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The spectrum of thorium as emitted by an electrodeless lamp has been recorded by Connes and
collaborators by means of Fourier Transform Spectroscopy in the region 0.9 to 3 um. Of the 3100 lines
observed, about 1900 are classified as transitions in the energy level system of Th1 and 412 in Th 1.
Since the average deviation between the observed and calculated wave numbers is less than 0.002 cm~!,
the observed wavelengths are suitable for use as standard wavelengths.
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1. Introduction

The spectra of Th1 and Th 11 have been measured in
the photographic range, 2000—12 000 A, by Zalubas.
Th1 is being analysed by Zalubas [1968]' and Thir by
Zalubas and Corliss [1974]. Many thorium lines have
also been interferometrically measured as suggested by
Meggers [1957] and a list of 1556 secondary standard
thorium wavelengths has been published by Giacchetti,
Stanley, and Zalubas [1970].

Both Th 1and Th 11 contain electron configurations of
each parity that lie below 8000 ¢cm~! with respect to
the ground level. For the precise determination of rela-
tive energy levels in such spectra it is useful to have
accurate observations of infrared wavelengths. Further-
more, when the calculated secondary standard wave-
lengths for Th1 were prepared by Giacchetti et al.
[1970], the number of high-accuracy Thi1 lines was
insufficient to obtain an extensive energy level array
of high precision. Although there are other infrared
observations of thorium lines, by Steers [1967] and by
Bernage, Houdart, and Niay [1971], those in the present
paper are more numerous and more accurate, since
better spectroscopic means were available.

2. Observations

At the present time the most precise measurements
of infrared wavelengths are carried out by means of
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the Fourier transformation of observations made with
a variable spacing interferometer of a Michelson type
as developed in recent years by Pierre and Janine
Connes and their colleagues. Connes et al. [1970] have
reported the observation of the spectrum from a
thorium iodide electrodeless lamp in the region 0.9
to 3 um. With the observation of 10¢ data points over
a mirror displacement of one meter they attained a
resolution of 0.02 ecm~!. The Fourier transformation
of the data was traced on a plotter as a chart 80 m
long. Portions of the spectrum are illustrated in the
paper by Connes et al. [1970]. Inspection of the tracing
in comparison with the computer printout of wave
numbers permitted separation of the faintest real lines
from the noise in the printout. An arbitrary logarithmic
intensity scale of 0 to 9 was adopted with the strong-
est line at 8902 cm~! set equal to 9 and the intensity
numbers were read from the charts. No intensity
standardization as a function of wavelength was
attempted. The ghost intensities are about 1/1000 of
the parent line but they are clearly asymmetrical and
cannot be confused with real lines. They arise from
periodic errors in the advance of the carriage of the
moving mirror.

The reference wavelength was provided by a He-Xe
laser line at 3.5 wm, sufficiently sharp to provide
useful fringes over the whole range of travel of the
moving carriage. The fringes provide control for the
stepwise advancement of the carriage as well as the
wavelength reference with respect to which the Th
wave numbers are calculated from the results of the
Fourier transformation.

The xenon reference wavelength is not accurately
known and no correction for the dispersion of air was
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made in the wave number calculations. In conse-
quence we plotted (fig. 1) a correction curve with
reference to internal standards of Th1 lines whose
wave numbers were calculated from the accurately
known energy level values of Th1 used by Giacchetti,
Stanley and Zalubas [1970] in their calculation of the
secondary-standard wavelengths below 1.2 wum. This
converted the relative scale of wave numbers in air
obtained from the Fourier transform calculation to
an absolute scale of wave numbers in vacuum that is
consistent with the secondary standards. The correc-
tion curve had the same amplitude and shape as a
correction curve for the dispersion of air.

3. Classification of Lines

Analysis of Th1 was begun by Schuurmans [1946]
at Amsterdam and has been greatly extended by
Zalubas [1968] at the National Bureau of Standards.
The analysis of Th 11 was begun by McNally, Harrison,
and Park [1942] at M.I.T. and independently by
de Bruin, Schuurmans and Klinkenberg [1943, 1944]
at Amsterdam and has been extended by Zalubas and
Corliss [1974] and others. These analyses provide
energy levels that classify most of the strong lines and
many of the weaker lines emitted by electrodeless
lamp discharges in thorium vapor.

To classify the Th1 lines we searched our list for
all possible transitions with Aj = = 1, 0. Many of
the levels were known to three decimal places from
Giacchetti, Stanley, and Zalubas [1970]; and most of
the remainder were determined to three places with

the aid of the present line list. Finally, 1907 lines
were classified as Th1 transitions by using all even
levels below 33 100 cm!, all odd levels below 28 000
cm~!, and a tolerance of #=0.005 cm~!. Levels above
the given values were not used in order to reduce
the number of mere chance coincidences of observed
wave numbers with calculated level differences. Less
than 5 percent of the lines classified as Th1 differed
from the calculated wave number by more than 0.003
cm~!. The average value of O—C for Th 1lines is 0.0016
cm~L

The levels of Zalubas and Corliss [1974] below
32 000 cm~! were used to classify the Th 11 lines. The
values of most of the levels were determined to three
decimal places with the observed interferometric wave
numbers. The lines were classified using a tolerance
of =0.005 ecm~!. This procedure permitted classifi-
cation of 412 lines of Th 11, also with an average value
of O—C of =0.0016 cm~!. There remain 792 lines un-
classified from the total of 3111 lines in the Fourier
transform spectrum list.

4. Results and Their Relevance to Standard
Wavelengths

The wavelengths in air, wave numbers in vacuum
and intensities of 3111 infrared thorium lines are
listed in table 1. For the classified lines the numerical
values of the lower and upper energy levels with their
J values are given, the decimal parts being omitted.

The average value of O—C given for Th 11 suggests
that calculated standards for Th 11 would exceed the

AC (00Icm™)

o (10%m™)
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Correction curve from relative wave numbers in air to

absolute wave numbers in vacuum.
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accuracy criterion of 0.01 ecm~! suggested by Little-
field [1961] to Commission 14 of the [.A.U. for class B
(secondary) standards. A report on this matter is now
in preparation by Zalubas. Furthermore, the wave-
lengths in the present list themselves satisfy the
criterion.
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TABLE 1.

Infrared spectral lines of thorium

Wave-

Wave-

In-

Wave-

Wave-

In-

length number ten- Spec- Classification length number ten- Spec- Classification
A cm™! sity trum A cm™! sity Ca

29662.822 3370.304 0 1 9804, —13175% 24007.982 4164.145 4 1 6362, —105263
29068.481 3439.214 1 11 10379,,, —138183,. 23964.262 4171.742 3 1I 16818312 —209895..
28574.421 3498.679 0 I 12847; —163465 23940.033 4175.964 0 1 24182; —28358,
28477.471 3510.590 0 23907.149 4181.708 1 I 17959, —22141%
26734.663 3739.442 0 1 7502; —-112413 23865.994 4188.919 0 1 228555 —27044,
26377.115 3790.131 2 1 104145 -14204, 23850.490 4191.642 2 1I 837832 — 1257032
25984.374 3847.417 1 1 18549, —223965 23781.839 4203.742 4 1 13297, -175012
25971.332 3849.349 0 I 142045 —180533 23745.817 4210.119 1 11 13250512 — 174603y,
25913.673 3857.914 0 1 231135 —-26971, 23742.146 4210.770 4 1I 616832 —10379 412
25790.101 3876.399 1 1 205227 —24399, 23712.604 4216.016 0 1 253365 —295524
25735.979 3884.551 1 g 13962, —17847; 23704.794 4217.405 1 1 221637 —26380,
25561.646 3911.044 1 1 171665, —21077% 23696.506 4218.880 1 1I 14349 ;. —18568°,
25401.710 3935.669 1 11 108553,; —147903,, 23672.844 4223.097 1 1 188097 —23032,
25269.196 3956.308 1 1 230155 —26971, 23671.785 4223.286 1 1 13175 —17398,
25181.424 3970.098 1 I 44903,. — 8460, 23663.487 4224.767 1 1 14206; —18431,
25111.575 3981.141 1 1 223997 —-26380, 23621.480 4232.280 2 11 41463, — 8378512
25080.636 3986.052 2 1 118777 —15863, 23608.338 4234.636 0 1 174115 -21645,
25049.573 3990.995 o I 131757 —171665 23597.934 4236.503 1 11 18118,.2 —22355°%:
25032.462 3993.723 0 I 256905 —29684, 23588.463 4238.204 1 1 18431, —226693
25000.730 3998.792 0 23551.636 4244.831 1 1 15970; —202143
24997.523 3999.305 1 1 13847, —17847; 23514.732 4251.493 5 1 112415 —15493,
24973.732 4003.115 1 1 267233 —30726, 23504.277 4253.384 0
24931.344 4009.921 1 1 15493, —195033 23484.229 4257.015 1
24926.551 4010.692 3 II 92385.: — 13248, 23477.705 4258.198 0 1 244215 -28679,
24902.355 4014.589 1 1 139455 -17959, 23477.236 4258.283 1 11 13468%,2 —17727 51
24887.997 4016.905 2 I 14101°,, —18118,.. 23458.743 4261.640 0 1I 201203,2 —24381 3.,
24810.069 4029.522 0 23437.525 4265.498 5 II 4113,0: — 83783
24789.343 4032.891 1 1 218905 —25923, 23403.546 4271.691 0 I 189305 —23201,
24684.317 4050.050 0 1 192278 -23277, 23381.575 4275.705 0
24516.271 | 4077.811 | 1 I 231135 —27191, 23372.954 | 4277.282 | 0 | Il 209695, — 25246,
24486.763 4082.725 0 1 242593 -—-28342, 23330.692 4285.030 2 I 266457 —309304
24470.262 4085.478 0 1 234817 —27566, 23316.550 4287.629 1 II 1772751, — 220143,
24439.138 4090.681 1 23314.380 4288.028 1 1 225085 —26796,4
24428.586 4092.448 1 1 22163; —26255, 23297.038 4291.220 0 I 24850y —29141;
24420.077 4093.874 1 1 22877 —26971, 23270.076 4296.192 2 1 111975 —15493,
24352.698 4105.201 0 I 10379,.. — 144843, 23222.202 4305.049 1 II 20158,12 —244633,,
24345.717 4106.378 0 1I 9711,,, —138183.. 23217.661 4305.891 1 1 18549, -—228553
24329.294 4109.150 0 1 255755 —29684, 23175.469 4313.730 3 1 16554, —20867%
24301.853 4113.790 1 1 13297, -174113 23153.597 4317.805 4 1 157367 —20054,
24291.248 4115.586 & II 44903,. — 8605,.2 23127.608 4322.657 1 I 13088; —174115
24262.390 4120.481 1 I 18549, —226695 23121.211 4323.853 0 1 25690; —30014,
24216.068 4128.363 0 1 21575, —25703: 23085.081 4330.620 0 1 142437 -18574,
24214.789 4128.581 1 23075.703 4332.380 2 II 124.853,2 — 168185,
24185.996 4133.496 0 23007.044 4345.309 1 I 27948 —32293,
24172.879 4135.739 2 1 13088; —172243 23003.968 4345.890 2 11 124723, — 16818,
24171.733 4135.935 0 1 11601, -15736% 22978.346 4350.736 0 I 172245 -21575,
24138.665 4141.601 0 1 244213 —28562, 22964.759 4353.310 1 1 219023 -26255,
24136.264 4142.013 & 1 205227 —24664, 22959.448 4354.317 0
24120.715 4144.683 1 I 175015 —21645, 22937.124 4358.555 2 II 6213, — 105723,
24060.000 4155.142 1 I 670032 —108553,2 22916.350 4362.506 0
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TABLE 1. Infrared spectral lines of thorium— Continued
- Wave- In- Wave- Wave- In-
lvtal:gv:il number ten- Spec- Classification length number ten Spec- Classification
A cm ! sity trum A cm! sity i

22911.403 4363.448 0 11 249823,, —29345,,, 22103.641 4522.907 4 I 16554, —210773
22900.906 4365.448 2 I 218905 —26255, 22098.511 4523.957 0 11 15786, —203103,,
22900.565 4365.513 0 I 151665 —19532, 22082.481 45217.241 1 I 253215 —29849,
22875.089 4370.375 0 I 172243 -21594, 22073.514 4529.080 1 I 195035 —24032,
22864.133 4372.469 2 I 251805 —29552 22029.034 4538.225 0 I 21575, —26113;
22860.040 4373.252 0 I 245615 —28934, 21990.719 4546.132 2 I 151665 —19713,
22855.180 4374.182 2 I 186147 22988, 21987.769 4546.742 0 1 19713; —24259;
22851.632 4374.861 3 I 8800, —13175% I 268827 -31429,
22843.962 4376.330 1 I 12847, 172243 21986.275 4547.051 0 I 21143, —256903
22834.596 4378.125 2 I 3865, — 82433 21978.488 4548.662 1
22829.522 4379.098 2 I 17959, —223385 21973.106 4549.776 2
22806.940 4383.434 0 I 215395 —25923, 21959.399 4552.616 1 I 15970, —20522;
22785.721 4387.516 1 I 14226, —186145 21952.080 4554.134 1 I 178475 22401,
22785.383 4387.581 1 11 108553, — 152425, 21944.958 4555.612 4 I 3687, — 82433
22760.862 4392.308 0 I 205225 —24915,4 21925.759 4559.601 2 I 15863, —204237
22750.249 4394.357 1 I 18699, —230933 21907.002 4563.505 1 11 1067352 — 15236,
22733.218 4397.649 0 11 27526 41 — 319245, 21906.445 4563.621 1 I1 9711 312 — 142755
22723.153 4399.597 0 I 140323 —18431, 21883.548 4568.396 0 I 180695 —22637,
22710.196 4402.107 3 I 9804; —14206 21871.813 4570.847 1 11 44903,, — 90615,
22646.195 4414.548 3 I 11802, -162173 21862.515 4572.791 1 I 236555 —28227,
22641.743 4415.416 0 21852.069 4574.977 2 11 7001, —11576%.,
22631.728 4417.370 0 11 9400,,, — 138183, 21830.625 4579.471 1
22616.700 4420.305 1 I 13962, 183827 21809.793 4583.845 0 I 180535 —22637,
22614.383 4420.758 4 I 6362, -107833 21765.236 4593.229 0
22582.257 4427.047 1 11 15453 5., — 198804, 21756.165 4595.144 1 I 17073, —216687
22571.571 4429.143 1 11 198804, — 243095, 21749.619 4596.527 1 I 15970, —20566%
22544.420 4434.477 1 I 253215 —29756, 21747.329 4597.011 1 I 175015 —22098,
22537.763 4435.787 3 I 156183 —20054, 21743.999 4597.715 5 11 10855 312 — 15453 3,12
22518.913 4439.500 0 I 17959, -223993 21743.999 4597.715 5 I 7280, —118777
22513.933 4440.482 1 I 247013 -29141, 21712.571 4604.370 4 I 82435 12847,
22506.128 4442.022 4 1T 8460,,, —129027,, 21706.674 4605.621 1 I 14204, —18809%
22496.819 4443.860 2 I 195887 —24032, 21706.264 4605.708 1 I 237525 —28358,
22467.732 4449.613 1 11 151447%,, —19594 ,. 21683.632 4610.515 0 I 21143, —25753%
22446.273 4453.867 0 I 21594, —260483 21676.298 4612.075 0 I 7502, —121143
22445.678 4453.985 2 11 8018,,, — 124723, 21662.376 4615.039 0 11 226425, —27257 31,
22439.688 4455.174 0 I 15493, —199485 21655.755 4616.450 2 I 11601, -16217;3
22437.386 4455.631 1 I 142437 -18699, 21637.288 4620.390 2
22412.467 4460.585 0 21628.998 4622.161 4 I 112415 —15863,
22371.781 4467.499 1 I 18809 —23277, 21605.654 4627.155 1 I 243075 —28934,
22369.419 4469.169 1 21599.082 4628.563 1 I 22637, —272663
22350.905 4472.871 0 I 23093; —27566, 21580.898 4632.463 0 I 223385 —26971,
22344.755 4474.102 2 I 118777 -16351, 21558.955 4637.178 2 11 152423, —19880,,.
22343.861 4474.281 3 II 13248,., — 177225, 21556.115 4637.789 0 I 212525 —25890,
22323.993 4478.263 0 I 21902 —26380, 21527.563 4643.940 0 I 228773 —27521,
22318.327 4479.400 1 I 19273, -237523 21519.111 4645.764 0 I 239165 —28562,
22283.623 4486.376 0 I 139455 —18431, 21472.877 4655.767 1 I 253555 —30011,
22264.353 4490.259 6 II 0,1/, — 44903, 21442.806 4662.296 1 I 18431; —230933
22215.926 4500.047 1 I 18549, —230497 21424.751 4666.225 0 I 228555 —27521,
22135.320 4516.434 0 21418.725 4667.538 0 I 140323 -18699,
22115.259 4520.531 0 I 237525 —28273, 21415.242 4668.297 2 I 19713; —243813

530-326 OL - 74 - 11
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TABLE 1.

Infrared spectral lines of thorium— Continued

Wave- Wave- In- Spec- Wave- Wave- In- Spec-
length number ten- | SPeC Classification length number ten- |-P€C Classification
A cm™! sity B A cm™! sity tus
21408.148 4669.844 0 20863.115 4791.840 0 I 234817 —28273,
21406.777 4670.143 1 I 19532, —24202% 20862.579 4791.963 2 I 22399 —271914
21387.561 4674.339 1 II 247575, —294315,. 20833.885 4798.563 1 I 25753; —30552,
21375.118 4677.060 3 I 9804, —144813 20792.737 4808.059 L 1 144653 —19273,
21358.737 4680.647 1 20735.100 4821.424 0 I 18699, —235215
21353.185 4681.864 5 I 18431; —23113% 20730.370 4822.524 0
21329.914 4686.972 1 1I 61683,: — 108553, 20717.817 4825.446 0 I 20054, —24880%
21328.149 4687.360 0 I 23655 —28342; 20716.744 4825.696 2 I 22669; —27495,
21319.166 4689.335 1 1 22877 —27566, 20715.963 4825.878 0 I 253065 —30132,
21280.628 4697.827 1 20702.372 4829.046 0 1 15493, —203223
21264.265 4701.442 0 II 14349 ., — 190505, 20692.063 4831.452 6 I 185912 — 66913,
21262.841 4701.757 1 II 12570302 — 172725, 20682.889 4833.595 4 I 9711302 — 145455,2
21260.824 4702.203 0 I 24850 —295524 20681.631 4833.889 0 1 248505 —29684,
21256.077 4703.253 0 1 236555 —28358; 20680.125 4834.241 4 I 7280, —121143
21250.077 4704.581 0 I 253065 —30011, 20674.386 4835.583 1
21247.182 4705.222 0 I 223385 —27044, 20661.764 4838.537 1 I 205665 —25405,
21239.694 4706.881 1 I 235213 -—28227, 20651.478 4840.947 0 1 215395 —26380;
21205.593 4714.450 0 20649.114 4841.501 1 II 22685512 —27526 412
21203.367 4714.945 0 I 20054, —247693 20634.364 4844.962 6 1 82437 —13088;
21199.298 4715.850 0 20618.818 4848.615 0 1 19713; —245613
21198.664 4715.991 0 1 21539 -—26255, 20610.588 4850.551 1 I 17398, —222483
21173.002 4721.707 1 I 15493, —202143 20609.747 4850.749 1 II 179835y: —228343.2
21162.697 4724.006 5 1I 7001,,, —11725°%, 20605.987 4851.634 2 1 226695 —27521,
21148.510 4727.175 3 1 23306 —28034, 20584.349 4856.734 0 I 245615 —29418,
21143.170 4728.369 4 1 112415 —-15970,4 20575.702 4858.775 0
21132.654 4730.722 2 1 190395 —23769, 20575.042 4858.931 0 I 212523 —-26111,
21123.018 4732.880 0 11 13250,.2 — 179833, 20562.003 4862.012 0 1 167837 —21645,
21121.474 4733.226 1 II 1057232 — 15305412 20561.348 4862.167 2 I 21645, —265083
21117.677 4734.077 0 1 21143, -—25877% 20554.521 4863.782 3 II 103792 —152425,,
21108.367 4736.165 1 1 17166, —21902% 20550.363 4864.766 1
21095.446 4739.066 0 I 15493, -20232% 20541.715 4866.814 1 I 242747 —-29141;
1 21645, —263843 20528.830 4869.857 4 II 837852 — 1324812
21046.638 4750.056 0 11 23187¢us —27937 51 20521.311 4871.653 2 I 837832 — 13250512
21019.525 4756.183 2 1 13297, -18053; 20513.976 4873.395 0 I 15863, —20737;
21014.864 4757.238 2 11 9061,., — 138185, 20489.032 4879.328 1 I 6362, —112413
21011.808 4757.930 2 I 211655 —25923, 20478.858 4881.752 1 1l 242595 —29141;
21009.229 4758.514 1 I 13088, —17847; 20468.653 4884.186 1 II 8018,.. —12902%..
20981.790 4764.737 0 1 17398, —22163; 20468.318 4884.266 0
20973.743 4766.565 1l 1 13847, -—186143 20453.217 4887.872 0 I 151665 —20054.,
20965.562 4768.425 1 I 21594, —26363; 20450.627 4888.491 1 11 7331512 — 122194
20951.480 4771.630 1 I 13297, -—180693 20450.008 4888.639 1 I 19532, —244213
20941.487 4773.907 0 20443.773 4890.130 2 II 12570502 — 174603,
20936.496 4775.045 1 20430.283 4893.359 0 II 18118,1. —230125,.
20935.448 4775.284 0 20428.437 4893.801 1 I 21902 —26796,
20934.926 4775.403 0 11 1530512 — 200803 20421.761 4895.401 3 I 17959, —228553
20920.513 4778.693 1 1 263637 —31141, 20419.379 4895.972 0 I 195035 —24399,
20895.196 4784.483 0 20395.738 4901.647 & II 12219, —171215:
20893.881 4784.784 0 1 131755 —17959, 20392.064 4902.530 0 I 26363; —312654
20879.577 4788.062 1 I 21575, —263633 20391.719 4902.613 0 I 221413 —270444
20869.452 4790.385 4 | | 178475 —22637, 20389.710 4903.096 4 II 621342 —111163.»
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TABLE 1. Infrared spectral lines of thorium— Continued

Wave- Wave- In- Spec- Wave- Wave- In- Spec-
length number ten- | P Classification length number ten- | SPeC Classification
R cm™! sity tum A cm! sity i
20381.309 4905.117 3 1 21143; —26048; 19768.543 5057.161 0
20377.894 4905.939 1 1 218905 —26796, 19765.178 5058.022 3 I 217383 —267964
20374.476 4906.762 1 1 18574, —23481% 19764.361 5058.231 0 I 15863, —209223
20358.092 4910.711 0 1I 44905,, — 9400, 19762.115 5058.806 0 1 225083 —27566,
20321.907 4919.455 0 1 180693 —22988, 19758.662 5059.690 1
20317.777 4920.455 4 231135 —28034, 19757.006 5060.114 0 1 189305 —23990,
20292.710 4926.533 0 19741.428 5064.107 5 1 8111, -13175%
20264.464 4933.400 0 19736.666 5065.329 0 I 247693 —29835;
20263.141 4933.722 0 1 26995; —31929, 19733.467 5066.150 1 I 26363; —31429,
20234.945 4940.597 0 1 17398, —22338;3 19721.637 5069.189 0 I 219025 -26971,
20205.662 4947.757 0 1 25703; —30651, 19719.303 5069.789 1 11 254143, —30484;,.
20191.383 4951.256 3 1 19039; —23990, 19717.004 5070.380 0
20183.242 4953.253 0 1 270877 —32041, 19705.256 5073.403 0 I 15493, —205663
20165.057 4957.720 & 19703.648 5073.817 1 II 7828 12 —129025,,
20158.039 4959.446 2 1 121147 —17073, 19703.283 5073.911 1 1I 10379 402 —154533,2
20139.866 4963.921 1 1I 13250,,; — 182143, 19701.761 5074.303 0 1I 15236,1s —203105,a
1 180693 —23032, 19696.195 5075.737 1 1 236033 —28679,
20128.687 4966.678 &3 1 105265 —15493, 19692.738 5076.628 1 1 13962, -19039;
20122.241 4968.269 0 I 20922; —25890, 19692.319 5076.736 0
20118.722 4969.138 1 19683.409 5079.034 5 1I 9711302 — 1479052
20108.593 4971.641 2 | 18549, —235213 19683.215 5079.084 4 1 104145 -15493,
20082.971 4977.984 1 19676.823 5080.734 1 | 107835 —15863,
20077.401 4979.365 2 1 18053; —23032, 19674.535 5081.325 3 | 218903 —26971,
20061.498 4983.312 0 19669.905 5082.521 2 1 13847, -18930%
20047.945 4986.681 2, 1 24769; —29756, 19668.461 5082.894 4 | 203225 —25405,
20026.106 4992.119 2 19645.360 5088.871 1
19998.121 4999.105 1 1 12847, —17847; 19644.523 5089.088 4 I 147905,. — 1988012
19984.221 5002.582 0 11 2677032 —31773 412 19643.457 5089.364 1 1 18431, -235213
19935.599 5014.783 0 1 27948; —32963; 19639.120 5090.488 1 1 211655 —26255,
19922.803 5018.004 1 239167 —28934, 19626.624 5093.729 0
'19919.437 5018.852 0 I 230155 —28034, 19626.212 5093.836 1
19908.520 5021.604 0 I 180115 —23032, 19622.548 5094.787 0 I 22248; —-27343,
19902.706 5023.071 4 1 14204, —-19227¢ 19617.154 5096.188 2 I 223993 —27495,
19890.383 5026.183 2 19595.083 5101.928 55 I 189305 —24032,
19885.078 5027.524 0 19593.390 5102.369 0 1I 1988012 —249825,2
19882.301 5028.226 2 1 22163; -—27191; 19586.250 5104.229 0 I 225085 —27612,4
19862.586 5033.217 0 I 249813 -30014, 19571.602 5108.049 2 1 19273, -243813
19857.666 5034.464 2 1 19273, —243073 19561.688 5110.638 2 1 243073 —29418,
19852.906 5035.671 2 I 23306; —28342; 19540.414 5116.202 1 1I 101895,: —15305,412
19850.778 5036.211 1 1 253365 —30372 19535.499 5117.489 0 1I 22139512 —27257 312
19848.224 5036.859 0 I 268783 —31995,
19847.455 5037.054 0 1 24381; —29418, 19528.833 5119.236 0
19844.520 5037.799 0 1I 254143, — 30452412 19519.076 5121.795 0 I 276743 —327964
19840.952 5038.705 1 19505.411 5125.383 0 1 228555 —279804
19829.520 5041.610 1 I 235215 —28562, 19503.105 5125.989 1 II 236973.2 —28823,.2
19797.857 5049.673 0 I 234817 -28531, 19476.782 5132.917 1 I 180695 —23201,
19786.004 5052.698 5] I 7795 —12847, 19474.463 5133.528 2
19784.595 5053.058 1 1 18699, —23752;7 19473.652 5133.742 1
19774.295 5055.690 6 11 41464., — 92025, 19449.859 5140.022 0
19770.799 5056.584 1 1 24084 —29141; 19444.483 5141.443 1 I 178473 —22988,
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TABLE 1.

Infrared spectral lines of thorium— Continued

Wave-

Wave-

In-

Wave-

Wave-

In-

length number ten- Spee- Classification length number ten- Spec- Classification
A cm™! sity (D A cm™! sity Lo
19432.597 5144.588 3 I 9400,,,, —145453,, 19082.536 5238.963 3 I 1248832 — 17727512
19430.829 5145.056 2 I 8800, —139453 19080.012 5239.656 1 1 241827 —29422,
19420.664 5147.749 1l I 195165 —24664, 19078.887 5239.965 1 I 25690 —309305
19418.336 5148.366 1 I 180537 —23201,4 19076.390 5240.651 0 I 12219,12 — 1746032
19402.768 5152.497 2 I 1257031, — 177225, 19074.406 5241.196 3 I 14032 -19273,
19400.479 5153.105 3 I 207377 —25890, 19073.289 5241.503 2 1 21143, -—263843
19396.794 5154.084 2 I 218905 —27044, 19050.366 5247.810 0 I 14465; —-19713,
19391.319 5155.539 1 I 186147 —23769, 19042.039 5250.105 0
19388.002 5156.421 1 1 228773 —28034, 19035.208 5251.989 0 I 20054, —253063
19353.457 | 5165.625 | 0 | II 200803 — 252461 19033.646 | 5252.420 | 1 I 248803 30132,
19345.173 5167.837 0 I 22098, —272663 19018.615 5256.571 2 I 13175 —18431,
19342.209 5168.629 2 I 19532, -24701% 18984.562 5266.000 0 I 180115 —23277,
19338.976 5169.493 7 II 1521502 — 66915., 18964.790 5271.490 1 I 17398, —226693
19336.983 5170.026 0 1 223965 —27566, 18961.873 5272.301 1 I 2560732 — 30879312
19321.626 5174.135 0 1 263637 —31537, 18958.367 5273.276 1 I 223385 —27612;
19320.977 5174.309 1 18957.939 5273.395 0 I 245615 —29835;
19317.885 5175.137 3 I 17073, -—222483 18942.594 5277.667 0 I 266515 —31929;
19307.868 5177.822 - 11 10855312 — 160333, 18942.109 5277.802 1 I 242743 —295524
19291.493 5182.217 1 1 237527 —28934, 18938.047 5278.934 1 1 23603; —28882,
19290.328 | 5182.530 | 0 I 223383 —27521, 18931.513 | 5280.756 | 1
19273.916 5186.943 2 1 107833 —15970, 18925.238 5282.507 0 I 15970, -212523
19268.474 5188.408 0 18919.776 5284.032 2 I 121145 -17398;
19264.749 5189.411 1 1 209227 -26111, 18911.609 5286.314 0
19261.710 5190.230 0 I 202143 —25405, 18907.334 5287.509 2 1 245613 —29849,
19261.001 5190.421 0 I 23655; —28845, 18905.486 5288.026 1
19257.450 5191.378 0 I 13847, -19039; 18904.263 5288.368 0 I 19273, -245613
19256.382 5191.666 1 1 18549, -23741% 18893.288 5291.440 0 I 272605 —32551,
19244.968 5194.745 0 I 245613 —29756, 18892.767 5291.586 0
19244.035 | 5194.997 | 1 I 15970, —211653 18886.685 | 5293.200 | 6 I 77955 —13088,
19241.246 | 5195.750 | 0 I 21594, —267905 18885.747 | 5293.553 | 0
19240.420 5195.973 0 I 11877 -17073, 18885.154 5293.719 1 I 248387 -30132,
19204.660 5205.648 1 1 12847, —180533 18884.038 5294.032 0
19190.670 5209.443 2 I 270845 —32293, 18880.700 5294.968 0 II 226423, —27937 51
19188.567 5210.014 0 18872.185 5297.357 1
19188.114 5210.137 0 18865.586 5299.210 3 I 163465 —21645,
19179.419 5212.499 3 II 860512 — 138185, 18858.490 5301.204 1 I 15863, -211653
19178.389 | 5212.779 | 2 I 230157 —28227, 18856.508 | 5301.761 | 0
19165.340 | 5216.328 | 1 | I 129023, — 18118, 18850.731 | 5303.386 | 2 I 210773 —26380,
19162.549 | 5217.088 | 1 I 260485 —31265, 18840.854 | 5306.166 | 0 I 217383 —27044,
19158.359 | 5218.229 | 0 18824.439 | 5310.793 | 0 I 226693 - 27980,
19151.815 5220.012 4 1 5563, —107833 18811.879 5314.339 7 I 167835 -22098,
19147.846 5221.094 3 I 12847, -18069; 18802.414 5317.014 3 1 16351, -216685
19145.601 5221.706 7 I 449052 — 971150 18799.282 5317.900 0 I 222485 —27566,
19143.281 5222.339 1 I 18809 —24032, 18788.340 5320.997 0 I 18431; -237523
19138.077 5223.759 1 I 18053 —23277, 18781.224 5323.013 1 1 17073, -223965
I 230497 -—28273, 18772.446 5325.502 3 I 142065 -19532,
19113.116 5230.581 2 1 253213 -30552, 18763.740 5327.973 0 I 139455 -19273,
19108.517 5231.840 0 18737.838 5335.338 0 I 244213 -29756,
19091.898 5236.394 0 I 236095 —28845, 18730.785 5337.347 2 I 105265 —15863,
19088.610 5237.296 3 I 19532, —247693 18689.399 5349.166 0 I 16554¢ —21903%
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TABLE 1. Infrared spectral lines of thorium — Continued
Wave- Wave- In- Spec- Wave- Wave- In- Spec-
length number ten- | OP€C Classification length number ten. | >P€C Classification
A cm™! sity teuny A cm™! sity UV

18685.648 5350.240 0 1 266457 —31995, 18228.371 5484.456 4 I 9061512 — 145453,
18685.274 5350.347 1 I 228773 —28227, 18225.855 5485.213 1 1 18431; —23916%
18682.627 5351.105 0 18221.955 5486.387 1 I 236557 —291414
18664.162 5356.399 2 1 205663 —25923, 18209.323 5490.193 0 I 270613 —32551;
18663.748 5356.518 0 18192.490 5495.273 0
18657.231 5358.389 2 I 221637 —27521, 18174.187 5500.807 0
18651.748 5359.964 0 1 190397 —24399, 18173.926 5500.886 1 1 260365 —31537;
18625.408 | 5367.544 | 0 I 26645 —32012, 18170.303 | 5501.983 | 1 I 21143, —266453
18624.701 | 5367.748 | 0 | 1 147903,,, — 20158, 18169.715 | 5502.161 | 1 I 77953 13297,
18595.874 | 5376.069 | 3 I 186143 —23990, 18166.638 | 5503.093 | 1 1 228557 —28358,
18568.136 5384.100 1 18161.579 5504.626 2 1 215397 —27044,
18557.981 5387.046 3 1 183825 -23769, 18156.664 5506.116 0 I 142065 —19713,
18557.117 5387.297 1 18141.007 5510.868 0
18547.718 5390.027 3 1I 940051, — 147905, 18135.791 5512.453 1 I 13297, —18809%
18546.830 5390.285 1 | 253365 —30726, 18125.969 5515.440 5 1 6362, —118777
18531.218 5394.826 1 18119.136 5517.520 1
18520.188 5398.039 0 I 195165 —24915, 18112.220 5519.627 1
18509.757 5401.081 1 I 234817 —28882, 18111.639 5519.804 0
18490.644 5406.664 4 1 8800, -—142063 18103.118 5522.402 2 1 248505 —303724
18469.362 5412.894 1 1I 1257032 —179833,, 18087.083 5527.298 2 1 243073 —29835;
18468.454 5413.160 3 1 172243 --22637, 18082.856 5528.590 4 II 6691712 —12219,,.
18452.242 5417.916 0 1 228555 —28273, 18075.163 5530.943 1 I 971131 — 152425,
18440.493 5421.368 4 1 11802, -172243 18072.340 5531.807 4 I 175013 -23032,
18427.858 5425.085 0 I 276745 —33099, 18070.540 5532.358 1 1 23609; —29141;,
18402.093 5432.681 0 18060.792 5535.344 1
18396.840 5434.232 0 1 17073, -225083 18049.109 5538.927 0
18381.291 5438.829 3 11 41463,. — 95855.2 18034.646 5543.369 0
18380.568 5439.043 0 18029.644 5544.907 2
18353.121 5447.177 0 18025.092 5546.307 2
18348.035 5448.687 1 1 19532, —249813 18023.692 5546.738 1 I 251807 —30726,
18339.435 5451.242 0 Il 25306; —30758, 18007.579 5551.701 2 I 11802, —17354%
18335.284 5452.476 2 1 4961, -104145 18000.660 5553.835 1 I 242023 -29756,
18334.595 5452.681 0 I 245615 -30014, 17993.769 5555.962 3 1 104145 —15970,
18331.495 5453.603 1 I 218903 —27343; 17991.742 5556.588 0 I 266457 —32202,
18331.136 5453.710 0 I 243813 —29835; 17987.035 5558.042 1 1 226693 —28227,
18320.410 5456.903 0 Il 17398; —228553 17976.979 5561.151 4 I 17959, -23521%
18301.976 5462.399 1 I 269955 —32458, 17969.554 5563.449 0 1 249815 -30544,
18293.755 5464.854 1 11 21297312 —26762,1 17964.920 5564.884 6 1 4961, —105263
18293.550 5464.915 1 I 228773 —28342; 17962.477 5565.641 0 I 19273, -—-248387
18286.901 5466.902 1 I 204237 -25890, 17960.037 5566.397 0 1 26363; —31929,
18281.471 5468.526 1 I 241827 -29650, 17955.860 5567.692 2 I 205435 -26111,
18280.488 5468.820 0 1 189303 —24399; 17945.777 5570.820 3
18278.904 5469.294 0 17938.774 5572.995 0
18274.319 5470.666 0 I 221413 -27612, 17936.434 5573.722 7 II 4146312 — 9720302
18271.367 5471.550 5 1I 185912 — 73315.2 17900.307 5584.971 4 1I 9720312 —15305 412
18269.704 5472.048 3 1I 411351, — 9585512 17893.451 5587.111 0 1 139455 —19532,
18247.402 5478.736 0 17890.207 5588.124 0
18239.409 5481.137 5 1I 6244 1, —11725°%,. 17887.982 5588.819 3 I 205223 -26111,
18236.594 5481.983 1 17886.677 5589.227 2 1 18809; —24399,
18233.507 5482.911 0 17886.181 5589.382 0 1 24259; —29849,
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TABLE 1.

Infrared spectral lines of thorium— Continued

Wave- Wave- In- Spec- Wave- Wave- In- Spec-
length number ten- | PS¢ Classification length number ten- | PCC Classification
A cm™?! sity trum A cm™! sity trum

17883.051 5590.360 2 1 14226, —19817% 17620.591 5673.629 0
17877.768 5592.012 0 17614.900 5675.462 1 I 202143 —25890,
17873.738 5593.273 2 1 244213 -30014, 17614.015 5675.747 1 I 228555 —28531,
17873.620 5593.310 1 1 219027 —27495, 17597.889 5680.948 1 1 140323 —19713,4
17872.284 5593.728 1 I 19713; —253065 17595.542 5681.706 1 I 18699, —243813
17854.649 5599.253 2 1 24084 —29684, 17584.517 5685.268 7 I 98045 —154903
17849.848 5600.759 1 1 203227 —25923, 17578.779 5687.124 1
17838.977 5604.172 1 1 82435 —13847, 17575.945 5688.041 1 I 204237 —26111,
17837.933 5604.500 1 I 14275%,, — 19880,y 17573.115 5688.957 3 I 205665 —26255,
17834.907 | 5605.451 | 1 I 218905 —27495, 17568.106 | 5690.579 | 0
17830.167 5606.941 5 I 411351 — 97205,. 17553.728 5695.240 1 I 17959, —236553
17827.385 5607.816 1 1 18574, —241823 17552.671 5695.583 4 I 17398; —230933
17826.416 5608.121 0 1 18699, —243073 17551.531 5695.953 1 I 255755 —31271;
17825.875 5608.291 5 1 11802, -174113 17549.205 5696.708 0 I 260965 —31793,
17823.987 5608.885 1 1 19713; —253215 17547.178 5697.366 0 1 272663 —32963;
17795.604 5617.831 3] II 12219,,, —17837°%, 17535.679 5701.102 1
17788.214 5620.165 2 1 21645, —272663 17535.396 5701.194 0 I 2373052 —294313,.
17783.170 5621.759 4 1 174113 —23032, 17534.504 5701.484 5 II 111165, — 168185,
17778.391 5623.270 1 I 11601, —172243 17528.629 5703.395 0
17763.368 5628.026 0 1 26384 —32012, 17521.738 5705.638 2 I 248387 —30544,
17757.108 5630.010 2 I 243815 —30011,4 17516.448 5707.361 0 1 228555 —28562,
17753.195 5631.251 0 17508.350 5710.001 2 1 219025 -27612,
17752.753 5631.391 1 1 218905 -—27521, 17507.525 5710.270 0 II 2524642 — 309563,
17744.898 5633.884 5 I 173547 —22988, 17503.828 5711.476 1 I 171665 —228773
17742.618 5634.608 0 I 22399; —28034, 17492.573 5715.151 2 1 17398; —23113%
17721115 | 5641445 | 4 | II 8460, —14101°, 17492.364 | 5715.219 | 0
17720.358 | 5641.686 | 2 I 22338 —27980, 17490.072 | 5715.968 | 0
17717.673 | 5642.541 | 0 | 19713, —25355 17481.041 | 5718.921 | 7 I 82433 —13962,
17705.162 | 5646.528 | 3 | II 124723, —18118,,, 17473.699 | 5721.324 | 2 I 13088, — 188095
17703.673 | 5647.003 | 3 I 21143, —267905 17468.689 | 5722.965 | 1
17699.808 5648.236 0 I 2369752 —29345,., 17462.260 5725.072 3 I 13248, — 189735,
17696.443 5649.310 2 17461.866 5725.201 0
17689.714 5651.459 0 17456.286 5727.031 0 II 198802 — 256075,
17688.744 5651.769 2 1 21539 —27191; 17455.753 5727.206 0 11 247575, — 304845,
17683.810 5653.346 3 I 15490; —21143, 17447.564 5729.894 3 II 9061,.. — 147903,
17683.237 5653.529 0 1 228777 -—-28531, 17441.114 5732.013 (0] 1 231137 —28845,
17677.815 5655.263 0 17437.704 5733.134 1 I 18574, —24307;
17677.481 5655.370 3 I 13847, —195033 17413.587 5741.074 2 I 9711302 — 154533,
17670.229 5657.691 1 1 24850; —30508, 17405.417 5743.769 o II 9400,y2 — 151443,
17669.614 5657.888 o 1 253065 —30964, 17404.332 5744.127 4 I 142045 —199483
17663.853 5659.733 0 1 258777 —31537; 17401.230 5745.151 1 1 26048; —31793,
17658.896 5661.322 0 I 261137 —317744 17388.612 5749.320 0 1 258777 —316265
17649.490 5664.339 2 I 248807 —30544, 17385.370 5750.392 4 I 251807 —30930
17645.848 5665.508 0 17381.909 5751.537 7 1 163463 —22098,
17634.332 5669.208 4 I 13847, —195163 17380.610 5751.967 5 1 6362, -—121143
17633.725 5669.403 0 I 237525 —29422, 17375.665 5753.604 1 I 11601, —173543
17629.891 5670.636 0 17372.868 5754.530 1 I 20054, -—258095
17627.118 5671.528 0 I 21645, —273173 17346.089 5763.414 1 1I 12219, — 179835,
17626.046 5671.873 3 1 15493, —211653 17334.404 5767.299 1 I 239165 —29684,
17623.094 5672.823 6 I 75023 —131753 17333.121 5767.726 1 1 139455 —19713;
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TABLE 1. Infrared spectral lines of thorium— Continued
Wave- Wave- In- Spec L Wave- Wave- In- Spec- o
length number ten- | Classification length number ten- |\ Classification
A cm™! sity A cm™! sity

17323.648 5770.880 0 1 18431; —24202% 17103.520 5845.153 1 1 16554 —22399;
17323.507 5770.927 0 17088.335 5850.347 2 1 22508; —28358;
17311.753 5774..845 1 I 247693 —30544, 17085.097 5851.456 0 1 247013 —30552,
17307.662 5776.210 7 1 175013 -—23277, 17083.605 5851.967 0
17304.463 5777.278 0 17078.798 5853.614 3 | § 16783; —22637,
17295.913 5780.134 0 17075.750 5854.659 3 1 13962, -19817%
17294.865 5780.484 0 17069.452 5856.819 1
17290.627 5781.901 1 1 14204, —19986; 17054.299 5862.023 0 I 18699, —245613
17277.735 5786.215 0 1 253557 —31141; 17030.220 5870.311 3 11 6700312 —125703,2
17271.005 5788.470 0 I 230937 —28882, 17028.599 5870.870 1 1 221637 —28034,
17267.932 5789.500 3 1 19532, -—-253213 17026.334 5871.651 1 1 18549, -—244213
17264.172 5790.761 3 1 174115 -23201, 17020.168 5873.778 1
17261.632 5791.613 0 1 21252 -27044, 17019.670 5873.950 0 1 20922; —26796,
17244.366 5797.412 1 1I 221395,s — 27937502 17018.885 5874.221 2 I 21738; —27612;
17235.699 5800.327 1 II 13250,,,, — 190505, 17014.224 5875.830 1
17229.251 5802.498 0 I 206863, —26488,,, 17014.114 5875.868 1 1 19039; —24915,
17227.152 5803.205 0 I 254423 -31245, 17013.556 5876.061 0 1 18431; —243073
17225.670 5803.704 3 I 17073, -22877% 17012.360 5876.474 0 1 248503 —30726,
17221.632 5805.065 1 1 15863, —21668; 17008.982 5877.641 0
17217.782 5806.363 2 1 211655 —-26971, 17008.562 5877.786 2 1 248807 —30758,
17216.726 5806.719 0 1 18574, -243813 17008.100 5877.946 0
17208.215 5809.591 8 11 1521512 — 7331512 17005.290 5878.917 2 | 27084 —32963,
17198.807 5812.769 0 1 266457 —32458, 17004.697 5879.122 3 1 211655 —27044,
17195.420 5813.914 0 1 205663 —26380, 16997.972 5881.448 0 1 247693 —30651,
17192.605 5814..866 1 1 23603; —29418, 16992.702 5883.272 0
17186.894 5816.798 2 1 195887 —25405, 16989.777 5884.285 1 1 254423 -31326,
17182.265 5818.365 0 16976.362 5888.935 0 1 223383 -—28227,
17173.440 5821.355 0 1 231137 -28934, 16964.222 5893.149 0 | 260365 —31929,
17168.126 5823.157 0 1 19532, -25355% 16960.892 5894.306 1 1 210773 -26971,
17165.765 5823.958 2 1 228555 —28679, 16958.427 5895.163 1
17163.009 5824.893 1 1 243073 -30132, 16956.701 5895.763 2 11 15786,12 —216825,.
17155.413 5827.472 J II 23518312 —29345,.2 16954.783 5896.430 0
17153.591 5828.091 2 I 18431, —24259% 16952.178 5897.336 0 1 235213 —-29418,
17152.876 5828.334 1 16949.485 5898.273 0 1 237525 —29650,
17152.288 5828.534 1 1 223997 -28227, 16947.451 5898.981 0
17151.508 5828.799 1 | 217383 —27566, 16945.150 5899.782 0 1 266517 —32551,
17151.178 5828.911 0 1 241823 -30011, 16941.790 5900.952 0 II 7001,12 — 129028,
17146.766 5830.411 0 I 230157 —28845, 16938.730 5902.018 3 I 195033 —25405,
17143.105 5831.656 2 16918.744 5908.990 0 I 263843 —32293,
17135.330 5834.302 4 1 8111, -139453 16915.692 5910.056 0 I 253557 —312655
17134.167 5834.698 4 1 233065 —29141, 16915.097 5910.264 1 1 19532, —254423
17133.189 5835.031 1 1 253065 —31141, 16912.370 5911.217 1 11 2168232 —27593,.2
17124.268 5838.071 1 1 157365 —-21575, 16911.655 5911.467 0
17121.318 5839.077 3 I 221413 -27980, 16906.064 5913.422 0 11 23518512 —2943 131,
17120.840 5839.240 0 I 272603 —33099, 16900.345 5915.423 1 1 253557 —312714
17120.083 5839.498 1 1 239165 —29756, 16890.066 5919.023 5 II 73315v2 — 1325051,
17113.767 5841.653 1 16887.173 5920.037 1 I 15970; —218903
17113.542 5841.730 2 | 13088, —189303 16883.454 5921.341 0 I 180693 —23990,
17111.210 5842.526 0 16879.312 5922.794 2 I 178473 -23769,
17105.103 5844.612 1 16875.970 5923.967 0 I 253215 —31245,
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TABLE 1. Infrared spectral lines of thorium— Continued
Wave- Wave- In- S o Wave- Wave- In- Spec-
length number ten- | o Classification length number ten- u?um Classification
A cm™! sity A cm™! sity

16852.625 5932.173 2 I 15970, —21902% 16588.332 6026.687 0
16849.382 5933.315 0 I 203225 —26255, 16587.815 6026.875 3 I 156183 —21645,
16846.815 5934.219 0 I 223385 —28273, 16587.044 6027.155 0 I 228555 —28882,
16846.017 5934.500 0 1 253365 —31271; 16578.581 6030.232 1
16840.767 5936.350 0 I 256905 —31626, 16578.017 6030.437 0
16832.896 5939.126 0 I 253065 —31245, 16569.667 6033.476 0 1 19273, —25306;
16827.445 5941.050 0 16540.424 6044.143 5 1 11802, —178473
16823.435 5942.466 1 16538.399 6044.883 3 1 16351, —22396%
16820.947 5943.345 1 I 23609 —295524 16534.332 6046.370 2 I 15493, —21539%
16818.657 5944.154 0 16531.417 6047.436 1 I 236033 —29650,
16811.787 5946.583 0 1 267905 —32737; 16522.232 6050.798 0
16806.361 5948.503 1 16521.658 6051.008 1 I 248387 —30889,
16804.426 5949.188 0 16520.919 6051.279 3 II 1085532 —169063,2
16801.531 5950.213 0 I 241823 -30132, 16518.765 6052.068 3 11 9400,.; — 1545352
16800.478 5950.586 1 1 13088; —19039; 16503.791 6057.559 4 1 186147 —24671,
16797.452 5951.658 1 16501.244 6058.494 0 I 20054, —261133
16785.229 5955.992 2 1 215395 —27495, 16495.017 6060.781 0 I 15236,.. —212973,,
16785.046 5956.057 2 I 156183 —21575, 16492.394 6061.745 e I 138183, —19880,.»
16782.389 5957.000 1 1 17959, -239163 16477.433 6067.249 2 II 9238312 — 15305412
16771.639 5960.818 1 16461.254 6073.212 1 1 198177 —25890,
16768.550 5961.916 6 1 12847, —188095 16453.368 6076.123 0 I 206865,: —26762,,
16761.533 5964.412 0 I 260483 —32012, 16452.932 6076.284 0 I 21594; —276703
16750.771 5968.244 0 16447.180 6078.409 0 1 219025 —27980,
16748.433 5969.077 o 1 11197 —171664 16443.836 6079.645 0
16747.499 5969.410 2 1 13847, -—19817% 16436.507 6082.356 2
16746.683 5969.701 1 16436.339 6082.418 3
16741.938 5971.393 0 1 253555 —31326, 16433.049 6083.636 2 I 9061,,. — 151443,
16730.028 5975.644 & I 17073, —23049% 16428.820 6085.202 2 II 8460,.. — 145455,
16725.712 5977.186 0 16420.336 6088.346 0
16724.318 | 5977.684 | 1 I 172243 —23201, 16414.399 | 6090.548 | 1 I 218903 —27980,
16720.218 5979.150 0 1 243073 —30286, 16412.823 6091.133 3 1 212525 —27343;
16718.081 5979.914 1 16403.906 6094.444 0 1 239165 —30011,
16712.444 5981.931 3 1 215395 -—-27521, 16394.343 6097.999 1 1 242743 —30372
16707.945 5983.542 0 1 249815 —30964, 16390.870 6099.291 0 I 21575, —276745
16704.639 5984.726 3 I 189305 —24915; 16380.898 6103.004 6 I 920232 — 1530512
16694.697 5988.290 0 I 247693 —-30758, 16377.984 6104.090 0
16691.676 | 5989.374 | 1 I 18431, —244213 16375.188 | 6105.132 | 1 1 188093 —24915,
16688.906 | 5990.368 | 1 I 19713, —25703 16367.427 | 6108.027 | 1
16687.560 | 5990.851 | 0 I 245613 30552, 16363.631 | 6109.444 | 2 I 222485 —28358,
16686.678 | 5991.168 | 1 I 267905 —32781, 16349.247 | 6114.819 | 1
16634.036 6010.128 0 16343.137 6117.105 0
16630.351 6011.460 0 16340.749 6117.999 2 1 14204, —203222
16624.607 6013.537 2 1 18614 -24627, 16329.816 6122.095 2 1 209223 —-27044,
16612.968 6017.750 0 16326.067 6123.501 2 1 244215 -30544,
16606.290 6020.170 1 1 17073, -23093; 16316.903 6126.940 0
16604.436 6020.842 1 1 180115 -24032, 16310.703 6129.269 3 1 208673 —26997,
16599.350 6022.687 3 I 140323 —20054, 16308.851 6129.965 2 1 18431; —245615
16594.999 6024.266 0 I 222485 —28273, 16308.606 6130.057 2
16592.118 6025.312 2 16305.893 6131.077 0
16589.555 6026.243 1 1 15863, —218903 16304.920 6131.443 0 1 244213 —30552,
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TABLE 1. Infrared spectral lines of thorium— Continued

Wave- Wave- In- Spec- o Wave- Wave- In- G
length number ten- | Classification length number ten- | oo Classification
A cm™! sity A cm™! sity

16304.149 6131.733 3 I 219025 -—28034, 16006.680 6245.685 0 1 233065 —29552
16297.533 6134..222 0 I 223967 -—28531, 16005.763 6246.043 4 I 11601, -17847;
16284.058 6139.298 1 I 18699, —248387 15997.841 6249.136 2 I 16783 -23032,
16280.282 6140.722 & 1 171665 —<3306¢ 15981.974 6255.340 0
16273.373 6143.329 0 1 178473 —2.1990, 15978.393 6256.742 2 I 17398; —236553
16270.823 6144.292 0 I 26651; —3'.796, 15973.502 6258.658 1 | 237525 -30011;
16269.133 6144.930 3 II 106733,: — 1681852 15972.593 6259.014 0 I 257535 —32012,
16263.051 6147.228 1 1 236095 --29756, 15963.355 6262.636 0
16250.275 6152.061 1 15960.024 6263.943 2 1 22877; -29141;
16240.450 6155.783 2 I 15490; —21645, 15954.449 6266.132 4 I 11802, -—180693
16238.115 6156.668 3 I 112415 —17398, 15951.379 6267.338 0 I 209893.2 —2725731,
16234.453 6158.057 0 1 19532, —25690% 15944.136 6270.185 0
16224.530 6161.823 0 15941.439 6271.246 0 I 253555 —31626,
16220.740 6163.263 3 I 22399; —28562, 15939.011 6272.201 1 II 621342 — 124853,
16217.564 6164.470 0 I 19713; —25877% 15936.374 6273.239 4 II 7828 12 —14101°,
16212.890 6166.247 1 15936.069 6273.359 3 I 205227 —26796,
16211.744 6166.683 0 I 263845 —32551, 15932.409 6274.800 6 II 621341, — 124885,
16204.728 6169.353 0 15927.216 6276.846 0 II 2498232 — 312591,
16204.604 6169.400 1 1 19273, —254423 15925.011 6277.715 1 I 15863, —221413
16195.248 6172.964 1 I 26790; —32963, 15924.829 6277.787 0 I 242743 —30552,
16188.147 6175.672 0 I 22669; —28845, 15922.130 6278.851 4 I 15970, —222483
16182.835 6177.699 0 1I 203105.2 —26488,,, 15920.010 6279.687 0
16180.368 6178.641 0 I 211655 —27343, 15919.042 6280.069 1 I 4961, -112413
16178.472 6179.365 2 I 221635 —28342; 15915.448 6281.487 1 I 18699, —249815
16172.466 6181.660 1 I 253555 —31537; 15913.906 6282.096 0 I 222483 -28531,
16163.327 6185.155 3] II 8605,12 —147905,2 15899.553 6287.767 3 I 240843 —30372¢
16147.600 6191.179 3 I 12847, —19039; 15898.637 6288.129 1 II 20969312 —27257312
16145.326 6192.051 1 I 223383 —28531, 15895.139 6289.513 1 I 18549, —248387
16142.758 6193.036 2 1 15970; —22163; 15893.090 6290.324 1 1 253365 —31626,
16140.194 6194..020 0 1 236557 —29849, 15891.854 6290.813 3 I 163465 —22637,
16137.810 6194.935 0 I 247693 —30964, 15891.564 6290.928 4 1 13297, —19588;
16125.805 6199.547 0 | 255757 —31774, 15887.023 6292.726 1 1 242597 —30552,
16120.565 6201.562 0 15880.810 6295.188 1
16109.798 6205.707 5 I 13297, —195033 15877.380 6296.548 0 11 2129732 —2759351,
16100.958 6209.114 0 I 237525 —29961, 15871.650 6298.821 0
16084.899 6215.313 0 I 253215 —315375 15868.987 6299.878 2 I 17959, -24259%
16081.086 6216.787 1 I 221415 —28358, 15861.758 6302.749 1 I 21645, —279483
16072.590 6220.073 3 15854.989 6305.440 1 I 242025 —30508;
16071.988 6220.306 1 I 18549, —247693 15853.227 6306.141 0
16070.913 6220.722 0 I 237417 —29961, 15851.771 6306.720 0
16068.852 6221.520 1 1 19532, -—257533 15847.733 6308.327 3 1 20054, —26363;
16056.201 6226.422 0 I 22877y —29104, 15843.848 6309.874 0 11 9400,,2 —15710%12
16048.543 6229.393 1 1 247015 —30930 15835.343 6313.263 1
16047.145 6229.936 0 15833.507 6313.995 0 I 235215 —29835,
16045.762 6230.473 0 I 253065 —31537; 15832.882 6314.244 0 | 212523 —27566,
16042.116 6231.889 0 15831.752 6314.695 7 1 5563, —11877%
16038.518 6233.287 8 1 242745 —30508; 15825.176 6317.319 2 I 121145 —18431,
16033.162 6235.369 2 I 4961, -111973 15815.492 6321.187 6 I 97113,. —160333.2
16014.426 6242.664 2 I 17959, —242023 15810.170 6323.315 1 I 19713; —260365
16008.311 6245.049 3 I 183825 —24627, 15807.445 6324.405 0 I 230933 —29418,
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TABLE 1.

Infrared spectral lines of thorium— Continued

Wave- Wave- In- Spec- Wave- Wave- In- Spec-
length number ten- | >P€C Classification length number ten- | >P€C Classification
A cm™! sity L A cm™! sity tus

15804.308 6325.660 1 I 21902 -—28227, 15602.299 6407.561 0 1 17073, —23481%
15794.600 6329.548 0 15598.808 6408.995 4 I 77955 —14204,
15793.353 | 6330.048 | © I 180695 —24399, 15598.676 | 6409.049 | 4 I 15493, —21902%
15792.250 | 6330.490 | © I 211655 27495, 15597.528 | 6409.521 | 0
15791.447 | 6330.812 | 1 I 18549, —24880% 15593.649 | 6411115 | 1 | II 134685 — 19880,
15788.721 | 6331.905 | © I 254423 —31774, 15585.229 | 6414.579 | 3 I 13088, —19503;
15781.849 | 6334.662 | 1 I 195882 —25923, 15583.635 | 6415.235 | 2 I 173547 23769,
15767.555 6340.405 3 I 138185, —20158,,. 15576.584 6418.139 6 1 16783; —23201,
15754.904 | 6345.496 | 1 I 180535 —24399, 15575.870 | 6418.433 | 1 I 210772 —27495,
15747.955 | 6348.296 | 1 | 1I 12219,,, — 18568°, 15574.463 | 6419.013 | 1 I | 25355 —31774,
15745.306 6349.364 0 15572:352 6419.883 2 1 195033 —25923,
15743.881 6349.939 2 1 242025 —30552, 15572.117 6419.980 4 I 162173 —22637,
15733.987 6353.932 0 1 21594, —27948% 15569.510 6421.055 3 I 221413 —28562,
15732.702 6354.451 0 1 255755 —31929, 15568.155 6421.614 0 I 209227 —27343,
15728.365 6356.203 0 I 236557 —30011, 15565.585 6422.674 0 I 26645; —330684
15727.808 6356.428 0 I 211655 —27521, 15559.575 6425.155 2
15720.977 6359.190 1 1 236557 —30014, 15558.814 6425.469 2 II 4146312 — 105725,
15719.798 6359.667 1 1 212523 —27612, 15553.233 6427.775 2 I 151665 —21594,4
15716.044 6361.186 1 15551.679 6428.417 4 1 13088; —195163
15713.149 | 6362.358 | 4 1 14204, —205665 15547.561 | 6430.120 | 1 I 19273, —25703%
15706.454 6365.070 2 11 44903,; — 108553, 15542.668 6432.144 2 1 19948; —26380,
15703.035 6366.456 0 15537.904 6434.116 0 I 226695 —29104,
15702.559 6366.649 1 1 8800, —151663 15523.156 6440.229 1 1 21902 —28342;
15701.306 6367.157 3 1 13847, —202143 15516.436 6443.018 6 1 7502; —139453
15698.032 6368.485 0 II 201203,» —26488,.2 15513.174 6444.373 1 1 210773 —27521,
15697.541 6368.684 0 15508.866 6446.163 1 I 22399; —28845,
15697.019 6368.896 1 1 15970; —223383 15505.455 6447.581 0 I 26651; —33099,
15696.943 6368.927 1 1l 230497 —29418, 15503.005 6448.600 0 1 242027 —30651,
15690.237 6371.649 1 15499.015 6450.260 1 I 24307; —30758,
15676.166 6377.368 3 1 233065 —29684, 15485.384 6455.938 0
15671.451 6379.287 0 15479.404 6458.432 1
15662.128 6383.084 0 1 218903 —28273, 15475.060 6460.245 1 1 121143 -18574,
15647.283 6389.140 1 15473.472 6460.908 1 1 165545 —230153
15641.777 6391.389 0 1 242597 —30651, 15473.326 6460.969 1 1 13962, —204237
15641.596 6391.463 1 15472.864 6461.162 3 1 17959, -—244213
15641.344 6391.566 3 1 237417 -30132, 15467.501 6463.402 1
15640.438 6391.936 5 II 9061212 — 1545352 15461.432 6465.939 0
15637.160 6393.276 3 I 11725°%,, —18118,.. 15456.917 6467.828 1 1 25306; —31774,
15634.482 6394.371 2 1 199865 —26380; 15455.882 6468.261 0 I 218903 —28358,
15631.483 6395.598 1 I 1571052 —22106,.2 15454.759 6468.731 0 1 24182; —30651,
15628.272 6396.912 3 1 15493, —218903 15447.452 6471.791 1
15624.606 6398.413 1 11 179835.2 —243813.2 15440.113 6474.867 4 1 189303 —25405,
15621.888 6399.526 0 1 22163; —28562, 15439.546 6475.105 2 I 15863, —223383
15620.165 6400.232 2 I 19713; —-26113; 15429.783 6479.202 7 i 156187 —22098,
15616.447 6401.756 1 I 211655 —27566, 15425.673 6480.928 2 11 2210612 — 285875,
15615.505 6402.142 i II 616832 — 12570502 15400.599 6491.480 0
15613.859 6402.817 0 15395.715 6493.539 2 I 16783; —23277
15612.710 6403.288 0 I 12570312 — 189735, 15392.243 6495.004 0
15608.939 6404.835 2 I 205665 —26971, 15390.079 6495.917 0 I 247693 —31265,4
15608.145 6405.161 1 I 23609; —30014, 15373.158 6503.067 0 1 26048; —32551,
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TABLE 1.

Infrared spectral lines of thorium— Continued

Wave- Wave- In- Spec- o Wave- Wave- In- Spec-
length number ten- | Classification length number ten- tfum Classification
A cm™! sity A cm™! sity

15372.295 6503.432 0 15158.232 6595.273 1 I 188097 —25405,
15364.893 6506.565 1 I 223385 —28845, 15157.340 6595.661 0 I 180693 —24664,
15355.694 6510.463 5 I 14226, —20737% 15156.775 6595.907 1 I 223385 —28934,
15342.358 6516.122 1 I 19532, —26048; 15143.355 6601.752 2 1 17959, —245613
15336.766 6518.498 0 I 17398; —239165 15137.607 6604.259 0 I 216687 —28273,
15320.133 6525.575 0 I 16351, —22877% 15135.223 6605.299 0 II 1085532 — 1746052
15317.814 6526.563 3 I 41463,. —106733,, 15128.735 6608.132 1
15315.929 6527.366 S 1I 8018,,. —145453,, 15112.474 6615.242 2 1 107837 —17398,
15315.660 6527.481 2 I 1037941, — 169063, 15100.835 6620.341 2 1 217387 —28358,
15309.803 | 6529.978 | 0 15099.336 | 6620.998 | 4 I 174115 —24032,
15307.300 6531.046 6 1 175013 —24032, 15096.026 6622.450 2
15299.948 6534.184 2 15095.376 6622.735 1 1 253065 —31929,
15297.656 6535.163 0 I 21738; —28273, 15090.817 6624.736 2% I 205665 —27191;
15296.303 6535.741 0 15084.090 6627.690 1
15295.651 6536.020 0 1 19273, —258097 15077.746 6630.479 0
15293.025 6537.142 0 11 2098952 —27526,412 15073.742 6632.240 0
15292.511 6537.362 1 I 230155 —29552¢ 15065.723 6635.770 1 I 173547 —23990,
15291.203 | 6537.921 | 2 I 131755 —19713, 15060.159 | 6638.222 | 1
15288.921 | 6538.897 | 4 | 1I 8605, — 151445, 15059.008 | 6638.729 | 0
15285.339 | 6540.429 | 1 15051.950 | 6641.842 | 2 I 240845 —30726,
15284.311 6540.869 0 I 228777 —29418, 15049.671 6642.848 2 I 231133 —29756,
15282.038 6541.842 2 I 9804, —163463 15045.413 6644.728 3 I 20922 —27566,
15280.959 6542.304 2 11 11576%,, — 18118, 15037.137 6648.385 0 I 15493, —2214135
15278.264 6543.458 1 I 223383 —28882, 15035.312 6649.192 0 I 203223 —-26971,
15273.332 6545.571 2 I 172247 -23769, 15034.068 6649.742 3 II 906142 — 157105,
15266.440 6548.526 4 1I 67003, — 13248, 15033.345 6650.062 0
15265.258 6549.033 0 I 248807 —31429, 15031.317 6650.959 1 I 13297, —19948;
15264.344 6549.425 2 I 18431, —249813 15021.804 6655.171 3 I 12847, -195033
15260.157 6551.222 2 I 5563, —121143 15017.893 6656.904 0 I 243073 —30964,
15246.115 6557.256 1 I 247693 —31326, 15015.230 6658.085 2 II 6244 ,, —12902%,,
15242.228 6558.928 0 15013.595 6658.810 0 II 1772252 —24381 ;..
15241.775 6559.123 1 II 66917,2 —13250,12 15010.031 6660.391 3 I 219025 —28562,
15240.242 6559.783 7 11 4113512 —106733.2 15009.909 6660.445 2 II 22685312 —29345,12
15239.289 6560.193 4 I 13962, —20522; 15007.406 6661.556 0 I 144815 -21143,
15230.042 6564.176 2 14994.654 6667.221 3 I 195887 —26255,
15226.150 6565.854 0 14994.569 6667.259 2 I 17073, -237417
15218.677 6569.078 1 14990.632 6669.010 1 I 12847, —19516;
15218.580 6569.120 0 14988.603 6669.913 4 I 15493, -221633
15215.038 6570.649 0 I 231135 —29684, 14984.882 6671.569 4 I 118777 —-18549,
15214.240 6570.994 1 I 20686312 —27257312 14982.726 6672.529 1 I 218905 —28562,
15212.582 6571.710 0 14980.034 6673.728 0 I 253213 —31995,
15203.638 6575.576 0 I 241827 —30758, 14977.689 6674.773 0
15195.303 6579.183 0 I 174115 —23990, 14977.332 6674.932 3 I 228773 —29552¢
15190.777 6581.143 3 I 202143 —26796, 14976.848 6675.148 0
15190.369 6581.320 2 1 13962, —20543; 14970.942 6677.781 1
15188.855 6581.976 S I 17727512 — 24309512 14970.770 6677.858 1
15180.335 6585.670 0 14969.772 6678.303 1 II 25246402 —319245..
15171.406 6589.546 1 14968.497 6678.872 2 I 17073, —23752%
15168.869 6590.648 0 14960.529 6682.429 0 I 221637 —28845,
15167.182 6591.381 0 I 265083 —33099, 14956.476 6684.240 2 1 245615 —31245,

261




TABLE 1. Infrared spectral lines of thorium— Continued
Wave- Wave- In- Spec- Wave- Wave- In- Spec-
length number ten- | SP€¢ Classification length number ten- |PCC Classification
A cm™! sity gun A cm™! sity L

14955.641 6684.613 1 I 260963 —32781, 14740.403 6782.221 0 I 241825 —30964,
14951.792 6686.334 1 I 163463 —23032, 14739.988 6782.412 0
14947.310 6688.339 2 I 21539 -28227, 14736.470 6784.031 0 I 17398; —24182;
14947.021 6688.468 1 I 26048; -32737, 14719.449 6791.876 1 I 237523 —30544,
14943.987 6689.826 6 I 8800, —154903 14718.799 6792.176 5 I 195887 —26380;
14940.492 6691.391 7 II 0112 — 66913, 14716.370 6793.297 2 I 221413 —28934,
14939.197 6691.971 1 I 129025, — 19594 ., 14714.650 6794.091 1
14929.051 6696.519 3 14711.400 6795.592 1
14928.485 6696.773 4 I 118777 —18574, 14710.285 6796.107 1
14925.498 6698.113 1 14702.750 6799.590 0
14921.758 6699.792 0 1 15970, —226693 14699.723 6800.990 2 II 1603332 — 2283432
14920.495 6700.359 3 II 16818;.. —235183,, 14695.579 6802.908 &) I 215393 —28342,
14911.028 6704.613 2 I 223995 —29104, 14690.666 6805.183 0 I 21143, —27948;
14910.459 6704.869 2 14689.932 6805.523 0 I 234817 —30286,
14899.905 6709.618 2 I 15305412 —220145,. 14688.909 6805.997 0 I 15863, —22669;
14889.079 6714.497 0 14687.576 6806.615 0 I 228773 —29684,
14880.943 6718.168 0 I 112415 —17959, 14680.667 6809.818 0 I 17959, —24769;
14875.259 6720.735 1 I 244215 -31141, 14677.249 6811.404 S I 11802, —186147
14873.575 6721.496 1 I 231135 —29835; 14672.400 6813.655 0 1I 18568°y, —25381,12
14866.776 6724.570 0 14665.680 6816.777 0
14850.034 6732.151 0 I 18574, —253063 14661.334 6818.798 0 I 215395 —28358,
14842.404 6735.612 0 I 231135 —29849, 14654.914 6821.785 7 I 118777 —18699,
14830.215 6741.148 3 I 17959, -24701% 14651.482 6823.383 3 I 20054, —26878;3
14830.001 6741.245 1 I 230155 —29756, 14644.393 6826.686 1 I 18699, —25526%
14809.031 6750.791 2 1 171665 —239165 14638.811 6829.289 0 I 202145 —27044,
14806.456 6751.965 S I 7280, —14032; 14638.217 6829.566 1 I 207377 —27566,
14805.415 6752.440 3 I 195035 —26255, 14633.086 6831.961 3 I 13248,,. —200803,.
14805.099 6752.584 1 I 16554 —23306¢ 14628.703 6834.008 2 I 230155 —29849,
14804.483 6752.865 0 14627.874 6834.395 4 1I 15305412 —22139512
14797.874 6755.881 2 14624.891 6835.789 1
14797.624 6755.995 0 14618.976 6838.555 7 I 3687, —105263
14796.452 6756.530 0 1 202143 -26971, 14615.924 6839.983 1 I 19273, —26113;
14795.403 6757.009 0 14609.166 6843.147 0
14789.356 6759.772 1 I 260363 —32796,4 14604.155 6845.495 2 I 240845 —309304
14784.758 6761.874 1 I 13962, -—207243 14603.558 6845.775 3 I 15493, -—223383
14781.114 6763.541 0 1 23609; —30372 14603.174 6845.955 0 I 180693 —24915,
14780.863 6763.656 0 14599.499 6847.678 1 I 19948 —26796,
14777.907 6765.009 1 1 223383 —29104, 14591.907 6851.241 1 I 190395 —25890,
14777.230 6765.319 1 I 245615 —31326, 14582.663 6855.584 1
14772.419 6767.522 0 I 247695 —31537, 14579.735 6856.961 6 I 1521512 — 83785.
14772.031 6767.700 3 I 25690; —32458, 14573.635 6859.831 2 I 13088; —19948;
14769.918 6768.668 0 14570.349 6861.378 3 I 17398; —242593
14769.355 6768.926 1 14565.023 6863.887 0 I 8460,1, —15324°,,
14764.746 6771.039 2 I 16217; —22988, 14563.856 6864.437 0
14757.373 6774.422 0 14563.603 6864.556 0 I 243815 —31245,
14756.630 6774.763 3 I 13962, -20737% 14561.641 6865.481 1
14751.515 6777.112 0 I 205665 —27343; 14560.886 6865.837 0
14747.581 6778.920 0 14557.004 6867.668 4 I 10855312 — 177223,
14741.842 6781.559 0 14553.980 6869.095 1 I 203227 —27191,
14741.329 6781.795 5 I 11601, —183827 14551.849 6870.101 0
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TABLE 1.

Infrared spectral lines of thortum— Continued

Wave- Wave- In- Spec- Wave- Wave- In- S
length number ten- | >PCC Classification length number ten- | P€C Classification
A cm™! sity (T A cm™! sity Dus

14548.134 6871.855 2 I 105265 —17398, 14343.260 6970.010 6 1I 4146312 —111165,2
14545.954 6872.885 2 1 142045 —21077% 14340.036 6971.577 0 I 22877; —29849,
14541.314 | 6875.078 | 1 1 18431, —253063 14339.066 | 6972.049 | 2 | 1II 9061512 — 160333,
14533.419 | 6878.813 | 4 I 228772 29756, 14326.032 | 6978.392 | 1 1 221633 —-29141,
14519.935 | 6885.201 | 2 1 15970, —22855¢ 14324.702 | 6979.040 | © 1 9804, —16783
14510.851 | 6889.511 | 0 I 13847, —20737 14323.255 | 6979.745 | 1 I 22855 —29835,
14508.948 | 6890.415 | 1 | II 19880, — 267703 14322.367 | 6980.178 | 1
14503.235 | 6893.129 | 6 | II 10379, — 172723, 14313.992 | 6984.262 | 4 I 104145 —17398,
14502.932 | 6893.273 | 1 1 18549, —25442 14306.560 | 6987.890 | 2 I 174115 —24399,
14501.117 | 6894.136 | 0 14297.496 | 6992.320 | 0 I 218903 —28882,
14500.307 6894.521 1 14296.656 6992.731 2 1 189305 —25923,
14493.424 6897.795 2 1 23113; -—30011,4 14294.346 6993.861 0 1 228555 —29849,
14491.248 6898.831 1 I 236095 —30508; 14289.338 6996.312 1
14487.168 6900.774 0 14287.043 6997.436 0
14482.670 6902.917 0 14283.487 6999.178 1 1 230155 —30014,
14476.391 6905.911 0 1 244213 —31326, 14281.708 7000.050 0
14475.836 6906.176 4 I 15493, -—22399; 14275.223 7003.230 0 I 4113,,, —111165..
14472.395 6907.818 1 I 206863.: —27593,.2 14271.876 7004.872 1 1 247695 —31774,
14469.188 | 6909.349 | 2 1 17398, —24307 14270.962 | 7005.321 | 1 1 237528 —30758,
14467.109 | 6910.342 | 0 1 225087 —29418, 14266.229 | 7007.645 | 1
14462.402 6912.591 0 11 168183,2 —237303.2 14262.156 7009.646 0
14461.502 6913.021 0 14259.243 7011.078 S5 1 19986 —26997;
14452.427 6917.362 0 1 23093; —30011, 14254.713 7013.306 3 I 11601, —18614%
14452.147 6917.496 - I 13297, —202143 14254.065 7013.625 0 | 15863, —228777
14451.758 6917.682 4 I 3865, —107833 14253.783 7013.764 1 1 19273, —26287}
14449.799 6918.620 1 I 258777 —32796, 14249.904 7015.673 0
14449.350 6918.835 2 1 171665 —240843 14247.867 7016.676 0
14441.112 6922.782 0 14244.211 7018.477 2 1 156185 —22637,
14438.799 | 6923.891 | 3 1 18431, 25355 14239.881 | 7020.611 | 1 1 212528 —28273,
14433541 | 6926.413 | 1 | 1I 83785, — 15305, 14238.660 | 7021.213 | 2 I 17959, —24981%
14424.537 6930.737 7 I 163465 —23277, 14237.955 7021.561 1 I 223967 —29418,
14423.392 6931.287 2 I 151665 —22098, 14235.729 7022.659 2 I 17398; —244213
14412.536 6936.508 4 I 142065 —21143; 14234.902 7023.067 2 I 199485 —26971,
14407.785 6938.795 1 I 19713; —266513 1 215395 —28562,
14403.474 6940.872 1 1 221637 —29104, 14233.051 7023.980 0 1 2476935 —31793,
14403.132 6941.037 0 I 23603; —30544, 14231.327 7024.831 4 I 13297, —20322;
14398.454 6943.292 2 I 21902 —28845, 14230.620 7025.180 0 I 205665 —27591;
14393.566 6945.650 0 14230.460 7025.259 0 I 223967 —29422,
14382.181 6951.148 1 14224.305 7028.299 0
14374.424 | 6954.899 | 2 I 205665 —27521, 14220.096 | 7030.379 | 1
14373.329 6955.429 1 I 218905 —28845, 14217.138 7031.842 1 1 249815 —32012,
14370.393 6956.850 0 I 210773 —28034, 14214.389 7033.202 0 I 20054, —27087%
14368.039 6957.990 0 14209.924 7035.412 1
14367.834 6958.089 0 14202.775 7038.953 0
14364.711 6959.602 2 1 13962, —209223 14192.323 7044.137 4 1 205223 —27566,
14363.687 6960.098 2 1 189303 —25890, 14191.050 7044.769 2 1 218903 —28934,
14360.388 6961.697 0 II 15144%., — 2210612 14189.283 7045.646 0 I 205665 —27612,
14358.938 6962.400 2 1 221413 —29104, 14188.681 7045.945 0
14357.839 6962.933 3 1 7502, —14465; 14187.489 7046.537 2 I 256905 —32737,
14355.909 6963.869 0 1 7280, —14243% 14170.625 7054.923 0 I 165545 —236093
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TABLE 1. Infrared spectral lines of thorium— Continued
Wave- Wave- In- Spec- Wave- Wave- In- G
length number ten- | SPeC Classification length number ten- |SP€C Classification
A cm™! sity Lt A cm™! sity U

14168.671 7055.896 7 1 8111, —151663 13904.491 7189.955 6 1 112415 —18431,
14160.194 7060.120 1 1 249815 -32041, 13898.031 7193.297 1 I 211655 —28358;
14159.556 7060.438 0 II 13250,,; —203103,, 13895.433 7194.642 3 II 9711302 —169063.2
14154.750 7062.835 0 1 211655 —28227, 13891.459 7196.700 0
14148.646 7065.882 2 1 233065 —30372 13886.527 7199.256 1 I 203228 —27521,
14113.635 7083.410 0 13882.834 7201.171 1 1 233065 —30508;
14107.467 7086.507 1 1 226695 —29756, 13872.468 7206.552 0 1 255755 —32781,
14101.396 7089.558 3 1 205223 —27612, 13862.050 7211.968 0 I 237525 —30964,
14100.879 7089.818 2 1 19273, —-263633 13861.889 7212.052 0
14095.249 7092.650 1 1 247013 -31793, 13859.106 7213.500 1§ I 21668; —28882,
14090.246 7095.168 7 I 3687, —107833 13844.566 7221.076 0 I 255755 —32796,4
14083.851 7098.390 0 13836.909 7225.072 0 II 15786212 —23012%,2
14079.818 7100.423 5 1 12847, —199483 13828.453 7229.490 1 I 243073 —31537,
14073.329 7103.697 2 13828.057 7229.697 1
14070.742 7105.003 S II 8605212 — 15710502 13827.979 7229.738 1
14070.200 7105.277 3 13822.377 7232.668 0 1I 95859u2 — 16818342
14063.614 7108.604 2 I 171665 —242743 13818.508 7234.693 1 I 18574, —25809%
14061.486 7109.680 0 I 18699, —258095 13815.598 7236.217 1 1 11802, —190393
14061.215 7109.817 1 1 144655 —21575, 13814..181 7236.959 0 1 235215 —30758,
14054.652 | 7113.137 | 1 I 188097 —25923, 13813.983 | 7237.063 | ©
14054.140 7113.396 2 13813.265 7237.439 0 1 23049 —30286,
14053.546 7113.697 1 13811.481 7238.374 4 I 2028852 —27526 412
14052.066 7114.446 0 13809.796 7239.257 1 1 21902 —29141;
14043.929 7118.568 1 11 1523612 —22355% 13799.139 7244.848 0 I 253065 —32551,4
14038.143 7121.502 0 I 243073 —31429, 13795.378 7246.823 1 I 241823 —-31429,
14032.419 7124.407 1 I 242025 -31326, 13792.422 7248.376 5 I 16783F —24032,
14030.586 7125.338 0 13788.405 7250.488 1 II 8460,12: —157105.,
14028.560 7126.367 4 I 13088; —202143 13787.653 7250.883 1
14028.205 7126.547 3 11 80182 —151449%,. 13786.380 7251.553 1 I 157367 —22988,
14027.270 | 7127.022 | © 13779.592 | 7255.125 | 1 1 228770 30132,
14026.605 7127.360 5 I 11802, -189305 13778.916 7255.481 6 I 6213412 — 134685,
14025.216 7128.066 s I 10855;,2 — 179835, IBTHA235, 7255.366 1 11 129023., —20158,.,
14022.503 7129.445 0 13774.118 7258.008 1 I 19532, —26790%
14008.158 7136.746 0 I 228773 —30014, 13760.203 7265.348 2 I 210773 —28342,
14007.683 7136.988 1 11 201205.2 —27257 31 13757.224 7266.921 0
14007.173 7137.248 0 1 237523 —30889, 13756.558 7267.213 2
13995.011 7143.450 0 I 15970, —23113% 13752.928 7269.191 2 1 13297, —205663
13993.145 7144.403 1 1 217387 —28882, 13752.277 7269.535 0 I 203228 —27591;
13976.090 7153.121 2 1 223997 —29552 13748.535 7271.514 0 I 247693 —32041,
13975.932 7153.202 4 1 192275 —26380, 13748.149 7271.718 2 I 18431; —257033
13974.383 7153.995 1 I 18549, —257033 13746.311 7272.690 0
13972.014 7155.208 1 I 1057232 — 17727502 13745.894 7272.911 0 I 256905 —32963;
13970.381 7156.044 2 I 228555 —30011, 13739.956 7276.054 5 I 186147 —25890,
13964.777 7158.916 2 I 121143 -19273, 13738.583 7276.781 3 I 221413 —-29418,
13957.824 7162.482 0 13735.446 7278.443 2 I 21252; -28531,
13950.984 7165.994 0 13734.218 7279.094 2 I 195165 —26796,
13936.736 7173.320 5 I 203225 —27495, 13731.271 7280.656 2 I 202143 —27495,
13930.234 7176.668 3 I 15493, —226693 13729.372 7281.663 2
13928.452 7177.586 1 13728.599 7282.073 0
13927.042 7178.313 0 13727.340 7282.741 1 I 19713; —269953
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TABLE 1.

Infrared spectral lines of thorium— Continued

Wave- Wave- In- Spec- Wave- Wave- In- S
length number ten- | DPEC Classification length number ten- | SP€¢ Classification
A cm™! sity trum A cm™! sity LU

13723.460 7284..800 0 I 223993 —29684, 13540.748 7383.097 3 I 195885 —26971,
13719.712 7286.790 2 13538.429 7384.362 2 I 15493, -—228773
13709.552 7292.190 1 11 221393, —29431;., 13532.204 7387.759 2 I 142065 —21594,
13699.211 7297.695 3 11 231876y — 30484, 13529.689 7389.132 1 I 16351, —23741%
13680.790 7307.521 0 I 17073, -—243813 13524.811 7391.797 1 I 124885, — 1988012
13680.494 7307.679 1 I 112415 —18549, 13520.057 7394.396 1 I 1248553.2 —19880,v2
13677.064 7309.512 2 I 236555 —30964, 13518.143 7395.443 6 I 118777 —19273,
13672.580 7311.909 0 I 247013 —32012, 13517.712 7395.679 2 1 17959, -—253553
13672.490 7311.957 0 I 223383 —29650, 13514.671 7397.343 1 1 202145 -27612,
13668.402 7314..144 0 I 257533 —33068; 13508.886 7400.511 0 I 253365 —32737,
13665.979 7315.441 0 I 147903.. —22106,.2 13503.654 7403.378 0
13664.755 7316.096 1 13501.001 7404.833 4 I 13847, -21252;
13664.604 7316.177 3 11 7828 1, — 151449, 13498.256 7406.339 0
13662.574 7317.264 2 I 173547 —24671, 13494.985 7408.134 0 II 8378512 — 157865,
13662.466 7317.322 1 | 13847, —211655 13493.439 7408.983 4
13654.606 7321.534 0 I 181181, —254405,, 13491.454 7410.073 1 1 239165 —31326,
13647.606 7325.289 5 1 189305 —26255, 13487.329 7412.339 0
13636.063 7331.490 S I 0112 — 733135.2 13484.963 7413.640 1 I 18699, —26113;
13630.233 7334.626 2 13484.304 7414.002 3 I 156185 —23032,
13628.932 7335.326 1 I 142045, —21539% 13483.659 7414.357 3
13626.318 7336.733 1 13478.127 7417.400 0 1 223385 —29756,
13626.116 7336.842 4 I 15305412 —226425,, 13468.267 7422.830 0
13618.580 7340.902 0 13465.671 7424.261 0 1 242025 —31626,
13612.012 7344 .444 0 I 226693 —30014, 13461.947 7426.315 0
13609.614 7345.738 2 1 19532, —268783 13460.761 7426.969 1
13603.594 7348.989 1 13460.143 7427.310 3 II 8605512 — 16033512
13602.938 7349.343 0 13449.197 7433.355 4 I 105265 —17959,
13599.702 7351.092 3 I 209225 -—28273, 13448.036 7433.997 1 1 245615 —31995,
13598.599 7351.688 3 I 248505 —32202; 13447.755 7434.152 4 I 13088, —20522
13598.305 7351.847 1 13447.160 7434.481 0
13598.167 7351.922 2 I 202145 —27566, 13445.057 7435.644 0 11 1325042 —206863.2
13597.830 7352.104 1 I 242743 —316264 13443.925 7436.270 4 I 209227 —28358,
13595.363 7353.438 0 I 254425 —32796, 13440.583 7438.119 4 I 11601, —19039;
13592.829 7354.809 0 I 241827 —-31537; 13439.085 7438.948 1 I 142065 —21645,
13589.496 7356.613 0 13436.414 7440.427 0 I 172243 —24664,
13588.783 7356.999 4 1 22399; —29756, 13433.332 7442.134 3 1 14226, —216687
13587.748 7357.559 0 1 230155 —30372, 13429.635 7444.183 1
13584.089 7359.541 0 13427.136 7445.568 3 II 1067352 —18118,1.
13582.026 7360.659 0 I 22513512 —298733. 13426.907 7445.695 3 I 18809% —26255,
13579.485 7362.036 2 13426.686 7445.818 2 1 18431; —258773
13579.410 7362.077 4 I 15493, —228553 13425.849 7446.282 0 II 2008052 —27526,412
13579.201 7362.190 0 13423.480 7447.596 2 1 172243 —24671,
13572.266 7365.952 0 1 211655 —28531, 13421.280 7448.817 0
13570.411 7366.959 3 I 12847, —202143 13419.576 7449.763 4 I 223993 —29849,
13565.665 7369.536 7 I 156185 —22988, 13418.102 7450.581 0 I 230933 —30544,
13562.388 7371.317 2 I 17398, —247693 13404.943 7457.895 4 1 112415 18699,
13553.046 7376.398 0 13400.553 7460.338 0
13551.673 7377.145 0 13395.691 7463.046 4 11 4113512 — 1157634,
13549.102 7378.545 2 I 19273, —266513 13395.136 7463.355 1l I 19532, —269953
13544..406 7381.103 1 II 154533, — 2283431 13391.987 7465.110 0
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TABLE 1. Infrared spectral lines of thorium— Continued
Wave- Wave- In- Spec- Wave- Wave- In- Spec-
length number ten- | SP€C Classification length number ten- |SPeC Classification
A cm™! sity LD A cm™! sity (0D

13387.914 7467.381 0 I 205665 —28034, 13247.730 7546.399 4 I 8800, —163463
13386.236 7468.317 2 I 195033 —26971, 13246.336 7547.193 0 I 199487 —27495,
13382.214 7470.562 4 I 151665 —22637; 13245.664 7547.576 v I 18549, —260963
13376.396 7473.811 0 1I 201203,; —27593,.. 13241.997 7549.666 0 II 12570312 —201205.2
13373.859 7475.229 3 13239.744 7550.951 4 I 15970; —23521%
13370.573 7477.066 1 I 249815 —32458, 13236.164 7552.993 3 I 19713; —272665
13370.190 7477.280 2 II 19880412 —27357512 13234.852 7553.742 2 I 3687, —112413
13368.792 7478.062 6 I 13088; —205663 13230.970 7555.958 0
13367.083 7479.018 1 -13223.385 7560.292 3 I 9711530: — 1727250,
13360.349 7482.788 0 I 17959, —254423 13222.361 7560.878 0 II 145453, —22106,.2
13355.490 7485.510 0 I 210773 —28562, 13219.366 7562.591 0 I 140325 —21594,
13353.446 7486.656 0 I 236555 —31141; 13217.149 7563.859 0 I 18549, —261133
13352.939 7486.940 0 I 18549, —260363 13216.178 7564.415 1 I 21539; —29104,
13350.017 7488.579 1 13215.207 7564.971 0 I 223967 —29961,
13348.625 7489.360 1 I 253065 —32796, 13205.290 7570.652 6 I 188097 —26380,
13342.411 7492.848 1 I 230155 —30508, 13202.889 7572.029 1 I 242027 —31774,4
13336.712 7496.050 3 I 223385 —29835; 13200.969 7573.130 1 I 19948; —27521,
13334.671 7497.197 1 I 186147 —26111, 13199.517 7573.963 0
13322.946 7503.795 0 I 174115 —24915, 13198.322 7574.649 0
13319.676 7505.637 1 II 9400,., — 169063, 13188.919 7580.049 2 I 92383, — 1681851,
13315.518 7507.981 1 I 8111, -—156183 13185.440 7582.049 0
13314.704 7508.440 1 I 244213 -31929, 13184.286 7582.713 2 I 17398, —249813
13311.623 7510.178 2 II 125703.. —200803,2 13183.941 7582.911 3 I 6362, —139453
13310.052 7511.064 1 II 201205, —27631,1. 13183.783 7583.002 3 I 156183 —23201,
13306.095 7513.298 2 II 200803, —27593,1. 13179.568 7585.427 0
13304.846 7514.003 2 11 192483, —26762,.. 13179.277 7585.595 0 I 15786,12 —2337270,
13303.409 7514.815 1 I 242597 —31774, 13176.103 7587.422 2 I 18699, —26287%
13296.036 7518.982 1 I 242743 -31793, 13171.565 7590.036 0
13292.355 7521.064 0 I 221635 —29684, 13169.665 7591.131 0 I 24202; -31793,
13290.823 7521.931 1 I 15493, -23015; 13168.345 7591.892 0 I 244213 -32012,
13289.735 7522.547 0 13167.879 7592.161 0 I 241825 —317744
13288.387 7523.310 1 I 177228, —25246,412 13156.601 7598.669 1 I 121143 —19713,
13286.526 7524.364 0 I 255755 —33099; 13150.947 7601.936 1 I 215395 —29141;
13283.226 7526.233 1 I 212973, —28823,,, 13146.765 7604.354 1 I 19713; -273173
13281.453 7527.238 4 I 195165 —27044, 13146.229 7604.664 1 I 18431; —260363
13279.662 7528.253 0 I 218905 —29418, 13145.904 7604.852 7 I 6213, —138183..
13278.433 7528.950 0 13144.547 7605.637 1 I 199865 —27591,
13275.351 7530.698 S I 16554, —24084¢ 13142.940 7606.567 2
13271.329 7532.980 0 13136.162 7610.492 0 I 236555 —31265,
13269.677 7533.918 1 I 24259 -31793, 13130.308 7613.885 1 I 22106412 —297205.,
13268.368 7534.661 0 13128.501 7614.933 2 I 22399; —30014,
13267.880 7534.938 e I 17166, —24701% 13127.923 7615.268 5 I 167833 —24399,
13263.633 7537.351 2) 1 230155 —30552, 13126.998 7615.805 1 II 920232 — 16818312
13262.164 7538.186 2 II 101893.: — 1772751 13126.337 7616.188 0 I 20054, —276703
13261.338 7538.655 0 I 18574, -26113; 13124.108 7617.482 1 I 15863, —234817
13257.081 7541.076 3 I 195033 —27044, 13120.544 7619.551 1 I 20054, —276743
13253.863 7542.907 5 I 15490; -23032, 13119.476 7620.171 1 I 244213 -32041,
1132519013 7544.131 2 II 7001,.. — 145455, 13116.755 7621.752 1 I 243073 —31929,
13250.406 7544.875 1 I 2869, —10414% 13115.845 7622.281 0
13248.848 7545.762 2 I 10414 —-17959, 13111.862 7624.596 0 I 22508; —30132,
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TABLE 1.

Infrared spectral lines of thorium— Continued

Wave- Wave- In- Spec: o Wave- Wave- In- Spec: )
length number ten- Classification length number ten- Classification
A cm™! sity (IR A cm™! sity sy

13107.912 7626.894 1 1 253365 —32963; 12949.037 7720.470 1 I 16554 —242743
13103.036 7629.732 0 1 139455 —21575, 12948.255 7720.936 0 1 242743 —31995,
13102.832 7629.851 i I 21252; —28882, 12940.934 7725.304 2
13101.858 7630.418 1 1 228773 —30508, 12940.654 7725.471 7 1I 185912 — 9585312
13101.123 7630.846 2 12939.572 7726.117 1
13092.193 | 7636.051 | 1 12938.933 | 7726.499 | 2 1 82437 15970,
13079.586 | 7643.411 | 1 1 199487 27591, 12936.840 | 7727.749 | 1 1 19532, —272605
13070.834 | 7648.529 | 6 1 107837 18431, 12935.233 | 7728.709 | 3 I 18382 —26111,
13069.399 | 7649.369 | 3 1 13045 —21594, 12934.697 | 7729.029 | 0
13063.724 | 7652.692 | 0 12933.760 | 7729.589 | 1 1 20054, —277843
13062.628 7653.334 1 12933.539 7729.721 3 1I 44903, — 122191
13058.026 7656.031 0 12932.107 7730.577 2 I 17959, —256903
13056.097 7657.162 2 1 15863, —23521% 12930.664 7731.440 1 11 1578612 —235185.2
13055.889 7657.284 6 1 2869; —105263 12930.425 7731.583 1 I 25336; —33068;
13049.034 7661.307 2 I 205665 —28227, 12925.892 7734.294 3
13048.139 7661.832 1 I 23609; —31271; 12925.197 7734.710 1 I 19713; —274473
13045.340 7663.476 1 1 18699, —263633 12924.885 7734.897 0
13044.181 7664.157 1 12923.256 7735.872 0 1 24259 —31995,
13043.407 7664.612 4 1 7502, —151663 12921.032 7737.203 3
13042.243 7665.296 0 12920.304 7737.639 0 1 18549, -26287;
13034.773 7669.689 2 1 6362, —14032; 12919.299 7738.241 3 1 242743 -32012,
13031.133 7671.831 3 1 23655; —31326, 12916.981 7739.630 4 1 15863, —23603;
13030.257 7672.347 0 1 223383 —30011,4 12911.946 7742.648 1
13029.053 7673.056 0 11 124853,,, —20158,,. 12901.919 7748.665 2 11 9711502 — 1746032
13026.187 7674.744 6 1 12847, —205223 12900.246 7749.670 2 I 198177 —27566,
13023.092 7676.568 1 1 23752; —31429, 12898.865 7750.500 4 I 20522; -—28273,
13016.640 7680.373 5 I 1521, — 92023.» 12888.182 7756.924 2 | 19039; —26796,
13013.722 7682.095 1 12881.709 7760.822 0 I 218905 —29650,
13010.439 7684.034 1 1 21738; —29422, 12880.819 7761.358 0
13010.154 7684.202 3 1 17166, —248505 12874.595 7765.110 1 | 17073, -248387
13008.873 7684.959 0 12873.533 7765.751 1 I 202145 —27980,
13008.742 7685.036 0 I 15970; —23655] 12872.702 7766.252 3 I 10783; —18549,
13007.832 7685.574 5) I 16346 —24032, 12866.644 7769.909 7 1 19227¢ —26997,
13006.151 7686.567 2 11 124723,,, —20158,.2 12861.651 7772.925 4 1 162173 —23990,
13004.273 7687.677 4 12854.102 7777.490 1 1 253213 —33099,
12994.532 7693.440 3 I 221413 —29835, 12846.823 7781.897 1 1 24769; —32551,
12990.876 7695.605 0 12845.690 7782.583 1 1 15970; —237523
12989.585 7696.370 1 I 9804, —175012 12841.750 7784.971 2 1 19532, -273173
12988.177 7697.204 1 1 228555 —30552, 12837.894 7787.309 2 1 154907 —23277,
12986.920 7697.949 4 I 7795 —15493, 12836.536 7788.133 1 I 19273, -27061;
12983.105 7700.211 0 I 11802, —195033 12834.733 7789.227 2
12982.529 7700.553 1 I 139457 —21645, 12831.063 7791.455 0 I 107835 —18574,
12974.600 7705.259 0 12830.547 7791.768 3 1 20566 —28358,
12970.735 7707.555 2 I 221413 —29849, 12828.909 7792.763 0
12966.746 7709.926 0 1 23916; —31626, 12828.379 7793.085 1 1 242027 -31995,
12964.195 7711.443 2 I 190505,2 —26762,12 12827.456 7793.646 0 1 22338; —30132,
12963.697 7711.739 2 I 203223 —28034, 12826.806 7794.041 D 1 17959, -257532
12961.197 7713.227 1 12799.956 7810.390 2 1 242027 -32012,
12959.819 7714.047 i 1 11802, -195163 12798.586 7811.226 0
12952.082 7718.655 5 I 12847, —205665 12796.262 7812.645 0

530-326 OL - 74 - 12
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TABLE 1.

Infrared spectral lines of thorium— Continued

Wave-

Wave-

In-

Wave-

Wave-

In-

length number ten- S Classification length number ten- i Classification
A cm™! sity s A cm™! sity Lt

12782.294 7821.182 1 1 13847, —216687 12604.640 7931.416 2 I 18431; —263633
12782.059 7821.326 2 I 180695 —25890, 12591.895 7939.444 1 I 16818312 —24757512
12781.578 7821.620 4 1 151665 —22988, 12590.688 7940.205 0
12776.786 7824.554 1 12587.889 7941.971 4 I 207377 —28679,
12773.189 7826.757 1 I 195165 —27343,4 12583.229 7944.912 1 I 218905 —29835;
12762.096 7833.560 6 1 13088, —209223 12582.855 7945.148 1
12760.142 7834.760 0 12580.239 7946.800 1 I 15970, —23916%
12756.360 | 7837.083 | 1 12580.100 | 7946.888 | 1 I 219025 —29849,
12752.448 | 7839.487 | 0 12571.690 | 7952.204 | 2 I 18699, —266513
12750.649 | 7840.593 | 0 1 195035 —27343, 12568.412 | 7954.278 | 2
12743.510 7844.985 2 12563.833 7957.177 0 I 17398; —25355%
12742.669 7845.503 1 1I 9061,,., — 169063, 12562.651 7957.926 2 I 19713, —-276703
12738.275 7848.209 0 1 221637 —30011, 12561.555 7958.620 3 I 18549, —265083
12733.582 7851.102 3 1 231135 —30964, 12561.165 7958.867 1 I 14204, -22163;
12722.917 7857.683 2 12558.855 7960.331 1 I 209225 -—-28882,
12720.812 7858.983 1 12553.032 7964.024 5 I 192278 —27191,
12710.230 7865.526 1 12552.801 7964.170 4 I 23306 —312714
12709.820 7865.780 4 1 189305 —26796,4 12540.971 7971.683 2 I 236555 —316265
12709.330 7866.083 5 1 151665 —23032, 12527 232 7980.426 2
12703.962 7869.407 0 1 180535 —25923, 12522.256 7983.597 1 I 8800, -167833
12703.428 7869.738 1 I 221413 —30011, 12519.264 7985.505 0
12691.421 7877.183 4 I 15863, —23741% 12518.195 7986.187 L I 188095 —267964
12690.790 7877.575 0 12512.531 7989.802 0
12690.055 7878.031 2 12510.096 7991.357 1
12687.216 7879.794 0 12508.396 7992.443 2 I 195033 —27495,
12685.466 7880.881 1 I 16783 —24664, 12507.967 7992.717 0
12684.798 7881.296 &) 12502.990 7995.899 0
12684.317 7881.595 0 1 6362, —14243; 12502.774 7996.037 2 I 205665 —28562,
12683.507 7882.098 1 1 236555 —31537; 12499.696 7998.006 2
12683.213 7882.281 4 I 7828 .2 —15710%.2 12488.669 8005.068 1 I 19039; —27044,
12682.679 7882.613 0 1 226693 —30552, 12479.376 8011.029 1 I 971151, — 177225,
12680.944 7883.691 1 1 222485 -30132, 12477.297 8012.364 7 I 3865, —11877}
12673.959 7888.036 2 I 251807 —33068; 12476.305 8013.001 3 I 202145 -28227,
12670.936 7889.918 2 12474.364 8014.248 2 I 11802, -19817;
12670.355 7890.280 1 I 13847, -21738; 12473.069 8015.080 0
12668.767 7891.269 2 I 142065 —22098, 12471.346 8016.187 1 I 235213 -—31537,
12649.241 7903.450 1 12470.867 8016.495 0
12648.388 7903.983 1 1 175013 —25405, 12469.228 8017.549 4 I 104145 -18431,
12646.536 7905.141 8 1 105265 —18431; 12468.606 8017.949 1 I 11576%v: —19594 1
12645.697 7905.665 4 1 20322; —28227, 12466.651 8019.206 0 I 242743 —-32293;
12642.339 7907.765 3 12465.206 8020.136 1
12641.383 7908.363 3 1 17398; —25306; 12465.053 8020.234 3 I 203227 —28342;
12636.142 7911.643 5 1 180115 —25923, 12460.967 8022.864 4 I 105265 —18549,
12633.943 7913.020 0 12458.068 8024.731 1 I 199128, —27937;..
12632.545 7913.896 3 1 2869; —10783; 12455.465 8026.408 0 I 247695 —32796,
12629.269 7915.949 0 1 11601, -19516; 12454.517 8027.019 2
12617.523 7923.318 1 12453.262 8027.828 a I 15493, -23521%
12617.200 7923.521 1 I 17398, -—253213 12447.488 8031.552 5 1 112413 -19273,
12611.214 7927.282 0 I 242743 —32202, 12446.347 8032.288 1 I 199483 —27980,
12610.394 7927.797 2 12445.393 8032.904 3 I 157365 —23769,
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TABLE 1.

Infrared spectral lines of thorium — Continued

Wave-

Wave-

Wave-

Wave-

In-

length number ten- =) Classification length number ten- S Classification
A cm™! sity LU A cm™! sity G070

12442.013 8035.086 5 I 151665 —23201; 12325.069 8111.325 0
12440.650 8035.966 2 I 247013 —32737; 12323.962 8112.054 0 I 21902 —30014,
12440.364 8036.151 1 12322.400 8113.082 1 I 248505 —32963;
12437.583 8037.948 0 I 22248; —30286, 12321.120 8113.925 3 I 189305 —27044,
12433.627 8040.505 1 12318.487 8115.659 1 I 1257052 — 2068632
12430.756 8042.362 1 I 13847, —218903 12318.050 8115.947 3 I 15493, —236095
12430.591 8042.469 1 12316.913 8116.696 2 I 7502, —156183
12429.285 8043.314 1 I 17847; —25890, 12316.372 8117.053 1 I 240845 —32202;
12424.510 8046.405 0 12314.487 8118.295 0
12423.210 8047.247 0 12312.736 8119.450 2 I 236555 —31774,
12422.300 8047.837 4 1 19986; —28034; 12310.069 8121.209 3 I 218905 —30011,
12421.310 8048.478 1 II 212973, —29345,,, 12303.742 8125.385 1
12419.161 8049.871 2 1 19516; —27566, 12295.924 8130.551 0 I 244213 —32551,
12417.933 8050.667 0 12294..985 8131.172 1 1 167835 —24915;
12415.160 8052.465 5) I 163465 —24399, 12292.964 8132.509 0
12414.206 8053.084 1 12285.424 8137.500 1 I 2068632 —28823,.2
12406.195 8058.284 1 I 202143 —28273, 12283.851 8138.542 1 I 19532, —276703
12402.749 8060.523 1 I 9061, —17121%.. 12277.781 8142.566 0
12400.331 8062.095 3 I 62134,; — 142755, 12276.652 8143.315 1 II 700112 —151443,,
12398.153 8063.511 2 I 152151, — 95855.2 12276.430 8143.462 0 1 202145 —28358;
12397.849 8063.709 4 I 195035 —27566, 12273.859 8145.168 2 I 207377 —28882,
12396.828 8064.373 0 I 210773 —29141, 12271.398 8146.801 2 I 16554, —24701%
12384.580 8072.348 2 12263.449 8152.082 1 I 231135 -—31265;
12381.813 8074.152 3 I 12847, —209223 12262.250 8152.879 1 I 139455 —22098,
12379.808 8075.460 0 12261.910 8153.105 2 I 223995 -—30552,
12378.451 8076.345 1 I 18431; —265083 12256.743 8156.542 2 I 20522; —28679,
12378.290 8076.450 2 I 17959, —2603635 12251.360 8160.126 0 11 2283432 —309943,,,
123778185 8077.217 0 I 18574, —266513 12249.188 8161.573 4 I 188095 —26971,
12372.881 8079.981 0 12246.140 8163.604 0
12372.484 8080.240 4 II 44903, — 12570312 12245.483 8164.042 3 I 13088; —212523
12372.007 8080.552 2 I 247013 —32781, 12244.970 8164.384 3 11 16818;.2 —249825,.
12364.267 8085.610 1 I 199485 —28034, 12244.077 8164.980 1
12362.538 8086.741 0 12242.874 8165.782 0 I 212525 —29418,
12361.433 8087.464 0 12237.332 8169.480 1 I 21252; —29422,
12359.625 8088.647 2 I 17959, —260483 12236.549 8170.003 2 I 14226, —223967
12356.076 8090.970 2 II 12219,,, —203105.. 12234.949 8171.071 1 I 236035 —31774,
12355.491 8091.353 0 I 24202 —32293, 12233.199 8172.240 5 I 14465; —22637,
12351.988 8093.648 3 12231.942 8173.080 8 I 105265 —18699,
12349.478 8095.293 2 I 19516; —27612, 12229.332 8174.824 1 I 77955 —15970,
12348.314 8096.056 0 I 239165 —32012, 12228.284 8175.525 1
12348.094 8096.200 0 12226.604 8176.648 1 I 17398; —25575%
12346.884 8096.994 0 I 21738; —29835, 12226.177 8176.934 4 I 11877 —20054,
12344.348 8098.657 0 12223.788 8178.532 2 i 18699, —268785
12341.497 8100.528 0 12219.156 8181.632 0 I 162173 —24399,
12338.612 8102.422 0 I 18549, -26651; 12216.424 8183.462 1 I 242743 —32458,
12337.998 8102.825 7 I 6362, —144653 12211.865 8186.517 2 I 180693 —26255,
12330.800 8107.555 1 I 204237 —28531, 12206.894 8189.851 7 I 3687, —118777
12329.207 8108.603 2 I 22399; —30508; 12202.844 8192.569 1
12328.492 8109.073 1 I 21902 —30011, 12200.702 8194.007 1 I 18568°,2 —26762,12
12328.408 8109.128 0 I 195033 —-27612, 12194.157 8198.405 8 II 1521502 — 97205,
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TABLE 1.

Infrared spectral lines of thorium— Continued

Wave- Wave- In- Grrres Wave- Wave- In- Spec-
length number ten- | SP€C Classification length number ten- |-P€C Classification
A cm! sity tEuss A cm™! sity LECTE

12188.866 8201.964 1 1 18053; —26255, 12055.291 8292.843 0 1 216687 —29961,
12188.576 8202.159 0 12051.267 8295.612 1 I 222483 —30544,
12182.019 8206.574 3 1 9804, —180113 12050.486 8296.150 0 I 18699, —269953
12178.456 8208.975 2 I 24084g —32293; 12043.786 8300.765 1 II 8605,12 —169063.2
12178.009 8209.276 0 12042.947 8301.343 0

12177.607 | 8200.547 | 2 12038.242 | 8304.588 | 1 I 19039; —27343,
12171.815 | 8213.454 | 4 I 4961, 13175 12037.639 | 8305.004 | 4 I 17398, —257033
12171.754 | 8213.495 | 2 12020.095 | 8317.125 | 1 I 12847, —211653
12171.023 | 8213.988 | 0 12018.718 | 8318.078 | 7 I 163465 —24664,
12170.869 | 8214.092 | 0 12018.054 | 8318.538 | 4 I 15863, —24182;
12167.821 8216.150 &) 1 11601, -19817% 12015.950 8319.994 4 1 23306 —31626
12166.851 8216.805 0 1 21539 —29756, 12015.478 8320.321 1 1 19532, —-278522
12162.431 | 8219.791 | 3 12011.883 | 8322.811 | 0 | II 7001,: —15324°,
12161.908 | 8220.144 | 0 I 18431, —26651 12007.854 | 8325.604 | 5 | II 41465, — 124725,
12149.443 | 8228.578 | 2 12007.313 | 8325.979 | 0 I 236033 —31929,
12146.324 | 8230.691 | 2 12005.953 | 8326.922 | 1 I 18053; —26380,
12143.705 | 8232.466 | 0 I 15970, —24202; 12004.504 | 8327.927 | 1

12140.955 | 8234.331 | 3 I 188095 —27044, 11999.611 | 8331.323 | 0

12140.751 | 8234.469 | 1 I 245615 —32796, 11986.392 | 8340.511 | 0 I 23655; —31995,
12139.017 | 8235.645 | 1 I 8111, —163465 11984.664 | 8341.714 | 8 | II 4146, — 124885,
12136.565 8237.309 1 II 226423, —30879;,,, 11980.135 8344.867 1 1 22163 —30508;
12132.020 8240.395 3 I 20322; —28562, 11979.873 8345.050 2 I 15786512 —241323%,.
12129.427 8242.157 5 1 13297, —21539§ 11976.025 8347.731 1 1 202143 —28562,
12128.913 8242.506 1 I 218905 -30132, 11974.695 8348.658 1 11 160335, —243813..
12127.302 8243.601 8 1 0, — 82433 11974.134 8349.049 1 1 24202; —32551,
12126.918 8243.862 1 1 243073 —32551, 11961.578 8357.813 1 1 23655; —32012,
12126.419 8244.201 5 1 180117 —26255, 11960.136 8358.821 3 11 4113512 — 124725,
12124.024 8245.830 0 11956.759 8361.182 0 1 22396 —30758,
12119.644 8248.810 3 1 9804, —18053% 11955.885 8361.793 0 1 18699, —270613
12117.950 8249.963 0 1 225087 —30758, 11952.411 8364.223 0

12113.062 8253.292 0 I 211655 —29418, 11952.063 8364.467 4 I 192273 -27591,
12109.655 8255.614 0 1 242027 —32458, 11946.618 8368.279 1 1 205665 —28934,
12109.434 8255.765 3 1 20423; -28679, 11945.362 8369.159 6 1 180112 —26380,
12109.313 8255.847 1 1 230155 —31271; 11942.130 8371.424 5| 1 156185 —23990,
12102.779 8260.304 1 11 17121%,: —25381,,5 11940.834 8372.333 2 I 4113512 —124853.,
12099.785 8262.348 2 1 247017 —32963; 11940.638 8372.470 7 I 2869; -—112413
12093.304 8266.776 1 11934.349 8376.882 1 II 209693, —29345,.,
12087.362 8270.840 2 11 6213,,, — 144845, 11927.809 8381.475 0 1 188095 -27191;
12086.503 8271.428 3 1I 9711;,. — 1798332 11925.197 8383.311 1

12086.289 8271.574 0 11919.113 8387.590 0

12083.777 8273.294 0 I 217387 -30011, 11916.586 8389.369 3 1 22163; —30552,
12082.221 8274.359 & 1 23655 —31929, 11911.501 8392.950 4

12075.537 8278.939 1 1 20566; —28845, 11910.840 8393.416 0 1 228772 -31271,
12074.667 8279.536 2 1 199485 —28227, 11910.542 8393.626 0

12066.559 8285.099 0 1 239165 —32202; 11909.862 8394.105 il 1 19948; -—28342,
12061.506 8288.570 2 11904.795 8397.678 2 I 19273, -276703
12060.198 8289.469 2 11903.594 8398.525 0

12059.895 8289.677 0 1 15970, —24259; 11899.837 8401.177 4 1 13847, —22248;
12058.422 8290.690 0 | 112413 —19532, 11894.942 8404.634 3 1 12847, —-21252%
12055.394 8292.772 0 11888.825 8408.958 1
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TABLE 1.

Infrared spectral lines of thorium— Continued

Wave- Wave- In- Spec- Wave- Wave- In- Spec-
length number ten- | SP€C Classification length number ten- | SP€C Classification
A cm™! sity LU A cm™! sity LsL

11887.357 8409.997 1 1 19948; —28358, 11777.121 8488.716 0
11886.085 8410.897 2 1 221413 -30552, 11776.403 8489.233 D 1I 9238512 —1772751a
11884.530 8411.997 S 1 11802, -—202143 11775.163 8490.127 4 I 10783; —19273,
11882.776 8413.239 2 I 156185 —24032, 11773.211 8491.535 0
11879.545 8415.527 0 11772.698 8491.905 1 1 235213 —32012,
11878.611 8416.189 2 1 19532, —27948; 11761.537 8499.963 1 I 209223 —29422,
11874.629 8419.011 2 1 223383 —30758, 11757.273 8503.046 1
11874.199 8419.316 3 11 125703,, —209895,.. 11746.350 8510.953 0
11873.851 8419.563 2 1 131755 —21594, 11746.174 8511.080 1 | 19273, —277843
11870.629 8421.848 1 1 175015 —25923, 11739.687 8515.783 2 1I 8605,1: —17121%12
11868.373 8423.449 3 11737.416 8517.431 1
11868.045 8423.682 0 1 15493, —-239163 11736.880 8517.820 0
11867.085 8424.363 1 11729.339 8523.296 1 1 144655 —22988,
11865.636 8425.392 4 11 15305412 —237305.2 I 20322; —28845,
11864.247 8426.378 7 1 3687, —121143 11729.109 8523.463 0
11862.597 8427.550 1 11724.039 8527.149 0
11862.198 8427.834 1 11723.279 8527.702 2 I 19039; —27566,
11858.382 8430.546 4 1 142065 —22637, 11722.487 8528.278 1 1 16351, —24880%
11853.098 8434.304 1 I 13962, —223965 11720.628 8529.631 3
11848.313 8437.710 1 I 236037 —32041, 11715.587 8533.301 1 1I 9585312 — 181181,
11846.202 8439.214 2 11 8378312 — 16818, 11713.893 8534.535 2
11842.232 8442.043 0 11712.220 8535.754 3 I 17354 —25890,
11840.529 8443.257 0 | 230937 —31537, 11712.007 8535.909 1
11839.689 844.3.856 1 1 15863, —24307; 11709.471 8537.758 0 1 245615 —33099,
11837.186 8445.642 2 I 19588; —28034, 11704.645 8541.278 1 1 239165 —32458,
11836.168 8446.368 0 I 18549, —269953 11703.457 8542.145 7 I 154905 —24032,
11834.938 8447.246 1 | 162177 —24664, 11698.831 8545.523 3 1 13962, —225083
11831.941 8449.386 0 I 228773 —31326, 11695.652 8547.846 0 1I 18214712 —26762,12
11829.730 8450.965 4 1 15970, —244213 11695.263 8548.130 2 1 17959, —265083
11829.640 8451.029 o I 13088; —215393 11694.285 8548.845 3 I 21738; —30286,
11827.583 8452.499 4 1 17073, —25526% 11694.000 8549.053 2 1 13847, —223967
11824.901 8454.416 1 1 162173 —24671, 11690.334 8551.734 0 I 228777 —31429,
11822.640 8456.033 4 1 19817 —28273, 11682.909 8557.169 1 I 15863, —244213
11821.839 8456.606 1 1 225087 —30964, 11680.650 8558.824 1
11821.500 8456.848 0 1 7280, —15736% 11678.305 8560.543 1 I 18699, —272603
11819.155 8458.526 0 11675.696 8562.456 0
11818.546 8458.962 1 1 204237 —28882, 11673.465 8564.092 1 Il 18431, —269953
11811.926 8463.703 2 I 195165 —27980, 11671.783 8565.326 1
11811.172 8464.243 0 11667.638 8568.369 5 1 16346 —24915,
11811.055 8464.327 0 I 202145 —28679, 11666.014 8569.562 1
11808.476 8466.176 0 I 12219,1: —206863.. 11662.923 8571.833 2
11804.617 8468.943 6 I 5563, —140323 11661.167 8573.124 3 1 19039; —27612,
11804.116 8469.303 3 I 219037 —30372 11658.782 8574.878 2
11802.102 8470.748 1 I 131755 —21645, 11657.259 8575.998 1 I 226695 —31245,
11801.327 8471.304 0 1 112413 —19713, 11655.207 8577.508 1 1I 621312 —147905.2
11793.069 8477.236 1 1 24259 —-32737; 11653.134 8579.034 1 1 242027 —-32781,
11792.645 8477.541 1 1 195035 —27980, 11648.639 8582.344 1 1I 11576%,: —20158,.
11790.463 8479.110 0 11648.509 8582.440 1 1 212523 —29835,
11790.382 8479.168 1 I 174115 -—25890, 11641.195 8587.832 1 I 17166, —257532
11779.528 8486.981 2 I 16351, —248387 11636.590 8591.231 2 I 189303 —27521,
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TABLE 1.

Infrared spectral lines of thorium— Continued

Wave-

Wave-

In-

Wave-

Wave-

In-

length number ten- Brec Classification length number ten- oL Classification
A cm™! sity s A cm™! sity fun

11636.496 8591.300 1 I 211655 —29756, 11526.904 8672.982 5
11636.155 8591.552 3 I 15970; —24561% 11526.460 8673.316 4 1 14204, —228772
11634.601 8592.699 4 I 13297, -218903 11525.422 8674.097 1
11632.343 8594.367 2 11521.827 8676.804 2 1I 1578612 —244635.2
11631.948 8594.659 3 11 10379,,,, — 189733, 11517.393 8680.144 1 I 231133 -—-31793,
11630.479 8595.745 0 I 226693 —31265; 11516.800 8680.591 0
11629.776 8596.264 1 11516.456 8680.850 5 I 5563, -—14243%
11627.313 8598.085 0 11516.297 8680.970 1
11621.783 | 8602.177 | 2 11515.375 | 8681.665 | 0 | II 165642, — 25246 10
11621.209 | 8602.602 | © 11514.959 | 8681.979 | 4 I 189305 —27612,
11618.190 8604.837 3 I 13297, -21902% 11512.800 8683.607 0
11617.462 8605.376 ) 1 140327 —22637, 11512.063 8684.163 3 I 5563, —142473
11615.211 8607.044 1 1 21077; —29684 11511.566 8684.538 6 I 20867; —295524
11613.318 8608.447 3 11511.286 8684.749 1 I 23609; —32293;
11609.914 8610.971 # 1 8800, —174113 11510.028 8685.698 o) 1 18809 —27495,
11606.246 8613.692 1 I 241825 —32796, 11506.079 8688.679 1 I 242743 —32963;
11605.473 8614.266 3 I 19948; —28562, 11502.185 8691.621 5, 1 12847, —21539%
11602.596 8616.402 0 1 221413 -30758, 11501.478 8692.155 4 I 139455 —22637,
11600.761 8617.765 0 1 18699, —273173 11494.068 8697.759 2 I 15863, —245613
11600.523 8617.942 0 I 216687 —30286, 11489.885 8700.925 S I 8800, -—17501%
11597.002 8620.558 1 I 11802, -—20423; 11483.227 8705.970 0
11595.985 8621.314 6 I 167837 —25405, 11481.957 8706.933 0
11594.834 8622.170 0 11 16818;,,, —254405,, 11478.781 8709.342 1 I 15493, —24202%
11589.953 8625.801 4 I 16554, —25180% 11478.678 8709.420 2 11 7001,,2 —15710%u2
11588.544 8626.850 2 11476.910 8710.762 0 I 18549, —272603
11584.866 8629.589 0 I 17073, -257033 11476.074 8711.396 1 1 17166, —258773
11584.675 8629.731 1 | 18431; —270613 11475.757 8711.637 3 I 188097 —27521,
11583.465 8630.633 0 I 202143 —28845, 11472.823 8713.865 2 | 198177 -—-28531,
11582.709 8631.196 1 11471.073 8715.194 0 I 7502; -162173
11581.313 8632.236 1 11468.598 8717.075 3
11579.846 8633.330 2 11465.039 8719.781 5 1 11802, -205223
11578.263 8634.510 2 11464.786 8719.973 2 I 202145 —-28934,
11577.991 8634.713 1 I 239165 —32551, 11458.461 8724.787 1 1 195033 —28227,
11575.518 8636.558 4 I 189305 —27566, 11456.776 8726.070 0
11573.652 8637.950 1 I 17398, —260363 11455.648 8726.929 1 I 12570512 —212973,.
11571.485 8639.568 ) I 195887 —28227, 11455.545 8727.008 1 1 180695 —26796,
11565.916 8643.728 0 11454.332 8727.932 0
11563.750 8645.347 0 11448.044 8732.726 0
11558.214 8649.488 3 I 13088, —217383 11444.419 8735.492 2 1 17073, —25809%
11557.337 | 8650.144 | 3 I 17398, —26048; 11442751 | 8736.765 | 1 I 14465, —23201,
5575395 8650.228 0 I 21902 -30552, 11441.097 8738.028 0
11554.767 8652.068 0 I 240845 —32737, 11436.956 8741.192 0
11551.616 8654.428 0 I 218905 —30544, 11432.844 8744.336 2
11543.905 8660.209 2 11432.593 8744.528 4 1 142437 —22988,
11543.824 8660.270 2 I 13847, —225083 11429.704 8746.738 6 1 105265 —19273,
11543.157 8660.770 0 11427.901 8748.118 1 1 18699, —27447;
11542.494 8661.268 3 II 8460,1, — 171215, 11426.433 8749.242 0 I 22877 —31626,
11541.028 8662.368 0 1 218905 —30552, 11423.611 8751.403 1
11536.071 8666.090 2 I 172243 -25890, 11420.044 8754.137 1 | 195887 —28342,
11530.938 8669.948 3 I 211655 —29835; 11419.693 8754.406 1 | 175013 -—26255,
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TABLE 1. Infrared spectral lines of thorium— Centinued
Wave- Wave- In- Spec- Wave- Wave- In- Spec-
length number ten- | PeC Classification length number ten- | >P€C Classification
A cm™! sity L A cm™! sity trum

11417.309 8756.234 & I 19516; —28273, 11306.901 8841.735 (]
11416.708 8756.695 0 11303.787 8844.171 o I 13297, -221413
11415.542 8757.589 1 I 22508; —31265; 11303.544 8844.361 4 I 7502, —163465
11412.071 8760.253 2 I 44903, —13250,,,, I 174115 -26255,
11411.321 8760.829 1 I 242027 —32963, 11301.136 8846.246 1 I 211655 —30011,
11408.167 8763.251 0 11300.160 8847.010 0
11406.101 8764.838 0 11297.608 8849.008 1 I 236093 —32458,
11403.120 8767.129 0 11297.490 8849.101 0
11402.009 8767.984 0 I 18549, —273173 11296.103 8850.187 0
11398.870 8770.398 0 11292.744 8852.820 0
11397.100 8771.760 0 11292.585 8852.944 0
11387.846 8778.888 1 11 179833,; —26762,,, 11290.238 8854.785 0 II 8605,12 — 174605,
11386.235 8780.130 5 1 156187 —24399, 11289.645 8855.250 2 I 195033 —28358,
11384.471 8781.491 3 1 15493, -—242742 11288.321 8856.288 0
11383.920 8781.916 3 I 18809 —27591, 11285.357 8858.614 2
11383.489 8782.248 0 11277.612 8864.698 0 1 239165 -32781,
11374.713 8789.024 6 1I 4113,,, — 129027, 11276.818 8865.322 4 1 151665 —24032,
11371.299 8791.663 1 1 243073 —33099, 11276.338 8865.700 2 I 13297, —22163%
11369.091 8793.370 2 I 24274; —33068, 11273.574 8867.873 4 I 218903 -30758,
11366.315 8795.518 2 1 144815 —23277, 11264.063 8875.361 0
11361.606 8799.163 0 11262.936 8876.249 2
11360.181 8800.267 0 11260.143 8878.451 1 I 24084¢ —32963;
11358.564 8801.520 1 I 221637 —30964, 11258.986 8879.363 4 1 17501; -26380,
11358.499 8801.570 3] I 13088; —218905 11258.130 8880.038 3 I 21252; -30132,
11357.450 8802.383 0 I 188097 —27612, 11255.513 8882.103 0 1 231133 -—31995,
11356.910 8802.802 0 I 223387 -31141, 11255.092 8882.435 3 I 17166, —260483
11356.608 8803.036 1 I 23655; —32458, 11252.925 8884.146 1
11354.715 8804.503 8 I 6362, —151663 11249.018 8887.231 0 I 172245 -26111,
11352.128 8806.510 2 I 21738; —30544, 11246.685 8889.075 1 | 2021453 -29104,
11351.924 8806.668 6 I 19227; —28034, 11245.412 8890.081 2 1 12847, -217383
11350.081 8808.098 1 11244.356 8890.916 1
11346.494 8810.883 1 I 14204, —23015; 11244.310 8890.952 2 II 13248, —221394,2
11344.334 8812.560 1 11238.982 8895.167 2 1 233065 —32202;
11343.709 8813.046 4 I 112415 —20054, 11238.344 8895.672 0 I 20522; -29418,
11343.167 8813.467 0 11236.858 8896.849 1 I 242027 —33099,
11342.857 8813.708 3 I 13088, —219023% 11233.671 8899.373 2 1 20522; —29422,
11338.588 8817.026 0 11232.320 8900.443 2 I 6244 ., — 151447,
11335.713 8819.262 0 I 20322; —29141, 11230.255 8902.080 9 I 5563, —144657
11332.045 8822.117 4 I 13847, —22669; 11225.532 8905.825 3 I 15863, —247693
11331.384 8822.632 1 1 14226, —230497 11221.176 8909.282 1 I 14204, -23113%
11330.428 8823.376 5 11215.651 8913.671 2 I 207377 —29650,
11327.681 8825.516 0 11212.583 8916.110 1 I 22877; —31793,
11326.973 8826.067 3 1 142065 —23032, 11211.484 8916.984 0 I 241823 —33099;
11326.400 8826.514 1 11208.602 8919.277 1
11323.876 8828.481 0 I 18431, —272605 11205.579 8921.683 4 I 11601, -20522;
11322.408 8829.626 1 11204.818 8922.289 2 II 906112 — 179835,
11321.659 8830.210 2 I 8243; —17073, 11203.831 8923.075 1 I 13175 —22098,
11321.249 8830.530 2 I 17959, —267905% 11202.078 8924.471 1 II 17837°02 —26762,,,
11311.417 8838.205 1 11195.293 8929.880 1 I 107833 —19713,
11307.314 8841.412 &) Il 19516; —28358, 11190.716 8933.532 3
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TABLE 1.

Infrared spectral lines of thorium— Continued

Wave-

Wave-

Wave-

Wave-

In-

length number ten- e Classification length number ten- e Classification
A cm™! sity L A cm™! sity trum

11189.689 8934.352 2 I 11802, —20737% 11043.146 9052.911 3 I 15618; —24671,
11186.716 8936.727 0 II 201581, —290955,, 11042.986 9053.042 2 I 13088; —221413
11185.925 8937.359 5 I 7280, —16217; 11038.296 9056.889 2
11184.628 8938.395 0 1 228555 —31793, 11036.319 | 9058.511 4 I 163465 —25405,
11182.846 8939.819 2 11035.091 9059.519 0 I 195033 —28562,
11179.105 8942.811 3 I 11601, —205435 11031.608 9062.380 1 I 21902 —30964,
11171.377 8948.997 1 1 178475 —26796,4 11031.091 9062.804 0
11165.579 8953.644 1 11028.089 9065.271 1 I 198177 —28882,
11162.099 8956.436 3 1 140325 —22988, 11026.975 9066.187 1
11159.387 8958.612 1 11023.604 9068.960 1
11157.560 8960.079 1 I 180113 —26971, 11021.768 9070.470 3 I 142065 —23277;
11155.405 8961.810 0 11021.045 9071.065 0
11151.802 8964.706 0 1 17398; —263633 11017.161 9074.263 0
11148.272 8967.544 0 I 211655 —30132, 11016.787 9074.571 4 I 13088; —221633
11148.078 8967.700 0 11016.018 9075.205 1
11147.197 8968.409 0 1 215395 —30508; 11013.293 9077.450 1
11139.881 8974.299 3 I 19588; —28562, 11010.266 9079.946 1 11 6244 ., —15324°,,
11139.415 8974.674 0 11001.800 9086.933 &) I 13962, —23049;
11138.971 8975.032 1 I 15863, —248387 11000.900 9087.676 1 I 139455 —23032,
11138.821 8975.153 4 1 180695 —27044, 10999.236 9089.051 0 I 216687 —30758,
11134.469 8978.661 1 1 221637 —31141; 10990.207 9096.518 2
11128.287 8983.649 2 1 4961, —139453 10986.695 9099.426 0
11126.995 8984.692 1 10983.633 9101.963 3 I 13297, —22399:
11125.541 8985.866 4 I 180115 —26997, 10983.207 9102.316 2
11124.745 8986.509 2 I 199485 —28934, 10982.982 9102.502 3 1 221635 —31265,
11124.026 8987.090 3 I 23306 —32293; 10982.910 9102.562 4 I 14204, —23306¢
11114.372 8994.896 0 1 204237 —29418, 10982.260 9103.101 0
11114.157 8995.070 3 I 142065 -—23201, 10981.861 9103.431 1 I 8018,.. —171215,.
11107.735 9000.271 0 11 8460,,, — 174603, 10976.518 9107.863 0 1 221635 —31271;
11106.476 9001.291 0 10974.389 9109.630 1 I 17398, —265083
11101.804 9005.079 5 I 9804, —188093 10965.252 9117.220 1 I 15863, —2498135
11098.788 9007.526 2 I 13847, —228553 10964.829 9117.572 1 1 20566; —29684
11094.494 9011.012 2 1 15970, —249813 10963.975 9118.282 1 1 104145 -19532,
11092.159 9012.909 1 I 215395 —30552, 10962.885 9119.189 S I 11802, -—-209223
11090.735 9014.066 3 I 195165 —28531, 10956.004 9124.916 1 I 18549, -27674;
11087.646 9016.578 1 10955.633 9125.225 1
11074.809 9027.029 5 10954.915 9125.823 0
11073.735 9027.904 3 I 195035 —28531, 10948.154 9131.459 4 I 13962, -23093;
11071.877 9029.419 1 I 6213402 — 152425, 10946.696 9132.675 1
11071.478 9029.745 1 I 13847, —22877% 10942.432 9136.234 3 I 16554, —256903
11069.049 9031.726 3 II 7001,,, —160333.2 10942.244 9136.391 8 I 621312 —153495,.
11065.025 9035.011 0 10941.617 9136.914 4 I 61683.2 — 1530512
11062.840 9036.795 1 10938.909 9139.176 1 I 16783; —25923,
11060.720 9038.527 0 10934.177 9143.131 0
11057.009 9041.561 4 1 13297, -—223383 10933.859 9143.397 1
11054.989 9043.213 4 1 139455 —22988, 10927.204 9148.966 1
11054.133 9043.913 1 10924.483 9151.245 4 1I 1521512 — 106733,z
11051.898 9045.742 7 I 156185 —24664, 10923.725 9151.880 2 I 217383 —30889,
11050.978 9046.495 1 I 239165 —32963; 10915.734 9158.579 0
11046.224 9050.389 4 I 189305 —27980, 10913.581 9160.386 3 I 13088, —222483
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TABLE 1. Infrared spectral lines of thorium —Continued
Wave- Wave- In- G o Wave- Wave- In- Shecs L
length number ten- Classification length number ten- Classification
A cm™! sity Ll A cm™! sity Sy

10911.329 9162.277 2 1 19516; —28679, 10759.049 9291.956 1 I 212523 —30544,
10907.689 9165.334 1 10757.771 9293.060 0 II 7828 12 —17121%4,
10901.193 9170.796 4 1 188095 —27980, 10754.878 9295.560 0 I 210773 —30372¢
10894.875 9176.114 1 1 195033 —28679, 10754.328 9296.035 4 1 156183 —24915,
10892.630 9178.005 0 I 15236,,. —244143,, 10752.475 9297.637 2 I 189303 —28227,
10890.287 9179.980 4 I 180113 —27191; 10751.857 9298.172 1
10887.285 9182.511 0 I 239165 —33099; 10749.481 9300.227 2
10883.902 9185.365 1 I 221415 —31326, 10749.434 9300.268 3 I 17959, —272603
10883.233 9185.930 0 I 228555 —32041, 10744.370 9304.651 2 I 144657 —23769,
10882.569 9186.490 1 1 105265 —19713, 10741.809 9306.869 2
10882.153 9186.842 0 1 230155 —32202; 10741.603 9307.048 0
10869.967 9197.141 4 I 178473 —27044, 10740.457 9308.041 1 II 10572512 —19880,4v2
10866.949 9199.695 1 I 16554, —257533 10732.245 9315.163 S I 12847, —221633
10865.480 9200.939 0 10726.926 9319.782 8 1 2558, —11877%
10864.601 9201.683 2 I 13847, —230497 10725.418 9321.092 6 I 11601, —20922;
10862.508 9203.456 4 I 202143 —29418, 10723.921 9322.394 7 1I 414631, —134683.2
10861.797 9204.059 1 1I 129025, —22106,.. 10720.051 9325.759 0 I 226693 —31995,
10857.355 9207.824 1 1 15493, -—247013 10715.361 9329.841 2
10853.458 9211.130 3 1 8800, —18011% 10707.531 9336.663 1 I 159703 —253063
10845.004 9218.311 1 10700.359 9342.921 1 1 189303 —28273,
10844.405 9218.820 4 I 171665, —263843 10700.194 9343.065 0 I 226693 —32012,
10843.465 9219.619 1 10690.175 9351.822 1 1 15970; —253213
10837.713 9224.512 0 1 207377 —29961, 10678.631 9361.931 1 I 203225 —29684,
10835.309 9226.559 2 II 202885.: —29515412 10678.369 9362.161 3 I 11802, —211653
10834.611 9227.153 2 11 15236,12 —24463;., 10668.486 9370.834 2 I 77955 —171664
10834.179 9227.521 3 10666.640 9372.456 0 I 13297, —226695
10832.716 9228.767 0 10665.735 9373.251 0
10826.499 9234.067 0 1 19039; —28273, 10664.767 9374.102 0 I 221637 —31537;
10826.144 9234.370 0 10664.234 9374.570 5 I 6362, —157367
10820.075 9239.549 &) II 621342 —154533.2 10663.178 9375.499 1 I 218903 —31265,
10819.530 9240.015 1 10660.847 9377.549 3 I 8605,12 —179833.2
10813.573 9245.105 4 I 2869; —121143 10658.585 9379.539 1 II 18214%:2 —27593,12
10813.395 9245.257 6 I 4961, —142063 10656.144 9381.687 0
10812.281 9246.209 S 1 13847, —23093; 10654.499 9383.136 1
10807.344 9250.433 3 I 13088, —223383 10651.842 9385.476 0 I 15970; —253553
10804.527 9252.845 2 10649.651 9387.407 1 I 211655 —30552,
10803.918 9253.367 4 I 8800, —180533 10646.516 9390.171 2 I 8111, -175013
10802.535 9254.551 1l I 14226, —234817 10644.118 9392.287 0
10800.157 9256.589 4 I 6362, —156183 10642.859 9393.398 1 II 132482 —226425..
10800.053 9256.678 5 I 139455 —23201, 10640.329 9395.631 1 I 221413 -31537,
10794.056 9261.821 3 1I 9711302 — 18973302 10629.842 9404.901 2 I 142045 —23609:
10790.541 9264.838 0 II 10855302 —20120512 10624.881 9409.292 1
10788.554 9266.544 1 I 22508; —317744 10624.279 9409.825 1
10786.371 9268.420 3 I 205665 —29835; 10623.608 9410.420 1
10785.912 9268.814 4 I 8800, —18069; 10622.548 9411.359 2
10779.100 9274.672 2 I 180695 —27343, 10615.008 9418.044 4 1 188097 —28227,
10778.635 9275.072 1 I 235215 —32796, 10613.388 9419.481 4 1 13088; —225083
10776.984 9276.493 4 I 15493, —24769; 10609.955 9422.529 1 I 98045 —19227g
10774.344 9278.766 1 I 230155 —32293; 10608.458 9423.859 0
10772.436 9280.409 2 10607.807 9424.437 0
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TABLE 1.

Infrared spectral lines of thorium— Continued

Wave-

Wave-

In-

Wave-

Wave-

In-

length number ten- e Classification length number ten- Spec: Classification
A cm™! sity Gam A cm™! sity trusy

10607.108 9425.058 1 I 215397 —30964, 10509.543 9512.555 1
10605.464 9426.519 4 I 180693 —27495, 10503.182 9518.316 1
10601.345 9430.182 2 I 233065 —32737, 10502.592 9518.851 4 1 13962, —23481;
10600.597 9430.847 1 I 210773 —30508; 10498.496 9522.565 2 ) 142475 -23769,
10596.909 9434.129 1 1 203227 —29756, 10495.610 9525.183 i 1 14465; —23990,
10595.992 9434.946 0 I 13250,,,, —226853,2 10494.843 9525.879 6 1 14243; -23769,
10595.264 9435.594 1 1 223383 —31774, 10492.255 9528.229 6 1 105265 —20054,
10594.780 | 9436.025 | 1 1 202145 29650, 10487.427 | 9532.615 | 1 1 18809; - 28342,
10592.495 | 9438.061 | 0 1 231133 —32551, 10483.360 | 9536.313 | 4
10591.350 | 9439.081 | 2 I 205223 —29961, 10481.173 | 9538.303 | © I 204237 —29961,
10589.207 9440.991 0 10479.584 9539.749 1
10587.588 9442.435 1 I 8018,.. —174603,. 10478.801 9540.462 1
10587.100 9442.870 3 1 15863, —25306; 10477.700 9541.465 1 1 202143 —29756,
10586.930 9443.022 1 1 230155 —32458, 10477.082 9542.028 2
10585.524 9444.276 0 1 236555 —33099, 10469.974 9548.506 1 1 188095 —28358,
10585.028 9444.718 2 1 205663 —30011, 10467.587 9550.683 0
10583.191 9446.358 0 10466.685 9551.506 3
10581.711 9447.679 1 1 13962, -234105 10459.723 9557.864 4 1 13297, -228553
10580.518 9448.744 0 10452.445 9564.519 0
10579.481 9449.670 1 1 11802, -212523 10450.448 9566.346 3 1 199865 —29552,
10578.136 9450.872 1 1 142045 —236555 10448.996 9567.676 0
10576.600 9452.244 i 11 1530512 —247573,2 10439.505 9576.374 3 1 163465 —25923,
10576.362 9452.457 2 I 180695 —27521, 10436.870 9578.792 2 I 15863, —254423
10572.824 9455.620 1 I 108553.2 —203105,2 10435.094 9580.422 3 I 180117 —27591;
10570.129 9458.031 0 I 15863, —253213 10434.890 9580.609 2
10569.146 9458.911 0 1 23609; —33068 10434.109 9581.326 1 I 13088; —22669;
10567.177 9460.673 1 1 121143 -21575, 10429.665 9585.409 6 1I 0112 — 95855..
10565.306 9462.349 6 1 13175; —22637, 10424.885 9589.804 0
10563.181 9464.252 1 10424.126 9590.502 1 1 22338; —31929,
10560.617 9466.550 1 I 6244 1, —15710%02 10423.795 9590.807 2 1I 147905, —24381;,.
10559.107 9467.904 0 1 18053; —27521, 10421.511 9592.909 0 1 211655 —30758,
10556.454 9470.283 7 1 175015 -26971, 10419.574 9594.692 7 1I 152151s — 111163,
10554.837 9471.734 4 1 16783 —26255, 10417.881 9596.251 1 1 22399; —31995,
10553.890 9472.584 1 1 15970, —254423 10417.087 9596.983 1
10545.902 9479.759 1 1 17398, —268783 10412.996 9600.753 4 1 18930; —28531,
10545.290 9480.309 2 1 121143 —21594, 10412.507 9601.204 0 I 19817 —29418,
10543.947 9481.517 0 10410.424 9603.125 2 I 7795; —17398,
10542.787 9482.560 1 10408.497 9604.903 1 1 198177 —29422,
10540.958 9484.205 5 1 180115 —27495, 10404.502 9608.591 3
10540.219 9484.870 2 10403.056 9609.927 1 1 205223 -30132,
10539.400 9485.607 1 I 106733, —20158,.2 10402.349 9610.580 1 11 179835.2 —27593512
10538.316 9486.583 12 11 73313, —168185. 10401.401 9611.456 1 1 22163; —317744
10536.866 9487.888 2 1 15493, —249813 10392.041 9620.113 0 I 202143 —29835;
10533.385 9491.024 & 1 12847, —223383 10391.352 9620.750 0 II 124853.2 —22106,.,.
10532.567 9491.761 2 10387.498 9624.320 1 1 17166, —267905
10527.789 9496.069 2 I 175013 —26997, 10386.273 9625.455 0
10527.134 9496.660 1 I 178475 —27343, 10378.821 9632.366 1 I 189305 —28562,
10525.841 9497.826 4 10378.146 9632.993 1 1 174115 —27044,
10518.190 9504.735 2 I 208677 —30372 10377.490 9633.601 2 1 13847, —23481%
10512.209 9510.143 5 1 180113 -—-27521, 10376.812 9634.231 0 1 202143 —29849,
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Infrared spectral lines of thorium — Continued
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Wave-

In-

Wave-

Wave-
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length number ten- ?:’::1 Classification length number ten- ?::; Classification
A cm™! sity A cm™! sity

10376.020 9634.966 1 1 219027 -31537, 10250.684 9752.773 4 1 188097 —28562,
10373.462 9637.342 0 11 15236,,, —248735.2 10249.314 9754.077 1
10369.528 9640.998 4 1 13962, —23603; 10247.561 9755.746 4 I 13847, —236033
10362.966 9647.103 1 I 218903 —-31537, 10247.419 9755.881 1
10359.998 9649.867 3 II 94005, — 1905052 10244.986 9758.198 1 11 220143u2 —31773 402
10358.167 9651.573 3 1 11601, —-212523 10241.779 9761.253 2 I 22306 —33068;
10357.832 9651.885 0 10241.463 9761.555 2 11 13250512 —23012%,,
10357.615 9652.087 0 1 221413 -31793, 10236.031 9766.735 4 I 13088; —228553
10356.372 9653.246 2 11 15786412 — 2544052 10229.541 9772.931 I
10355.806 9653.773 1 10223.662 9778.551 3 1 13962, —23741%
10350.334 9658.877 1 1 186147 —28273, 10220.712 9781.373 2
10349.051 9660.074 &) I 12847, —225083 10219.382 9782.646 2 1I 14349 1, —24132%,2
10346.944 9662.041 0 10218.434 9783.554 5 I 9804, —19588;5
10346.540 9662.419 3 1 15863, —25526% 10214.957 9786.884 0
10345.899 9663.017 0 1 17398; —270613 10214.676 9787.153 1
10344.287 9664.523 1 10214.442 9787.377 1 1 21539 -31326,
10335.840 9672.422 1 10213.806 9787.987 0
10334.926 9673.277 3 1 13847, -—235213 102117538 9790.161 2 1 13962, -237523
10327.838 9679.916 0 10208.285 9793.281 0 11 200805,z —29873 302
10326.442 9681.224 0 10205.020 9796.414 1 1 202143 -30011,
10317.951 9689.191 1 10203.228 9798.134 0
10317.364 9689.743 1 10202.133 9799.186 1 1 21738; -31537,
10316.894 9690.184 4 1 175013 -27191, 10197.163 9803.962 0 1I 17722512 —27526 412
10316.006 9691.018 1 11 10189z, — 19880, 10194.906 9806.132 1
10314.894 9692.063 2 1 203223 -30014, 10193.720 9807.273 0 1 207377 —-30544,
10309.821 9696.832 0 10192.965 9808.000 0 1 19948; -29756,
10308.549 9692.028 5) I 19986; —29684, 10188.418 9812.377 3
10307.509 9699.007 1 10184.539 9816.114 2 I 13297, -231133
10304.810 9701.547 2 /L 1037912 — 2008052 10180.909 9819.614 0 I 8018,12 —17837°,
10304.082 9702.233 2 I 223387 —32041, 10180.596 9819.916 2 1 172243 -27044,
10301.391 9704.767 1 10179.844 9820.641 0
10301.161 9704.984 6 11 4113,12 — 138185, 10178.522 9821.917 S 1 12847, -226693
10299.876 9706.195 1 10177.086 9823.303 1
10298.388 9707.597 1 10175.012 9825.305 4 1 14206 —24032,
10294.714 9711.062 0 I 17959, -276703 10169.296 9830.828 2 1I 10855312 — 2068652
10293.052 9712.630 4 I 14204, —239165 10160.324 9839.509 0 1 15863, -257033
10288.987 9716.467 4 11 185942 — 11576512 10156.406 9843.305 0 1 19039; -—28882,
10285.485 9719.775 0 I 178475 —27566, 10145.521 9853.865 0
10283.118 9722.012 4 I 7502; —172243 10144.266 9855.084 4 I 6362, -16217;
10278.860 9726.040 1 I 215395 —31265; 10141.399 9857.870 6 I 13175 —23032,
10278.350 9726.522 1 10140.434 9858.808 4 1 208677 —30726,
10278.263 9726.605 0 10137.390 9861.769 2 I 17398, —272603
10276.804 9727.985 1 10136.787 9862.355 0 I 15493, -25355%
10275.694 9729.036 0 I 209227 —-30651; 10133.559 9865.497 7 1I 1859,12 —11725°%,
10272.063 9732.475 2 10131.371 9867.628 2 I 17398; —272663
10271.191 9733.302 2 1 15970; —257033 10127.552 9871.349 0 I 221415 -32012,
10268.554 9735.801 1 1 19948 —29684; 10126.557 9872.318 1 I 219027 -31774,
10260 162 9743.764 0 10123.103 9875.687 0
10257.374 9746.413 5) 1 14243 -23990, 10120.661 9878.070 1
10255.580 9748.118 2 1 151665 —24915, 10118.774 9879.912 1
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TABLE 1.

Infrared spectral lines of thorium — Continued

Wave-

Wave-

In-

Wave-

Wave-

In-

length number ten- I Classification length number ten- Spec: Classification
R cm™! sity e A cm™! sity Lo
10118.187 9880.485 1 9998.963 9998.296 2 I 14204, —242023
10117.993 9880.675 2 I 14204, —24084g 9998.513 9998.746 2
10114.788 9883.805 1 9993.866 | 10003.395 2 11 152425, —25246 412
10113.985 9884.590 0 9993.364 | 10003.898 0
10111.877 9886.651 1 I 199487 —29835; 9992.656 | 10004.607 3 I 189305 —28934,
10107.000 9891.421 0 I 219025 -31793, 9991.846 | 10005.418 0 1 13088; —230933
10105.549 | 9892.842 | 0 I 17959, —278522 9989.939 | 10007.327 | 2 I 12847, —228553
10105.080 | 9893.301 | 2 I 13847, —237415 9988.024 | 10009.246 | 2 | 1I 7828 1, —17837°
10104.307 | 9894.058 | 1 I 162173 —26111, 9987.636 | 10009.635 | 6 I 8800, —188005
10103.176 | 9895.165 | 0 9985.052 | 10012.225 | 5 I 16783; —26796,
10102.579 9895.750 2 1 190395 —28934, 9974.693 | 10022.623 3 I 180115 —28034,
10098.624 9899.625 1 I 221413 -32041, 9973.365 | 10023.958 0
10097.463 9900.764 1 I 199487 —29849, 9973.092 | 10024.232 1
10092.535 9905.598 0 9970.467 10026.872 4 1 13175 —23201,
10091.483 9906.631 2 9963.495 | 10033.888 3 I 163465 —26380,
10089.136 9908.935 7 I 7502; -—174113 9958.059 | 10039.365 1 I 218903 —31929,
I 163465 —26255, 9957.528 | 10039.900 1
10086.406 9911.617 o I 180695 —27980, 9957.181 10040.250 0
10085.323 9912.681 1 I 9061,,., —189733,. 9956.844 | 10040.590 1
10083.788 9914.190 5 1 192278 —291414 9955.781 10041.662 1
10082.880 9915.083 4 1 154907 —25405, 9952.375 | 10045.099 3 I 139455 —23990,
10082.719 9915.242 1 1 195035 —29418, 9948.171 10049.344 1 I 17398; —274473
10081.227 9916.709 1 1 186147 —28531, 9947.082 10050.444 1 1 203227 —303724
10079.542 9918.367 2 9943.061 10054.508 6 1I 1521212 —11576512
10079.413 9918.494 0 9939.967 | 10057.638 1
10078.906 9918.993 1 I 17398, —273173 9938.839 | 10058.779 1 I 22399; —32458,
10065.187 9932.512 1 1 174115 —27343; 9935.203 10062.461 2 I 208677 —309304
10058.937 9938.684 1 9934.723 10062.947 1 I 19948 —30011,
10056.214 9941.375 2 I 205665 —30508; 9932.777 10064.918 0 I 18614 —28679,
10055.842 9941.743 2 9930.047 10067.685 2
10054.960 9942.615 1 I 8111, -—180533 9929.814 | 10067.922 3 I 11601, —216685
10054.189 9943.377 0 9927.326 | 10070.445 2 I 14204, —242743
10053.375 9944.182 0 1 7280, —172243 9926.172 | 10071.616 0 II 12570312 — 226425,
10051.735 9945.805 1 9923.310 | 10074.520 1
10048.041 9949.461 3 I 15493, —254423 9919.448 | 10078.443 0 I 15970, —26048;
10045.996 9951.486 0 II 15236,12 —25188%,2 9916.122 | 10081.823 1 1 15493, —25575%
10045.316 9952.160 2 I 189305 —28882, 9913.628 | 10084.360 1 1 174115 —27495,
10044.021 9953.443 0 9912.205 | 10085.807 2 1 22877; —32963,
10041.807 9955.638 0 9911.116 | 10086.915 4 I 139455 —24032,
10039.364 9958.060 7 I 8111, —180693 9910.837 10087.199 2 I 11802, —218903
10039.101 9958.321 2 I 140323 —23990, 9907.464 | 10090.634 1 I 175015 —27591,
10037.115 9960.292 1 9906.948 | 10091.159 1 I 165545 —266452
10036.377 9961.024 0 9904.771 10093.377 1 I 219023 —31995,
10033.226 9964.152 Vs 1 195887 —29552¢ 9902.362 10095.833 4 1 195887 —29684,
10032.967 9964.410 1 9898.356 | 10099.918 2 I 171665 —272665
10032.174 9965.197 1 11 8018,1: —179833.2 9896.050 | 10102.272 3 I 13175 —23277,
10029.545 9967.809 1 I 209223 -—30889, 9892.286 | 10106.116 0
10011.398 9985.877 3 1 205665 —30552, 9892.187 | 10106.217 0 I 1427531, —243813.,
9999.614 9997.645 0 I 215395 -31537; 9890.522 | 10107.918 1 I 8460,12 —18568°.,
9999.430 9997.829 1 9888.819 | 10109.659 0 1I 15305412 —2541421,
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TABLE 1.

Infrared spectral lines of thorium— Continued

Wave- Wave- In- Shen) o Wave- Wave- In- Spec- o
length number ten- | Classification length number ten- u?um Classification
A cm™! sity A cm™! sity

9880.782 | 10117.882 2 1I 67003,, — 16818, 9736.216 | 10268.115 1 1 18614; —28882,
9878.520 | 10120.199 2 II 7001, —17121%,, 9734.696 | 10269.718 1 11 132481, —235183,.
9876.688 | 10122.076 0 11 132505, —233723,, 9718.665 | 10286.658 0
9874.790 | 10124.022 0 9718.489 | 10286.844 2
9873.821 | 10125.015 3 1 188097 —28934, 9716.146 | 10289.325 2 I 180693 —28358;
9872.635 | 10126.231 1 1 226693 —32796, 9702.272 | 10304.038 3 1 156183 —25923,
9872.185 | 10126.693 0 9701.580 | 10304.773 1 I 180537 —28358;
9871.998 | 10126.885 2 1 15970, —260963 9700.564 | 10305.852 7 I 2869, —131753
9869.929 | 10129.008 0 1I 4146,,, —142755,. 9695.033 | 10311.732 2 I 13297, —23609;
9868.922 | 10130.041 2 1 8800, -—189303 9684.806 | 10322.621 1
9867.890 | 10131.101 2 1 7280, -174113 9679.111 10328.695 0
9865.451 10133.605 1 1 178473 —27980, 9678.235 | 10329.629 0 I 202143 —30544,
9864.226 | 10134.864 3 9676.940 | 10331.012 0 | 82435 —18574,
9864.094 10135.000 1 9676.840 10331.118 & 1 180115 —28342,
9863.866 | 10135.234 1 11 122192 —22355°% 9676.107 | 10331.901 2 I 195033 —29835,
9862.127 | 10137.021 0 1 11601, -217383 9674.790 | 10333.308 2 | 112413 -21575,
9855.745 | 10143.585 3 1 9804, —19948; 9670.794 | 10337.577 1
9845.690 10153.944 2 9666.379 10342.299 0
9840.923 10158.863 1 1 180693 —28227, 9664.700 | 10344.096 6 1 3687, -—140323
9838.008 | 10161.873 1 I 211653 -—-31326, 9663.647 10345.223 1 1 13962, -24307;
9837.258 | 10162.648 0 I 144657 —24627, 9663.062 | 10345.849 0 11 124883y, —22834 3.,
9834.008 10166.006 3 9656.439 10352.945 1 I 112415 —-21594,
9833.424 | 10166.610 8 1 3865, -—140323 9652.004 | 10357.702 0 | 13297, -—23655%
9831.676 | 10168.418 2] 9643.649 | 10366.676 0
9826.452 10173.823 7 1 5563, —15736% 9643.322 | 10367.027 1 I 140325 —24399,
9819.178 | 10181.360 1 I 9804, —19986g 9643.147 | 10367.215 0 I 205223 —30889,
9814.962 | 10185.733 1 1 203227 —30508; 9642.471 10367.942 4 I 8605,.2 — 1897351,
9813.153 | 10187.611 0 I 167837 —26971, 9636.906 | 10373.929 1 I 17073, —27447;
9812.698 | 10188.083 | 7 1 82433 —18431, 9632.647 | 10378.516 | 6 I 3865, —14243;
9801.710 | 10199.505 | 0 I 144657 24664, 9630.745 | 10380.565 | 1 I 142473 —24627,
9800.586 | 10200.674 0 9629.572 | 10381.830 6 I 3865, —14247;
9800.366 | 10200.903 1 9629.231 10382.198 0 I 22399; -32781,
9797.252 10204.145 1 1 180695 —28273, 9627.672 | 10383.879 1 1 142437 —24627,
9796.200 | 10205.241 <) 1 4961, —151663 9627.058 | 10384.541 0
9795.646 | 10205.819 0 9625.740 | 10385.963 1
9789.508 | 10212.218 2 I 173547 —27566, 9625.204 | 10386.541 & 1 19986 —303724
9785.356 | 10216.551 0 1 180117 -—-28227, 9623.414 | 10388.473 0 I 221633 —32551,
9782.141 10219.908 0 I 13962, -241823 9619.222 | 10393.001 1 I 15970, —263633
9781.891 10220.170 2 9613.689 | 10398.982 ) 11 41463,, — 145455,
9779.461 | 10222.709 | 1 9608.933 | 10404.129 | 1 I 112415 —21645,
9778.427 | 10223.790 0 9608.494 | 10404.605 2
9769.538 | 10233.092 2 1 15863, —260963 9607.535 | 10405.643 0
9764.606 | 10238.261 0 1 151665 —25405, 9605.809 | 10407.513 0 | 16783; —27191;
9757.222 | 10246.009 1| 1 12847, -—-230933 9595.395 | 10418.808 4 I 13962, -243813
9757.159 | 10246.075 0 9593.115 | 10421.284 0

9754.019 | 10249.374 1 1 15863, —261133 9590.348 | 10424.291 1
9753.597 | 10249.817 2 1 210773 —31326, 9588.809 | 10425.964 0 1 19588; —30014,
9746.464 | 10257.318 7 I 3687, —139453 9587.027 | 10427.902 1 I 142435 -24671,
9743.565 | 10260.370 4 I 167835 —27044, 9583.076 | 10432.201 3 1I 411352 — 145453,
9738.624 | 10265.576 1 1 12847, -23113% 9582.816 | 10432.484 4 I 13088; —235213
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TABLE 1.

Infrared spectral lines of thorium— Continued

Wave- Wave- In- G Wave- Wave- In- G
length number ten- | SP€C Classification length number ten- | SP€C Classification
A cm™! sity (D A cm™! sity L

9577.344 | 10438.445 3 I 97203,; —20158,,» 9432.589 | 10598.635 0
9571.505 | 10444.813 1 I 195165 —29961, 9432.280 | 10598.983 & 1I 9711312 —203103:2
9570.405 | 10446.013 1 | 11802, —22248; 9431.600 | 10599.747 5 I 3865, —144653
9567.826 | 10448.829 2 1 111973 —21645, 9430.921 | 10600.510 0 1 17073, -276743
9567.283 | 10449.422 1 1 163465 —26796, 9423.850 | 10608.464 0
9565.567 | 10451.297 1 9422.317 | 10610.190 0 I 180695 —28679,
9563.778 | 10453.251 0 9420.621 | 10612.100 2 1 14226, —248385
9563.709 | 10453.327 1 9420.493 | 10612.244 2 11 1859,12 — 124725,
9563.307 | 10453.767 1 9417.463 | 10615.659 0 1 19516; —30132,
9563.177 | 10453.909 0 9414.090 | 10619.462 2 1 13297, -23916
9561.736 | 10455.484 1 9413.682 | 10619.922 1

9561.245 | 10456.021 5 1 82435 —18699, 9413.135 | 10620.540 1

9559.932 | 10457.457 0 9409.353 | 10624.808 4 | 163463 —26971,
9553.984 | 10463.967 1 9406.896 | 10627.583 1
9548.028 | 10470.495 1 9405.282 | 10629.407 1
9536.411 | 10483.250 1 9399.091 | 10636.408 7 I 7795; —18431,
9521.958 10499.162 1 9396.673 10639.145 0
9514.025 | 10507.916 0 9394.096 | 10642.064 0 II 92383.2 —19880,12
9510.950 | 10511.313 0 1 178473 —28358, 9393.770 | 10642.433 1
9507.656 | 10514.955 | 2 I 13088, —236033 9392.268 | 10644.135 | 0 I 15863, —265085
9505.395 | 10517.456 5 I 9804, —203227 9392.016 | 10644.421 1 11 41463,, —147903.2
9501.443 | 10521.831 0 1 19986; —30508; 9390.723 | 10645.886 0
9500.302 | 10523.095 2 I 121143 —22637, 9390.588 | 10646.040 2 | 14204, —24850¢
9500.053 | 10523.370 0 9388.933 | 10647.916 4 1 11601, —222483
9498.244 | 10525.375 0 9384.103 | 10653.397 0 | 14226, —248805
9497.191 | 10526.541 7 | 0, —105263 9383.275 | 10654.337 5 I 5563, -16217;
9495.500 | 10528.416 7 | 4961, —15490% 9380.642 | 10657.327 0 | 4961, -156183
9494.041 | 10530.034 1 I1 11576%.: —22106,.2 9379.736 | 10658.357 1
9486.929 | 10537.928 | 3 I 15970, —265085 9374.051 | 10664.821 | 0 | 1II 17272 —279375
9483.850 | 10541.349 0 11 1897332 —29515,.2 9366.797 | 10673.079 0 1 12847, -23521%5
9482.290 10543.084 1 9366.743 10673.141 0 11 051/2 —106735..
9482.271 | 10543.105 1 9362.794 | 10677.643 0 I 4113,.2 — 147905,
9474.882 | 10551.327 7 I 7502; —180533 9362.640 | 10677.819 1 II 92023, — 1988012
9470.684 | 10556.003 6 I 3687, —14243; 9360.989 | 10679.702 2 I1 9400, — 2008052
9467.200 | 10559.888 5 1 167835 —27343, 9357.253 | 10683.966 0 1 178473 -28531,
9462.907 10564.679 1 9357.055 10684.192 0
9461.905 | 10565.798 0 9355.995 | 10685.402 0
9461.208 | 10566.576 3 1 13088; —23655% 9349.246 | 10693.116 1 11 6213412 — 1690632
9461.031 | 10566.774 6 1 7502; —18069;5 9344.207 | 10698.882 1 I 8111, -—18809;
9460.871 | 10566.952 2 1 7280, —17847; 9344.096 | 10699.009 1 1 20566; —31265;
9458.783 | 10569.285 0 9340.708 | 10702.890 4 I 8800, —195033
9458.629 | 10569.457 0 i 174115 —27980, 9336.161 | 10708.102 1 I 142063 —24915;
9456.023 | 10572.370 0 11 19912§,, — 304845, 9327.252 | 10718.330 0

9455.205 | 10573.284 2 1 13847, —244213 9320.071 | 10726.589 0 I 139455 —24671,
9452.674 | 10576.116 1 9317.727 | 10729.287 3 I 104147 -21143;
9450.464 | 10578.589 1 I 162173 —267964 9310.448 | 10737.675 2 1 167837 —27521,
9448.890 | 10580.351 0 9307.899 | 10740.616 4 I 199865 —30726,
9446.992 | 10582.477 0 9300.018 | 10749.718 1 I 202143 —30964;
9439.854 | 10590.479 0 I 8460,1, — 190505, 9294.976 | 10755.549 1 1 12847, —23603;3
9436.815 10593.889 2 1 11802, —22396% 9294.782 10755.773 2
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TABLE 1.

Infrared spectral lines of thorium — Continued

Wave- Wave- In- Speey o Wave- Wave- In- Spec- o
length number ten- | Classification length number ten- |\ Classification
A cm™! sity A cm™! sity
9289.564 | 10761.815 5 I 9804; —2056635 9266.208 | 10788.941 6 1 7280, —180695
9287.583 10764.110 0 9263.682 10791.882 0 I 107833 —21575,
9277.170 | 10776.192 (1] 9260.327 | 10795.792 2 I 11601, —22396%
9276.273 | 10777.234 5 1 3687, —144653 9252.860 | 10804.504 0
9272.832 | 10781.234 0 9250.579 | 10807.168 0 I 12847, —2365535
9271.181 | 10783.153 1 I 0, —10783; 9248.125 | 10810.036 1
9270.155 | 10784.347 2 1 19588; —30372; 9245.257 | 10813.389 1 I 180693 —28882,
9267.686 | 10787.220 2 11 73315., — 1811854, 9243.767 | 10815.133 1
9267.082 | 10787.923 3 9239.328 | 10820.329 1 I 15970, —267903
9266.920 | 10788.111 4 1 8800, —195882
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This compilation abstracts original experimental data on the
mechanical, thermal, and electrical properties of six commercially
available polymers. After an extensive review of the open literature,
all available data were collected together in graphical and tabular
form along with material characterization, experimental method, and
reference to the original publication. The data are also summarized
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A diagrammatic method for solving angular momentum recoupling
problems is presented. It is shown that a few graphical elements with

a set of rules for their use lead to the solution of many types of
recoupling problems in an intuitive and systematic way. Several ex-
amples are given together with exercise to develop the reader’s facili-
ty with the method.
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The basic theory and analytical methods used in the development
of accurate microwave measurement methods and standards are
presented.

Developments at the U.S. National Bureau of Standards during
1948-1968 are described in which the above theory and analytical
methods were applied.

These developments were in the fields of power, impedance, at-
tenuation and phase shift, and led to the establishment of National
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anu and J. W. Lazar, Nat. Bur. Stand. (U.S.), Spec. Publ. 260-32, 27
pages (Dec. 1973) 55 cents, SD Catalog No. C13.10:260-32.

Key words: Cuvette, spectrophotometry; lightpath; pathlength;
quartz, cuvette; radiation pathlength.

Accurate knowledge of lightpath and parallelism of cuvettes used
in spectrophotometry is one of the indispensable parameters which
must be determined when accurate transmittance measurements of
liquid materials is considered. A description is given of the design
and techniques developed at NBS for the production of quartz cu-
vettes having a nominal radiation pathlength of 10 mm = 0.03 mm and
a parallelism certified both with an uncertainty of = 0.0005 mm. The
method and instrumentation used to determine these parameters is
also described in the paper.

SP300. Volume 10. Precision measurement and calibration.
Selected NBS papers on image optics, C. S. McCamy, Editor, Nat.
Bur. Stand. (U.S.), Spec. Publ. 300, Vol. 10, 953 pages (Nov. 1972)
$11.10, SD Catalog No. C13.10:300, Vol. 10.

Key words: Camera calibration; image evaluation; image optics;
image stability; interferometry; lens testing; light filters; light
sources; photography.

This volume is one of an extended series which brings together the
previously published papers, monographs, abstracts, and bibilogra-
phies by NBS authors dealing with precision measurement of specific
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physical quantities and the calibration of the related metrology equip-
ment. The contents have been selected as being useful to the stan-
dards laboratories of the United States in tracing to NBS standards
the accuracies of measurement needed for research work, factory
production, or field evaluation.

Volume 10 deals with image optics, including photography. It con-
tains 57 reprints assembled in 4 sections: (1) Refractometry and Opti-
cal Homogeneity; (2) Interferometry in Image Optics; (3) Optical
Image Evaluation; (4) Photography. Each section is introduced by an
interpretive foreword, including in some instances, pertinent
references.

SP305. Supplement 4. Publications of the National Bureau of
Standards 1972 catalog. A compilation of abstracts and
key word and author indexes, B. L. Oberholtzer, Nat. Bur.
Stand. (U.S.), Spec. Publ. 305 Suppl. 4,449 pages (July 1973) $3.75,
SD Catalog No. C13.10:305 Suppl. 4.

Key words: Abstracts, NBS publications; key words; publica-
tions.

This supplement to Special Publication 305 Supplements 1, 2, and
3 of the National Bureau of Standards lists the publications of the Bu-
reau issued between January 1, 1972 and December 31, 1972. It in-
cludes an abstract of each publication (plus some earlier papers
omitted from Special Publication 305 Supplement 3), key-word and
author indexes; and general information and instructions about NBS
publications.

Miscellaneous Publication 240 (covering the period July 1, 1957
through June 30, 1960) and its supplement (covering the period July
1, 1960 through June 30, 1966), Special Publication 305 (covering the
period July 1966 through December 1967) and Special Publication
305 Supplement 1 (covering the period 1968-1969), Special Publica-
tion 305 Supplement 2 (covering the period 1970), and Special Publi-
cation 305 Supplement 3 (covering the period 1971) remain in effect.
Two earlier lists, Circular 460 (Publications of the National Bureau of
Standards, 1901 to June 1947) and its supplement (Supplementary
List of Publications of the National Bureau of Standards, July 1, 1947
to June 30, 1957) are also still in effect.

SP320. Supplement 2. Bibliography on atomic transition
probabilities July 1971 through June 1973, J. R. Fuhr and
W. L. Wiese, Nat. Bur. Stand. (U.S.), Spec. Publ. 320 Suppl. 2, 63
pages (Nov. 1973) 95 cents, SD Catalog No. C13.10:320.

Key words: Allowed; atomic; discrete; forbidden; transition
probability.

This is the second supplement to the NBS Special Publication 320,
“Bibliography on Atomic Transition Probabilities,” and it covers the
most recent literature on the subject from July 1971 through June
1973. The papers are arranged according to elements and stages of
ionization, and the method employed and classification of transitions
are indicated for each reference. Only articles on discrete transitions,
both allowed and forbidden, are listed. Papers containing data for
many elements within isoelectronic sequences are collected
separately in front of the list in order to keep this bibliography to a
reasonable size. Also included is a selected list of new papers dealing
with the subject of atomic transition probabilities from a general
point of view.

SP381. Bibliography of ion-molecule reaction rate data
(January 1950-October 1971), G. A. Sinnott, Nat. Bur. Stand.
(U.S.), Spec. Publ. 381, 73 pages (Oct. 1973) $1.00, SD Catalog No.
C13.10:381.

Key words: Atoms: bibliography;
molecules; rate coefficients; reactions.

cross-sections;  ions;

A bibliography is presented of papers in the open literature that
contain original experimental data on ion-molecule reaction rates or
cross sections. Positive and negative ion-molecule and ion-ion reac-

tions are included but not electron impact processes. For papers to be
included, the reactants must have been identified and data for kinetic
energies below 10 electron volts must have been presented.

SP387. Laser induced damage in optical materials: 1973.
Proceedings of a symposium sponsored by Office of Naval
Research, The American Society for Testing and Materials and by
the National Bureau of Standards, Boulder, Colo. May 15-16, 1973,
A. J. Glass and A. H. Guenther, Editors, Nat. Bur. Stand. (U.S.).
Spec. Publ. 387, 285 pages (Dec. 1973) $2.65, SD Catalog No.
C13.10:387.

Key words: IR windows and mirrors; laser damage; laser
materials; self-focusing; thin films.

The Fifth ASTM-ONR-NBS Symposium on Laser Induced Damage
in Optical Materials was held at the National Bureau of Standards in
Boulder, Colo. on May 15 and 16 of this year. These Symposia are
held as part of the activities of Subcommittee Il on Lasers and Laser
Materials, of the ASTM. Subcommittee II is charged with the respon-
sibilities of formulating standards and test procedures for laser
materials, components, and devices. The chairman of Subcommittee
I1 is Haynes Lee, of Owens-Illinois, Inc. Co-chairmen for the Damage
Symposia are Dr. Arthur H. Guenther, Scientific Director, Technolo-
gy Division of the Air Force Weapons Laboratory, and Dr. Alexander
J. Glass, Head, Basic Studies, Y Division, Lawrence Livermore
Laboratory.

Approximately 135 attendees at the Symposium heard 25 papers on
topics relating to laser induced damage in crystalline and nonlinear
optical materials, at dielectric surfaces, and in thin film coatings as
well as discussions of damage problems in the infrared region due
both to cw and pulsed irradiation. In addition, several reports on the
theoretical analysis of laser-materials interaction, relative to the
damage process were given, along with tabulations of fundamental
materials properties of importance in evaluation of optical material
response to high power laser radiation. Several papers presented by
title only are included within the proceedings for completeness.

The proceedings of these Symposia represent the major sources of
information in the field of laser induced damage in optical materials.
The Symposia themselves, along with the periodic meetings of Sub-
committee 11, provide a unique forum for the exchange of information
regarding laser materials specifications among the manufacturers
and users of laser devices, components, and systems. The Symposia
also serve as a mechanism of information gathering to enable the
Subcommittee to write informed and realistic specifications.

SP389. Some references on metric information with charts on
all you need to know about metric and metric conversion
factors, W. R. Tilley, Editor, Nat. Bur. Stand. (U.S.), Spec. Publ.
389, 8 pages (Dec. 1973) 25 cents, SD Catalog No. C13.10:389.

Key words: Metric charts; metric information sources; metric
publications.

A bibliography of metric publications issued by NBS along with a
list of organizations that market metric publications, lists, and films
for educators. Also includes two metric charts “All you need to know
about metric” and ““Metric conversion factors.”

NSRDS-NBS45. Radiation chemistry of nitrous oxide gas. Pri-
mary processes, elementary reactions, and yields, G. R. A.
Johnson, Nat. Stand. Ref. Data Ser., Nat. Bur. Stand. (U.S.), 45, 27
pages (Dec. 1973) 60 cents, SD Catalog No. C13.48:45.

Key words: Chemical kinetics; data compilation; dosimetry; G;
gas; nitrous oxide; radiation chemistry; rates; review.

Data on the radiation yields from nitrous oxide gas, and the effects
of variables, including dose-rate, total dose, pressure, temperature,
applied fields and scavengers are reviewed and tabulated. The use of
N,O as a gas-phase, chemical dosimeter is discussed. Primary
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processes in irradiated N,O are discussed and elementary reactions,
relevant to the system, are listed.

PS56-73. Structural glued laminated timber, (ANS A4190. I-
1973), K. G. Newell, Jr., Technical Standards Coordinator, Nat.
Bur. Stand. (U.S.), Prod. Stand. 56-73, 12 pages (Oct. 1973) 45
cents, SD Catalog No. C13.20/2:56-73.

Key words: Glued laminated timber; laminated timber; struc-
tural glued laminated timber; timber, structural glued laminated.

This Voluntary Product Standard covers requirements for the
dimensions, grade combinations, lumber for laminating, appearance
grades, adhesive, and laminating of structural glued laminated timber
as well as inspection and test procedures, marking, and the certifica-
tion by a qualified inspection and testing agency. Definitions of the
trade terms used are given, and guides for ordering and information
on inspection practices are provided in the appendices.

TN392. (Revised September 1973). Thermodynamic properties
of compressed gaseous and liquid fleorine, R. Prydz and G.
C. Straty, Nat. Bur. Stand. (U.S.), Tech. Note 392, 197 pages (Sept.
1974) $1.50, SD Catalog No. C13.46:392 (Rev. 1973).

Key words: Density; enthalpy; entropy; fixed points (PVT);
fluorine; Joule-Thomson; latent heat; melting curve; PVT mea-
surements; saturation densities; specific heats; vapor pressure;
velocity of sound; virial coefficients.

An apparatus has been constructed and used successfully to mea-
sure vapor pressure and PVT data of fluorine from the triple point to
300 K at pressures to about 24 MN/m?2. Material problems caused by
the toxic and corrosive nature of fluorine were solved. A network of
isotherm and isochore polynomials and a truncated virial equation
were used to represent all PVT data. These equations represent the
data with an average standard deviation of about 0.02 percent in den-
sity, the corresponding accuracy being estimated at 0.1 percent.
Equations for the saturated liquid and vapor densities, the vapor
pressure curve, the melting line, and the ideal gas properties are also
presented. Comparisons are given to published values of the second
virial coefficients, vapor pressures, and saturation densities. Addi-
tional comparisons are also made to measured specific heats and
latent heats of vaporization. New values are reported for the triple
point and critical point parameters together with the temperature and
saturation densities at the normal boiling point. Finally, extensive ta-
bles of thermodynamic properties of fluorine are given which include
pressure, temperature, density, isotherm and isochore derivatives,
internal energy, enthalpy, entropy, specific heats at constant pres-
sure and volume and velocity of sound. Some erroneous values for the
internal energy and enthalpy of the compressed liquid below 135 K,
published previously, have been corrected in this revision.

TN641. Survey of the properties of the hydrogen isotopes
below their critical temperatures, H. M. Roder, G. E. Childs,
R. D. McCarty, and P. E. Angerhofer, Nat. Bur. Stand. (U.S.),
Tech. Note 641, 122 pages (Oct. 1973) $1.25, SD Catalog No.
C13.46:641.

Key words: Compilation; density; deuterium; electrical proper-
ties; enthalpy; entropy; fixed points; hydrogen; mechanical pro-
perties; optical properties; specific heat; thermophysical proper-
ties; transport properties; tritium; vapor pressure.

The survey covers PVT, thermodynamic, thermal, transport, elec-
trical radiative and mechanical properties. All isotopic as well as
ortho-para modifications of hydrogen have been included. Tempera-
tures are limited to those below the respective critical points, in
general below 40 K. The pressure range is not restricted, that is solid,
liquid, and gas phases are covered. However, with the exception of
hydrogen, very little data exists at pressures other than saturation.
The literature surveyed includes all references available to the
Cryogenic Data Center up to June of 1972, and for several subjects,
through March of 1973. The total number of documents considered

was nearly 1500 of which about 10 percent contain pertinent informa-
tion and are referenced in this report. The various properties are
presented in the form of tables of graphs; if extensive tables have
been published elsewhere, the reader is referred to the original
sources.

TN642. Summary of WR15 flange evaluation at 60 GHz, B. C.
Yates and G. J. Counas, Nat. Bur. Stand. (U.S.), Tech. Note 642, 32
pages (Oct. 1973) 40 cents, SD Catalog No. C13.46:642.

Key words: Attenuation; flange measurements; reflection coef-
ficients; VSWR.

The measurement results of flange loss and reflection coefficient
magnitude at 60 GHz (WR15 waveguide) of various flange configura-
tions are presented. Included are the effects of alignment pins, sur-
face finish, metallic contact surface, contact area, and flange bolt
torque.

TN644. Application of a non-ideal sliding short to two-port
loss measurement, M. P. Weidman and G. F. Engen, Nat. Bur.
Stand. (U.S.), Tech. Note 644, 40 pages (Oct. 1973) 50 cents, SD
Catalog No. C13.46:644.

Key words: Efficiency; loss; reflectometer; sliding short; two-
port.

A detailed, applications-oriented, description of a method for mea-
suring two-port losses is given. The technique involved uses a non-
ideal sliding short circuit and a tuned four-arm reflectometer. Most,
if not all, of the components used in this technique can be put
together using commercially available items. It is the intent of this
discussion to provide enough detail and explanation so that a techni-
cian with some working knowledge of microwave measurements can
set up and make loss measurements.

The reference made to two-ports implies a broad range of devices
from a simple flange or connector to waveguide coaxial adaptors and
even more elaborate configurations with a definable input and output
connection.

TN645. Time and frequency broadcast experiments from the
ATS-3 satellite, D. W. Hanson and W. F. Hamilton, Nat. Bur.
Stand. (U.S.), Tech. Note 645, 115 pages (Nov. 1973) $1.00, SD
Catalog No. C13.46:645.

Key words: Dissemination; frequency; satellites; synchroniza-
tion; time.

An experiment designed to reveal the advantages and special
problems associated with the broadcasting of time and frequency in-
formation from geostationary satellites is discussed. Included are
discussions concerning satellite motion, time delay variation, doppler
shift due to the motion, and calculation of delay. Receiver or ground
station equipment requirements, time recovery techniques, timing
resolution and accuracy, and special advantages of satellite broad-
casts for time and frequency dissemination are also discussed. Spe-
cially equipped sites in North and South America gathered data from
the experimental satellite broadcast which in turn were used to deter-
mine the potential accuracy of satellite dissemination, the results of
which are presented. Delay computation aids for the user were
designed to provide a simple and inexpensive means of computing
free space delays between the master clock and the user via a geosta-
tionary satellite. The aids, delay overlays on an earth map and a cir-
cular slide rule, are discussed with examples. Qualitative discussions
of the signals and broadcast format are given. Final comments are
made concerning the results of the experiment and how they might
reflect upon a final system design for a permanent service using one
or more geostationary satellites.

TN740. SETAB: An edit insert program for automatic
typesetting of spectroscopic and other computerized ta-
bles, R. C. Thompson and J. Hilsenrath, Nat. Bur. Stand. (U.S.),
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Tech. Note 740, 30 pages (Dec. 1973) 55 cents, SD Catalog No.
C13.46:740.

Key  words: Automatic  typesetting;  computer-assisted
typesetting; edit insertion program; FORTRAN program; photo-
typesetting of spectroscopic tables; typesetting of tables.

SETAB is a FORTRAN program which accepts a card deck or
FORTRAN records on magnetic tape and inserts the appropriate
flags and shift symbols required by many programs associated with
phototypesetting devices. The program is specialized to the particu-
lar application, the phototypesetter and typography programs, and to
the desired typefaces by means of parameter cards supplied at run
time. Examples are shown of spectroscopic tables typeset on the
Linofilm phototypesetter at the Government Printing Office using the
Autoset Typography Program. The program has also been used for
tables of other types of data. The program can handle any records
which can be read by a FORTRAN “READ” statement under “A”
format control. The original record can be divided into as many as 40
fields and these fields can be combined in any order with any of 26
strings in front of or between the pieces. The program will, on a
signal, replace a field by another field or by a combination of fields
and strings. The output lines are blocked and paged via the insertion
of the required strings between blocks and pages.

TN794. NBS corridor fire tests: Energy and radiation models,
F. C. W. Fung, R. Suchomel, and P. L. Oglesby, Nat. Bur. Stand.
(U.S.), Tech. Note 794, 127 pages (Oct. 1973) $1.40, SD Catalog No.
C13.46:794.

Key words: Ceiling radiation; corridor fires; critical energy in-
put; flame spread, calculation, and observations; floor covering
evaluations; heat balances; heat transfer mechanisms; models,
energy balance, radiation, and scaling.

The NBS corridor fire program is a continuing program to in-
vestigate the growth and spread of fire and smoke through a corridor
when fire is initiated in an adjoining room. Due to recent fires involv-
ing floor coverings [1], and controversies over current floor covering
flammability test methods, floor coverings have received special at-
tention during the first phase of the corridor fire program. Results of
the NBS program on corridor fires are presented under the unifying
concepts of energy and radiation models. The major findings are: (1)
One type of carpet fire hazard has been identified as the rapid flame
spread over pile surface; (2) The dominant mechanism that causes
this flame spread is energy transfer from ceiling radiation. This is
substantiated by measurements and calculations; (3) Carpet evalua-
tion by critical cumulative energy input into the corridor has been
found to be feasible and informative in terms of heat transfer
mechanisms; (4) Finally, a radiant panel test appears to be a promis-
ing approach to simulate the corridor environment for second genera-
tion flooring tests.

TN798. Collaborative research program between NBS and In-
dian Scientific Institutions. Special foreign currency pro-
gram 1973 status, H. S. Peiser, M. B. McNeil, and D. M.
Bluebond, Editors, Nat. Bur. Stand. (U.S.), Tech. Note 798, 139
pages (Nov. 1973) $1.50, SD Catalog No. C13.46:798.

Key words: Binational research cooperation; international
scientific cooperation; India science and technology; physical
science research administration; research planning; scientific
research abstracts; Special Foreign Currency.

An overview is given of grants awarded by the National Bureau of
Standards under the Special Foreign Currency Program in India,
authorized by Public Law 480 and its amendments. Each grant is
identified by title, principal investigator, institution in India, NBS
monitor charged with working in close technical touch with the pro-
ject in India, and the monitor’s organizational unit within NBS. The
relevant work is then described briefly under the three headings
“Summary Description of Project Goals,” “Results and Implications

”

to Date,” and “‘List of Publications that Resulted from the Project.
To demonstrate the wide use of such grants over the entire Program
Structure of NBS, the grant descriptions are ordered by the elements
of that Program Structure. Editorial comment on the significance and
purpose of the NBS/SFCP grant program is confined to a Foreword
and Introduction. The editors judge this grant program to have had a
high benefit to cost ratio from the viewpoint of NBS.

TN799. User procedures standardization for network access,
A. J. Neumann, Nat. Bur. Stand. (U.S.), Tech. Note 799, 43 pages
(Oct. 1973) 70 cents, SD Catalog No. C13.46:799.

Key words: Network access procedures; networking; stan-
dardization; user protocols.

User access procedures to information systems have become of
crucial importance with the advent of computer networks, which
have opened new types of resources to a broad spectrum of users.
This report surveys user access protocols of six representative
systems. Functional access requirements are outlined, and imple-
mentation of access procedures is analyzed by means of a common
methodology.

Qualitative assessment of standardization possibilities identify
standardization candidates such as: system and user signals, on-line
user entries, system requests, and network wide categories of
message content.

TN802. Network user information support, A. J. Neumann, Nat.
Bur. Stand. (U.S.), Tech. Note 802, 27 pages (Dec. 1973) 60 cents,
SD Catalog No. C13.46:802.

Key words: Computers; consultation; documentation; informa-
tion support; networks; on-line support; user needs; user sup-
port.

With increasing interest in the development of computer networks
and the proliferation of remote entry capability from user terminals,
user support takes on new dimensions. Some user characteristics are
outlined as they affect user support. User support requirements are
identified for training, terminal operation, and general information to
aid in network operations. Support capabilities include on-line aids,
information available on request, and tutorial information available
at the terminal. User support also includes pertinent documentation
and human consultation. Areas of future research are identified as:
interactive language design, tutorial design, integration of hard-copy
and on-line capabilities, and further development of user feedback
capability.

TN806. Methods of measurement for semiconductor materi-
als, process control, and devices. Quarterly report, April
1to June 30,1973, W. M. Bullis, Editor, Nat. Bur. Stand. (U.S.),
Tech. Note 806, 77 pages (Nov. 1973) $1.00, SD Catalog No.
C13.46:806.

Key words: Beam leads; carrier lifetime; delay time; die at-
tachment; electrical properties; electronics; epitaxial silicon;
generation centers; gold-doped silicon; methods of measure-
ment; microelectronics; microwave diodes; mobility; pull test;
recombination centers; resistivity; resistivity standards;
scanning electron microscopy; semiconductor devices; semicon-
ductor materials; semiconductor process control; silicon; S-
parameters; spreading resistance; thermal resistance; thermally
stimulated properties; trapping centers; wire bonds.

This quarterly progress report, twentieth of a series, describes
NBS activities directed toward the development of methods of mea-
surement for semiconductor materials, process control, and devices.
Significant accomplishments during this reporting period include (1)
completion of an initial identification of the more important problems
in process control for integrated circuit fabrication and assembly as
a basis for and expanded effort to be conducted in cooperation with
ARPA, (2) completion of preparations for making silicon bulk re-
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sistivity wafer standards available to the industry, and (3) undertak-
ing of new work to establish the relationship between carrier mobility
and impurity density in silicon and to investigate test patterns for use
in process control and evaluation. Because of the general applicabili-
ty of the first of these, a summary of the findings is presented in a
separate appendix. Work is continuing on measurement of resistivity
of semiconductor crystals; characterization of generation-recombina-
tion-trapping centers, including gold, in silicon; evaluation of wire
bonds and die attachment; study of scanning electron microscopy for
wafer inspection and test; measurement of thermal properties of
semiconductor devices; determination of S-parameters and delay
time in junction devices; and characterization of noise and conver-
sion loss of microwave detector diodes. Supplementary data concern-
ing staff, standards committee activities, technical services, and
publications are also included as appendices. This is the last report
in this form; future reports in this series will appear under the title,
Semiconductor Measurement Technology.

TN807. Building performance in the 1972 Managua
earthquake, R. N. Wright and S. Kramer, Nat. Bur. Stand. (U.S.),
Tech. Note 807, 155 pages (Nov. 1973) $1.60, SD Catalog No.
(C13.36:807.

Key words: Building codes; buildings; earthquakes; hazards;
natural disasters; structures.

Following the Managua, Nicaragua, earthquake of Dec. 23, 1972, a
team of engineers representing the U.S. Department of Commerce’s
National Bureau of Standards (NBS) and the National Academy of
Engineering (NAE) performed field investigations in Managua,
Nicaragua, from Dec. 26, 1972, to Jan. 4,1973. The objectives were to
assist the Nicaraguan government in surveying major buildings to
determine whether each was suitable for emergency use, repairable,
or appropriate for clearance. The team also viewed the patterns of
-successful performance and damage to identify needs for improve-
ments in building practices for mitigation of earthquake hazards and
opportunities for more detailed investigations which could provide in-
formation for future improvements in practices. In general, the
damages cannot be attributed to unusual intensities of ground shak-
ing or severity of surface faulting. Most damages appeared to result
from deficiencies in building practices; deficiencies which had been
exhibited many times before in previous earthquakes, deficiencies
which would be avoided by implementation of up-to-date provisions
for earthquake resistant design and construction. However, Managua
did not employ a building code with seismic design requirements ap-
propriate to its earthquake risk, and furthermore, did not have a
building regulatory system capable of effective implementation of its
building code provisions. This report documents the observations of
damages by the NBS/NAE team and points out relationships to in-
adequacies in the building practices employed. Most of these in-
adequacies have been well known; however, the Managuan ex-
perience may serve as an incentive to improvement of building prac-
tices in many other areas which are subject to substantial earthquake
risks and have not consistently accounted for these risks in their
building codes and building regulatory system.

TN808. Potential systems for lead hazard elimination: Evalua-
tions and recommendations for use, D. Waksman, J. B. Fer-
guson, M. Godette, and T. Reichard, Nat. Bur. Stand. (U.S.), Tech.
Note 808, 192 pages (Dec. 1973) $1.95, SD Catalog No. C13.46:808.

Key words: Abrasion; adhesion; colorfastness; covering;
materials; flash point; flame spread; impact resistance; lead
paint poisoning; materials; performance; properties; scratch re-
sistance; smoke generation; toxic combustion products; toxicity;
washability; water vapor permeance.

The National Bureau of Standards is providing technical support
to the Department of Housing and Urban Development which is
required by Public Law 91-695 (the Lead Paint Poisoning Prevention
Act) to carry out a research program to evaluate and make recom-

mendations regarding technology for the removal of the lead based
paint hazard from the Nation’s housing.

Potential hazard elimination methods have been identified by
means of a survey of available technology. This report describes test-
ing and evaluation methodologies used to determine (1) the suitability
for use of a series of removal and lead barrier systems, (2) the results
of this evaluation, and (3) recommendations concerning the use of
said systems.

Paint removal systems were evaluated in terms of the hazards that
they present in the course of their use. Both the flammability and the
toxicity of the solvents found in removers were considered. Covering
systems were evaluated for their suitability for use as barrier layers
over lead bearing paints in housing. The effectiveness of covering
systems in protecting children from leaded paint, their fire hazard
properties and functional properties which are related to their ser-
viceability were considered in making this evaluation. The properties
of the systems were assessed in terms of minimum acceptable per-
formance levels and recommendations are given for their use in a
field evaluation program.

TN810. Fire incidents involving sleepwear worn by children
ages 6-12, J. A. Slater, Nat. Bur. Stand. (U.S.), Tech. Note 810, 23
pages (Dec. 1973) 50 cents, SD Catalog No. C13.46:810.

Key words: Accidents; burns; children; clothing fires; deaths;
FFACTS; fire; flammable fabrics; injury; sleepwear; standards;
statistics.

Sleepwear was the first fabric item ignited more frequently than
any other item in over 1,900 fire incidents reported to the National
Bureau of Standards Flammable Fabrics Accident Case and Testing
System (FFACTS). Information acquired since promulgation of the
current sleepwear flammability standard protecting children of ages
0-5 indicates a problem of comparable magnitude exists for children
of ages 6-12. Of 316 incidents involving non-contaminated sleepwear
that was first to ignite, about one-fourth involved children 0-5 years
old and one-fourth involved children 6-12 years old. For the 6-12
group, sleepwear ignited first more often than all other garment items
combined. Females outnumbered males 4-to-1 in the 6-12 group, due
mostly to the involvement of nightgowns and kitchen ranges, the most
common ignition source for this age group. Five of the 6-12 year old
children died and 52 of 74 victims were hospitalized. Almost all of the
first-to-ignite sleepwear in this group was cotton. Data from Shriners
Burns Institute and the National Burn Information Exchange provide
further evidence of the involvement of children ages 6-12 in garment
fires. It is recommended that a new standard be issued covering
sleepwear sizes 7 through 14 to effectively protect 6-12 year old chil-
dren.

This column lists all outside publications by the NBS staff, as soon
after issurance as practical. For completeness, earlier references not
previously reported may be included from time to time.

Abrams, M. D., Hudson, J. A., Meissner, P., Pyke, T. N., Jr.,
Rosenthal, R. M., Ulmer, F. H., Use of computer networks in
support of interactive graphics for computer-aided design
and engineering, NBSIR 73-217, 47 pages (June 30, 1972).
(Available as COM 74—10470 from the National Technical Informa-
tion Service, Springfield, Va. 22151.)

Key words: Computer-aided design: computer networks; in-
teractive graphics, performance measurement; remote computer
utilization.

This report covers work performed between 1 July 1971 and 30
June 1972 as part of a long-term study of interactive computer-aided
techniques. The primary emphasis during this period has been on in-
vestigating the feasibility of using computer networks in support of
interactive graphics for computer-aided design and engineering. Al-
ternative means for providing remote computer service have been
studied. An experimental configuration has been devised taking ad-
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vantage of the fact that there is located at the National Bureau of
Standards a node of the ARPA Computer Network. Arrangements
were made via this configuration for users at the Electronics Com-
mand to utilize a structural design program, NASTRAN, at a remote
computer site. Emphasis has been placed on the evaluation of per-
formance of interactive design techniques using displays supported
by local and remote computers in a hierarchical arrangement. A
variety of problems are identified which must be considered in order
to support interactive graphics via a computer network; these are
compounded where the network itself is in an evolving state of
development. The report includes an outline of a synchronous com-
munication protocol which was developed for use between ECOM
and NBS.

Abrams, M. D., Remote computing: The administrative side,
Comput. Decisions, pp. 42-46 (Oct. 1973).

Key words: Administration; batch; computing; documentation;
remote; service: users.

The administration and management of remote computing services
are discussed with the objective of making both users and adminis-
trators aware of the potential problems. Likely difficulties are an-
ticipated and coupled with discussions of assistance, operation, docu-
mentation and other features which make it more possible to utilize
the technical services. The response to technical questions is covered
in terms of written, on-line, and direct contact assistance. A question
and answer organization is employed.

Andrews, J. R., Random sampling oscilloscope time base,
NBSIR 73-309, 86 pages (June 1973). (Available as COM 73-11981
from the Nation~| Technical Information Service, Springfield, Va.
22151.)

Key words: Mercury switch; oscilloscope: picosecond; pulse;
random sampling; risetime; sampling; time base; transition time.

With the advent of new miniaturized mercury (Hg) switches with
reputed transition times of the order of 10 picoseconds, interest has
been rekindled in their use in high speed pulse measurements. Since
there is no pre-trigger signal available from a Hg switch, normal
sequential sampling techniques are not usable to measure the fast Hg
switch transition time. For this reason a new random sampling time
base unit was designed to perform these measurements at the low
repetition rate of Hg switches (< 100 Hz). The time base may be used
with commercial sampling oscilloscope systems through suitable in-
terconnection terminals or possible interface equipment. It features
three selectable time windows of 1 ws, 100 ns, and 10 ns. Using its
time magnifier, the fastest sweep rate is 10 ps/cm. A variable trigger
lead time control is provided. The trigger sensitivity is 10 mV. The
long term timing stability of the time base is excellent with less than
15 ps/h drift.

Baker, M. A., Observing porcelain enamels with a scanning
electron microscope, Proc. Porcelain Enamel Institute Techni-
cal Forum, The Ohio State University, Columbus, Ohio, Oct. 6-8,
1971, 33, 84-90 (Porcelain Enamel Institute, Inc., Washington,
D.C.,1971).

Key words: Corrosion; pinhole-type defects; porcelain enamel;
scanning electron microscope; weathering tests; non-dispersive
X-ray spectrometer.

Porcelain enamel surfaces and enamel-metal interfaces have been
observed with a scanning electron microscope. The increased depth
of field and the extended range of magnifications of the scanning
electron microscope were utilized in studies of the enamel-metal in-
terface and of weathering test specimens that corroded after relative-
ly short periods of exposure. The nondispersive x-ray spectrometer
accessory for the scanning electron microscope was used to deter-
mine the elements present in the enamel surface and to obtain
qualitative distributions of these elements.

Baker, M. A., Weathering tests of porcelain enamels on steel
and aluminum, Proc. Porcelain Enamel Institute Technical
Forum, The University of Illinois, Urbana, Ill., Oct. 11-13, 1972,
34, 186-198 (Porcelain Enamel Institute, Inc., Washington, D.C.,
1972).

Key words: Accelerated tests; acid resistance; aluminum; color;
gloss; porcelain enamel; steel; weather resistance.

The Porcelain Enamel Institute and the National Bureau of Stan-
dards have been conducting weathering tests of porcelain enamels
since 1939. The four tests now in progress contain matte and g'assy
porcelain enamels on both steel and aluminum. When the data ob-
tained from these weathering tests were compared with accelerated
test data on laboratory specimens, an excellent correlation was
found. It was also found that the enamels in all four tests changed
gloss and color in practically the same manner.

Ballantyne, J. P., Yakowitz, H., Nixon, W. C., Simultaneous x-ray
microanalysis and resistance measurement of electron
beam induced direct metallic deposition, (Proc. 6th Int.
Conf. on X-Ray Optics and Microanalysis, Osaka, Japan, Sept.
1971), Paper in Proceedings of the Sixth International Conference
on X-Ray Optics and Microanalysis, G. Shinoda, K. Kohra and T.
Ichinokawa, Eds., pp. 219-227 (University of Tokyo Press, Tokyo,
Japan, 1972).

Key words: Deposited thin film; electron beam metal deposi-
tion; scanning electron microscopy; x-ray microanalysis.

The decomposition of thin film AgCl, vapor deposited onto an ox-
idized silicon substrate, was caused by electron bombardment in a
scanning electron microscope operating at a pressure of 108 torr.
This decomposition was monitored by nondispersive x-ray analysis
techniques. At the same time, the resistance of the film was also
recorded.

The curves of chlorine concentration and resistance as a function
of exposure are very similar in shape. The chlorine content of the film
reaches a level that does not alter with increasing exposure. At this
point, film resistance is about 1000 ) and remains essentially con-
stant with increasing exposure. The residual chlorine can be removed
by chemical treatment after which the resistance values drop to less
than 50().

The quantitation of the x-ray results must await new correction
procedures presently under study. However, a simple correction
procedure has been employed in order to illustrate important trends
in the direct metallic deposition process.

Ballard, L. D., Edelman, S., Epstein, W. S., Smith, E. R., A sug-
gestion for determining g by a two interferometer
technique, SPIE J. 9, No. 5,166-168 (June/July 1971).

Key words: Acceleration; counter; filter; g; gravity; inter-
ferometer; laser.

A method for determining the acceleration due to gravity is sug-
gested. Two falling interferometer reflectors illuminated by a laser
are used. The falling reflectors are separated by a AT and thus have
a constant velocity differential, this generates a frequency linearly
proportional to acceleration (g= kf= AV/AT).

Thus, the metrology of measuring g is simplified by having ¢
linearly proportional to frequency.

Barber, W. C., Hayward, E., Sazama, J., Nuclear scattering of
plane-polarized photons, (Proc. Int. Conf. on Nuclear Struc-
ture Studies using Electron Scattering and Photoreaction, Sendai,
Japan, Sept. 12-15, 1972), Paper in Nuclear Structure Studies Using
Electron Scattering and Photoreaction, Supplement to Research
Report of Laboratory of Nuclear Science,K. Shoda and H. Ui, Eds.,
5,313-317 (Tohoku University, Tomizawa, Sendai, Japan, 1972).

288



Key words: Dynamic collective model; giant resonance; photon
scattering; polarized photons.

A beam of plane-polarized, monochromatic photons has been
produced by the resonance fluorescence of the well-known 1+ state
in 12C. These have been scattered a second time from targets of cad-
mium, tin, tantalum, gold, and bismuth. A measurement of the
number of photons scattered along and perpendicular to the polariza-
tion vector in the incident 15.1 MeV beam allows a determination of
the relative contribution of incoherent and coherent scattering to the
total scattering cross section. These results can be compared to the
predictions of the dynamic collective model.

Barnes, J. D., Inelastic neutron scattering study of the “‘rota-
tor”’ phase transition in n-nonadecane, /. Phys. Chem. 58,
No. 12, 5193-5201 (June 15, 1973).

Key words: Molecular dynamics; n-alkanes; n-nonadecane;
neutron scattering; paraffin; rotator phase.

A simple kinematic model for rotational jump diffusion of a normal
alkane about its long axis (circular random walk model)is developed.
Inelastic neutron scattering data obtained on the Fermi chopper
time-of-flight instrument at the National Bureau of Standards reactor
using an incident neutron wavelength of 2.47 A (AN/N = 3.8 %) are
compared with the predictions of the model. Data taken below the
temperature of the “‘rotator’” phase transition in n-nonadecane (295

°K) show no quasielastic scattering due to diffusive motions. Data

taken in n-nonadecane in its disordered solid phase show quasielastic
scattering consistent with the circular random walk model. Estimates
for values of the model parameters of 3.5 psec. for 7, and N = 8 are
obtained.

Barton, J. A., Jr., Burns, C. L., Chandler, H. H., Bowen, R. .., An ex-
perimental radiopaque composite material, J. Dent. Res.
52, No. 4, 731-739 (1973).

Key words: Barium glass; dental composites; dental reinforce-
ments; physical properties; resins; silica; x-ray opacity.

Physical properties of a composite material, developed for use as
a temporary posterior restorative material, have been investigated.
The material is based on isomeric phthalate esters of 2-hydroxyethyl
methacrylate and reinforcing fillers consisting of particles of vitreous
silica and an x-ray-opaque glass. Properties investigated include
hardening time, tensile and compressive strengths, indentation and
recovery, hardness, water sorption, solubility, polymerization shrink-
age, optical and x-ray opacity, color stability and thermal expansion.
All properties were studied using 3 different powder-liquid rations:
1.10, 1.35 and 1.45 Gm of powder to 0.4 ml of monomer, under wet
and dry storage conditions. The powder-liquid ratio had little effect
on compressive strength; e.g., 1.45 ratios, respectively. The tensile
strength of the 1.10 ratio specimens was lower than those of the 1.35
and 1.45 ratio specimens (at six hours, 25.5 as compared to 30.4
MN/m?). Water sorption at one week was 0.2 to 0.3 mg/cm?.

Becker, D. A., LaFleur, P. D., Neutron activation analysis: Ap-
plication to trace element analysis in biological and en-
vironmental materials, Proc. 5th Annual Conf. on Trace Sub-
stances in Environmental Health, University of Missouri, Colum-
bia, Mo., 1971, pp. 447-453 (1972).

Key words: Biological samples; biological standards; chemical
separations; environmental samples; neutron activation analysis
(NAA); nondestructive; reagent blanks; trace element analysis.

Neutron activation analysis (NAA) has been found useful for trace
element analysis of biological and environmental samples. The
favorable characteristics of this technique include high sensitivity,
wide applicability, great specificity, and reduced contamination and
reagent blank problems. The utilization of this technique for the anal-
ysis of several elements (Mn, Na, Cu, Zn, U) in the recently certified
NBS Biological Standard Reference Material: Orchard Leaves, is

described. Techniques used include both nondestructive analysis
and destructive analysis using radiochemical separations. In addi-
tion, the analytical results obtained by NAA on the Orchard Leaves,
is compared to that obtained by other analytical techniques.

Bellet, J., Lafferty, W. J., Steenbeckeliers, G., Microwave spectra
of D170 and D.,'80, J. Mol. Spectrosc. 47, No. 3, 388-402 (Sept.
1973).

Key words: Centrifugal distortion constants; D.70; D,80;
quadrupole coupling constants; rotational constants; rotational
spectra.

Forty lines of the microwave spectra of D170 and D,!80 have been
measured in the region from 8 to 400 GHz and analyzed according to
Watson’s centrifugal distortion theory. Comparison of the results ob-
tained for D,'%0, D,170, and D,'80 demonstrates their internal con-
sistency. The transferability of the parameters according to the
isotopic substitution rules is evidence for the validity of the model
chosen for the study of the ground state of heavy water.

The effective rotational constants deduced from the observed
spectra are very close to the values calculated using Oka’s second
order theory. The values obtained in MHz are:

A=456766.9, B=218041.0, C= 144701.5 (D.7O);
A=451891.9, B=218045.2, C = 144201.7 (D,'80).

The hyperfine structure of the D270 lines has been analyzed using as
a reference the corresponding quadrupole coupling tensor of HD'70O
with the appropriate rotation. The values of x4 in MHz used for the
analysis are:

Xez= — 1.2104,x,,= 10.1068, y-: = — 8.8964.

Benzinger, M., Benzinger, T. H., Tympanic clinical temperature,
(Proc. 5th Symp. on Temperature, Its Measurement and Control in
Science and Industry, Washington, D.C., June 21-24, 1971), Paper
in Temperature, Its Measurement and Control in Science and Indus-
try, H. H. Plumb, Editor-in-Chief, 4, Part 3,2089-2102 (Instrument
Society of America, Pittsburgh, Pa., 1972).

Key words: Anesthesiology; brain temperature; carotid artery;
clinical medicine; cold stress (diver); disposable thermometry;
esophageal thermometer; fever; fulminant hyperpyrexia; heart
temperature; hypothalamus heat stress; hypothermia; ob-
stetrics; ovulation-detection; open heart surgery; pediatric sur-
gery; pyrogens; sweating; temperature, central body; ther-
mocouple disconnect; thermoelectric thermometry: thermome-
ter; vasodilation; warm sensitive neurons.

Tympanic thermometry, first introduced in physiology where it was
instrumental in finding the mechanisms of human temperature regu-
lation, has passed the test of application to clinical medicine. In the
clinical situations thus far tested, which included anesthesia of vari-
ous types, hypothermia for surgery, extreme heat and cold stress, ex-
tracorporeal circulation for open heart procedure and one case of ter-
minal cooling toward exitum after stroke, tympanic and esophageal
patterns were found identical for practical purposes. Rectal tracings
deviated grossly from the significant central patterns which monitor
the temperature of the heart, the brain and the centers of ther-
moregulation. These central patterns can now be conveniently ob-
tained, by way of the tympanic approach, with clean disposable
probes on awake patients, and without embarrassment, discomfort or
airway interference, in hospitals or at home. For hospital use, instru-
ments are commercially available. For home use, small and inexpen-
sive readout instruments have yet to be developed.

Benzinger, T. H., A new concept in thermodynamics and its im-
plication in molecular biology and pharmacology, Chapter
14 in Methods in Pharmacology 2, Part 2, 481-488 (Appleton-Cen-
tury Crofts, New York, N. Y., 1972). .
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Key words: Characteristic function (Planck); chemical bonding
energy; double helix; heat integrals; molecular biology; thermal
free energy; thermodynamics.

An extended statement of chemical equilibrium of the mtegralf
(ACp/T) dT (= TAS7°) and AH;°—the classical terms of the equation

—RTInK=AH,°—TAS;°. The integral f ACpdT is not negligible

o
for macromolecules and particularly biopolymers, and its direct ex-
perimental determination at all temperatures down to 0 K is therefore
indispensable for thermodynamic understanding of the objects of
molecular biology.

Blomquist, D. S., An experimental investigation of foam wind-
screens, (Proc. 1973 International Noise Control Engineering
Conference, Copenhagen, Denmark, Aug. 22-24, 1973), Paper in
Inter-Noise 73 Proceedings, O. J. Pedersen, Ed., pp. 589-593 (Inter-
Noise 73, Technical University, Lyngby, Denmark, 1973).

Key words: Acoustic attenuation; foam windscreens; wind-

generated noise.

The amount of reduction in wind-generated noise and the amount
of acoustic attenuation of the signal as a function of frequency for
four different pore sizes and various diameters of open-cell polyu-
rethane foam windscreens is presented.

Blomquist, D. S., Leasure, W. A., Jr., An hourly noise exposure
meter, (Proc. 1973 International Noise Control Engineering Con-
ference, Copenhagen, Denmark, Aug. 22-24, 1973), Paper in Inter-
Noise 73 Proceedings, O. J. Pedersen, Ed., pp. 67-69 (Inter-Noise
73, Technical University, Lyngby, Denmark, 1973).

Key words: Acoustics (sound); environmental acoustics; instru-
mentation; noise exposure.

An instrument has been designed which provides information re-
garding the average noise exposure over each hour rather than simply
a singly measure of noise exposure over an 8-hour work period. The
theory of operation and examples of practical measurements utilizing
this device will be discussed in the verbal presentation.

Boone, T. H., Ray, T. R., Street, W. G., Pilot demonstration of
lead based paint hazard elimination methods, NBSIR 73-
242, 38 pages (June 1973). (Available as PB 224654 from the Na-
tional Technical Information Service, Springfield, Va. 22151.)

Key words: Cost analysis; hazard elimination; housing; lead

based paint; materials; surface preparation; surface refinishing.

This report describes the eliminatic n of the hazard of lead bearing
paints in a one bedroom apartment using materials and procedures
that are undergoing laboratory and field evaluation by the National
Bureau of Standards (NBS). Paint removal was used to eliminate the
hazard from some surfaces and two nonhazardous membrane type
coverings were installed as barrier materials over the residual leaded
paint on other surfaces. The preparation and refinishing of the interi-
or surfaces are described and work rates and cost data are presented.

This pilot demonstration is the first of a series of studies that will
be used to determine the merits of various lead based paint hazard
elimination methods when applied to actual housing conditions.

Final recommendations for further use of materials and systems,
described in this report, are not presented due to the preliminary na-
ture of this work. The completion of the projected series of demon-
strations and the long term evaluation of the in-use performance of
the materials and systems will be required before final recommenda-
tions can be made.

Bowen, B. E., Cram, S. P., Leitner, J. E., Wade, R. L., High preci-
sion sampling for chromatographic separations, Anal.
Chem. 45, No. 13, 2185-2191 (Nov. 1973).

Key words: Computer-based data acquisition; gas chromatog-
raphy.

The precision of several chromatographic sampling valves of
original design is shown to approach 0.05 percent for unretained
solutes. Hybrid-fluidic, high pressure, and commercial valves have
been characterized by measuring the precision of their column input
profiles and statistical moments. A computer-based data acquisition
and control system was developed for use with high precision ¢1-
gorithms.

Bowen, R. L., Argentar, H., A method for determining the op-
timum peroxide-to-amine ratio for self-curing resins, J.
Appl. Polym. Sci. 17,2213-2222 (1973).

Key words: Accelerators; amines; dental materials; initiators;
peroxides; polymerization.

The rate of polymerization of a methacrylate monomer was in-
fluenced by the molar ratio of benzoyl peroxide to an aromatic tertia-
ry amine accelerator when the product of the concentrations of these
was kept constant. The maximum rate, measured as the minimum gel
time, occurred in monomer solutions containing about 1.5 moles of
peroxide per mole of amine.

Bowen, R. L., Chandler, H. H., Metal-filled resin composites, /.
Dental Res.52, No. 3,522-532 (May-June 1973).

Key words: Aluminum; composites; coupling agents gold; mer-
captan; methacrylates; polymers; resin; silane; tantalum; zir-
conium.

Certain physical properties of metal-filled resin composite materi-
als can be improved if properly selected and applied coupling agents
are used in treating the surfaces of the metal particles.

Brauer, G. M., Termini, D. J., Grafting of acrylates and vinyl
chains onto collagen with ceric initiator, J. Appl. Polym. Sci.
17,2557-2568 (1973).

Key words: Acrylate copolymers; ceric ion initiated; grafting
collagen; graft polymerization; modification of collagenous sur-
faces.

To determine the scope of the grafting reaction, over 30 monomers
were grafted to steer hide collagen and collagen films using ceric am-
monium nitrate as initiator. High yields of apparent graft polymer
were obtained with most acrylate and methacrylate esters. Yields
were not changed greatly by employing the higher homologues.
Moreover, monomers containing such diverse substituents as hydrox-
y, cyano, chloro, trifluoroethyl, or glycidyl groups may be grafted onto
collagen. The presence of these functional groups in the products
provides potential reaction centers to further modify the collagenous
surface. Presence of vinyl polymer was confirmed by IR spectra. The
large number of monomers of varying polarity which were found to
undergo apparent grafting makes it possible to vary widely the sur-
face properties of collagen. It was shown that certain monomers im-
part water and oil repellency to collagenous surfaces, whereas others
increased the hydrophilicity or oleophilicity of the substrate. Thus, by
proper selection of monomers, the desired degree of hydrophilic to
hydrophobic or oleophilic to oleophobic balance of the collagen sur-
face to suit specific applications can be obtained.

Brenner, F. C., Kondo, A., Cohen, G. B.,Research for a uniform
quality grading system for tires V. Effect of environment
on tread wear rate, Rubber Chem. Technol. 44, No. 4, 952-959
(Sept. 1971).

Key words: Automobile tires; environmental effects; test

method; tread wear.

This paper is a continuation of work reported in Rubber Chem.
Tech. 44., (1971). The results of an additional tread wear test are re-

290



ported. This and the earlier data are analyzed to determine environ-
mental effects on rate of tread wear.

For all types of commercial passenger car tires our test results sup-
port the thesis that the rate of wear on the tire is independent of the
extent of wear. Our results also indicated that the rate of tread wear
is greater on wet pavements than on dry. An explanation for this
phenomenon is discussed.

Broadhurst, M. G., Fluctuation-barrier model for rotational
relaxation, (Proc. Conf. Electrical Insulation and Dielectric
Phenomena, Buck Hill Falls, Pa., Oct. 20-22, 1969), Chapter in
1969 Annual Report of the Conference Electrical Insulation and
Dielectric Phenomena, pp. 48-54 (National Research Council, Na-
tional Academy of Sciences, Washington, D.C., 1970).

Key words: Elastic barrier; lattice; molecular rotation; relaxa-
tion; temperature dependence.

A model is presented where the barrier to molecular rotation in
solids is taken to be the work to elastically expand the lattice around
the molecule. This barrier is shown to increase with pressure and
decrease with temperature. The model calculations are compared to
data on long chain paraffin-like solids for the dielectrically active
relaxation involving rotation of the entire molecule around its chain
axis (analogous to the a relaxation in polymers). The model accurate-
ly predicts the temperature dependence of the relaxation time (the
activation entropy in the Eyring Theory), and the Eyring activation
energy (the activation energy does not equal the elastic barrier
height). The predicted pressure dependence of the relaxation time is
in error by a factor of 2 indicating the need for further refinement of
the model. This paper reports the current status of this problem.

Broadhurst, M. G., Malmberg, C. G., Mopsik, F. I., Harris, W. P.,
Piezo- and pyroelectricity in polymer electrets, (Proc. Conf.
on Electrets, Charge Storage and Transport in Dielectrics, Miami
Beach, Fla., Oct. 8-13, 1972), Paper in Electrets, Charge Storage
and Transport in Dielectrics, M. M. Perlman, Ed., pp. 492-504 (The
Electrochemical Society, Inc., Princeton, N.J., 1973). (Available as
AD 758730 from the National Technical Information Service,
Springfield, Va. 22151).

Key words: Electret; piezoelectric; polymer electret; poly(vinyl
chloride); pyroelectric.

A model for a polymer electret, based on an elastically isotropic
solid with orientationally frozen molecular dipoles, was developed
and tested experimentally. This electret is shown to be both
piezoelectric and pyroelectric. The polarization is shown to change
with mechanically and thermally induced strains in the polarization
direction. The currents generated by the electret will be proportional
to the strain rate and, for thin contact electrodes and uniform strains,
unaffected by the presence of real charges. Poly(vinyl chloride) films
were poled at 80 °C, just above their glass transition temperature.
The pressure- and temperature-induced short-circuit currents in the
polarization direction equalled 0.15 (pA/cm?)/(bar/min) and 2.2
(pA/cm?)/(K/min) respectively for a specimen poled at 320 kV/cm.
These currents were 1) reversible and proportional to the rate of tem-
perature or pressure change, 2) proportional to poling voltage up to
320 kV/cm, 3) in the direction corresponding to increasing polariza-
tion with increasing pressure and decreasing temperature, 4) stable
with time without special storage conditions, 5) about 1.6 times as
great for temperature induced strains as for equivalent pressure in-
duced strains and 6) about 2-4 times as great in magnitude as ex-
pected from dielectric constant measurements. The apparent
polarization from temperature measurements for the 320 kV/cm
specimen was about 1.7 wC/cm2, or about 1/3 the value expected for
maximum alignment of dipoles. In the same specimen the pyroelec-
tric coefficient was found to be ps= — 0.39 nC/cm? K and, assuming

elastic isotropy, the piezoelectric strain coefficients were found to be
ds1 = dyp = d3y3= — 0.89 pC/N.

Broadhurst, M. G., Mopsik, F. I., Vibrational frequency spec-
trum for polymers, J. Chem. Phys. 55, No. 8, 3708-3711 (Oct. 15,
1971).

Key words: Frequency spectrum; linear chains; n-alkanes;
polyethylene; polymer.

A method is given for calculating the vibrational frequency spec-
trum of a model linear polymer. The model is a chain of N masses
having bending and stretching force constants. Each mass is
quasiharmonically coupled to a Debye lattice which has a cutoff
frequency w;.. Each of the 3N free chain eigenfrequencies w; becomes
a band with a low frequency cutoff ;juin*= w;*, a high frequency cut-
off Wjmazr’=w;+w,?, and a pseudo-n-dimensional Debye distribu-
tion gj(ﬂ)) = ”w"_l/(wjmu.r" _wjmin") for W jmin <w< W jmax- The total
frequency distribution agrees closely with the results by Genensky
and Newell for the Stockmayer and Hecht lattice using their force
constants and compares reasonably well with results of GF matrix
calculations for polyethylene.

Bur, A. J., Dielectric properties of fluorine-containing
polymers, Chapter 15 in Fluoropolymers, L. A. Wall, Ed., 25,
475-505 (John Wiley-Interscience, New York, N.Y., 1972).

Key words: Dielectric constant; dielectric loss; fluoropolymer;
relaxation phenomena; review.

The dielectric properties of polytetrafluorethylene,
polychorotrifluoroethylene, polyvinylidene fluoride, and fluorinated
ethylene propylene copolymer are reviewed. Relaxation phenomena
as a function of temperature and crystallinity is emphasized. Molecu-
lar interpretations of the data are discussed. The effects of humidity
changes on the dielectric properties of polytetrafluoroethylene and
fluorinated ethylene-propylene copolymer show that these polymers
are insensitive to humidity changes. Eighty references are cited.

Burnett, E. F. P., Somes, N. F., Leyendecker, E. V., Residential
buildings and gas-related explosions, NBSIR 73-208, 31 pages
(June 1973). (Available as COM 74-10127 from the National
Technical Information Service, Springfield, Va. 22151.)

Key words: Building; explosion; frequency; gas; gas industry;
progressive collapse; risk; statistics; structure.

The findings of an analysis of available statistics concerning the
frequency of gas-related explosions in residential buildings are
presented. The study was confined to incidents involving piped gas
systems as they affect residential and commercial buildings. Though
due regard has to be taken of the limitations inherent in the available
statistics, it is concluded that in the USA the probability of occur-
rence of an explosion capable of causing significant structural
damage could be 2.2 per million housing units per year.

Bussey, H. E., Wavelength of a slotted rectangular line con-
taining two dielectrics, NBSIR 73-326, 17 pages (July 1973).
(Available as COM 73-11465-AS from the National Technical Infor-
mation Service, Springfield, Va. 22151.)

Key words: Capacitance; dielectric measurement; slab line;
slotted line.

The titled electromagnetic wave property is obtained approximate-
ly for a rectangular slab line with two dielectrics. The perturbing
dielectric is a thin sheet set on the center conductor and slotted to
permit travel of the probe when the line is used as a slotted line. The
purpose is to measure an unknown dielectric filling most of the line,
but perturbed by the thin sheet.

Candela, G. A., Kahn, A. H., Negas, T., Magnetic susceptibility of
Co**(d°) in octahedral and tetrahedral environments, J.
Solid State Chem. 7, No. 4, 360-369 (1973).

Key words: Co** compounds; crystal fields; magnetic suscepti-
bility; theory of magnetic susceptibility.
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Measurements of magnetic susceptibility on compounds contain-
ing stoichiometric Co** are reported. The compound Ba,CoOy has the
Co**(d) ion at a tetrahedral site and displays a susceptibility of the
expected magnitude for S=5/2. The compounds Ba;Co0.COy and
BaCoO; have the Co** at an octahedral site and show a susceptibility
expected for low spin, S = 1/2. For the low spin case significant devia-
tions from Kotani’s calculated susceptibility were observed. Improve-
ment of the theory was made through incorporation of the effects of
distortion from perfect octahedral symmetry and the inclusion of
higher electronic configurations above t,° in the 2T, ground state. A
case of low spin Ni in octahedral environment is also reported.

Carpenter, B. S., Samuel, D., Wasserman, I., Quantitative applica-
tions of 70 tracer, Radiat. Eff. Short Commun. 19,59 (1973).

Key words: Alpha tracks; alumina; cellulose acetate; citric acid;
image analyzing system; nuclear track technique: oxygen tracer;
thermal neutrons.

We describe the use of alpha tracks from the 7O(n, @)'*C as a
means of oxygen determination and distribution in biological materi-
al. A determination of oxygen in alumina and citric acid using en-
riched tracer was made.

Chertok, B. T., Sheffield, C., Lightbody, J. W., Jr., Penner, S., Blum,
D., Low-¢* electron scattering from the 15.109-MeV state
of 2C and the conserved-vector-current test, Phys. Rev. C 8,
No. 1,23-36 (July 1973).

Key words: Electron scattering; extrapolation, I'y: low ¢2; 1+
state; 15.11 MeV.

High-precision electron scattering measurements from the 15.109-
MeV 1+ state in 2C are made at 6=75 and 110 ° with 35 < E <55
MeV. From the measurements B (M1) is extrapolated to the photon
point and the radiative width is determined, I'y=237.0+1.1 eV. The
corresponding weak magnetism results for 8 decay and u capture are
given.

Chesler, S. N., Cram, S. P., Iterative curve fitting of chromato-
graphic peaks, Anal. Chem. 45, No. 8, 1354-1359 (July 1973).

Key words: Chromatography; curve fittings; moment analysis.

Iterative curve fitting of an eight parameter function to chromato-
graphic peak profiles by nonlinear residual least squares is reported.
Gaussian, exponential, and hyperbolic tangent functions are con-
voluted and iteratively fit to any experimental chromatographic peak
shape and integrated to give total statistical moments with errors as
small as 1 percent, even for the higher order moments. Exponential
and band broadening operators are deconvolved for measurement of
physicochemical and analytical studies. The models and calculations
may be extended to the resolution of overlapping peaks and complex
elution profiles for the measurement of the rate of on-column chemi-
cal reactions.

Chignell, C. F., Benzinger, T. H., Heatburst microcalorimetry,
Chapter 14 in Methods in Pharmacology 2, Part 1, 465-489
(Appleton-Century Crofts, New York, N.Y., 1972).

Key words: Adenosinetriphosphate-thermodynamics: chemical
bond energy; coiled helix thermopiles; drug receptor complex-
ing; entropy; enzyme detection+ analysis; equilibrium; free
energy; free entropy concept; heat of reaction; heatburst princi-
ple; hydrogen bonding; immunoreaction calorimetry; micro-
calorimetry; molecular biology: pharmacology; protein
calorimetry; polynucleotide calorimetry; purity assay; reaction
coupling; thermodynamics; warfarin.

In this chapter the heatburst principle will be briefly discussed fol-
lowed by a description of the construction and operation of the heat-
burst microcalorimeter. In the next section, it will be shown how heat
can not only be used as an indicator for chemical or biochemical
change but can also be used to derive thermodynamic data for the

system under study. In a third section, some further possible applica-
tions of heatburst microcalorimetry to current problems in molecular
biology and pharmacology will be suggested. In a separate section,
following this article, the classical determination of the laws of
chemical equilibrium and the driving energies of chemical change
will be re-examined, and a new determination, more suited to the ob-
jects of molecular biology and pharmacology, will be derived.

Christ, B. W., Effects of misalignment on the pre-macroyield

region of the uniaxial stress-strain curve, Met. Trans. 4,
1961-1965 (Aug. 1973).

Key words: Bending; capacitance strain gage; tensile; Ti-6Al-
4V uniaxial loading; 4340 steel.

Some bending usually occurs in uniaxial testing systems due to
small unavoidable misalignment. The resulting elastic strain gradient
can lead to significant differences between axial strain and extreme
surface bending strains, especially at small strains. A three-point
microstrain measurement around a cylindrical sample permits
evaluation of the extreme strains and of the precision of alignment. A
three-point, parallel-plate capacitance strain gage having a linear out-
put with displacement was designed to evaluate bending of tensile
samples in the microstrain range. The resolution of the gage was 3
parts in 10,000 at plate separations of 0.010 in. Varying misalignment
resulted in extreme elastic bending strains at the sample surface of
the order of tens to hundreds of micro-in. per in. larger than the axial
strain. Analysis of the mechanics of bending in uniaxial loading
demonstrated that: 1) the average applied stress divided by the
average elastic strain always gives a unique number, Young’s modu-
lus, and 2) the average microplastic strain is not uniquely related to
the average applied stress, but rather depends upon precision of
alignment. The influence of bending on the determination of the
average stress at which microplastic flow initiates is discussed, and
a method for making meaningful comparisons of plastic microstrain
data generated with significant misalignment is suggested.

Clifton, J. R., Beeghly, H. F., Mathey, R. G., Interim Report No. 7.
Chemical resistance and physical durability testing of
coating materials, NBSIR 73-295, 22 pages (Aug. 1973). (Availa-
ble as COM 74-10471 from the National Technical Information
Service, Springfield, Va. 22151.)

Key words: Bridge decks; corrosion; creep testing; epoxy
coatings; polyvinylchloride coatings; steel reinforcing bars.

The possibilities of protecting steel reinforcing bars embedded in
concrete of bridge decks from corrosion by using organic barrier-type
coatings are being investigated in this project. This corrosion is ac-
celerated by the chloride ions of the two most commonly applied de-
icing materials, sodium chloride and calcium chloride.

In this report, physiochemical studies performed on coatings and
coated bars are discussed, including: immersion studies of coatings
in corrosive solutions; impact and embedded in concrete.

Cohen, E. R., Taylor, B. N., A reevaluation of the fundamental
physical constants, (Proc. 4th Int. Conference on Atomic Masses
and Fundamental Constants, Teddington, England, Sept. 3-7,
1971), Paper in Atomic Masses and Fundamental Constants, J. H.
Sanders and A. H. Wapstra, Eds., Part 13, 543-563 (Plenum
Publishing Co., New York,N.Y., 1972).

Key words: Data analysis; fundamental constants; least-squares
adjustments.

This paper is a progress report on our current efforts to revise and
update the comprehensive review of the fundamental physical con-
stants by Taylor, Parker, and Langenberg (1), including their set of
best or recommended values. That such an updating is necessary just
two years after their review appeared is due to the extraordinary
amount of new experimental and theoretical work which has since
been completed. Here, we very briefly summarize the experimental
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and theoretical evidence, with emphasis on the new results which
have become available within the last two years, and discuss various
treatments of the data. However, no new set of recommended con-
stants is given since such a set will necessarily require the inclusion
of the new data which has become available at this Conference.

Collier, R. S., Ellerbruch, D., Cruz, J. E., Stokes, R. W., Luft, P. E.,
Peterson, R. G., Hiester, A. E., Mass quantity gauging by rf
mode analysis, NBSIR 73-318, 196 pages (June 1973). (Available
as N73-27390 from the National Technical Information Service,
Springfield, Va. 22151.)

Key words: Gauging; hydrogen; nitrogen; radio frequency; total
mass.

This is a summary report of work done to date on NASA (Johnson
Space Center) purchase order T-1738B concerning Radio Frequency
(RF) Mass Quantity Gauging. Experimental apparatus has been
designed and tested which measures the resonant frequencies of a
tank in the “time domain.” These frequencies correspond to the total
mass of fluid within the tank. Experimental results are discussed for
nitrogen and hydrogen in normal gravity both in the supercritical
state and also in the two phase (liquid-gas) region. Theoretical discus-
sions for more general cases are given.

Collins, R. C., Haller, W., Protein-sodium dodecyl sulfate com-
plexes: Determination of molecular weight, size and shape
by controlled pore glass chromatography, Anal. Biochem.
54,47-53 (1973).

Key words: Chromatography; controlled pore glass: molecular
size; porous glass chromatography; protein; protein-sodium
dodecyl sulfate complexes; sodium dodecyl sulfate-complexes.

The peak position vs log molecular weight curves of protein-SDS
complexes chromatographed on controlled pore glass of narrow pore
size distribution is linear over a molecular weight range of 17,000-
385,000. A glass with a pore size of approximately 500 A allows the in-
clusion of all complexes in this range. Peak position curves on glasses
with broad pore distributions show decreased resolution and deviate
from linearity at low elution coefficients.

Exclusion size analysis of the elution coefficients of individual
complexes fmm different columns with pore diameters ranging from
197 to 650 A gives from 120 to 423 A as their longest dimension. As-
suming constant hydration and SDS-to-protein ration, the found
dimension suggests the shape of a football, rather than a sphere or
rigid rod.

Comeford, J. J., Birky, M., A method for the measurement of
smoke and HCI evolution from poly(vinyl chloride), Fire
Technol. 8, No. 2,85-90 (May 1972).

Key words: HCI: He-Ne laser; poly(vinyl chloride); pyrolysis;
smoke; thermal decomposition.

As poly(vinyl chloride) becomes more popular as a building materi-
al and electrical insulation, it becomes more important to life safety
to determine its smoke and hydrogen chloride evolution charac-
teristics during pyrolysis. The authors have devised a method of mea-
suring the two simultaneously.

Coriell, S. R., Sekerka, R. F., Morphological stability near a
grain boundary groove in a solid-liquid interface during
solidification of a binary alloy, /. Cryst. Growth 19, 285-293
(1973).

Key words:
stability.

Alloy; grain boundary; morphology; solidification;

In order to further explore the influence of grain boundaries on the
phenomenon of morphological stability, we have extended our previ-
ous treatment for a pure substance to a binary alloy. For
unidirectional solidification at constant velocity, the shape, y=

W(x.t), of a nearly planar interface, intersected perpendicularly by a
grain boundary, is calculated. The stability-instability criterion is
identical to that for an interface without a grain boundary. If the in-
terface is unstable, the main influence of the grain boundary is to pro-
vide an initial perturbation and the time evolution of the interface
shape can be treated by approximate analytical methods. For times
sufficiently large that initial transients have decayed but sufficiently
small that linear theory is applicable, W(x,t) is proportional to exp(t/7)
cos (wox) exp (—x?*/4%t), where wo, 7, and & are constants that de-
pend on experimental conditions. Afterinitial transients have decayed,
a stable interface attains a time-independent shape. For this case,
W (x.t <) is evaluated numerically; it is found that W(x,t <) can
be an oscillatory function of x. The size of the oscillations and the
depth of the grain boundary groove increase as the stability-instabili-
ty demarcation is approached, giving the specious appearance of pre-
mature instability.

Coriell, S. R., Sekerka, R. F., Morphological stability near a
grain boundary groove in a solid-liquid interface during
solidification of a pure substance, /. Cryst. Growth 19,90-104
(1972).

Key words: Crystal growth; grain boundary; morphological sta-

bility; solidification.

In order to explore the influence of a specific type of defect on the
phenomenon of morphological instability, we have calculated the
time-dependent shape of a nearly planar interface, intersected per-
pendicularly by a grain boundary, during solidification of a pure sub-
stance at constant velocity. The calculational methods and principal
assumptions are similar to those employed in previous theories of
morphological stability except that the slope of the interface is main-
tained at a finite and constant value, s, in the immediate vicinity of
the grain boundary groove. The position of the solid-liquid interface
is described by the equation y= W/(x,t) where t is the time and W (x,
0)—0 as | x| == (all quantities are assumed independent of z).
Whereas the stability-instability criterion is found to be identical to
that for an interface without a grain boundary, the boundary is found
to be an effective initial perturbation. Under conditions for instability
the depth of the grain boundary groove increases exponentially with
time and an oscillatory instability propagates laterally from the boun-
dary. Under conditions for stability, the interface eventually attains
a time-independent shape "ivﬂl by W(x,t = *)=(— s/a)exp(— ax),
where a?>= (95+%,)/2T\l", 45 and 4, are conductivity-weighted tem-
perature gradients in solid and liquid, respectively, 7'y is the melting
temperature and I is a capillary constant. For conditions correspond-
ing to the demarcation between stability and instability, a mode of
thermal grooving, similar to that previously described by Mullins, is
found. A meaningful criterion for instability is shown to be the ex-
ponential growth of perturbations while, conversely, stability entails
their exponential decay; phenomena such as the algebraic increase
of amplitude characteristic of thermal grooving are shown to be
manifestations of constraints. Finally, the situation where the inter-
face shape is allowed to depend on z is shown to be describable by a
superposition of W(x,t) with a function W(x.z, t) that corresponds to
the conventional case where the grain boundary is absent.

Creitz, E. C., Extinction of fires by halogenated com-
pounds—a suggested mechanism, Fire Technol. 8, No. 2,131-
141 (May 1972).

flame inhibition; inhibition

Key words: Extinguishment;

mechanisms.

It is suggested that halogenated compounds extinguish diffusion
flames by promoting recombination of reactive oxygen atoms to form
less reactive molecular oxygen. Oxygen atoms are important in the
branching steps of the hydrogen-oxygen chain reaction. For a fuel
containing carbon, CO is an intermediate product which appears in
the region in which inhibition takes place. Inhibition of its oxidation
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appears to take place because of the paucity of hydroxyl radicals
which are a product of the hydrogen-oxygen chain reaction. The
mechanism is suggested in an attempt to rationalize a number of ap-
parently disparate observations reported in the literature of both nor-
mal and inhibited flames. Data in support of the suggested
mechanism are discussed.

Creitz, E. C., Gas chromatographic determination of composi-
tion profiles of stable species around a propane diffusion
flame, J. Chromatogr. Sci. 10, 168-173 (Mar. 1972).

Key words: Flame gases; flame inhibition; gas analysis; gas
chromatographic techniques.

An analytical method was developed for determining, quantitative-
ly, with a GC, the gases present around a 2.4 cm high propane diffu-
sion flame burning in air. The method gives quantitative results on
samples having some constituents which may not be eluted from the
column. Outside the yellow mantle the only fuel species found were
carbon, hydrogen and carbon monoxide. The oxygen concentration
dropped to zero at a distance of 0.57 mm from the yellow mantle in-
dicating that pyrolysis of the fuel was essentially without O,. The
absence of other fuel species implicates the hydrogen-oxygen chain
reaction as having a part in the mechanism of inhibition. When CF;Br
was added to the air, its decomposition was complete at a distance of
2.56 mm from the yellow mantle. The decomposition appeared to be
chemical rather than thermal.

Creswell, R. A., Lafferty, W. J., Microwave spectrum, dipole mo-
ment, and conformation of 3,6-dioxabicyclo[3.1.0]h-
exane, /. Mol. Spectrosc. 46, No. 3,371-380 (June 1973).

Key words: Boat conformation; dipole moment; microwave
spectrum; ring conformation; rotational constants; 3,6-
Dioxabicyclo[3.1.0] hexane.

The microwave spectrum of 3.6-dioxabicyclo[3.1.0]hexane has
been obtained. The rotational lines of one ring conformation only
have been observed and assigned. Ground state rotational constants
are Ay=6287.302=+ 0.011 MHa, By=4683.546 = 0.008 MHz, and Cy=
3358.517+0.089 MHz. The dipole moment components obtained
from Stark effect measurements are w,=0.276+0.010 D and p.=
2.47+0.04 giving u=2.485+0.040 for the dipole moment of the
molecule. The rotational constants and dipole moment components
obtained experimentally can be satisfactorily explained only if the
boat form is the most stable ring conformation.

Currie, L. A., On the use of small calculators having stacked
registers, Anal. Lett. 6, No. 9, 847-864 (1973).

Key words: Instruction list; iteration; memory register; opera-
tional stack; pop-up; Polish notation; push-down; radioactivity
and isotopic calculations; recursion; statistical calculations.

The incorporation of an operational stack considerably enhances
the potential of the small calculator. Full use of the stack permits cal-
culations involving a stored constant or two or more intermediate
results, but it requires careful planning and execution. Regardless of
whether the calculator is “programmable,” an explicit instruction
list, preferably written down, may contribute greatly to the rapidity
and accuracy of such calculations. The “pop-up’’ feature of the stack
is of particular interest, for it can be utilized to increase the per-
manent storage capacity. A comparison between conventional
(memory) storage and stack storage is given, and examples are
presented for the application of a calculator having a 4-register stack
(plus 1-memory register) to problems involving 2 parameters and/or
summations, iterative solution of a transcendental equation, and
recursion.

Currie, L. A., The limit of precision in nuclear and analytical
chemistry, Nucl. Instrum. Methods 100, 387-395 (1972).

Key words: Counting precision; excess variability; limiting
precision; photonuclear chemistry; Poisson statistics; single and

multiple parameter nuclear analyses; statistical weights; 14 MeV
neutron activation.

The precision associated with an experiment in nuclear chemistry
or activation analysis is commonly estimated by means of Poisson
counting statistics. Such an estimate, as well as the conclusion that
the precision may be indefinitely improved by increasing the number
of counts obtained, is necessarily wrong when additional sources of
random error are operating. Knowledge of the additional, non-Poisson
component of random error is required for reliable estimates of
parameters and their standard errors, to detect model errors, to plan
counting experiments efficiently, and to establish the limit of preci-
sion when the Poisson counting error becomes negligible. For these
purposes, an iterative computation program—XESS—has been
developed to take into account the additional variance and unequal
statistical weights. The significance and detectability of excess vari-
ance is illustrated with data from studies of photonuclear reactions
and activation analysis.

Danielson, S. L., Howe, D. A., Use of the television vertical inter-
val to broadcast time for everyone and program captions
for the deaf, Commun. Soc. 11, No. 5, 3-6 (Nov. 1973).

Key words: Digital code; integrated circuit chip; program cap-
tioning; television; time and frequency dissemination; TvTime.

This paper describes the events leading to the development of the
NBS TvTime System for both time and frequency dissemination and
program captioning for the deaf. It explains how the system works, its
advantages over other systems, and its cost. Finally, it discusses the
possible implications of such a system for future communication ap-
plications. The text is written in laymen’s language to suit the publi-
cation.

Davis, G. T., Eby, R. K., Glass transition of polyethylene:
Volume relaxation, /. Appl. Phys. 44, No. 10, 4274-4281 (Oct.
1973).

Key  words: Dilatometer; isothermal volume change;
polyethylene; specific volume; superposition; thermal expan-
sion; volume relaxation, WLF.

Data are presented to show that when linear polyethylene is
quenched from room temperature to temperatures below 273 K, it ex-
hibits a volume decrease for times long compared with that required
to establish temperature equilibrium. The time, temperature, and
density dependence of this decrease is shown to be consistent with a
relaxation occurring in the amorphous portion (lamella boundary
layers) of the samples. The data can be superposed and the shift fac-
tors follow the WLF formalism. Analysis by this method yields a 7, of
231+ 9 K but the uncertainties preclude any correlation with specific
volume over the range 1.01 — 1.05 cm3 g-!. The data indicate the
absence of any comparably strong time dependence of the volume
near 150 K. This method of detecting a glass transition in partially
crystalline polymers is relatively freer of subjective judgment than
most.

Dellepiane, G., Gussoni, M., Hougen, J. T., Hamiltonian, sym-
metry group, and vibrational coordinates for the nonrigid
molecule CXY, — C = C — CXY,, J. Mol. Spectrosc. 47, No. 3,
515-530 (Sept. 1973).

Key words: Double-valued presentation; free internal rotation;
Hamiltonian energy operator; non-rigid molecules; permutation-
inversion group; vibrational coordinates.

A vibration-torsion-rotation Hamiltonian is derived for a molecule
of the type CXY, — C= C — CXY., exhibiting nearly free internal
rotation. The Hamiltonian obtained preserves many of the features of
the ordinary Wilson-Howard vibration-rotation Hamiltonian and is
based qualitatively on the idea of a slowly varying torsional reference
configuration from which the atoms make rapid vibrational displace-
ments. The appropriate molecular symmetry group for this molecule
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is found to be a double group of the simple Longuet-Higgins permuta-
tion-inversion symmetry group. The indeterminacy of symmetry spe-
cies (single-valued vs double-valued) for coordinates used to describe
the small amplitude vibrations is illustrated and clarified using a sim-
ple model for the skeletal bending vibrations.

Dewitt, D. P., Richmond, J. C., Theory and measurement of the
thermal radiation properties of metals, Chapter 1 in
Measurement of Physical Properties: Some Special Properties, E.
Passaglia, Ed., VI, Part 1, 1-90 (Interscience Publ.,, New York,
N.Y.,1972).

Key words: Absorptance; electromagnetic theory; emittance;
measurement techniques; metals; reflectance; surface effects;
thermal radiation properties.

This is a general review of the thermal radiation properties of
metals, and includes (1) description and definition of the properties,
and a discussion of their interrelationships, (2) a brief review of the
physical laws relating to blackbody radiation, (3) discussion of the
theory of the interaction of electromagnetic waves with electrical
conductors, (4) the effect of surface condition— profile and surface
films — on thermal radiation properties of metals, and (5) a review of
methods of measuring thermal radiation properties of metals.

Dibeler, V. H., Walker, J. A., McCulloh, K. E., Observations on hot
bands in the molecular and dissociative photoionization of
acetylene and the heat of formation of the ethynyl ion, /.
Chem. Phys. 59, No. 5,2264-2268 (Sept. 1, 1973).

Key words: Ethynyl ion; heat of formation; ionization threshold;
mass spectrometry; vacuum ultraviolet.

Photoion yield curves in the vicinity of threshold are obtained for
the molecular and the ethynyl ions of acetylene and acetylene-d, at
ion source temperatures of 360, 298, and 130 K. Weak ionization
below the adiabatic threshold for C;H,* and C,D,* is ascribed to the
ionization of molecules excited by one quantum of the bending vibra-
tions, v4 and vs. Consideration of selection rules suggests a change in
symmetry from the linear ground state molecule to a bent ground
state ion. The 0 K curves for C;H*+ and C,D+ are estimated from the
observed 130 K data. Satisfactory agreement is obtained when the
298 K data are compared with a curve calculated from the 0 K curve
by convolution with vibrational and rotational distributions. The 0 K
thresholds corrected for kinetic energy are used to calculate
AHf(C,H+)=1747+0.01 eV (402.8%+0.2 kcal mol!) and
AHf°(C,D+)=17.43 +=0.02 eV (402.0 = 0.5 keal mol~!). The ionization
energy of the ethynyl radical is estimated to be 11.96 = 0.05 e V.

Diller, D. E., Sarkes, L. A., Properties data for LNG, Amer. Gas
Ass. Mon. 55, No. 9,27-28 (Sept. 1973).

Key words: Calculation methods; densities; ethane; liquefied
natural gas mixtures; methane; pure components; propane; pro-
perties data.

The need for new physical and thermodynamic properties data for
liquefied natural gas mixtures at low temperatures is discussed. A
plan is given for calculating properties data for liquid mixtures at
temperatures well below the critical temperature. The National Bu-
reau of Standards Cryogenics Division’s program to provide accurate
input data for calculating properties data for LNG is described.

Ederer, D. L., Cross-section profiles of resonances in the

photoionization continuum of krypton and xenon (600-
400 A), Phys. Rev. A 4, No. 6, 22632270 (Dec. 1971).

Key words: Autoionization; configuration interaction; inner
shell excitation; photoionization cross section; resonance
profiles; uv absorption spectroscopy.

The cross-section profiles in krypton and xenon have been mea-
sured for one- and two-electron excitations of the type ns2npS(1S,) —

nsnpb(2Si2)mp or ns2npS(So) — nsznp*(P, 1D, 1S) mlm'l’. These cross

sections were assumed to have the form

(E—E;)(Ti/2)ai+ (I'1/2)2b;
(E—Ei)*+ (I'/2)2

g(E)=C(E)+ Y

where the adjustable parameters C(E), b;, ai, E;, and I'; were deter-
mined by a least-squares unfolding process which separated the
smearing effect of the monochromator slit from the true optical densi-
ty. Parameter values and cross-section curves are given for 12 kryp-
ton resonances and 11 xenon resonances.

Ederer, D. L., Lucatorto, T., Madden, R. P., Resonances in the
photoionization continuum of lithium 1 (55 to 70 eV), /.
Phys. 32, Supplement to No. 10, C4-85— C4-87 (Oct. 1971).

Key words: Absorption; heat pipe; K-edge; lithium; resonances;
spectrum.

Resonances in the photoionization continuum of lithium have been
observed by absorption spectroscopy in the region of 55 to 70 eV.
These resonances are associated with configurations of the type (1 s
2 snl) and (1 snln’l’) and lie more than 50 eV above the ionization
potential; the lowest lying most prominent of these can be idenitified
with configurations of the type (1 s 2 snp) 2P. A multiconfiguration
calculation for the first five members of the series (performed by A.
Weiss) has yielded values for the energies which agree with experi-
mental results to within 2 eV.

The design of the lithium vapor absorption furnace was based on
the heat-pipe principle. Argon, which has very little structure in the
region from 55 to 70 eV, was used as a buffer gas and was contained
inside the furnace by thin film aluminum windows. The light source
was the 180 MeV NBS synchrotron.

Ely, J. F., Hanley, H. J. M., Straty, G. C., Analysis of the pressure
virials and Clausius-Mossotti function for polyatomic
gases, J. Chem. Phys. 59, No. 2, 842-848 (July 15, 1973).

Key words: Clausius-Mossotti function; dielectric virial coeffi-
cients; m-6-8 potential; polarizability; polyatomic gases; pres-
sure second virial coefficients; quadrupole moment; statistical
mechanics.

Statistical mechanical equations for the second pressure virial
coefficient and the second and third dielectric virial coefficients for
quadrupolar molecules are evaluated using the m-6-8 potential func-
tion. The results are compared with experimental data for nitrogen
and fluorine. An approximate value for the quadrupole moment of
fluorine is estimated. Agreement between theory and experiment is
generally good.

Etz, E. S., Robinson, R. A., Bates, R. G., Dissociation constant of
protonated tris(hydroxymethyl)aminomethane in N-
methylpropionamide and related thermodynamic quanti-
ties from 10 to 55 °C, /. Solution Chem. 2, No. 4,405-415 (1973).

Key words: Acidic dissociation; dissociation constant; emf mea-
surements; ionization processes; N-methylpropionamide; solva-
tion; tris(hydroxymethyl)aminomethane.

The dissociation constant of  protonated  tris(hydrox-
ymethyl)aminomethane (tris - H+) in the solvent N-methylpropiona-
mide (NVMP) has been determined at intervals of 5°C from 10 to 55 °C
by measurement of the emf of cells without liquid junction using
hydrogen and silver-silver chloride electrodes. At 25 °C, pK, was
found to be 8.831, as compared with 8.075 in water. The standard
changes in Gibbs energy, enthalpy, and entropy for the dissociation
process have been evaluated from the dissociation constant and its
change with temperature. By comparison with similar data for the
dissociation of tris - H* in water, thermodynamic functions for the
transfer from water to NMP have been derived. The dissociation
process is isoelectric, and the solvent dielectric constant is high (e=
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176 at 25 °C). Consequently, electrostatic charging effects are ex-
pected to be minimal, and the change in dissociation constant de-
pends primarily on solute-solvent interactions. The results, combined
with transfer energies for HC, tris, and tris - HC/ from emf and solu-
bility measurements, demonstrate that the decreased acidic strength
of tris - H+ in NMP is attributable in large part to the fact that VM P
is less effective than water in stabilizing tris and its salts.

Evans, A. G., Strength degradation by projectile impacts, J.
Amer. Ceram. Soc. 56, No. 8,405-409 (Aug. 1973).

Key words: Ceramics; fracture; impact; projectiles.

The impacting of ceramic components by small projectiles can lead
to strength degradation caused by the formation of Hertzian cracks.
The conditions which produce degradation are analyzed in terms of
the momentum and elastic properties of the projectile. A critical mo-
mentum must be exceeded before strength loss can occur, and the
critical condition depends on the surface condition of the ceramic.
Comparison of the analytical predictions with data for SiC confirms
the reliability of the analysis.

Falge, R. L., Jr., Swartzendruber, L. J., Influence of clustering on
the paramagnetic behavior of a Cu-Ni alloy, Phys. Lett. 44 A,
No. 4, 285-286 (June 18, 1973).

Key words: Clustering; critical phenomena; Cu-Ni alloy; heat
treatment; magnetism; susceptibility.

The equation usually reserved for the critical behavior of a fer-
romagnet just above T, also describes the susceptibility of Cug.4zNig 53
over a very large temperature range. The parameters, which vary
with heat treatment suggest lamellar clustering.

Fatiadi, A. J., Facile coupling of sterically hindered 2,6-dial-
kylphenols with periodic acid, Synthesis Commun. No. 6, 357-
358 (June 1973).

Key words: Coupling; dialkylphenols; dimethylformamide; hin-
dered; oxidation; periodic acid.

A procedure has been developed by which sterically hindered
phenols can produce coupling products (diphenoquinones) in 60 to 94
percent yield when treated with periodic acid in an aqueous N,N-
dimethylformamide.

Fatiadi, A. J., Mechanism of formation of tris(phenyl-
hydrazones) on treatment of cyclohexane-1,3-diones with
phenylhydrazine, Chem. Ind., pp. 38-40 (Jan. 6, 1973).

Key words: Cyclohexane-1,3-dione; formation; free-radical;

ionic; mechanism; phenylhydrazine.

The e.s.r. studies show that the formation of the 2-oxo-1,3-bis(phen-
ylhydrazones) and tris(phenylhydrazones) from cyclohexane-1,3-
diones, and of bis(phenylhydrazones) from cyclohexane-1,2-diones,
following treatment with phenylhydrazine in polar solvents most like-
ly proceeds by a concerted process, involving both ionic and free-
radical pathways.

Feldman, A., Horowitz, D., Waxler, R. M., Laser damage in
materials, NBSIR 73-268, 44 pages (Aug. 1973). (Available as
AD 768-303 from the National Technical Information Service,
Springfield, Va. 22151.)

Key words: Absorption coefficient; calcite; damage threshold;
deuterated potassium dihydrogen phosphate; electrostriction;
electrostrictive self-focusing; inclusion damage; Kerr effect;
laser damage; lithium niobate; nonlinear index of refraction-
potassium dihydrogen phosphate; self-focusing; thermal self-
focusing; thoria:yttrium oxide ceramic; yttrium aluminum gar-
net.

Neodymium:glass laser induced damage is observed in lithium
niobate (LiNbQ;), calcite (CaCOj3), potassium dihydrogen phosphate
(KDP), and deuterated potassium dihydrogen phosphate (KD*P). The

damage at the lowest power levels is caused by inclusions. At higher
power levels, filamentary damage, which is indicative of self-focus-
ing, is observed in LiNbOj;. An analysis of self-focusing data in yttri-
um aluminum garnet shows that the Kerr effect is the dominant self-
focusing mechanism, with some contribution from the thermal effect.
Bulk and surface damage thresholds in neodymium-doped thoria:yt-
trium oxide ceramic are obtained relative to bulk damage thresholds
in several optical materials.. For solid materials relationships are ob-
tained between the stress-optic coefficients and the electrostrictive
coefficients under different geometric boundary conditions.

Fickett, F. R., Magnetoresistivity of copper and aluminum at
cryogenic temperatures, (Proc. 4th Int. Conf. on Magnet
Technology, Brookhaven National Laboratory, Upton, N.Y., Sept.
19-22, 1972), pp. 539-541 (Atomic Energy Commission, Washing-
ton, D.C., 1972).

Key words: Aluminum; copper; electrical properties; magne-
toresistance.

Resulis of recent measurements of the magnetoresistance of
polycrystalline wires of aluminum and copper are presented. The
measurements were made in the temperature range 4 K to 35 K and
in magnetic fields to 100 kUGe. The aluminum wires ranged in purity
from RRR=1000 — 30000 and the copper wires from RRR= 200 —
7000. RRR= R (273 K)/R(4 K).

Field, R. W., Tilford, S. G., Howard, R. A., Simmons, J. D., Fine
structure and perturbation analysis of the ¢’Il state of CO,
J. Mol. Spectrosc. 44, No. 2, 347-382 (Nov. 1972).

Key words: @Il state; CO; electronic spectra; rotational analy-
sis; vibrational analysis.

The Cameron absorption bands of CO@' =1 — 8;v"= 0) have been
photographed at high resolution. The analysis of these bands along
with a reanalysis of the a3Il, v=0 level and an analysis of the pertur-
bations of the a3ll state by levels of the a'33+, e3%+, d3A; and '2~
states will be presented. Deperturbed molecular constants for the
a3l state and accurate perturbation parameters for the interactions
of a3ll with nearby states have been determined by a last-squares
matrix diagonalization technique. The input data included: (i) earlier
measurements from triplet-triplet emission transitions, (ii) the new
measurements of the Cameron bands, (iii) rf measurements of a’I1
lambda doubling transitions, and (iv) measurements of absorption to
the neighboring perturbing states.

Field, R. W., Wicke, B. G., Simmons, J. D., Tilford, S. G., Analysis
of perturbations in the @Il and A'Il states of CO, J. Mol.
Spectrosc. 44, No. 2, 383-399 (Nov. 1972).

Key words: all, A1 states; CO; configuration interaction;
electronic perturbation parameters; matrix element; perturba-
tion analysis.

The results of an analysis of perturbation of the CO @311 and A1l
states of the...(m2p){(c?p)(7*2p) electronic configuration by states of
the ...(m2pP(02pR(m*2p) configuration provide evidence for the fol-
lowing conclusions: (i) For perturbations between vibronic levels of
a given pair of electronic states, the perturbation matrix element is
the product of a vibrational factor and a constant electronic factor. (ii)
Simple single configuration arguments successfully predict that all
the electronic factors for the perturbations between levels of each
pair of states can be related to two constants which are joint proper-
ties of the two electronic configurations o7 and m37°.

Finkel, P. W., Miller, T. R., A proficiency test assessment of
clinical laboratory capability in the United States, NBSIR
73-163, 147 pages (May 1973). (Available as COM-73-11190/8 from
the National Technical Information Service, Springfield, Va.
220518)

Key words: Accuracy; clinical chemistry; hematology; medical
usefulness; microbiology; proficiency testing.
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The proficiency of a representative sample of physician, hospital
and independent laboratories was assessed with respect to their abili-
ty to analyse clinical chemistry and hematology samples and to
identify microbiological organisms. For the assessment of clinical
chemistry and hematology proficiency, the laboratories were
grouped, and determinations of group accuracy and group precision
were made. Further analyses were performed to determine relative
accuracy and precision of the techniques presently applied by these
groups. There was no significant difference at the 95 percent con-
fidence level in the accuracy achieved by the various laboratory
groups involved in clinical chemistry and hematology analysis. In
clinical chemistry, the Medicare-Certified Independent Laboratories,

CDC Tested Laboratories and JCAH-Members generally proved”

more precise than Physician’s Office and Medicare-Certified
Hospital Laboratories. However, none of the laboratory groups were
sufficiently accurate to permit the monitoring over time of variation
in an individual patient’s constituent concentrations. It would appear
that poor selection of techniques was an important contributor to this
low performance level. In hematology the Physician’s Office Labora-
tories proved to be the least precise of the groups. There was no
noticeable difference in precision between participants in the CDC
proficiency testing program and nonparticipants. With respect to
microbiology, 76 percent of the identifications by laboratories par-
ticipating in the CDC testing program were incorrect, while 19.4 per-
cent of all other identifications were incorrect.

Finkel, P. W., Miller, T. R., A proficiency test assessment of
clinical laboratory capability in the United States: Appen-
dix Volume, NBSIR 73-163, Appendix, 48 pages (May 1973).
(Available as COM-73-11193/2 from the National Technical Infor-
mation Service, Springfield, Va. 22151.)

Key words: Accuracy; clinical chemistry; hematology: medical
usefulness; microbiology; proficiency testing.

Appendices of NBS Report 73-163 which was abstracted as fol-
lows: The proficiency of a selected sample of physician, hospital and
independent laboratories was assessed with respect to their ability to
analyze clinical chemistry and hematology samples and to identify
microbiological organisms. For the assessment of clinical chemistry
and hematology proficiency, the laboratories were grouped and deter-
minations of group accuracy and group precision were made. Further
analyses were performed to determine relative accuracy and preci-
sion of the techniques presently applied by these groups. There was
no significant difference at the 95 percent confidence level in the ac-
curacy achieved by the various laboratory groups involved in clinical
chemistry and hematology analysis. In clinical chemistry, the
Medicare-Certified Independent Laboratories, CDC Tested Labora-
tories and JCAH-Members generally proved more precise than Physi-
cians’ Office and Medicare-Certified Hospital Laboratories. How-
ever, none of the laboratory groups were sufficiently accurate to per-
mit the monitoring over time of variation in an individual patient’s
constituent concentrations. It would appear that poor selection of
techniques was an important contributor to this low performance
level. In hematology the Physicians’ Office Laboratories proved to be
the least precise of the groups. There was no noticeable difference in
precision between participants in the CDC proficiency testing pro-
gram and non-participants. With respect to microbiology, 7.6 percent
of the identifications by laboratories participating in the CDC testing
program were incorrect, while 19.4 percent of all other identifications
were incorrect.

Finnegan, T. F., Witt, T. J., Field, B. F., Toots, J., Measurements of
2e/h via the AC Josephson effect, (Proc. 4th Int. Conf. on Atomic
Masses and Fundamental Constants, Teddington, England, Sept.
6-10,1971), Paper in Atomic Masses and Fundamental Constants 4,
J. H. Sanders and A. H. Wapstra, Eds., pp. 403-410 (Plenum Press,
New York, N.Y.,1972).

Key words: Josephson junction; standard cell; voltage com-
parison.

Recent sub-part-per-million determinations of 2e/h have been re-
ported by several groups. The accuracies of these determinations
have been limited to a large extent by uncertainties in the local volt-
age standard (i.e., standard cells). The present state of agreement
between the various 2e/h determinations will be reviewed by using
the results of the triennial international volt comparisons at BIPM, as
well as the results of direct volt comparisons between NBS and other
national laboratories, to relate the various national as-maintained
units of voltage.

Progress on the NBS project to maintain a unit of emf via a
Josephson junction device will also be reported. The results of a se-
ries of 2e/h measurements made at the site of the NBS reference
group of standard cells will be presented. The implications of these
measurements on the stability of the NBS reference group of stan-
dard cells, and on the fundamental physical constants (i.e., the fine
structure constant) will be discussed.
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