 4 ) O M u r
toooooooocc oooooopoo

i n win ^ m mo< i
4> Mtn mN 4> M N ro M o mco M O O O « o m 3> 4> <o N4> 4> AICQ CO O AI O N O o AI M Aim mo> co • • • • • < ©4* m
M A I £ AI M M A I M AI mm m AI mm -* mM m M M M r\j— M MA* - . MMm A» M M Aim m w m w M M AI A I M Mm m m

om i

N n M n x o ^ • N 4>niM4> - * » in J

^f~ m N M o ^ A
- - N m 4* 4> F "

• Aio * m •
-iNM<0NNinm**AIOMN*O^ _ . , . _ _ . _ _ -
4) m«^ m 4& M (u co »* m m ** o o o o M * GO 4) N N m 4* 4? N m •© 4* o 4̂  4) co m o 4) 4* m m o ̂  m

r> o«o a co o N N N t* 4>4> 4) 4) m m

nmrnnnrirtm

mo MM o * Mm mo MCO moN otn mmN MMMoaa^N*
~ MmmommoniMNN 4)4>mom. 4wr o « oiflmo«tM<]

•*49^n49«ftlMIT 4)O4'4l<0 Of»M O^ClO MM 4C I
OOO OOOOOO
mmAiAimmm mm
4) 4) 4) 41 4} 4} 4̂  4) 4)
NNNNNNNNN
mmmmmtv im mm

• oo o o M M M —

m^imni^vim AI mm Aimmm m m m AIAIMMAI m Aim W N N CVI mm m'mm '

AI mm m At m f
4* * 4t 4* 4* * <

<«9 IS

AI —4>

Aim M

mo M

m m AI

o^c7t—N o

O * Ai * 4! *

•» in i n — —

£«« £«
a o . O M V

» nun-

m mlu m

M *

41 O

o o

£2
m m

e o
AJ AI

mo
m 4*
m o
o o

ft.' At
4> 4)

C K

M m

4! 4*

m m

££

4- O >#

4> 41 4>

c w mo m

« 4 !

^ M

«u m

m M«

9
1

9

m A* ^ .

o m o

4-4)4)

CO O M

N CC«

4>4>4>

in •* N
I M M M

4: * -O

^*m o

O N O

coo
4> «4>

* * 4 -

m M N

m 4*4»

ooo
turn m
4> 4)4)

s

*
N

4)

* m mm m

4?4J 4) < *

m o

4> 4>

meo * 4*eo m o

O A) 4*M 4*OAJ

MMM MM AIM MAl m «* M

c i rMsmo9 ommm*
mo nir " S P K i n e ^ o

O O 0 CD (D 89OOQBI)

4t4>41414>4J434!4>4>4>4)

A ; N if*m M 4) co «eni*4O>

M -H ̂ *AI f y m m m m * * * mm 4> 4) 4> 43 r̂
AIA I Aim ru AIM AI Aim A I M AI At Aim AI ni L.U
*C 4 1 * f i 4 1 * ^ »^ fc^ ̂ ^ ̂ ^ ^ ) m^ *^ fc^ ̂ ^ f ^ l^ft t^\ -^ *^}

mAimmmAimmm mmm mm AI mmM M AI AI AI AI AI Aim AI M AI

m N N
MON

4> 4> * 4>

KW4-N

m«S
IUNAI

AI AIAI

o

CO
AI
4>

M

C O OCD O 1

m A; m — A;

itai

AI

3OC-CO OOO© ©CC OO © C ©
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\r* û  ̂ ^ ̂ ^ ̂ r tf\ ̂ n tf] m ô ^f* in ̂ n iS^ tf^ i^ ̂ o r̂* in i^ û  ̂ p tf^ i^ ̂ ^ ̂ n û  LT̂  ̂ p IJO ^* ̂ ^ in in ̂  ^̂  ^F ̂ ^ ̂ ^ ^̂K ̂ t ~& ̂ t ̂ t ^& ̂ t ^9 ^& ^& ̂ t ^& ^& ̂ & ^to ̂ & ̂ f ̂ ^ ̂ f ^& ~&
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APPENDIX

MFRGING AND CORRECTING COMPUTER PROGRAM

This program takes two line lists, makes the indi-
cated corrections to each list and merges the two lists.
Then the w:<venumber values arc compared with the
standard values for the internal standard lines, a correc-
tion formula is computed, and the corrections are made
for the final single output line list.

The two input line lists can be on cards or magnetic
tapes. The cards can come from an automatic comparator
run. The output from this program can also go onto cards
or magnetic lapc. The cards or tape can then be used as
future input to the program. Each line in a line list
contains the line wavenumber (WN), log relative intensity
(LOG!), shape code number (CODE), and count number
(N).

In a single computer run this program performs the
following steps:

(1) For one of the runs the WN and LOGI values
arc adjusted to agree (on the average) with the other run.

(2) Merging may be done when the WN difference
between two lines (AWN) < a given tolerance (DELTA).

(a) Merging is done when the CODE number differ-
ence between the two lines (ACODE) = 0, or when the
maximum CODE *S 2 if ACODE =£ 0. The WN and LOGI
values for the output line are the average of the values for
the two lines when N is the same for both lines. When N is
not the same for both lines it is used as weighting factor
for the calculation of WN and LOGI. The N number for
the output line is the sjm of the N values for the two
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lines up to nine (a program option allows N = 1 only if
desired). The CODE number for the output line is the
smaller CODE of the two lines when AWN < another
given tolerance (DELTB, usually < DELTA). When
DELTB < AWN < DELTA, the code number for the
output line is set to 8 except when both input lines have
CODE = 4. Then the CODE number for the output line is
set to 6.

(b) No merging is done when ACODE =# 0 and the
maximum CODE > 2. Then the output contains the WN,
LOGI, CODE, and N values of the line with the smallest
CODE number.

(3) When no matching line with AWN < DELTA
can be found for a given line, the output iine contains the
WN, LOGI, CODE, and N values for this line. (A program
option allows for this line to be dropped if CODE > 4,
aiid for the output CODE number to be set at 8 for the
lines kept.)

(4) For the merged lines with CODE ¥= 8 the RMS
AWN, average AWN, RMS ALOGI, and average ALOGI
values are printed as a check on the success of the
merging.

(5) Next, the WN values of the internal standard
lines wirhin this list are found and compared with the true
internal standard wavenumber values (interferometric
measurements of strong uranium lines with respect to
198Hg lines.1-4 The proper adjustment formula is found
and a WN correction is made to the final output iine list.

*U. S. Government Printing Office: H72-78 1-683/S Region 8
HK/Il:597/300


