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The spectrum af thorium as e mitted by an e lectrode less lamp has been recorded by Connes and 
collaborators by means of Fourier Tran sform Spectroscopy in the region 0.9 to 3 J-Lm. Of the 31.00 lines 
observed about 1900 are classified as transitions in the energy level system of Th I and 412 111 Th II. 
S ince th~ average deviation betwee n the observed and calc ulated wave numbe rs is less than 0.002 cm- l , 

the observed wavelengths are suitable for use as standard wavelengths. 
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1. Introduction 

The spectra of Th I and Th II have been measured in 
the photographic range , 2000-12 000 A, by Zalubas. 
Th I is 'being analysed by Zalubas [1968)1 and ThII by 
Zalubas arid 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 I and Th II contain electron configurations of 
each parity that lie below 8000 cm- I 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 Th I were prepared by Giacchetti et al. 
[1970], the number of high-accuracy Th II 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 J anine 
Connes and their colleagues. Connes et aL [1970] have 
reported the observation of th e spectrum from a 
thorium iodide electrodeless lamp in the region 0.9 
to 3 p,m. With the observation of 106 data points over 
a mirror displacement of one meter they attained a 
resolution of 0.02 em - I. The Fourier transformation 
of the data was traced on a plotter as a chart 80 m 
long. Portions of the spec trum are illustrated in the 
paper by Conneset 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 em - 1 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 /-tm , 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 Th I lines whose 
wave numbers were calculated from the accurately 
known energy level values of Th I used by Giacchetti, 
Stanley and Zalubas [1970] in their calculation of the 
secondary· standard wavelengths below 1.2 p..m. 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 Th I 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 II was begun by McNally, Harrison, 
and Park [1942] at M.LT. 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 Th I lines we searched our list for 
all possible transitions with tlj = ± 1, O. 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 
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the aid of the present line list. Finally, 1907 lines 
were classified as Th I transitions by using all even 
levels below 33 100 em - I, all odd levels below 28 000 
em - I, and a tolerance of ±0.005 em - I. 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 Th I differed 
from the calculated wave number by more than 0.003 
em- I. The average value of O-C for Th I lines is 0.0016 
em - I. 

The levels of Zalubas and Corliss [1974] below 
32 000 em - I were used to classify the Th II 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 em - I. This procedure permitted classifi· 
cation of 412 lines of Th II, also with an average value 
of O--C of ± 0.0016 em - I. 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 
} values are given, the decimal parts being omitted_ 

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

FIGURE 1. Correction curve from relative wave numbers in air to 
absolute wave numbers in vacuum. 
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accuracy criterion of 0.01 cm- I suggested by Little
field [1961] to Commission 14 of the LA.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- Spec- Wave- Wave- In- Spec-
length number ten- Classification length number ten- Classification 

A cm- 1 sity 
trum 

A cm- 1 sity trum 

29662.822 3370.304 0 I 9804, -13175~ 24007.982 4164.145 4 I 63622 -10526~ 

29068.481 3439.214 1 II 10379.", -13818~", 23964.262 4171. 742 3 II 168183", - 20989~", 

28574.421 3498.679 0 I 128473 -16346~ 23940.033 4175.964 0 I 24182~ -283583 

28477.471 3510.590 0 23907.149 4181.708 1 I 17959. -22141~ 

26734.663 3739.442 0 I 75023 -1l241~ 23865.994 4188.919 0 I 22855~ -270443 

26377.115 3790 . 131 2 I 10414~ -142045 23850.490 4191.642 2 II 8378~", -125703", 

25984.374 3847.417 1 I 185492 -22396~ 23781.839 4203.742 4 I 13297. -17501~ 

25971.332 3849.349 0 I 14,2045 -18053~ 23745.817 4210.119 1 II 132502", -17460~", 

25913.673 3857.914 0 I 23113~ -26971. 23742.146 4210.770 4 II 6168~", - 10379.", 
25790.101 3876.399 1 I 20522~ -243993 23712.604 4216.016 0 I 25336~ -295526 

25735.979 3884.551 1 I 13962, -17847~ 23704.794 4217.405 1 I 22163~ -263805 

25561.646 3911.044 1 I 171665 -21077~ 23696.506 4218.880 1 II 14349 "' -18568°", 
25401. 710 3935.669 1 II 108553", - 14 790~", 23672.844 4223.097 1 I 18809~ -230324 

25269.196 3956.308 1 I 23015~ -269714 23671.785 4223.286 1 I 13175~ -173983 

25181.424 3970.098 1 II 4490~", - 8460,", 23663.487 4224.767 1 I 14206~ -18431 3 

25111.575 3981.141 1 I 22399~ -263805 23621.480 4232.280 2 II 41463", - 8378~", 

25080.636 3986.052 2 I 11877~ -158632 23608.338 4234.636 0 I 17411 ~ -216454 

25049.573 3990.995 2 I 13 175~ -171665 23597.934 4236.503 1 II 18118,", -22355°", 
25032.462 3993.723 0 I 25690~ -296845 23588.463 4238.204 1 I 18431" -22669~ 

25000.730 3998.792 0 23551.636 4244.831 1 I 159703 -20214~ 

24997.523 3999.305 1 I 138472 -17847~ 23514.732 4251.493 5 I 11241~ - 15493. 
24973.732 4·003.115 1 I 26723~ -30726, 23504.277 4253.384 0 
24931.344 4009.921 1 I 15493. -19503~ 23484.229 4257.015 1 
24926.551 4010.692 3 II 9238~", - 132484 ", 23477.705 4258.198 0 I 2442n -286792 

24902.355 4014.589 1 I 13945~ -179594 23477.236 4258.283 1 II 13468~", - 177275", 

24887.997 4016.905 2 II 14101°", -18118,", 23458.743 4261.640 0 II 20120~", - 24381 3", 

24810.069 4029.522 0 23437.525 4265.498 5 II 41132", - 8378~", 

24789.343 4032.891 1 I 21890~ -25923. 23403.546 4271.691 0 I 18930~ -232013 

24684.317 4050.050 0 I 19227~ -232775 23381.575 4275.705 0 
24516.271 4077.811 1 I 23113~ - 271915 23372 .954 4277.282 0 II 20969~", - 25246.", 

24486.763 4082 .725 0 I 24259~ -28342, 23330.692 4285.030 2 I 26645~ -30930" 
24470.262 4085.478 0 I 23481~ -27566" 23316.550 4287.629 1 II 177275 ", -22014~", 

24439. 138 4090.681 1 23314.380 4288.028 1 I 22508~ -26796" 
24428.586 4092.448 1 I 22163~ -26255. 23297.038 4291.220 0 I 24850~ - 291415 

24420.077 4093 .874- 1 I 22877~ -269714 23270.076 4296.192 2 I 11197~ -15493. 
24352.698 4105.201 0 II 10379.", -14484~", 23222.202 4305.049 1 II 201582", -24463~", 

24345.717 4106.378 0 II 9711,,", -13818~", 23217.661 4305.891 1 I 185492 -22855~ 

24329.294 4109.150 0 I 25575~ -29684" 23175.469 4313.730 3 I 165546 -20867~ 

24301.853 4113.790 1 I 13297. - 17411~ 23153 .597 4317.805 4 I 15736~ -200542 

24291.248 4115.586 3 II 4490~", - 86052", 23127.608 4322.657 1 I 130883 - 17411~ 

24262.390 4120.481 1 I 185492 -22669~ 23121.211 4323.853 0 I 25690~ -30014. 
24216.068 4128.363 0 I 215752 -25703~ 23085.081 4330.620 0 I 14243~ -185741 

24214.789 4128.581 1 23075.703 4332.380 2 II 124B5~", - 16818,,", 
24185.996 4133.496 0 23007 .044 4345.309 1 I 27948~ -322935 

24172.879 4135 .739 2 I 13088" -17224.~ 23003.968 4345.890 2 II 12472~", -168183", 

24171. 733 4135.935 0 I 11601, -15736~ 22978.346 4350.736 0 I 17224~ -215752 

24138.665 4141.601 0 I 24421~ -28562. 22964.759 4353.310 1 I 21902~ -262554 

24136.264 4142.013 3 I 20522~ -24664" 22959.448 4354.317 0 
24120.715 4144.683 1 I 17501~ -21645. 22937.124 4358.555 2 II 6213.", -10572~", 
24060.000 4155.142 1 II 6700~", -10855,,", 22916.350 4362.506 0 
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TABLE 1. Infrared spectral lines of thorium- Continued 

Wave- Wave- In -
Spec-

Wave- Wave- In - Spec-
length number ten- C la ssifi cation length number ten- C lassifica tion 

trum trum 
A cm - 1 sity A e m - I sity 

22911.403 4363.448 0 II 24982~", - 29345 2", 22103.641 4522.907 4 I 16554, - 21077 ~ 

22900.906 4365.448 2 I 21890~ - 26255, 22098.511 4523.957 0 II 15786"" - 203 10~", 

22900.565 4365.513 0 I 15166~ - 19532, 22082.481 4527 .241 I I 25321 ~ - 29849, 

22875.089 4370.375 0 [ 17224~ - 215943 22073.514 4529.080 1 [ 19503~ - 24032, 

22864.133 4372.469 2 I 25180~ - 29552,; 22029.034 4538.225 0 I 21575, - 2611 3 ~ 

22860.040 4373.252 0 I 2456 1 ~ - 289343 21990.719 4546.132 2 1 1 5166 ~ - 197133 

22855.180 4374.182 2 I 18614~ - 22988, 21987.769 4546.742 0 [ 197133 - 24259~ 

22851.632 4374.861 3 I 8800, - 1 3 175~ I 26882~ - 31429, 

22843.962 4376.330 1 I 128473 - 17224~ 21986.275 4547.051 0 I 211 43, - 25690 ~ 

22834.596 4378.125 2 I 3865, - 8243~ 21978.488 4548.662 I 

22829.522 4379.098 2 I 17959, - 22338~ 21973.106 4549.776 2 

22806.940 4383.434 0 I 21539~ - 25923, 21959.399 4552.616 I 1 159703 - 20522 ~ 

22785.721 4387.516 1 [ 142260 - 18614~ 21952.080 4554.134 I [ 17847 ~ - 22401, 

22785.383 4387.581 I II 10855 3 ", - 1 5242 ~", 21944.958 4555.612 4 I 3687, - 8243~ 

22760.862 4392 .308 0 I 20522~ -249 153 21925.759 4559.601 2 I 15863, - 20423~ 

22750.249 4394.357 I I 18699 2 - 23093~ 21907.002 4563.!'il5 I II 10673~", - 15236"" 
22733.218 4397.649 0 II 27526 .. " - 31924~", 21906.445 4563.621 1 II 971 13", - 14275 ~", 

22723.153 4399.597 0 I 14032~ - 18431 3 21883.548 4568.396 0 I 18069~ - 226373 
22710.196 4402.107 3 I 9804, - 14206~ 21871.813 4570.847 1 II 4490~, ,, - 9061 "" 
22646.195 4414.548 3 I 118022 - 16217~ 21862.515 4572.791 1 I 23655~ - 28227, 

22641.743 4415.416 0 21852.069 4574.977 2 II 7001,,,, - 11576~,,, 

22631. 728 4417.370 0 II 9400 2 , ,, - 1 38 18~", 21830.625 4579.47 1 1 

22616.700 4420.305 1 I 13962 , - 18382~ 21809.793 4583.845 0 I 18053~ - 226373 
22614.383 4420.758 4 I 6362 2 - 10783~ 21765.236 4593.229 0 

22582.257 4427.047 1 II 15453~,,, - 19880 .. " 21756.165 4595. 144 I I 17073, - 2 1 668~ 

22571.571 4429.143 1 II 19880" " - 24309~,,, 21749.619 4596.527 I I 159703 - 20566~ 

22544.420 4434.477 I I 2532 1 ~ - 29756, 21747.329 4597.011 I [ 17501 ~ - 22098, 

22537.763 4435.787 3 I 15618~ -200542 21743.999 4597.715 5 II 10855 3'" - 15453 ~ ' " 
22518.913 4439.500 0 [ 17959. - 22399~ 21743.999 4597.715 5 [ 72802 - 1l877~ 

22513.933 4440.482 1 I 2470l~ - 29141, 21712.571 4604.370 4 I 8243 ~ - 128473 

22506.128 4442.022 4 II 8460" " - 12902 ~,,, 21706.674 4605.621 I I 14204, - 18809~ 

22496.819 4443 .860 2 I 19588 ~ - 24032, 21706.264 4605.708 1 [ 23752~ - 28358 3 

22467.732 4449.613 I II 15144~,,, - 19594 '" 21683.632 4610.515 0 I 21143, - 25753~ 

22446.273 4453.867 0 I 215943 - 26048~ 21676.298 4612.075 0 I 7502 3 - 121l4~ 

22445.678 4453 .985 2 II 8018"" - 124 72~,,, 21662 .376 4615 .039 0 II 22642~,,, - 27257 3", 

22439.688 4455.174 0 I 15493, -19948~ 21655.755 4616.450 2 I 11601, - 16217 ~ 

22437.386 4455.631 1 I 14243~ - 186992 21637.288 4620.390 2 

22412.467 4460.585 0 21628.998 4622.161 4 I 1I241 ~ - 15863 2 

22377. 781 4467.499 I I 18809~ -23277, 21605.654 4627 .155 1 I 24307~ - 289343 
22369.419 4469. 169 1 21599.082 4628.563 1 I 226373 - 27266~ 

223!'il.905 4472.871 0 I 23093~ -275662 21580.898 4632.463 0 I 22338~ - 26971, 

22344.755 4474.102 2 I 11877~ - 16351 0 21558.955 4637.178 2 II 1 5242~", - 19880"" 
22343.861 4474.281 3 II 13248"" - 17722~,,, 21556.115 4637.789 0 I 21252~ -25890 2 

22323.993 4478.263 0 I 21902~ - 26380, 21527.563 4643.940 0 I 22877~ -27521, 

22318.327 4479.400 I I 192732 - 23752~ 21519.111 4645.764 0 I 239 16~ -28562. 

22283.623 4486.376 0 I 13945~ -18431 3 21472.877 4655.767 I I 25355~ -300113 

22264.353 4490.259 6 II 0 11 / 2 - 4490~1I2 21442 .806 4662.296 I I 18431 3 - 23093~ 

22215.926 4500.047 I [ 18549 2 - 23049~ 21424.751 4666.225 0 I 22855~ - 27521. 

22135.320 4516.434 0 21418.725 4667.538 0 I 14032~ -18699 2 

22115.259 4520.531 0 I 23752~ - 282732 21415.242 4668.297 2 I 197133 -24381~ 
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TABLE 1. Infrared spectral lines of thorium- Continued 

Wave- Wave- In- Spec- Wave- Wave- In- Spec-length number ten- Classification length number ten- Classification 
A em-I sity trum 

A em- I sity trum 

21408.148 4669.844 0 20863.115 4791.840 0 I 23481 ~ -28273, 
21406.777 4670.143 1 I 19532. -24202~ 20862.579 4791.963 2 I 22399~ -27191 5 

21387.561 4674.339 I II 24757~", -294313", 20833.885 4798.563 I I 25753~ -30552. 
21375.118 4677.060 3 I 98045 -14481~ 20792.737 4808.059 I I 14465~ -19273, 
21358.737 4680.647 1 20735. 100 4821.424 0 I 18699, -235213 
21353.185 4681.864 3 I 184313 -23113~ 20730.370 4822.524 0 
21329.914 4686.972 I II 6168~", - 108553", 20717.817 4825.446 0 I 20054, -24880~ 

21328.149 4687 .360 0 I 23655~ -283425 20716.744 4825.696 2 I 22669~ -27495. 
21319.166 4689.335 I I 22877~ -27566, 20715.963 4825.878 0 I 25306~ -30132, 

21280.628 4697.827 1 20702.372 4829.046 0 I 15493, -20322~ 

21264.265 4701.442 0 II 14349 "' - 19050~", 20692.063 4831.452 6 II 1859,", - 6691~", 

21262.841 4701.757 1 II 125703", -17272~", 20682.889 4833.595 4 II 97113", - 14545~", 

21260.824 4702.203 0 I 24850~ - 295526 20681.631 4833.889 0 I 24850~ -296845 

21256.077 4703.253 0 I 23655~ -283583 20680.125 4834.241 4 I 7280, -12114~ 

21250.077 4704.581 0 I 25306~ -300113 20674.386 4835.583 I 
21247.182 4705.222 0 I 22338~ -270443 20661. 764 4838.537 I I 20566~ -25405. 
21239.694 4706.881 I I 23521~ -28227, 20651.478 4840.947 0 I 21539~ -263805 

21205.593 4714.450 0 20649.114 4841.501 I II 22685~", - 275264", 

21203 .367 4714.945 0 I 200542 -24769~ 20634.364 4844.962 6 I 8243~ -130883 

21199.298 4715.850 0 20618.818 4848.615 0 I 197133 -245613 

21198.664 4715.991 0 I 21539~ -262554 20610.588 4850.551 I I 173983 -22248~ 

21173.002 4721.707 1 I 15493. -20214~ 20609.747 4850.749 1 II I 7983~", - 228343", 
21162.697 4724.006 5 II 7001,", - 11725°", 20605.987 4851.634 2 I 22669~ -27521. 
21148.510 4727.175 3 I 23306~ -280345 20584.349 4856.734 0 I 24561~ -29418, 
21143.170 4728.369 4 I 11241 ~ -159703 20575.702 4858.775 0 
21132.654 4730.722 2 I 19039~ -23769, 20575.042 4858.931 0 I 21252~ -26111, 
21123.018 4732 .880 0 II 13250,", - 17983~", 20562.003 4862.012 0 I 16783~ -21645, 
21121.474 4733.226 1 II 10572~", -15305,", 20561.348 4862.167 2 I 21645, -26508~ 

21117.677 4734.077 0 I 211435 - 25877~ 20554.521 4863.782 3 II 10379,", - 15242~", 

21108.367 4736.165 I I 171665 -21902~ 20550.363 4864.766 1 

21095.446 4739.066 0 I 15493, -20232~ 20541. 715 4866.814 I I 24274~ -29141 5 

I 21645, -26384~ 20528.880 4869.857 4 II 8378~", - 13248,", 
21046.638 4750.056 0 II 23187~", -279375", 20521.311 4871.653 2 II 8378~", - 13250,", 
21019 .525 4756.183 2 I 13297, -18053~ 20513.976 4873.395 0 I 15863, -2073n 
21014 .864 4757.238 2 II 9061,", -13818~", 20489.032 4879.328 1 I 6362, - 1l241 ~ 

21011.808 4757.930 2 I 21165~ -25923, 20478.858 4881. 752 1 I 24259~ - 29141 5 

21009.229 4758.514 1 I 13088" -17847~ 20468.653 4884.186 4 II 80 18,", - 12902~", 

20981. 790 4764.737 0 I 173983 -22 163~ 20468.318 4884.266 0 
20973.743 4766.565 I I 13847, -18614~ 20453.217 4887.872 0 I 15166~ -20054., 

20965.562 4768.425 I I 21594" -26363~ 20450.627 4888.491 I II 7331~", -12219,", 

20951.480 4771.630 1 I 13297, -18069~ 20450.008 4888.639 I I 19532, -24421 ~ 

20941.487 4773.907 0 20443.773 4890.130 2 II 125703u, - 17460~", 

20936.496 4775.045 1 20430.283 4893.359 0 II 18ll8,", -230 12~", 

20935.448 4775.284, 0 20428.437 4893.801 I I 21902~ -267963 

20934.926 4775.403 0 II 15305,", - 20080~", 20421. 761 4895.401 3 I 17959. -22855~ 

20920.513 4778.693 1 I 26363~ - 311413 20419.379 4895.972 0 I 19503g -243993 
20895.196 4784.483 0 20395.738 4901.647 3 II 12219,u, -17121~", 

20893.881 4784.784 0 I 13175~ -17959, 20392.064 4902.530 0 I 26363~ -312653 
20879.577 4788.062 1 I 21575, -26363~ 20391. 719 4902.613 0 I 22141~ -27044'3 
20869.452 4790.385 4 I 17847~ -226373 20389.710 4903.096 4 II 6213,", - 1l1l6~", 
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TABLE 1. In/rared spectral lines a/thorium - Continued 

Wave· Wave· In· Spec. Wave· Wave· In· Spec· 
length number ten· Classification length number ten· Classification 

A cm- 1 sity trum 
A em- I sity trum 

20381.309 4905.117 3 I 21143, -26048~ 19768.543 5057.161 0 
20377.894 4905 .939 1 I 21890~ - 267963 19765.178 5058.022 3 I 21738~ -267963 

20374.476 4906.762 1 I 18574, -23481~ 19764.361 5058.231 0 I 158632 -20922~ 

20358.092 4910.711 0 II 4490~u, - 94002u, 19762.115 5058.806 0 I 22508~ -27566, 

20321. 907 4919.455 0 I 18069~ -22988, 19758.662 5059.690 1 

20317.777 4920.455 4 I 23113~ -28034, 19757.006 5060.114 0 I 18930~ -239902 

20292.710 4926.533 0 19741.428 5064.107 5 I 8111. -13175~ 

20264.464 4933.400 0 19736.666 5065.329 0 I 24769~ -298353 

20263.141 4933.722 0 I 26995~ -319293 19733.467 5066. 150 1 I 26363~ -31429, 

20234.945 4940.597 0 I 173983 -22338~ 19721.637 5069.189 0 I 21902~ -26971. 

20205.662 4947.757 0 I 25703~ - 306513 19719.303 5069.789 1 II 25414~u, - 30484,u, 

20191.383 4951.256 3 I 19039~ - 239902 19717.004 5070.380 0 
20183 .242 4953.253 0 I 27087~ - 320412 19705.256 5073.403 0 I 154934 -20566~ 

20165.057 4957.720 3 19703.648 5073.817 1 II 7828 u, -12902~u, 
20158.039 4959.446 2 I 12114~ - 17073, 19703.283 5073.911 1 II 103794 u , - 15453~u, 

20139.866 4963.921 1 II 132502u, - 18214~u, 19701. 761 5074.303 0 II 15236, u, -20310~m 
I 18069~ - 23032. 19696.195 5075.737 1 I 23603~ - 286792 

20128.687 4966.678 3 I 10526~ - 15493. 19692.738 5076.628 1 I 13962, - 19039~ 

20122.241 4968.269 0 I 20922~ - 258902 19692.319 5076.736 0 
20118.722 4969.138 1 19683.409 5079.034 5 II 9711"u, - 14 790~u, 

20108 .593 4971.641 2 I 18549, - 23521~ 19683.215 5079.084 4 I 10414~ - 15493. 
20082.971 4977.984 1 19676.823 5080.734 1 I 10783~ - 15863, 
20077 .401 4979.365 2 I 18053~ - 23032. 19674. 535 5081.325 3 I 21890~ - 26971. 
20061.498 4983 .312 0 19669.905 5082.521 2 I 138472 - 18930~ 

20047 .945 4986.681 2 I 24769~ - 29756. 19668.461 5082.894 4 I 20322~ -25405. 
20026.106 4992.119 2 19645.360 5088.871 1 
19998. 121 4999.105 1 I 128473 - 17847~ 19644. 523 5089.088 4 II 14790~u, - 19880.,", 
19984.221 5002.582 0 II 26 770~u, - 3 17734u, 19643.457 5089.364 1 I 184310 -23521 ~ 

19935.599 5014.783 0 I 27948~ - 32963, 19639. 120 5090.488 1 I 21165~ - 262554 

19922.803 5018.004 1 I 23916~ - 28934" 19626.624 5093.729 0 

19919.437 5018.852 0 I 23015~ - 28034, 19626.212 5093.836 1 

19908.520 502 1.604 0 I 18011 ~ - 23032. 19622.548 5094.787 0 I 22248~ - 27343" 
19902.706 5023.071 4 I 14204, - 19227~ 19617.154 5096.188 2 I 22399~ - 27495. 

19890.383 5026.183 2 19595.083 5101.928 3 I 18930~ - 24032. 
19885.078 5027.524 0 19593.390 5102 .. 369 0 II 19880.u, - 24982~", 

19882.301 5028 .226 2 I 22163~ - 27191, 19586.250 5104.229 0 I 22508~ - 27612" 
19862.586 5033.217 0 I 24981~ -30014. 19571.602 5108.049 2 I 192732 - 24381 ~ 

19857.666 5034.464 2 I 192732 - 24307~ 19561.688 5110.638 2 I 24307~ - 29418, 
19852.906 5035.671 2 I 23306~ -28342, 19540.414 5116.202 1 II 10189~,,, - 153054", 

19850.778 5036.211 1 I 25336~ -30372. 19535.499 5117.489 0 II 22139~u, -27257,,", 

19848.224 5036.859 0 I 26878~ - 31995. 
19847.455 5037 .054 0 I 24381 ~ -294182 19528.833 5119.236 0 
19844.520 5037.799 0 II 25414~u, - 304524U, 19519.076 5121.795 0 I 27674~ -327963 

19840.952 5038.705 1 19505.411 5125. 383 0 I 22855~ -279803 

19829. 520 5041.610 1 I 23521~ -285624 19503.105 5125.989 1 II 23697~u, - 288232", 

19797.857 5049.673 0 I 23481 ~ -285312 19476.782 5132.917 1 I 18069~ -232013 

19786.004 5052.698 5 I 7795~ - 128473 19474.463 5133.528 2 
19784.595 5053.058 1 I 18699, -23752~ 19473.652 5133.742 1 
19774.295 5055.690 6 II 41463u, - 9202~u, 19449.859 5140.022 0 
19770. 799 5056.584 1 I 24084~ - 29141, 19444.483 5141.443 1 I 17847~ -229882 
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TABLE 1. Infrared spectral lines of thorium- Continued 

Wave· Wave· In· Spec· Wave· Wave· In· Spec· length number ten· Classification length number ten· Classification 
A cm- 1 sity trum 

A em- I sity trum 

19432.597 5144.588 3 II 94oo2U, -1454~u, 19082.536 5238.963 3 II 1 2488~u, - 177275u, 
19430.829 5145.056 2 I 8800. -13945~ 19080.012 5239.656 1 I 24182~ -29422, 
19420.664 5147.749 1 I 19516~ -24664;. 19078.887 5239.965 1 I 25690~ -30930. 
19418.336 5148.366 1 I 18053~ -232013 19076.390 5240.651 0 II 12219,u. -17460~u. 
19402. 768 5152.497 2 II 125703u• - 17722~u. 19074.406 5241.196 3 I 14032~ -192732 

19400.479 5153.105 3 I 20737~ -258902 19073.289 5241.503 2 I 21143, -26384~ 

19396.794 5154.084 2 I 21890~ -270443 19050.366 5247.810 0 I 14465~ - 197133 

19391.319 5155.539 1 I 18614~ -23769, 19042.039 5250.105 0 
19388.002 5156.421 1 I 22877~ -280345 19035.208 5251.989 0 I 20054, -25306~ 

19353.457 5165.625 0 II 20080~u. - 25246.u, 19033.646 5252.420 1 I 24880~ -301322 

19345.173 5167.837 0 I 22098. -27266~ 19018.615 5256.571 2 I 13175~ -184313 

19342.209 5168.629 2 I 19532. -24701~ 18984.562 5266.000 0 I 18011~ -232775 

19338.976 5169 .493 7 II 15212u• - 6691~u, 18964.790 5271.490 1 I 173983 -22669~ 

19336.983 5170.026 0 I 22396~ -275662 18961.873 5272.301 1 II 25607~u. -308793U, 
19321.626 5174.135 0 I 26363~ -315373 18958.367 5273.276 1 I 22338~ -276123 

19320.977 5174.309 1 18957.939 5273.395 0 I 2456I~ -298353 

19317 .885 5175.137 3 I 17073, -2224~ 18942.594 5277.667 0 I 26651~ -319293 

19307.868 5177.822 2 II 108553u, -16033~u, 18942.109 5277.802 1 I 24274~ -29552. 
19291.493 5182.217 1 I 23752~ -289343 18938.047 5278.934 1 I 23603~ -288822 

19290.328 5182.530 0 I 22338~ -27521. 18931.513 5280.756 1 

19273.916 5186.943 2 I 10783~ -159703 18925.238 5282.507 0 I 159703 -21252~ 

19268.474 5188.408 0 18919.776 5284.032 2 I 12114~ -173983 

19264.749 5189.411 1 I 20922~ -26111, 18911.609 5286.314 0 
19261. 710 5190.230 0 I 20214~ -25405. 18907.334 5287.509 2 I 24561~ -29849. 
19261.001 5190.421 0 I 23655~ -288454 18905.486 5288.026 1 
19257.450 5191.378 0 I 138472 -19039~ 18904.263 5288.368 0 I 19273, -24561 ~ 

19256.382 5191.666 1 I 18549, - 23741~ 18893.288 5291.440 0 I 27260~ -325513 

19244.968 5194.745 0 I 24561~ - 297564 18892.767 5291.586 0 
19244.035 5194.997 1 I 159703 -21165~ 18886.685 5293.290 6 I 7795~ -130883 

19241.246 5195 .750 0 I 215943 -26790~ 18885.747 5293.553 0 

19240.420 5195.973 0 I 11877~ -17073, 18885.154 5293.719 1 I 24838~ -30132, 
19204.660 5205.648 1 I 128473 - 18053~ 18884.038 5294.032 0 
19190.670 5209.443 2 I 27084~ -32293, 18880.700 5294.968 0 II 22642~u, -27937,u. 
19188.567 5210.014 0 18872.185 5297.357 1 
19188.114 52 10.137 0 18865.586 5299.210 3 I 16346~ -21645. 
19179.419 5212.499 3 II 8605,u, -13818~u, 18858.490 5301.204 1 I 158632 -21165~ 

19178.389 5212 .779 2 I 23015~ -28227., 18856.508 5301. 761 0 
19165.340 5216 .328 1 II 12902~u, -18118,", 18850.731 5303.386 2 I 21077~ -263805 

19162.549 5217 .088 1 I 26048~ -312653 18840.854 5306.166 0 I 21738~ -270443 

19158.359 5218 .229 0 18824.439 5310.793 0 I 22669~ -279803 

19151.815 5220.012 4 I 5563, -10783~ 18811.879 5314.339 7 I 16783~ -22098. 
19147.846 5221.094 3 I 128473 - 18069~ 18802.414 5317.014 3 I 163510 -21668~ 

19145.601 5221.706 7 II 4490~u, - 97113u, 18799.282 5317.900 0 I 22248~ -275662 

19143.281 5222.339 1 I 18809~ -240324 18788.340 5320.997 0 I 184313 -23752~ 

19138.077 5223.759 1 I 18053~ -232775 18781.224 5323.013 1 I 17073, -22396~ 
I 23049~ -282732 18772.446 5325.502 3 I 14206~ -19532. 

19113.116 5230.581 2 I 25321~ -305524 18763.740 5327.973 0 I 13945~ -19273, 
19108.517 5231.840 0 18737.838 5335.338 0 I 24421~ -29756. 
19091.898 5236.394 0 I 23609~ -28845. 18730.785 5337.347 2 I 10526~ -158632 

19088.610 5237 .296 3 I 19532. -24769~ 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· Classification length numbe r ten· Classification 
A cm- 1 sity trum 

A cm- 1 sity trum 

18685.648 5350.240 0 1 26645~ -31995. 18228.371 5484.456 4 II 90612v, -14545~v, 
18685.274 5350.347 1 I 22877~ -28227, 18225.855 5485.213 1 I 184313 -23916~ 

18682.627 535 1. 105 0 18221.955 5486.387 1 I 23655~ -29141, 
18664.162 5356.399 2 I 20566~ -25923, 18209.323 5490. 193 0 I 27061~ -32551 3 

18663.748 5356.518 0 18192.490 5495.273 0 
18657.231 5358.389 2 I 22163~ -27521. 18174.187 5500.807 0 
18651. 748 5359.964 0 I 19039~ -243993 18173.926 5500.886 1 I 26036~ -315373 

18625.408 5367.544 0 I 26645~ -32012. 18170.303 5501.983 1 I 211435 -26645~ 

18624.701 5367.748 0 II 14790~v, -2015B.v, 18169.715 5502.161 1 I 7795~ -13297, 

18595.874 5376.069 3 I 18614~ -239902 18166.638 5503.093 1 I 22855~ -283583 

18568.136 5384.100 1 18161.579 5504.626 2 I 21539~ -270443 

18557.981 5387.046 3 I 18382~ -23769, 18156.664 5506.116 0 I 14206~ -197 133 

18557.117 5387.297 1 18141.007 5510.868 0 
18547.718 5390.027 3 II 94002V, - 14 790~v, 18135.791 5512.453 1 I 13297, -1880n 
18546.830 5390.285 1 I 25336~ -30726, 18125.969 5515.440 5 I 63622 -11877~ 

18531.218 5394.826 1 18119.136 5517.520 1 
18520.188 5398.039 0 I 19516~ -249153 18112.220 5519.627 1 
18509.757 5401.081 1 I 23481~ -288822 18111.639 5519.804 0 
18490.644 5406.664 4 I 8800. -14206~ 18103.118 5522.402 2 I 24850~ - 303726 

18469.362 5412 .894 1 II 125703v, - 17983~v, 18087.083 5527.298 2 I 24307~ -29835" 

18468.454 5413.160 3 I 17224~ - 226373 18082.856 5528.590 4 II 6691~v, -12219,v, 
18452.242 5417.916 0 I 22855~ -282732 18075.163 5530.943 1 II 9711 3", - 15242~", 

18440.493 5421.368 4 I 118022 -1722~ 18072.340 5531.807 4 I 17501 ~ - 23032. 
18427.858 5425.085 0 I 27674~ -33099" 18070.540 5532.358 1 I 23609~ - 29141, 
18402.093 5432.681 0 18060.792 5535.344 1 
18396.840 5434.232 0 I 17073, -22508~ 18049.109 5538.927 0 
18381.291 5438.829 3 II 41463v, - 9585~", 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 I 19532. -24981~ 18023.692 5546.738 1 I 25180~ - 30726, 

18339.435 5451.242 0 I 25306~ -307582 18007.579 5551. 701 2 I 118022 -17354~ 

18335.284 5452.476 2 I 4961. - 10414~ 18000.660 5553.835 1 I 24202~ - 29756. 
18334.595 5452.681 0 I 24561~ -30014. 17993.769 5555.962 3 I 10414~ -15970;, 
18331.495 5453.603 1 I 21890~ -273433 17991.742 5556.588 0 I 26645~ - 32202, 
18331.136 5453.710 0 I 24381~ -298353 17987.035 5558.042 1 I 22669~ - 28227. 
18320.410 5456.903 0 I 17398" -22855~ 17976.979 5561.151 4 I 17959. -2352 1 ~ 

18301. 976 5462.399 1 I 26995~ -32458. 17969.554 5563.449 0 I 24981 ~ -305442 
18293.755 5464.854 1 II 21297~", - 26762,", 17964.920 5564.884 6 I 4961, -10526~ 

18293.550 5464.915 1 I 22877~ -28342, 17962.477 5565.641 0 I 192732 -24838~ 

18286.901 5466.902 1 I 20423~ -258902 17960.037 5566.397 0 I 26363~ -319293 

18281.471 5468.526 1 I 24182~ -296502 17955.860 5567.692 2 I 20543~ -26111, 
18280.488 5468.820 0 I 18930~ -243993 17945.777 5570.820 3 
18278.904 5469.294 0 17938.774 5572.995 0 
18274.319 5470.666 0 I 22141~ -276123 17936.434 5573.722 7 II 41463v, - 9720~v, 

18271.367 5471.550 5 II 1859,v, - 7331~m 17900.307 5584.971 4 II 9720~", -15305,", 
18269.704 5472.048 3 II 4113,v, - 9585~v, 17893.451 5587.111 0 I 13945~ -19532, 
18247.402 5478.736 0 17890.207 5588.124 0 
18239.409 5481.137 5 II 6244 v, - 11725° v, 17887.982 5588.819 3 I 20522~ -26111, 
18236.594 5481.983 1 17886.677 5589.227 2 I 18809~ -243993 

18233.507 5482.911 0 17886.181 5589.382 0 I 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- Classification length number ten- Classification 

A cm- 1 sity trum 
A em-I sity trum 

17883.051 5590.360 2 I 142260 -19817~ 17620.591 5673.629 0 
17877.768 5592.012 0 17614.900 5675.462 1 I 20214~ -258902 
17873.738 5593.273 2 I 24421~ -30014. 17614.015 5675.747 1 I 22855~ -285312 
17873.620 5593.310 1 I 21902~ -27495. 17597.889 5680.948 1 I 14032~ -197133 
17872.284 5593.728 1 I 197133 -25306~ 17595.542 5681.706 1 I 186992 -24381~ 

17854.649 5599.253 2 I 24084~ -29684. 17584.517 5685.268 7 I 9804. -15490~ 

17849.848 5600.759 1 I 20322~ -25923. 17578.779 5687.124 1 

17838.977 5604.172 1 I 8243~ -138472 17575.945 5688.041 1 I 20423~ -26111, 

17837.933 5604.500 1 II 14275~~, -19880.~, 17573.115 5688.957 3 I 20566~ -26255. 
17834.907 5605.451 1 I 21890~ -27495. 17568.106 5690.579 0 

17830.167 5606.941 5 II 41132~' - 9720~~, 17553.728 5695.240 1 I 17959. -23655~ 

17827.385 5607.816 1 I 18574, -24182~ 17552.671 5695.583 4 I 173983 -23093~ 

17826.416 5608.121 0 I 186992 -24307~ 17551.531 5695.953 1 I 25575~ -31271. 
17825.875 5608.291 5 I 118022 -17411~ 17549.205 5696.708 0 I 26096~ -31793. 
17823.987 5608.885 1 I 197133 -25321~ 17547.178 5697.366 0 I 27266~ -32963. 
17795.604 5617.831 3 II 12219,~, -17837°~, 17535.679 5701.102 1 
17788.214 5620.165 2 I 21645. -27266~ 17535.396 5701.194 0 II 23730~", - 294313~' 
17783.170 5621.759 4 I 17411~ -23032. 17534.504 5701.484 5 II 11116~, -168183~' 
17778.391 5623.270 1 I 11601, -1722~ 17528.629 5703.395 0 
17763.368 5628.026 0 I 26384~ -32012. 17521. 738 5705.638 2 I 24838~ -305442 

17757.108 5630.010 2 I 24381~ -300113 17516.448 5707.361 0 I 22855~ -28562. 
17753.195 5631.251 0 17508.350 5710.001 2 I 21902~ -276123 

17752.753 5631.391 1 I 21890~ -27521. 17507.525 5710.270 0 II 25246.~, - 30956~~, 

17744.898 5633.884 5 I 17354~ -229882 17503.828 5711.476 1 I 17166. -22877~ 

17742.618 5634.608 0 I 22399~ -28034. 17492.573 5715.151 2 I 173983 -23113~ 

17721.115 5641.445 4 II 8460,~, -14101°~, 17492.364 5715.219 0 
17720.358 5641.686 2 I 22338~ -279803 17490.072 5715.968 0 
17717.673 5642.541 0 I 197133 -25355~ 17481.041 5718.921 7 I 8243~ -13962, 
17705.162 5646.528 3 II 12472~~, -18118,~, 17473.699 5721.324 2 I 130883 -18809~ 

17703.673 5647 .003 3 I 21143, -26790~ 17468.689 5722.965 1 

17699.808 5648.236 0 II 23697~~, - 293452~' 17462.260 5725.072 3 II 13248.", -18973~~, 
17696.443 5649.310 2 17461.866 5725.201 0 
17689.714 5651.459 0 17456.286 5727.031 0 II 19880.", - 25607~", 

17688. 744 5651.769 2 I 21539~ -27191, 17455.753 5727.206 0 II 24757~", -30484,~, 

17683.810 5653.346 3 I 15490~ -21143, 17447.564 5729.894 3 II 90612~' -14790~~, 

17683.237 5653 .529 0 I 22877~ -285312 17441.114 5732.013 0 I 23113~ -28845. 
17677.815 5655.263 0 17437.704 5733.134 1 I 18574, -24307~ 

17677.481 5655.370 3 I 138472 -19503~ 17413.587 5741.074 2 II 97113~' - 1 5453~~, 
17670.229 5657.691 1 I 24850~ -30508, 17405.417 5743.769 3 II 94002", -15144~~, 
17669.614 5657.888 3 I 25306~ -309643 17404.332 5744.127 4 I 14204. -19948~ 

17663.853 5659.733 0 I 25877~ -315373 17401.230 5745.151 1 I 26048~ -31793. 
17658.896 5661.322 0 I 26113~ -31774, 17388.612 5749.320 0 I 25877~ -31626, 
17649.490 5664.339 2 I 24880~ -30544, 17385.370 5750.392 4 I 25180~ -30930. 
17645.848 5665.508 0 17381.909 5751.537 7 I 16346~ -22098. 
17634.332 5669.208 4 I 138472 -19516~ 17380.610 5751.967 5 I 63622 -12114~ 

17633.725 5669.403 0 I 23752~ -29422, 17375.665 5753.604 1 I 11601, -17354~ 

17629.891 5670.636 0 17372.868 5754.530 1 I 20054, -25809~ 

17627.118 5671.528 0 I 21645. -27317~ 17346.089 5763.414 1 II 12219,", -17983~~, 
17626.046 5671.873 3 I 15493. -21165~ 17334.404 5767.299 1 I 23916~ -29684. 
17623.094 5672.823 6 I 75023 -13175~ 17333.121 5767.726 1 I 13945~ -197133 
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TABLE 1. Infrared spectral lines of thorium- Continued 

Wave- Wave- In- Spec- Wave- Wave- In- Spec-
length number ten- Classification length number ten- Classification 

A cm- 1 sity trum 
A em- I sity trum 

17323.648 5770.880 0 I 18431" -24202~ 17103.520 5845.153 1 I 16554. -22399~ 

17323.507 5770.927 0 17088.335 5850.347 2 I 22508~ -283583 

17311. 753 5774.845 1 I 247693 -30544, 17085.097 5851.456 0 I 24701~ -30552. 
17307.662 5776.210 7 I 17501~ -23277, 17083.605 5851.967 0 
17304.463 5777.278 0 17078. 798 5853.614 3 I 16783~ -226373 

17295.913 5780.134 0 17075.750 5854.659 3 I 13962, -19817~ 

17294.865 5780.484 0 17069.452 5856.819 1 
17290.627 5781. 901 1 I 14204, -19986~ 17054.299 5862.023 0 I 18699. -245613 
17277.735 5786.215 0 I 25355~ - 311413 17030.220 5870.311 3 II 67oo~", -125703", 

17271.005 5788.470 0 I 23093~ -288822 17028.599 5870.870 1 I 22163~ -28034, 

17267.932 5789.500 3 I 19532. -25321~ 17026.334 5871.651 1 I 185492 -244213 
17264.172 5790.761 3 I 17411~ -232013 17020.168 5873.778 1 
17261.632 5791.613 0 I 21252~ - 27044" 17019.670 5873.950 0 I 20922~ -267963 

17244.366 5797.412 1 II 22139~", - 279375", 17018.885 5874.221 2 I 21738~ -276123 

17235.699 5800.327 1 II 132502", -19050~", 17014.224 5875.830 1 
17229.251 5802.498 0 II 20686~", - 264882", 17014.114 5875.868 1 I 19039~ -249153 
17227.152 5803.205 0 I 25442~ - 312452 17013.556 5876.061 0 I 184313 -24307~ 

17225.670 5803.704 3 I 17073, -22877~ 17012.360 5876.474 0 I 24850~ -30726, 
17221.632 5805 .065 1 I 158632 -21668~ 17008.982 5877.641 0 
17217.782 5806.363 2 I 21165~ -26971. 17008.562 5877.786 2 I 24880~ -307582 

17216.726 5806.719 0 I 18574, -24381~ 17008.100 5877.946 0 
17208.215 5809.591 8 II 15212", - 7331~", 17005.290 5878.917 2 I 27084~ -329635 

17198.807 5812.769 0 I 26645~ -32458, 17004.697 5879.122 3 I 21165~ - 27044" 
17195.420 5813 .914 0 I 20566~ -263805 16997.972 5881.448 0 I 24769~ - 306513 

17192.605 5814.866 1 I 23603~ -294182 16992.702 5883.272 0 
17186.894 5816.798 2 I 19588~ -25405, 16989.777 5884.285 1 I 25442~ -31326. 
17182.265 5818.365 0 16976.362 5888.935 0 I 22338~ - 28227. 
17173.440 5821.355 0 I 23113~ -289343 16964.222 5893.149 0 I 26036~ -319293 

17168.126 5823.157 0 I 19532. -25355~ 16960.892 5894.306 1 I 21077~ -26971, 
17165.765 5823.958 2 I 228553 -286792 16958.427 5895.163 1 

17163.009 5824.893 1 I 24307~ -30132. 16956.701 5895.763 2 II 157862", - 21682~", 

17155.413 5827.472 1 II 23518~", - 293452", 16954.783 5896.430 0 
17153.591 5828.091 2 I 184313 -24259~ 16952.178 5897.336 0 I 23521~ - 294182 

17152.876 5828.334 1 16949.485 5898.273 0 I 23752~ -296502 

17152.288 5828 .534 1 I 22399~ -28227, 16947.451 5898.981 0 
17151.508 5828.799 1 I 21738~ -275662 16945.150 5899.782 0 I 26651~ -32551" 
17151.178 5828.911 0 I 24182~ -300113 16941. 790 5900.952 0 II 7001,", - 12902~", 

17146.766 5830.411 0 I 23015~ -28845. 16938.730 5902.018 3 I 195033 -25405. 
17143.105 5831.656 2 16918.744 5908.990 0 I 26384~ -32293, 
17135.330 5834.302 4 I 8111. -13945~ 16915.692 5910.056 0 I 25355~ -312653 

17134.167 5834.698 4 I 23306~ -291415 16915.097 5910.264 1 I 19532, -254423 
17133.189 5835.031 1 I 25306~ -31141" 16912.370 59] 1.217 ] II 21682~", - 275932", 

17124.268 5838.071 1 I 15736~ -215752 16911.655 5911.467 0 
17121.318 5839.077 3 I 221413 -27980" 16906.064 5913.422 0 II 23518~", - 294313", 

17120.840 5839.240 0 I 27260~ -330993 16900.345 59]5.423 1 I 25355~ -31271, 
17120.083 5839.498 1 I 23916~ -29756, 16890.066 5919.023 5 II 7331~", - ]32502", 

17113.767 5841.653 1 16887.173 5920.037 1 I 159703 -218903 
17113.542 5841.730 2 I 13088" -18930~ 16883.454 5921.341 0 I 180693 -239902 

17111.210 5842.526 0 16879.312 5922.794 2 I 17847~ -23769, 
17105.103 5844.612 1 16875.970 5923.967 0 I 25321~ -312452 
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TABLE 1. Infrared spectral lines of thorium- Continued 

Wave· Wave- In- Spec- Wave- Wave- In- Spec-length number ten- Classification length number ten- Classification 
A cm- 1 sity trum 

A em-I sity trum 

16852.625 5932 .173 2 I 159703 -21902~ 16588.332 6026.687 0 
16849.382 5933.315 0 I 20322~ -26255_ 16587.815 6026.875 3 I 156183 -21645. 
16846.815 5934.219 0 I 22338~ -28273. 16587.044 6027.155 0 I 228553 -28882. 
16846.017 5934.500 0 I 25336~ -312715 16578.581 6030.232 1 
16840.767 5936.350 0 I 25690~ -316265 16578.017 6030.437 0 
16832.896 5939.126 0 I 25306~ -31245. 16569.667 6033.476 0 I 19273. -25306~ 

16827 .445 5941.050 0 16540.424 6044.143 5 I 11802. -17847~ 

16823.435 5942 .466 1 16538.399 6044.883 3 I 163510 -22396~ 

16820.947 5943.345 1 I 23609~ -29552,. 16534.332 6046.370 2 I 15493_ -21539~ 

16818.657 5944.154 0 16531.417 6047.436 1 I 23603~ -29650. 

16811. 787 5946.583 0 I 26790~ -327375 16522.232 6050.798 0 
16806.361 5948.503 1 16521.658 6051.008 1 I 24838~ -30889, 
16804.426 5949.188 0 16520.919 6051.279 3 II 108553", -16906~", 
16801.531 5950.213 0 I 24182~ -30132. 16518.765 6052.068 3 II 9400.", - 15453~", 
16800.478 5950.586 1 I 130883 -19039~ 16503.791 6057.559 4 I 18614~ -24671. 
16797.452 5951.658 1 16501.244 6058.494 0 I 20054. -26113g 
16785.229 5955.992 2 I 21539~ -27495. 16495.017 6060.781 0 II 15236,", -2129?g", 
16785.046 5956.057 2 I 15618~ -21575. 16492.394 6061.745 2 II 138183", -19880_", 
16782.389 5957.000 1 I 17959. -23916~ 16477.433 6067.249 2 II 9238~", -153054", 

16771.639 5960.818 1 16461.254 6073.212 1 I 19817~ -25890. 

16768.550 5961. 916 6 I 128473 -18809~ 16453.368 6076.123 0 II 20686~", -26762,", 
16761.533 5964.412 0 I 26048~ -32012. 16452.932 6076.284 0 I 215943 -27670~ 

16750.771 5968.244 0 16447.180 6078.409 0 I 21902~ -279803 

16748.433 5969.077 5 I 11197~ -171665 16443.836 6079.645 0 
16747.499 5969.410 2 I 13847. -19817~ 16436.507 6082.356 2 
16746.683 5969.701 1 16436.339 6082.418 3 
16741.938 5971.393 0 I 25355~ -31326. 16433.049 6083.636 2 II 9061.", -15144~", 
16730.028 5975.644 3 I 17073, -23049~ 16428.820 6085.202 2 II 8460,", -14545~", 
16725.712 5977.186 0 16420.336 6088.346 0 
16724.318 5977.684 1 I 17224g -232013 16414.399 6090.548 1 I 218903 -279803 

16720.218 5979.150 0 I 24307~ -30286, 16412.823 6091.133 3 I 21252g -273433 

16718.081 5979.914 1 16403.906 6094.444 0 I 23916~ -30011" 
16712.444 5981. 931 3 I 21539~ -27521. 16394.343 6097.999 1 I 24274~ -30372. 
16707.945 5983.542 0 I 249813 -309643 16390.870 6099.291 0 I 21575. -27674g 
16704.639 5984.726 3 I 18930~ -249153 16380.898 6103.004 6 II 9202~", -153054", 
16694.697 5988.290 0 I 24769~ -30758., 16377.984 6104.090 0 
16691.676 5989.374 1 I 184313 -244213 16375.188 6105.132 1 I 18809~ -249153 

16688.906 5990.368 1 I 197133 -25703g 16367.427 6108.027 1 
16687.560 5990.851 0 I 245613 -30552. 16363.631 6109.444 2 I 22248~ -283583 

16686.678 5991.168 1 I 26790~ -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 I 142045 -20322~ 

16624.607 6013.537 2 I 18614~ -24627, 16329.816 6122.095 2 I 20922g -270443 

16612.968 6017.750 0 16326.067 6123.501 2 I 244213 -30544. 
16606.290 6020.170 1 I 17073, -23093g 16316.903 6126.940 0 
16604.436 6020.842 1 I 18011~ -24032. 16310.703 6129.269 3 I 20867~ -26997. 
16599.350 6022 .687 3 I 14032~ -20054. 16308.851 6129.965 2 I 184313 -245613 
16594.999 6024.266 0 I 22248~ -28273. 16308.606 6130.057 2 
16592. 118 6025.312 2 16305.893 6131.077 0 
16589.555 6026.243 1 I 15863. -218903 16304.920 6131.443 0 I 244213 -305524 
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TABLE 1. In/rared spectral lines a/thorium-Continued 

Wave· Wave· In· Spec. Wave· Wave· In· 
Spec· length number ten· Classification length number ten- Classification 

A em-I sity trum 
A c m- 1 sity trum 

16304.149 6131.733 3 I 21902~ -28034, 16006.680 6245.685 0 I 23306~ -29552. 
16297.533 6134.222 0 I 22396~ - 285312 16005.763 6246.043 4 I 11601, -17847~ 

16284.058 6139.298 1 I 186992 -24838~ 15997.841 6249.136 2 I 16783~ -23032_ 

16280.282 6140.722 3 I 17166, -~ 1306~ 15981.974 6255.340 0 
16273.373 6143.329 0 I 17847~ -2.'-9902 15978.393 6256.742 2 I 173983 -23655~ 

16270.823 6144.292 0 I 26651~ -3' .7963 15973.502 6258.658 1 I 23752~ -300113 

16269.133 6144.930 3 II 10673~", - '.68183", 15972.593 6259.014 0 I 25753~ -32012_ 

16263.051 6147.228 1 I 23609~ ·_· 29756_ 15963.355 6262.636 0 

16250.275 6152.061 1 15960.024 6263.943 2 I 22877~ -29141, 

16240.450 6155.783 2 I 15490~ -21645_ 15954.449 6266.132 4 I 118022 -18069~ 

16238.115 6156.668 3 I 11241~ -173983 15951.379 6267.338 0 II 20989~", - 272573", 
16234.453 6158.057 0 I 19532, - 25690~ 15944.136 6270.185 0 
16224.530 6161.823 0 15941.439 6271.246 0 I 25355~ - 31626, 
16220.740 6163.263 3 I 22399~ - 28562" 15939.011 6272.201 1 II 6213_", -12485~", 

16217.564 6164.470 0 I 19713" -25877~ 15936.374 6273.239 4 II 7828 u, -14101 0 ", 

16212.890 6166.247 1 15936.069 6273.359 3 I 20522~ - 267963 

16211. 744 6166.683 0 I 26384~ -325513 15932.409 6274.800 6 II 6213_u, - 12488~", 

16204.728 6169.353 0 15927.216 6276.846 0 II 24982~", - 312592", 

16204.604 6169.400 1 I 192732 -25442~ 15925.011 6277. 715 1 I 158632 -22141 ~ 

16195.248 6172.964 1 I 26790~ -32963, 15924.829 6277.787 0 I 24274~ - 30552. 

16188.147 6175.672 0 I 22669~ - 28845, 15922.130 6278.851 4 I 159703 - 22248~ 

16182.835 6177.699 0 II 2031O~", - 26488,", 15920.010 6279.687 0 
16180.368 6178.641 0 I 21165~ - 273433 15919.042 6280.069 1 I 4961. - 11241 ~ 

16178.472 6179.365 2 I 22163~ - 28342, 15915.448 6281.487 1 I 18699, - 24981 ~ 

16172.466 6181.660 1 I 25355~ - 315373 15913.906 6282.096 0 I 22248~ - 285312 

16163.327 6185.155 3 II 8605,", -14790~", 15899.553 6287.767 3 I 24084~ - 30372. 
16147.600 6191.179 3 I 128473 -19039~ 15898.637 6288.129 1 II 20969~u, - 2725 7 3"' 

16145.326 6192.051 1 I 22338~ -28531, 15895.139 6289.513 1 I 18549, - 24838~ 

16142.758 6193.036 2 I 159703 - 22163~ 15893.090 6290.324 1 I 25336~ - 31626, 
16140.194 6194.020 0 I 23655~ -29849. 15891.854 6290.813 3 I 16346~ - 226373 

16137.810 6194.935 0 I 24769~ - 309643 15891.564 6290.928 4 I 13297. - 19588~ 

16125.805 6199.547 0 I 25575~ - 31774:, 15887.023 6292.726 1 I 24259~ - 30552. 
16120.565 6201.562 0 15880.810 6295.188 1 
16109.798 6205 .707 5 I 13297. -19503~ 15877.380 6296.548 0 II 21297~u, - 275932u, 

16100.958 6209.114 0 I 23752~ -29961, 15871.650 6298.821 0 
16084.899 6215.313 0 I 25321~ -315373 15868.987 6299.878 2 I 17959. - 24259~ 

16081.086 6216.787 1 I 22141~ -283583 15861.758 6302.749 1 I 21645. -27948~ 

16072.590 6220 .073 3 15854.989 6305.440 1 I 24202~ - 30508, 
16071.988 6220.306 1 I 185492 -24769~ 15853.227 6306.141 0 
16070.913 6220.722 0 I 23741~ -29961, 15851.771 6306.720 0 

16068.852 6221.520 1 I 19532. -25753~ 15847.733 6308.327 3 I 20054, -26363~ 

16056.201 6226.422 0 I 22877~ -29104. 15843.848 6309.874 0 II 94002", - 15 71 O~"' 
16048.543 6229.393 1 I 24701 ~ -30930. 15835.343 63 13.263 1 
16047.145 6229.936 0 15833.507 63 13.995 0 I 23521~ -298353 
16045.762 6230.473 0 I 25306~ - 315373 15832.882 63 14.244 0 I 21252~ -275662 

16042.116 6231.889 0 15831.752 6314.695 7 I 5563, -11877~ 

16038.518 6233.287 3 I 24274~ - 30508, 15825.176 6317.319 2 I 12114~ -184313 
16033.162 6235 .369 2 I 4961. - 11197~ 15815.492 6321.187 6 II 97113", -16033~u, 

16014.426 6242.664 2 I 17959. -24202~ 15810.170 6323.315 1 I 197133 -26036~ 

16008.311 6245 .049 3 I 18382~ - 24627, 15807.445 6324.405 0 I 23093~ -29418, 
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TABLE 1. Infrared spectral lines of thorium- Continued 

Wave· Wave· In· Spec- Wave- Wave· In· Spec· length number ten· Classification length number ten- Classification 
A cm- 1 sity trum 

A em-I sity 
trum 

15804.308 6325.660 1 I 21902~ -28227, 15602.299 6407.561 0 I 17073, -23481~ 

15794.600 6329.548 0 15598.808 6408.995 4 I 7795~ -14204. 
15793.353 6330.048 0 I 18069~ -243993 15598.676 6409.049 4 I 15493. -21902~ 

15792.250 6330.490 0 I 21165~ -27495, 15597.528 6409.521 0 
15791.44 7 6330.812 1 I 185492 -24880~ 15593.649 6411. 115 1 II 13468~, -19880.v, 
15788.721 6331.905 0 I 25442~ - 317743 15585.229 6414.579 3 I 130883 -19503~ 

15781.849 6334.662 1 I 19588~ -25923. 15583.635 6415.235 2 I 17354~ -23769, 

15767.555 6340.405 3 II 13818~v, - 2015B.v, 15576.584 6418.139 6 I 16783~ -232013 
15754.904 6345.496 1 I 18053~ -243993 15575.870 6418.433 1 I 21077~ -27495. 

15747.955 6348.296 1 II 12219,v, -18568°v, 15574.463 6419.013 1 I 25355~ - 317743 

15745.306 6349.364 0 15572.352 6419.883 2 I 19503~ -25923, 
15743.881 6349.939 2 I 24202~ -30552. 15572.117 6419.980 4 I 16217~ -226373 
15733.987 6353.932 0 I 215943 -27948~ 15569.510 6421.055 3 I 22141~ -28562. 
15732.702 6354.451 0 I 25575~ -319293 15568.155 6421.614 0 I 20922~ -273433 
15728.365 6356.203 0 I 23655~ -300113 15565.585 6422.674 0 I 26645~ -33068. 
15727.808 6356.428 0 I 21165~ -27521. 15559.575 6425.155 2 
15720.977 6359.190 1 I 23655~ -30014, 15558.814 6425.469 2 II 41463v, -10572~v, 
15719.798 6359.667 1 I 21252~ -276123 15553.233 6427. 775 2 I 15166~ -215943 
15716.044 636 l.l 86 1 15551.679 6428.417 4 I 130883 -19516~ 

15713.149 6362.358 4 I 14204. -20566~ 15547.561 6430.120 1 I 192732 -25703~ 

15706.454 6365.070 2 II 4490~v, - 108553v, 15542.668 6432.144 2 I 19948~ -26380. 
15703.035 6366.456 0 15537.904 6434. 116 0 I 22669~ -29104, 
15702.559 6366.649 1 I 8800, -15166~ 15523.156 6440.229 1 I 21902~ -28342. 
15701.306 6367.157 3 I 138472 -20214~ 15516.436 6443.018 6 I 75023 -13945~ 

15698.032 6368.485 0 II 20120~v, - 2648B.v, 15513.174 6444.373 1 I 21077~ -27521. 
15697.541 6368.684 0 15508.866 6446.163 1 I 22399~ -28845. 
15697.019 6368.896 1 I 159703 -22338~ 15505.455 6447.581 0 I 26651~ -330993 
15696.943 6368.927 1 I 23049~ -294182 15503.005 6448.600 0 I 24202~ - 306513 
15690.237 6371.649 1 15499.015 6450.260 1 I 24307~ -307582 
15676.166 6377.368 3 I 23306~ -29684. 15485.384 6455.938 0 

15671.451 6379.287 0 15479.404 6458.432 1 
15662.128 6383.084 0 I 21890~ -282732 15475.060 6460.245 1 I 12114~ -18574, 
15647.283 6389.140 1 15473.472 6460.908 1 I 16554. -230 15~ 

15641. 777 6391.389 0 I 24259~ -306513 15473.326 6460.969 1 I 13962, -20423~ 

15641.596 6391.463 1 15472.864 6461.162 3 I 17959. -24421~ 

15641.344 6391.566 3 I 23741~ -301322 15467.501 6463.402 1 
15640.438 6391.936 5 II 9061 2v, -15453~v, 15461.432 6465.939 0 
15637.160 6393.276 3 II 11725° v, -18118,v, 15456.917 6467.828 1 I 25306~ - 317743 
15634.482 6394.371 2 I 19986~ -26380. 15455.882 6468.261 0 I 21890~ -283583 
15631.483 6395.598 1 II 1571O~v, - 221062v, 15454.759 6468.731 0 I 24182~ - 306513 

15628.272 6396.912 3 I 15493, -21890~ 15447.452 6471.791 1 
15624.606 6398.413 1 II 17983~v, - 243813v, 15440. 113 6474.867 4 I 18930~ -25405. 
15621.888 6399.526 0 I 22163~ -28562. 15439.546 6475.105 2 I 158632 -22338~ 

15620.165 6400.232 2 I 19713" -26113~ 15429.783 6479.202 7 I 15618~ -22098. 
15616.447 6401.756 1 I 21165~ -275662 15425.673 6480.928 2 II 221062v, - 2858 7~v, 
15615.505 6402.142 1 II 6168~v, -125703v, 15400.599 6491.480 0 
15613.859 6402 .817 0 15395.715 6493.539 2 I 16783~ -23277. 
15612.710 6403.288 0 II 125703V, - 18973~v, 15392.243 6495.004 0 
15608.939 6404.835 2 I 20566~ -26971, 15390.079 6495.917 0 I 24769~ -312653 
15608.145 6405.161 1 I 23609~ -30014. 15373. 158 6503.067 0 I 26048~ -325513 
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TABLE 1. Infrared spectral lines of thorium- Continued 

Wave· Wave· In· Spec· Wave· Wave· In· Spec· length number ten· Classification length number ten- Classification 
A cm- 1 sity trum 

A em-I sity trum 

15372.295 6503.432 0 15158.232 6595.273 1 I 18809~ -25405, 
15364.893 6506.565 I I 22338~ -28845, 15157.340 6595.661 0 I 18069~ -246643 

15355.694 6510.463 5 I 142260 - 20737~ 15156.775 6595.907 1 I 22338~ -289343 

15342.358 6516.122 1 I 19532_ - 26048~ 15143.355 6601. 752 2 I 17959, - 24561~ 

15336.766 6518.498 0 I 173983 -23916~ 15137.607 6604.259 0 I 21668~ -28273, 
15320.133 6525.575 0 I 163510 -22877~ 15135.223 6605.299 0 II 108553 " , - 17 460g", 
15317.814 6526.563 3 II 41463 ", -10673g", 15128.735 6608.132 1 
15315.929 6527.366 5 II 8018,", -14545g", 15112.474 6615.242 2 I 10783g - 173983 

15315.660 6527.481 2 II 10379,", - 16906~", 15100.835 6620.341 2 I 21738g - 283583 

15309.803 6529.978 0 15099.336 6620.998 4 I 17411 ~ - 24032, 

15307.300 6531.046 6 I 17501 ~ -24032_ 15096.026 6622.450 2 
15299.948 6534.184 2 15095.376 6622.735 1 I 25306g - 319293 

15297.656 6535.163 0 I 21738g - 28273, 15090.817 6624.736 2 I 20566~ - 27191 , 
15296.303 6535.741 0 15084.090 6627.690 1 
15295.651 6536.020 0 I 19273, - 25809~ 15077. 746 6630.479 0 
15293.025 6537.142 0 II 20989~", - 27526_", 15073.742 6632.240 0 
15292.511 6537.362 1 I 23015~ - 29552. 15065.723 6635.770 1 I 17354~ -23990, 
15291.203 6537.921 2 I 13175~ - 197133 15060.159 6638.222 1 
15288.921 6538.897 4 II 8605,", - 15144~", 15059.008 6638.729 0 
15285.339 6540.429 1 15051.950 6641.842 2 I 24084~ - 30726, 

15284.3 11 6540.869 0 I 22877~ - 29418., 15049.671 6642.848 2 I 23113~ -29756, 
15282.038 6541.842 2 I 9804, - 16346~ 15045.413 6644.728 3 I 20922g - 27566, 
15280.959 6542.304 2 II 11576~", - 18118,", 15037. 137 6648.385 0 I 15493, - 22141 ~ 

15278.264 6543.458 1 I 22338~ - 28882, 15035.312 6649.192 0 I 20322~ - 26971, 
15273.332 6545.571 2 I 17224g -23769, 15034.068 6649.742 3 II 9061,", - 1 57 1O~", 

15266.440 6548.526 4 II 6700~", - 13248,", 15033.345 6650.062 0 
15265.258 6549.033 0 I 24880~ - 31429, 15031.317 6650.959 1 I 13297, - 19948~ 

15264.344 6549.425 2 I 184313 -24981~ 15021.804 6655.171 3 I 12847" - 19503~ 

15260.157 6551.222 2 I 5563, - 12114g 15017.893 6656.904 0 I 24307g - 309643 

15246. liS 6557 .256 1 I 24769~ - 31326, 15015.230 6658.085 2 II 6244 ." - 12902~", 

15242.228 6558.928 0 15013.595 6658.810 0 II 17722~", - 24381,,", 
15241. 775 6559. 123 1 II 6691~", - 13250,", 15010.031 6660.391 3 I 21902~ - 28562, 
15240.242 6559.783 7 II 4113,", - 10673~", 15009.909 6660.445 2 II 22685~", - 29345,", 
15239.289 6560.193 4 I 13962, -20522g 15007.406 6661.556 0 I 14481~ - 21143, 
15230.042 6564. 176 2 14994.654 6667.221 3 I 19588~ -26255, 
15226.150 6565.854 0 14994.569 6667.259 2 I 17073, - 23741 ~ 

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_ -22 163~ 

15215.038 6570.649 0 I 23113~ -29684, 14984.882 6671.569 4 I 11877~ -18549, 
15214. 240 6570.994 I II 20686~", -272573 " , 14982.726 6672.529 1 I 21890~ - 28562, 

15212.582 6571. 710 0 14980.034 6673.728 0 I 25321 ~ -31995, 
15203.638 6575.576 0 I 24182g -30758, 14977.689 6674.773 0 
15195.303 6579.183 0 I 17411~ -23990, 14977.332 6674.932 3 I 22877~ -29552. 
15190.777 6581. 143 3 I 20214~ -267963 14976.848 6675.148 0 
15190. 369 6581.320 2 I 13962, -20543~ 14970.942 6677.781 1 
15188.855 6581.976 5 II 17727,", - 24309~", 14970.770 6677.858 I 

15180.335 6585.670 0 14969.772 6678.303 1 II 25246,", - 31924~", 

15171.406 6589.546 1 14968.497 6678.872 2 I 17073, -23752g 

15168.869 6590.648 0 14960.529 6682.429 0 I 22163~ -28845, 
15167.182 6591.381 0 I 26508~ -330993 14956.476 6684.240 2 I 24561~ -31245, 
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TABLE 1. Infrared spectral lines of thorium- Continued 

Wave- Wave- In- Spec- Wave- Wave- In- Spec-length number ten- Classification length number ten- Classification 
A cm- 1 sity trum 

A em-I sity trum 

14955.641 6684.613 1 I 26096~ -32781. 14740.403 6782.221 0 I 24182~ -309643 

14951.792 6686.334 1 I 16346~ -23032, 14739.988 6782.412 0 
14947.310 6688.339 2 I 21539~ -28227, 14736.470 6784.031 0 I 173983 -24182~ 

14947.021 6688.468 1 I 26048~ -32737. 14719.449 6791.876 1 I 23752~ -305442 

14943.987 6689.826 6 I 88004 - 15490~ 14718.799 6792.176 5 I 19588~ -26380. 
14940.492 6691.391 7 II 0, 'I' - 6691fu, 14716.370 6793.297 2 I 22141~ -289343 

14939.197 6691.971 1 II 12902fu, -19594 u, 14714.650 6794.091 1 
14929.051 6696.519 3 14711.400 6795.592 1 
14928.485 6696.773 4 I 11877~ -18574, 14710.285 6796.107 I 
14925.498 6698.113 1 14702.750 6799.590 0 

14921. 758 6699.792 0 I 159703 -22669~ 14699.723 6800.990 2 II 16033~u, - 228343u, 
14920.495 6700.359 3 II 168183u, - 23518~u, 14695.579 6802.908 3 I 21539~ -28342. 
14911.028 6704.613 2 I 22399~ -29104, 14690.666 6805.183 0 I 21143. -27948~ 

14910.459 6704.869 2 14689.932 6805.523 0 I 23481f -30286, 
14899.905 6709.618 2 II 15305.u, - 22014~u, 14688.909 6805.997 0 I 158632 -22669~ 

14889.079 6714.497 0 14687.576 6806.615 0 I 22877~ -29684. 
14880.943 6718.168 0 I 1I241~ -17959, 14680.667 6809.818 0 I 17959. -24769~ 

14875.259 6720.735 I I 24421~ - 311413 14677.249 6811.4()4 5 I 118022 - 18614f 
14873.575 6721.496 1 I 23113~ -298353 14-672.400 6813.655 0 II 18568°u, -2538 I,u, 
14866.776 6724.570 0 14-665.680 6816.777 0 

14850.034 6732.151 0 I 18574, -25306~ 14-661.334 6818.798 0 I 21539~ -283583 

14842.404 6735.612 0 I 23113~ -29849, 14654.914 6821.785 7 I 11877f -186992 

14830.215 6741.148 3 I 17959. -2470 1~ 14651.482 6823.383 3 I 200542 -26878~ 

14830.001 6741.245 1 I 23015~ -29756, 14644.393 6826.686 1 I 186992 -25526f 
14809.031 6750.791 2 I 171665 -23916~ 14638.811 6829.289 0 I 20214~ -270443 

14806.456 6751.965 5 I 72802 - 14032~ 14638.217 6829.566 I I 20737~ -275662 

14805.415 6752.440 3 I 19503~ -26255, 14633.086 6831. 961 3 II 13248,u, - 20080~u, 

14805.099 6752.584 1 I 16554. -23306~ 14628.703 6834.008 2 I 23015~ -29849, 
14804.483 6752.865 0 14627.874 6834.395 4 II 15305.u, - 22139~u, 

14797.874 6755.881 2 14624.891 6835.789 I 

14797.624 6755.995 0 14618.976 6838.555 7 I 36872 -10526~ 

14796.452 6756.530 0 I 20214~ -26971, 14615.924 6839.983 I I 192732 -26113~ 

14795.403 6757.009 0 14609.166 6843.147 0 
14789.356 6759.772 1 I 26036~ -327963 14604.155 6845.495 2 I 24084~ -30930. 
14784.758 6761.874 1 I 13962, -20724~ 14603.558 6845.775 3 I 15493. -22338~ 

14781.114 6763.541 0 I 2360n -30372. 14603.174 6845.955 0 I 18069~ -249153 

14780.863 6763.656 0 14599.499 6847.678 I I 19948~ -267963 

14777.907 6765.009 I I 22338~ -29104, 14591. 907 6851.241 I I 19039~ -258902 
14777.230 6765.319 I I 24561~ -31326, 14582.663 6855.584 I 
14772.419 6767.522 0 I 24769~ -315373 14579.735 6856.961 6 II 15212u, - 8378~u, 

14772.031 6767.700 3 I 25690~ -32458, 14573.635 6859.831 2 I 130883 -19948~ 

14769.918 6768.668 0 14570.349 6861.378 3 I 173983 -24259~ 

14769.355 6768.926 I 14565.023 6863.887 0 II 8460,u, -15324° u, 
14764.746 6771.039 2 I 16217~ -229882 14563.856 6864.437 0 
14757.373 6774.422 0 14563.603 6864.556 0 I 24381~ -312452 

14756.630 6774.763 3 I 13962, -20737f 14561.641 6865.481 I 
14751.515 6777.112 0 I 20566~ -273433 14560.886 6865.837 0 
14747.581 6778.920 0 14557.004 6867.6-68 4 II 108553m - 1 7722~u, 
14741.842 6781.559 0 14553.980 6869.095 I I 20322~ -27191, 
14741.329 6781.795 5 I 11601, -18382g 14551.849 6870.101 0 
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TABLE 1. Infrared spectral lines of thorium- Continued 

Wave· Wave· In· Spec· Wave· Wave· In· Spec. 
length number ten· Classification length number ten· Classification 

A cm- 1 sity trum 
A em-I sity trum 

14548.134 6871.855 2 I 10526~ - 17398, 14343.260 6970.010 6 II 41463", - 11116~u. 

14545.954 6872.885 2 I 14204, -21077~ 14340.036 6971.577 0 I 22877~ -29849. 
14541.314 6875.078 1 I 184313 -25306-~ 14339.066 6972.049 2 II 906l,u. -16033~u. 
14533.419 6878.813 4 I 22877~ -29756, 14326.032 6978.392 1 I 22163~ -29141, 

14519.935 6885.201 2 I 159703 -22855~ 14324.702 6979.040 0 I 9804, -16783~ 

14510.851 6889.511 0 I 13847, -20737~ 14323.255 6979.745 1 I 22855~ -298353 

14508.948 6890 .415 1 II 19880,u. - 26 770~u. 14322.367 6980.178 1 

14503.235 6893.129 6 II 10379.u• -17272~u, 14313.992 6984.262 4 I 10414~ -173983 

14502.932 6893.273 1 I 18549, -25442~ 14306.560 6987.890 2 I 17411~ -243993 

14501.117 6894.136 0 14297.496 6992.320 0 I 21890~ -28882, 

14500.307 6894.521 1 14296.656 6992.731 2 I 18930~ -25923. 
14493.424 6897.795 2 I 23113~ -300113 14294.346 6993.861 0 I 22855~ -29849., 
14491.248 6898.831 1 I 23609~ -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 I 23015~ -30014. 
14476.391 6905 .911 0 I 24421~ -31326. 14281. 708 7000.050 0 
14475.836 6906.176 4 I 15493. -22399~ 14275.223 7003.230 0 II 4113,u. - 11116~u. 

14472.395 6907.818 1 II 20686~u, - 27 593,u. 14271.876 7004.872 1 I 24769~ - 317743 

14469.188 6909.349 2 I 173983 -24307~ 14270.962 7005.321 1 I 23752~ -30758, 
14467.109 6910.342 0 I 22508~ -29418, 14266.229 7007.645 1 

14462.402 6912.591 0 II 168183u. -23730~u. 14262.156 7009.646 0 
14461.502 6913.021 0 14259.243 7011.078 5 I 19986~ -26997. 
14452.427 6917.362 0 I 23093~ -300113 14254.713 7013.306 5 I 11601, - 18614~ 

14452.147 6917.496 2 I 13297" -20214~ 14254.065 7013.625 0 I 15863, -22877~ 

14451. 758 6917.682 4 I 3865, - 10783~ 14253.783 7013.764 1 I 19273, -26287~ 

14449.799 6918.620 1 I 25877~ -327963 14249.904 7015.673 0 
14449.350 6918.835 2 I 17166, -24084~ 14247. 867 7016.676 0 
14441. 112 6922.782 0 14244.211 7018.477 2 I 15618? - 226373 

14438 .799 6923.891 3 I 18431" -25355~ 14239.881 7020.611 1 I 21252~ -28273, 
14433.541 6926.413 1 II 8378?u. - 15305,,", 14238.660 7021.213 2 I 17959, -24981~ 

14424 .537 6930.737 7 I 16346~ -232775 14237.955 7021.561 1 I 22396~ -29418, 
14423.392 6931.287 2 I 15166~ -22098. 14235.729 7022.659 2 I 173983 -2442 1~ 

14412.536 6936.508 4 I 14206~ -211435 14234.902 7023.067 2 I 19948~ -26971. 
14407.785 6938.795 1 I 197133 -26651~ I 21539~ -28562, 
14403.474 6940.872 1 I 22163~ -29104. 14233.051 7023.980 0 I 24769? -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 20566~ -27591, 
14393.566 6945.650 0 14230.460 7025.259 0 I 22396~ -29422, 
14382. 181 6951. 148 1 14224.305 7028.299 0 
14374.424 6954.899 2 I 20566~ -27521. 14220.096 7030.379 1 

14373.329 6955.429 1 I 21890? -28845. 14217.138 7031.842 1 I 24981~ -32012. 
14370.393 6956.850 0 I 21077~ - 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 I 13962, -20922~ 14192.323 7044.137 4 I 20522~ -27566, 
14363.687 6960.098 2 I 18930? -25890, 14191.050 7044.769 2 I 21890~ -289343 

14360.388 6961.697 0 II 15144~u. -22106,u. 14189.283 7045.646 0 I 20566~ -276123 
14358.938 6962.400 2 I 22141? -29104. 14188.681 7045.945 0 
14357.839 6962.933 3 I 75023 - 14465~ 14187.489 7046.537 2 I 25690~ -32737, 
14355.909 6963.869 0 I 7280, -14243~ 14170.625 7054.923 0 I 16554. -23609~ 
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TABLE 1. Infrared spectral lines of thorium- Continued 

Wave· Wave· In· 
Spec· Wave· Wave· In· Spec. length number ten· Classification length number ten- Classification 

A cm- l sity trum 
A em-I sity trum 

14168.671 7055.896 7 I 8111. -15166~ 13904.491 7189.955 6 I 11241~ -184313 

14160.194 7060.120 1 I 24981~ -320412 13898.031 7193.297 1 I 21165~ -283583 

14159.556 7060.438 0 II 132502u• - 2031O~u. 13895.433 7194.642 3 II 97113u• -16906~u. 
14154.750 7062.835 0 I 21165~ -28227. 13891.459 7196.700 0 
14148.646 7065.882 2 I 23306~ -30372. 13886.527 7199.256 4 I 20322~ -27521. 
14113.635 7083.410 0 13882.834 7201.171 1 I 23306~ -305085 

14107.467 7086.507 1 I 22669~ -29756. 13872.468 7206.552 0 I 25575~ -32781. 
14101.396 7089.558 3 I 20522~ -276123 13862.050 7211. 968 0 I 23752~ -309643 

14100.879 7089.818 2 I 192732 -26363~ 13861.889 7212.052 0 
14095.249 7092.650 1 I 24701~ -31793. 13859.106 7213.500 1 I 21668f -288822 

14090.246 7095.168 7 I 36872 -10783~ 13844.566 7221.076 0 I 25575~ -327963 

14083.851 7098.390 0 13836.909 7225.072 0 II 15786,u. - 230 12fu, 
14079.818 7100.423 5 I 128473 -19948~ 13828.453 7229.490 1 I 24307~ -315373 

14073.329 7103.697 2 13828.057 7229.697 1 
14070.742 7105.003 5 II 8605,u. -1571Ofuo 13827.979 7229.738 1 
14070.200 7105.277 3 13822 .377 7232.668 0 II 9585~u, -168183u, 
14063.614 7108.604 2 I 17166, -24274~ 13818.508 7234.693 1 I 18574, -25809f 
14061.486 7109.680 0 I 186992 -25809f 13815 .598 7236.217 1 I 118022 -19039~ 

14061.215 7109.817 1 I 14465~ -21575, 13814.181 7236.959 0 I 23521~ -307582 

14054.652 7113.137 1 I 18809~ -25923. 13813.983 7237.063 0 

14054.140 7113.396 2 13813.265 7237.439 0 I 23049f -30286, 
14053.546 7113.697 1 13811.481 7238.374 4 II 20288~u, - 27526.u, 
14052.066 7114.446 0 13809.796 7239.257 I I 21902~ -29141 5 

14043.929 7118.568 1 II 15236,u, - 223550 u, 13799.139 7244.848 0 I 25306~ -32551 3 

14038.143 7121.502 0 I 24307~ -31429, 13795.378 7246.823 I I 24182~ -31429, 
14032.419 7124.407 1 I 24202~ -31326. 13792.422 7248.376 5 I 16783~ -24032. 
14030.586 7125.338 0 13788.405 7250.488 I II 8460,u, - 1571Ofu, 
14028.560 7126 .367 4 I 130883 -20214~ 13787.653 7250.883 1 
14028.205 7126.547 3 II 8018,u, - 15144fu. 13786.380 7251.553 1 I 15736f -22988, 
14027.270 7127.022 0 13779.592 7255.125 1 I 22877f -301322 

14026.605 7127.360 5 I 11802, - 18930~ 13778.916 7255.481 6 II 6213.u, -13468~u, 
14025.216 7128.066 2 II 10855"u, - 1 7983~u, 13777.235 7256.366 1 II 12902fu, -20158,u, 
14022.503 7129.445 0 13774.118 7258.008 1 I 19532. -26790~ 

14008.158 7136.746 0 I 22877~ -30014. 13760.203 7265.348 2 I 2107n -283425 

14007.683 7136.988 1 II 20120~u, -272573u, 13757.224 7266.921 0 
14007.173 7137.248 0 I 23752~ -30889, 13756.558 7267.273 2 
13995.011 7143.450 0 I 15970" -23113~ 13752.928 7269.191 2 I 13297. - 20566~ 

13993.145 7144.403 1 I 21738~ -28882, 13752.277 7269.535 0 I 20322~ -27591 5 

13976.090 7153.121 2 I 22399~ -29552. 13748.535 7271.514 0 I 24769~ -32041, 
13975.932 7153.202 4 I 19227~ -263805 13748.149 7271. 718 2 I 184313 -25703~ 

13974.383 7153.995 1 I 18549, -25703~ 13746.311 7272.690 0 
13972.014 7155.208 1 II 105 72~u, -17727 5U' 13745.894 7272.911 0 I 25690~ -329635 

13970.381 7156.044 2 I 22855~ -30011" 13739.956 7276.054 5 I 18614f -258902 

13964.777 7158.916 2 I 12114~ -19273, 13738.583 7276.781 3 I 22141~ -294182 

13957.824 7162.482 0 13735.446 7278.443 2 I 21252~ -28531 2 

13950.984 7165 .994 0 13734.218 7279.094 2 I 19516~ -267963 

13936.736 7173.320 5 I 20322~ - 27495. 13731.271 7280.656 2 I 20214~ -27495. 
13930.234 7176.668 3 I 15493. -22669~ 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 197133 -26995~ 
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TABLE 1. Infrared spectral lines of thorium- Continued 

Wave· Wave· In· Spec· Wave· Wave· In· Spec. length number ten· Classification length number ten· Classification 
'A cm- 1 sity trurn 

'A em- I sity trum 

13723.460 7284.800 0 I 22399~ - 29684, 13540.748 7383.097 3 I 19588~ -26971. 
13719.712 7286.790 2 13538.429 7384.362 2 I 15493. -22877~ 

13709.552 7292.190 1 II 22139~", -294313 ", 13532.204 7387.759 2 I 14206~ -215943 

13699.211 7297.695 3 II 23187~", - 30484,,,, 13529.689 7389.132 1 I 16351. -23741~ 

13680.790 7307.521 0 I 17073, -24381 ~ 13524.811 7391.797 1 II 12488~, -19880.", 
13680.494 7307 .679 1 I 11241 ~ -185492 13520.057 7394.396 1 II 12485~", - 19880.", 
13677.064 7309.512 2 I 23655~ -309643 13518.143 7395.443 6 I 11877~ -192732 

13672.580 7311.909 0 I 24701 ~ -32012, 13517.712 7395.679 2 I 17959. -25355~ 

13672.490 7311.957 0 I 22338~ -296502 13514.671 7397.343 1 I 20214~ -276123 

13668.402 7314.144 0 I 25753~ -33068. 13508.886 7400.511 0 I 25336~ -32737, 

13665.979 7315.441 0 II 14 7 90~", - 221062", 13503.654 7403.378 0 
13664.755 7316.096 1 13501.001 7404.833 4 I 138472 -21252~ 

13664.604 7316.177 3 II 7828 ", -15144~", 13498.256 7406.339 0 
13662.574 7317.264 2 I 17354~ -24671 2 13494.985 7408.134 0 II 8378~", - 157862", 

13662.466 7317.322 1 I 138472 -21165~ 13493.439 7408.983 4 
13654.606 7321.534 0 II 18118,,,, - 25440~", 13491.454 7410.073 1 I 239 16~ -31326. 
13647.606 7325.289 5 I 18930~ -26255, 13487.329 7412.339 0 
13636.063 7331.490 5 II 0, ' I' - 7331~", 13484.963 7413.640 1 I 186992 -26113~ 

13630.233 7334.626 2 13484.304 7414.002 3 I 15618~ -23032. 
13628.932 7335.326 1 I 14204. -21539~ 13483.659 7414.357 3 

13626.318 7336.733 1 13478.127 7417.400 0 I 22338~ -29756" 
13626.116 7336.842 4 II 15305.", - 22642~", 13468.267 7422.830 0 
13618.580 7340.902 0 13465.671 7424.261 0 I 24202~ -31626, 
13612.012 7344.444 0 I 22669~ -30014. 13461.947 7426.315 0 
13609.614 7345.738 2 I 19532. -26878~ 13460.761 7426.969 1 
13603.594 7348.989 1 13460.143 7427.310 3 II 8605,,,, -16033~", 
13602.938 7349.343 0 13449.197 7433.355 4 I 10526~ -17959" 
13599.702 7351.092 3 I 20922~ -282732 13448.036 7433.997 I I 24561~ -31995. 
13598.599 7351.688 3 I 24850~ -32202. 13447.755 7434.152 4 I 130883 -20522~ 

13598.305 7351.847 1 13447.160 7434.481 0 

13598.167 7351.922 2 I 20214~ -27566, 13445.057 7435.644 0 II 132502", - 20686~", 

13597.830 7352.104 1 I 24274~ -31626, 13443.925 7436.270 4 I 20922~ -28358" 
13595.363 7353.438 0 I 25442~ -327963 13440.583 7438.119 4 I 11601, -19039~ 

13592.829 7354.809 0 I 24182~ -315373 13439.085 7438.948 1 I 14206~ - 21645, 
13589.496 7356.613 0 13436.4.14 7440.427 0 I 17224~ -246643 

13588.783 7356.999 4 I 22399~ -29756. 13433.332 7442.134 3 I 14226. -21668~ 

13587.748 7357.559 0 I 23015~ -30372. 13429.635 7444.183 1 
13584.089 7359.541 0 13427.136 7445.568 3 II 10673~,,, -18118,,,, 
13582.026 7360.659 0 II 22513~", - 298733", 13426.907 7445.695 3 I 18809~ -26255, 
13579.485 7362.036 2 13426.686 7445.818 2 I 184313 -25877~ 

13579.410 7362.077 4 I 15493, -22855~ 13425.849 7446.282 0 II 20080~", - 27526,,,, 
13579.201 7362.190 0 13423.480 7447.596 2 I 17224~ -24671 2 

13572.266 7365.952 0 I 21165~ -285312 13421.280 7448.817 0 
13570.411 7366.959 3 I 128473 -20214~ 13419.576 7449.763 4 I 22399~ -29849, 
13565.665 7369.536 7 I 15618~ -22988, 13418.102 7450.581 0 I 23093~ -30544, 
13562.388 7371.317 2 I 17398" -24769~ 13404.943 7457.895 4 I 11241~ -186992 

13553.046 7376.398 0 13400.553 7460.338 0 
13551.673 7377.145 0 13395.691 7463.046 4 II 4113,,,, - 11576~", 

13549.102 7378.545 2 I 192732 -26651~ 13395. 136 7463.355 1 I 19532, -26995~ 

13544.406 7381.103 1 II 15453~", - 228343 ", 13391.987 7465.110 0 
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TABLE 1. In/rared spectral lines o/thorium-Continued 

Wave· Wave· In· Spec· Wave· Wave· In· Spec· length number ten· Classification length number ten· Classification 
A em- I sity trum 

A cm- l sity trum 

13387.914 7467.381 0 I 20566~ -28034, 13247.730 7546.399 4 I 8800, -16346~ 

13386.236 7468.317 2 I 19503g -26971, 13246.336 7547.193 0 I 19948~ -27495, 
13382.214 7470.562 4 I 15166~ -226373 13245.664 7547.576 2 I 185492 -26096g 
13376.396 7473.811 0 II 20120~", - 275932", 13241.997 7549.666 0 II 125703"' - 20120~", 

13373.859 7475.229 3 13239.744 7550.951 4 I 159703 -23521g 
13370.573 7477.066 1 I 24981~ -32458, 13236.164 7552.993 3 I 197133 -27266~ 

13370.190 7477.280 2 II 19880,", - 27 35 7~", 13234.852 7553.742 2 I 36872 -11241g 
13368.792 7478.062 6 I 130883 -20566~ 13230.970 7555.958 0 
13367.083 7479.018 1 ·13223.385 7560.292 3 II 97113", -17272~", 
13360.349 7482.788 0 I 17959. -25442g 13222.361 7560.878 0 II 14545~". - 221062", 

13355.490 7485.510 0 I 21077~ -28562, 13219.366 7562.591 0 I 14032~ -215943 
13353.446 7486.656 0 I 23655~ - 311413 13217.149 7563.859 0 I 185492 -26113~ 

13352.939 7486.940 0 I 185492 -26036g 13216.178 7564.415 1 I 21539~ -29104, 
13350.017 7488.579 1 13215.207 7564.971 0 I 22396~ -29961, 
13348.625 7489.360 1 I 25306~ -327963 13205.290 7570.652 6 I 18809~ -26380, 
13342.411 7492.848 1 I 23015~ -30508, 13202.889 7572.029 1 I 24202~ -317743 
13336.712 7496.050 3 I 22338~ -298353 13200.969 7573.130 1 I 19948~ -27521, 
13334.671 7497.197 1 I 18614~ -26111, 13199.517 7573.963 0 
13322.946 7503.795 0 I 17411 ~ -249153 13198.322 7574.649 0 
13319.676 7505.637 1 II 94002", -16906g", 13188.919 7580.049 2 II 9238~", -168183", 

13315.518 7507.981 1 I 8111, -15618~ 13185.440 7582.049 0 
13314.704 7508.440 1 I 24421g -319293 13184.286 7582.713 2 I 173983 -24981g 
133 11.623 7510.178 2 II 12570,,", - 20080~", 13183.941 7582.911 3 I 63622 -13945g 
13310.052 7511.064 1 II 20120~", -27631,", 13183.783 7583.002 3 I 15618g -232013 

13306.095 7513.298 2 II 20080~", - 275932", 13179.568 7585.427 0 
13304.846 7514.003 2 II 19248~", -26762,", 13179.277 7585.595 0 II 157862", -23372~", 

13303.409 7514.815 1 I 24259~ -31774" 13176.103 7587.422 2 I 186992 -26287~ 

13296.036 7518.982 1 I 24274~ -31793, 13171.565 7590.036 0 
13292.355 7521.064 0 I 22163~ -29684, 13169.665 7591.131 0 I 24202~ -31793, 
13290.823 7521.931 1 I 15493. -23015~ 13168.345 7591.892 0 I 24421g -32012, 

13289.735 7522.547 0 13167.879 7592.161 0 I 24182~ - 317743 

13288.387 7523.310 1 II 17722~", - 25246,", 13156.601 7598.669 1 I 12114~ -197133 

13286.526 7524.364 0 I 25575~ -330993 13150.947 7601.936 1 I 21539~ -29141, 
13283.226 7526.233 I II 21297g", - 288232", 13146.765 7604.354 I I 197133 -27317~ 

13281.453 7527.238 4 I 19516~ -270443 13146.229 7604.664 I I 184313 -26036~ 

13279.662 7528.253 0 I 21890~ -294182 13145.904 7604.852 7 II 6213,", -13818~", 
13278.433 7528.950 0 13144.547 7605.637 I I 19986~ -27591, 
13275.351 7530.698 5 I 16554. -24084~ 13142.940 7606.567 2 
13271.329 7532.980 0 13136.162 7610.492 0 I 23655~ -312653 

13269.677 7533.918 1 I 24259~ -31793, 13130.308 7613.885 1 II 221062", -29720~", 

13268.368 7534.661 0 13128.501 7614.933 2 I 22399~ -30014, 
13267.880 7534.938 2 I 17166, -24701 ~ 13127.923 7615.268 5 I 16783~ -243993 

13263.633 7537 .351 2 I 23015~ -30552, 13126.998 7615.805 1 II 9202g", -168183", 
13262.164 7538.186 2 II 10 189~", - 17727,", 13126.337 7616.188 0 I 200542 -27670~ 

13261.338 7538.655 0 I 18574, -26113~ 13124.108 7617.482 1 I 158632 -23481~ 
13257.081 7541.076 3 I 19503g - 27044" 13120.544 7619.551 I I 200542 -27674~ 

13253.863 7542.907 5 I 15490~ -23032, 13119.476 7620.171 1 I 24421~ -32041 2 

13251. 713 7544.131 2 II 7001,", -14545~", 13116.755 7621. 752 1 I 24307~ -319293 

13250.406 7544.875 I I 28693 -10414~ 13115.845 7622.281 0 
13248.848 7545.762 2 I 10414~ -17959, 13111.862 7624.596 0 I 22508~ -301322 
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TABLE 1. Infrared spectral lines of thorium- Continued 

Wave· Wave· In· Spec· Wave· Wave· In· Spec. 
length number ten· Classification length number ten- Classification 

A cm- 1 sity trum 
A em- I sity trum 

13107.912 7626.894 1 I 25336~ -32963, 12949.037 7720.470 1 I 16554. -24274~ 

13103.036 7629.732 0 I 13945~ -21575, 12948.255 7720.936 0 I 24274~ -31995. 
13102.832 7629.851 1 I 21252~ -28882, 12940.934 7725.304 2 
13101.858 7630.418 1 I 22877~ -30508, 12940.654 7725.471 7 II 1859"" - 9585~v. 
13101.123 7630.846 2 12939.572 7726.117 1 
13092.193 7636.051 1 12938.933 7726.499 2 I 8243~ -159703 

13079.586 7643.411 1 I 19948~ -27591, 12936.840 7727.749 1 I 19532. -27260~ 

13070.834 7648.529 6 I 10783~ -184313 12935.233 7728.709 3 I 18382~ -26111, 

13069.399 7649.369 3 I 13945~ -21594, 12934.697 7729.029 0 

13063.724 7652.692 0 12933.760 7729.589 1 I 20054, -27784~ 

13062.628 7653.334 1 12933.539 7729.721 5 II 4490~v, -12219,v, 
13058.026 7656.031 0 12932.107 7730.577 2 I 17959. -25690~ 

13056.097 7657.162 2 I 15863, -23521~ 12930.664 7731.440 1 II 15786,v, - 23518~v, 

13055.889 7657.284 6 I 28693 -10526~ 12930.425 7731.583 1 I 25336~ - 33068. 
13049.034 7661.307 2 I 20566~ -28227. 12925.892 7734.294 3 
13048.139 7661.832 1 I 23609~ -31271, 12925.197 7734.710 1 I 197133 -27447~ 

13045.340 7663.476 1 I 18699, -26363~ 12924.885 7734.897 0 
13044.181 7664.157 1 12923.256 7735.872 0 I 24259: - 31995. 
13043.407 7664.612 4 I 75023 -15166~ 12921.032 7737.203 3 
13042.243 7665.296 0 12920.304 7737.639 0 I 18549, -26287~ 

13034.773 7669.689 2 I 6362, - 14032~ 12919.299 7738.241 3 I 24274~ - 32012. 
13031.133 7671.831 3 I 23655~ -31326. 12916.981 7739.630 4 I 15863, - 23603~ 

13030.257 7672.347 0 I 22338~ -300113 12911. 946 7742.648 1 
13029.053 7673.056 0 II 12485~v. -20158,v, 12901.919 7748.665 2 II 97113v, - 17 460~v, 

13026.187 7674.744 6 I 128473 -20522~ 12900.246 7749.670 2 I 19817~ - 27566, 
13023.092 7676.568 1 I 23752~ - 31429, 12898.865 7750.500 4 I 20522~ -28273, 
13016.640 7680.373 5 II 1521,v. - 9202~v, 12888.182 7756.924 2 I 19039~ - 26796" 
13013.722 7682.095 1 12881. 709 7760.822 0 I 21890~ - 29650, 
13010.439 7684.034 1 I 21738~ - 29422, 12880.819 7761.358 0 
13010. 154 7684.202 3 I 17166, -24850~ 12874.595 7765.110 1 I 17073, - 24838~ 

13008.873 7684.959 0 12873.533 7765.751 1 I 20214~ - 27980" 
13008.742 7685.036 0 I 159703 - 23655~ 12872.702 7766.252 3 I 10783~ - 18549, 
13007.832 7685.574 5 I 16346~ -24032. 12866.644 7769.909 7 I 19227~ - 26997. 
13006. 151 7686.567 2 II 124 72~v, - 20 158,v. 12861.651 7772.925 4 I 16217~ - 23990, 
13004.273 7687 .677 4 12854.102 7777.490 1 I 25321~ - 33099" 
12994.532 7693.440 3 I 22141~ -29835" 12846.823 7781.897 1 I 24769~ -32551 3 

12990.876 7695.605 0 12845.690 7782.583 1 I 159703 -23752~ 

12989.585 7696.370 1 I 9804, -17501~ 12841. 750 7784.971 2 I 19532. -273 17~ 

12988.177 7697.204 1 I 22855~ -30552. 12837.894 7787.309 2 I 15490~ -23277, 
12986.920 7697.949 4 I 7795~ -15493. 12836.536 7788.133 1 I 19273, -27061~ 

12983. 105 7700.211 0 I 11802, -19503~ 12834.733 7789.227 2 
12982.529 7700.553 1 I 13945~ -21645, 12831.063 7791.455 0 I 10783~ -18574, 
12974.600 7705.259 0 12830.547 7791.768 3 I 20566~ -283583 

12970.735 7707 .555 2 I 22141~ -29849, 12828.909 7792.763 0 
12966.746 7709.926 0 I 23916~ -316265 12828.379 7793.085 1 I 24202~ -31995. 
12964. 195 7711.443 2 II 19050~v, - 26762,v, 12827.456 7793.646 0 I 22338~ -30132, 
12963.697 7711. 739 2 I 20322~ -28034, 12826.806 7794.041 3 I 17959, -25753~ 

12961.197 7713.227 1 12799.956 7810.390 2 I 24202~ -32012, 
12959.819 7714 .047 7 I 11802, -19516~ 12798.586 7811.226 0 
12952.082 7718.655 5 I 128473 -20566: 12796.262 7812.645 0 
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TABLE 1. Infrared spectral lines of thorium- Continued 

Wave- Wave- In-
Spec- Wave- Wave- In- Spec-length number ten- Classification length number ten- Classification 

A em-I sity trum 
A cm- 1 sity trum 

12782_294 7821.182 1 I 138472 -21668~ 12604.640 7931.416 2 I 184313 -26363~ 

12782.059 7821.326 2 I 18069~ -258902 12591.895 7939.444 I II 168183u, -24757~u, 
12781.578 7821.620 4 I 15166~ -22988, 12590.688 79<Ul.205 0 
12776.786 7824.554 I 12587.889 7941.971 4 I 20737~ -286792 

12773.189 7826.757 I I 19516~ -273433 12583.229 7944.912 I I 21890~ -29835" 
12762.096 7833.560 6 I 13088" -20922~ 12582.855 7945.148 I 

12760.142 7834.760 0 12580.239 7946.800 I I 15970" -23916~ 

12756.360 7837.083 I 12580.100 7946.888 I I 21902~ -29849. 
12752.448 7839.487 0 12571.690 7952.204 2 I 186992 -26651~ 

12750.649 7840.593 0 I 19503~ - 27343" 12568.412 7954.278 2 

12743.510 7844.985 2 12563.833 7957.177 0 I 173983 -25355~ 

12742.669 7845.503 I II 9061 2,,, -16906~u, 12562.651 7957.926 2 I 19713" -27670~ 

12738.275 7848.209 0 I 22163~ - 3001l" 12561.555 7958.620 3 I 185492 -26508~ 

12733.582 7851.102 3 I 23113~ -30964" 12561.165 7958.867 I I 14204. -22163~ 

12722.917 7857.683 2 12558.855 7960.331 I I 20922~ -288822 

12720.812 7858.983 I 12553.032 7964.024 5 I 19227~ -27191. 
12710.230 7865.526 I 12552.801 7964.170 4 I 23306~ -31271, 
12709.820 7865.780 4 I 18930~ -26796" 12540.971 7971.683 2 I 23655~ -316265 

12709.330 7866.083 5 I 15166~ -23032. 12527.232 7980.426 2 
12703.962 7869.407 0 I 18053~ -25923. 12522.256 7983.597 I I 8800. -16783~ 

12703.428 7869.738 I I 22141~ -3001l3 12519.264 7985.505 0 
12691.421 7877.183 4 I 158632 -23741~ 12518.195 7986.187 3 I 18809~ -26796" 
12690.790 7877.575 0 12512.531 7989.802 0 
12690.055 7878.031 2 12510.096 7991.357 I 

12687.216 7879 .794 0 12508.396 7992.443 2 I 19503~ -27495. 
12685.466 7880.881 I I 16783~ -24664" 12507.967 7992.717 0 
12684.798 7881.29§ 3 12502.990 7995.899 0 
12684.317 7881.595 0 I 6362, -14243~ 12502.774 7996.037 2 I 20566~ -28562. 
12683.507 7882.098 I I 23655~ -31537" 12499.696 7998.006 2 
12683.213 7882.281 4 II 7828 u, -15710~u, 12488.669 8005.068 I I 19039~ - 27044" 

12682.679 7882.613 0 I 22669~ -30552. 12479.376 8011.029 I II 9711"u, -17722~u, 
12680.944 7883.691 I I 22248~ - 30132, 12477.297 8012.364 7 I 3865\ -11877~ 

12673.959 7888.036 2 I 25180~ -33068" 12476.305 8013.001 3 I 20214~ -28227. 
12670.936 7889.9 18 2 12474.364 8014.248 2 I 11802, -19817~ 

12670.355 7890.280 I I 13847, -21738~ 12473.069 8015.080 0 
12668.767 7891.269 2 I 14206~ -22098. 12471.346 8016.187 I I 23521~ -31537" 
12649.241 7903.450 I 12470.867 8016.495 0 
12648.388 7903.983 I I 17501~ -25405. 12469.228 8017.549 4 I 10414~ -18431" 
12646.536 7905.141 8 I 10526~ -18431" 12468.606 8017.949 1 II 11576~", -19594 u, 
12645.697 7905.665 4 I 20322~ -28227. 12466.651 8019.206 0 I 24274~ -322935 

12642.339 7907.765 3 12465.206 8020.136 I 

12641.383 7908.363 3 I 17398" -25306~ 12465.053 8020.234 3 I 20322~ -283425 

12636.142 7911.643 5 I 18011 ~ -25923, 12460.967 8022.864 4 I 10526~ -185492 

12633.943 7913.020 0 12458.068 8024.731 I II 19912~", -279375U, 

12632.545 7913.896 3 I 2869" -10783~ 12455.465 8026.<Ul8 0 I 24769~ -32796" 
12629.269 7915.949 0 I 11601\ -19516~ 12454.517 8027.019 2 
12617.523 7923.318 I 12453.262 8027.828 3 I 15493, -23521~ 

12617.200 7923.521 I I 17398" -25321~ 12447.488 8031.552 5 I 11241~ -19273, 
12611.214 7927 .282 0 I 24274~ -322025 12446.347 8032.288 I I 19948~ -279803 

12610.394 7927.797 2 12445.393 8032.904 3 I 15736~ -23769\ 
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TABLE 1. Infrared spectral lines of thorium- Continued 

Wave· Wave· In· 
Spec· Wave· Wave· In· Spec· length number ten- Classification length number ten· Classification 

A cm- l sity trum 
A em-I sity trum 

12442.013 8035.086 5 I 15166~ -23201, 12325.069 8111 .325 0 
12440.650 8035.966 2 I 24701~ -327375 12323.962 8112.054 0 I 21902~ -300144 
12440.364 8036.151 1 12322.400 8113.082 1 I 24850~ -32963, 
12437.583 8037.948 0 I 22248~ -30286, 12321.120 8113.925 3 I 18930~ -27044, 
12433.627 8040.505 1 12318.487 8115.659 1 II 12570"", - 20686~v, 

12430.756 8042.362 1 I 13847, -21890~ 12318.050 8115.947 3 I 154934 -23609~ 

12430.591 8042.469 1 12316.913 8116.696 2 I 75023 -15618~ 

12429.285 8043.314 1 I 17847~ -25890, 12316.372 8117.053 1 I 24084~ -32202, 
12424.510 8046.405 0 12314.487 8118.295 0 
12423.210 8047.247 ° 12312.736 8119.450 2 I 23655~ -31774" 

12422.300 8047.837 4 I 19986~ -28034" 12310.069 8121.209 3 I 21890~ -300113 

12421.310 8048.478 1 II 21297~", - 29345,v, 12303.742 8125.385 1 
12419.161 8049.871 2 I 19516~ -27566, 12295.924 8130.551 0 I 24421~ -32551" 
12417.933 8050.667 0 12294.985 8131.172 1 I 16783~ -249153 

12415.160 8052.465 5 I 16346~ -24399" 12292.964 8132.509 0 
12414.206 8053.084 1 12285.424 8137.500 1 II 20686~", - 28823,", 
12406.195 8058.284 1 I 20214~ - 28273, 12283.851 8138.542 1 I 19532. - 27670~ 

12402.749 8060.523 1 II 9061,", -17121~", 12277.781 8142.566 0 
12400.331 8062.095 3 II 6213.", -14275~", 12276.652 8143.315 1 II 7001,", - 15144~", 

12398.153 8063.511 2 II 1521,v> - 9585~", 12276.430 8143.462 0 I 20214~ - 28358" 

12397.849 8063.709 4 I 19503~ - 27566, 12273.859 8145.168 2 I 20737~ -28882, 
12396.828 8064.373 0 I 21077~ - 29141, 12271. 398 8146.801 2 I 16554" -2470 1 ~ 

12384.580 8072.348 2 12263.449 8152.082 1 I 23113~ -31265, 
12381.813 8074.152 3 I 12847, - 20922~ 12262.250 8152.879 1 I 13945~ - 220984 
12379.808 8075.460 0 12261. 910 8153.105 2 I 22399~ -30552. 
12378.451 8076.345 1 I 18431" -26508~ 12256.743 8156.542 2 I 20522~ - 28679, 
12378.290 8076.450 2 I 17959. -26036~ 12251.360 8160.126 0 II 228343,,, - 30994~", 

12377.115 8077.217 0 I 18574, -26651~ 12249.188 8161.573 4 I 18809~ - 26971. 
12372.881 8079.981 0 12246.140 8163.604 0 
12372.484 8080.240 4 II 4490~", - 12570,,", 12245.483 8164.042 3 I 13088" - 21252~ 

12372.007 8080.552 2 I 24 701~ - 32781. 12244.970 8164.384 3 II 16818,,", -24982~", 
12364.267 8085.610 1 I 19948~ - 28034, 12244.077 8164.980 1 
12362.538 8086.741 0 12242.874 8165.782 0 I 21252~ - 294182 

12361.433 8087.464 0 12237.332 8169.480 1 I 21252~ - 29422, 
12359.625 8088.647 2 I 17959. -26048~ 12236.549 8170.003 2 I 142260 -22396~ 

12356.076 8090.970 2 II 12219,", - 2031O~", 12234.949 8171.071 1 I 23603~ -31774" 
12355.491 8091.353 0 I 24202~ -32293, 12233.199 8172.240 5 I 14465~ - 226373 

12351.988 8093.648 3 12231.942 8173.080 8 I 10526~ -18699, 
12349.4 78 8095.293 2 I 19516~ - 27612" 12229.332 8174.824 1 I 7795~ -15970" 
12348.314 8096.056 0 I 23916~ - 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~ -298353 12226.177 8176.934 4 I 11877~ -20054, 
12344.348 8098.657 0 12223.788 8178.532 2 I 18699, -26878~ 

12341.497 8100.528 0 12219.156 8181.632 0 I 16217~ -243993 

12338.612 8102.422 0 I 18549, -26651~ 12216.424 8183.462 1 I 24274~ -32458" 
12337.998 8102.825 7 I 6362, - 14465~ 12211.865 8186.517 2 I 18069~ -262554 
12330.800 8107.555 1 I 20423~ - 28531, 12206.894 8189.851 7 I 3687, -1l877~ 

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 II 18568°"2 -26762,", 
12328.408 8109.128 0 I 19503~ -27612" 12194.157 8198.405 8 II 1521'"2 - 9720~", 
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TABLE 1. Infrared spectral lines of thorium- Continued 

Wave- Wave- In- Spec- Wave- Wave- In- Spec-length number ten- Classifiea tion length number ten- Classification 
A cm- 1 sity trum 

A cm- 1 sity trum 

12188.866 8201.964 1 I 18053~ -26255_ 12055.291 8292.843 0 I 21668~ -29961, 
12188.576 8202.159 0 12051.267 8295.612 1 I 222~ -30544, 
12182.019 8206.574 3 I 9804, -18011~ 12050.486 8296.150 0 I 186992 -26995~ 

12178.456 8208.975 2 I 24084~ -322935 12043.786 8300.765 1 II 86052", - 16906~v, 

12178.009 8209.276 0 12042.947 8301.343 0 
12177.607 8209.547 2 12038.242 8304.588 1 I 19039~ -273433 

12171.815 8213.454 4 I 4961_ -13175~ 12037.639 8305.004 4 I 173983 -25703~ 

12171. 754 8213.495 2 12020.095 8317.125 1 I 128473 -21165~ 

12171.023 8213.988 0 12018.718 8318.078 7 I 16346~ -246643 

12170.869 8214.092 0 12018.054 8318.538 4 I 158632 -24182~ 

12167.821 8216.150 3 I 11601, -19817~ 12015.950 8319.994 4 I 23306~ -316265 

12166.851 8216.805 0 I 2153n -29756_ 12015.478 8320.321 1 I 19532_ -27852~ 

12162.431 8219.791 3 12011.883 8322.811 0 II 7001,v, -15324° v, 
12161.908 8220.144 0 I 184313 -26651~ 12007.854 8325.604 5 II 41463u, - 12472~v, 

12149.443 8228.578 2 12007.313 8325.979 0 I 23603~ -319293 

12146.324 8230.691 2 12005.953 8326.922 1 I 18053~ -263805 

12143.705 8232.466 0 I 159703 -24202~ 12004.504 8327.927 1 
12140.955 8234.331 3 I 18809~ -27044, 11999.611 8331.323 0 
12140.751 8234.469 1 I 24561~ -327963 11986.392 8340.511 0 I 23655~ -31995, 
12139.017 8235 .645 1 I 8ll1_ -16346~ 11984.664 8341.714 8 II 41463u, -12488~v, 

12136.565 8237 .309 1 II 22642~", - 308793v, 11980.135 8344.867 1 I 22163~ -305085 

12132.020 8240.395 3 I 20322~ -28562, 11979.873 8345.050 2 II 157862V2 -24132~v, 
12129.427 8242.157 5 I 13297, -21539~ 11976.025 8347.731 1 I 20214~ -28562, 
12128.913 8242 .506 1 I 21890~ -301322 11974.695 8348.658 1 II 16033~u, -243813v, 
12127.302 8243.601 8 I O2 - 8243~ 11974.134 8349.049 1 I 24202~ -325513 

12126.918 8243.862 1 I 24307~ -325513 11961.578 8357.813 1 I 23655~ -32012, 
12126.419 8244.201 5 I 18011~ -26255, 11960.136 8358.821 3 II 41132u, -12472~v, 
12124.024 8245 .830 0 11956.759 8361.182 0 I 22396~ -307582 

12119.644 8248.810 3 I 9804, - 18053~ 11955.885 8361. 793 0 I 186992 -27061~ 

12117.950 8249.963 0 I 22508~ -307582 11952.411 8364.223 0 

12113.062 8253.292 0 I 21165~ - 294182 11952.063 8364.467 4 I 19227~ -27591, 
12109.655 8255.614 0 I 24202~ -32458, 11946.618 8368.279 1 I 20566~ -289343 

12109.434 8255.765 3 I 20423~ - 28679, 11945.362 8369.159 6 I 18011 ~ -26380, 
12109.313 8255.847 1 I 23015~ -31271, 11942.130 8371.424 5 I 15618~ -239902 

12102.779 8260.304 1 II 17121~V2 - 25381,u, 11940.834 8372.333 2 II 4113,u, -12485~v, 
12099.785 8262.348 2 I 24701~ -32963, 11940.638 8372.470 7 I 28693 -1l241~ 

12093.304 8266.776 1 11934.349 8376.882 1 II 20969~u, - 293452v, 
12087.362 8270.840 2 II 6213,V2 -14484~u, 11927.809 8381.475 0 I 18809~ -271915 

12086.503 8271.428 3 II 9711 3u, -17983~u, 11925.197 8383.311 1 
12086.289 8271.574 0 11919.113 8387.590 0 

12083.777 8273.294 0 I 21738~ -300113 11916.586 8389.369 3 I 22163~ -30552, 
12082.221 8274.359 2 I 23655~ - 319293 11911.501 8392.950 4 
12075.537 8278.939 1 I 20566~ -28845_ 11910.840 8393.416 0 I 22877~ -31271, 
12074.667 8279.536 2 I 19948~ -28227, 11910.542 8393.626 0 
12066.559 8285.099 0 I 23916~ -322025 11909.862 8394.105 1 I 19948~ -28342, 
12061.506 8288.570 2 11904.795 8397.678 2 I 192732 -27670~ 

12060.198 8289.469 2 11903.594 8398.525 0 
12059.895 8289.677 0 I 159703 -24259~ 11899.837 8401.177 4 I 138472 -22248~ 

12058.422 8290.690 0 I 11241~ -19532, 11894.942 8404.634 3 I 128473 -2 1252~ 

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· Classification length number ten· Classification 
A cm- 1 sity trum 

A em-I sity trum 

11887.357 8409.997 1 I 19948~ -28358, 11777.121 8488.716 0 
11886.085 8410.897 2 I 22141~ -30552, 11776.403 8489.233 5 II 9238~~, - 17727 ,~, 
11884.530 8411 .997 5 I 11802, -2021~ 11775.163 8490.127 4 I 10783~ -19273, 
11882.776 8413 .239 2 I 15618~ -24032_ 11773.211 8491.535 0 
11879.545 8415.527 0 11772.698 8491.905 1 I 23521~ -32012_ 
11878.611 8416. 189 2 I 19532, -27948~ 11761.537 8499.963 1 I 20922~ -29422, 

11874.629 8419.011 2 I 22338~ -30758. 11757.273 8503.046 1 
11874.199 8419.316 3 II 125703", -20989~~, 11746.350 8510.953 0 
11873.851 8419.563 2 I 13175~ -21594, 11746. 174 8511.080 1 I 19273, -27784~ 

11870.629 8421.848 1 I 17501~ -25923_ 11739.687 8515.783 2 II 86052~' -17121~~, 

11868.373 8423.449 3 11737.416 8517.431 1 
11868.045 8423.682 0 I 15493_ -239 16~ 11736.880 8517.820 0 
11867.085 8424.363 1 11729.339 8523.296 1 I 14465~ - 22988, 
11865.636 8425.392 4 II 15305,", - 23730~~, I 20322~ - 28845. 
11864.247 8426.378 7 I 3687, - 1211~ 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 I 14206~ -22637, 11722.487 8528.278 1 I 16351. -24880~ 

11853.098 8434.304 1 I 13962, -22396~ 11720.628 8529.631 3 
11848.313 8437.710 1 I 23603~ -320412 11715.587 8533.301 1 II 9585~~, - 18118,~, 

11846.202 8439.214 2 II 8378~~, -16818,~, 11713.893 8534.535 2 
11842.232 8442.043 0 11712.220 8535.754 3 I 17354~ -25890, 
11840.529 8443 .257 0 I 23093~ -315373 11712.007 8535.909 1 
11839.689 8443.856 1 I 15863, -24307~ 11709.471 8537.758 0 I 24561~ - 330993 

11837.186 8445.642 2 I 19588~ -28034, 11704.645 8541.278 1 I 23916~ -32458_ 
11836.168 8446.368 0 I 185492 - 26995~ 11703.457 8542.145 7 I 15490~ - 24032_ 
11834.938 8447.246 1 I 16217~ -24664, 11698.831 8545.523 3 I 13962, -22508~ 

11831.941 8449.386 0 I 22877~ -31326, 11695.652 8547.846 0 II 18214~~, -26762,", 
11829.730 8450 .965 4 I 15970, -24421~ 11695.263 8548.130 2 I 17959. -26508~ 

11829.640 8451.029 5 I 13088, -2 1539~ 11694.285 8548.845 3 I 21738~ -30286, 

11827.583 8452.499 4 I 17073, -25526~ 11694.000 8549.053 2 I 13847, -22396~ 

11824.901 8454.416 1 I 16217~ -24671, 11690.334 8551.734 0 I 22877~ -31429, 
11822.640 8456.033 4 I 19817~ -282732 11682.909 8557.169 1 I 15863, -2442 1~ 

11821.839 8456.606 1 I 22508~ -30964, 11680.650 8558.824 1 
11821.500 8456.848 0 I 7280, -15736~ 11678.305 8560.543 1 I 18699, -27260~ 

11819.155 8458.526 0 11675.696 8562.456 0 
11818.546 8458.962 1 I 20423~ -288822 11673.465 8564.092 1 I 184313 -26995~ 

11811. 926 8463.703 2 I 19516~ -279803 11671.783 8565.326 1 
11811.172 8464.243 0 11667.638 8568.369 5 I 16346~ -249153 

11811.055 8464.327 0 I 20214~ -286792 11666.014 8569.562 1 

11808.476 8466. 176 0 II 12219,", -20686~~, 11662.923 8571.833 2 
11804.617 8468.943 6 I 5563, -14032~ 11661.167 8573.124 3 I 19039~ - 276123 

11804. 116 8469.303 3 I 21903~ -30372. 11658.782 8574.878 2 
11802.102 8470.748 1 I 13175~ -21645. 11657.259 8575.998 1 I 22669~ -312452 

11801.327 8471.304 0 I 11241 ~ -197133 11655.207 8577.508 1 II 6213_~, -14790~~, 

11793.069 8477 .236 1 I 24259~ -327375 11653. 134 8579.034 1 I 24202~ -32781_ 
11792.645 8477.541 1 I 19503~ -27980, 11648.639 8582.344 1 II 11576~~, -20158,~, 

11790.463 8479.110 0 11648.509 8582.440 1 I 21252~ -298353 

11790.382 8479.168 1 I 17411~ -258902 11641.195 8587.832 1 I 171665 -25753~ 

11779.528 8486.981 2 I 16351. -24838~ 11636.590 8591.231 2 I 18930~ -27521_ 
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TABLE 1. Infrared spectral lines of thorium- Continued 

Wave- Wave- In- Spec- Wave- Wave- In- Spec-
length number ten- Classification length number ten- Classification 

A cm- 1 sity trum 
A cm- 1 sity trum 

11636.496 8591-300 1 I 21165~ -29756, 11526.904 8672.982 5 
11636. 155 8591-552 3 I 159703 -24561~ 11526.460 8673.316 4 I 14204. -22877~ 

11634.601 8592.699 4 I 13297, -21890~ 11525.422 8674.097 I 
11632.343 8594.367 2 11521-827 8676.804 2 II 15786,,,. - 24463~". 

11631.948 8594.659 3 II 10379,,,, -18973~", 11517.393 8680.144 I I 23113~ -31793, 

11630.479 8595.745 0 I 22669~ -312653 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 I 

11621. 783 8602.177 2 11515.375 8681-665 0 II 16564~", - 25246,,,. 

11621.209 8602.602 0 11514.959 8681-979 4 I 18930~ -276123 

11618.190 8604.837 3 I 13297, -21902~ 11512.800 8683.607 0 

11617.462 8605.376 5 I 14032~ -226373 11512.063 8684.163 3 I 5563, -14247g 

11615.211 8607.044 1 I 21077~ -29684, 11511.566 8684.538 6 I 20867~ -29552. 
11613.318 8608.447 3 11511.286 8684.749 I I 23609~ -322935 

11609.914 8610.971 2 I 8800, -17411~ 11510.028 8685.698 3 I 18809~ -27495, 
11606.246 8613.692 I I 24182~ - 32796" 11506.079 8688.679 I I 24274~ -32963, 
11605.473 8614.266 3 I 19948~ -28562, 11502. 185 8691-621 3 I 12847" - 21539~ 

11602.596 8616.402 0 I 22141~ -30758, 11501-478 8692.155 4 I 13945g -22637" 
11600.761 8617.765 0 I 18699, -27317~ 11494.068 8697.759 2 I 15863, -24561~ 

11600.523 8617.942 0 I 21668~ -30286, 11489.885 8700.925 5 I 8800, -17501 ~ 

11597.002 8620.558 1 I 11802, -20423~ 11483.227 8705.970 0 
11595.985 8621-314 6 I 16783~ -25405, 11481.957 8706.933 0 
11594.834 8622.170 0 II 16818"", - 25440~", 11478.781 8709.342 1 I 15493, -24202~ 

11589.953 8625.801 4 I 16554. -25180~ 11478.678 8709.420 2 II 7001,,,, -15710~", 
11588.544 8626.850 2 11476.91O 8710.762 0 I 18549, - 27260~ 

11584.866 8629.589 0 I 17073, -25703~ 11476.074 8711-396 1 I 17166, -25877~ 

11584.675 8629.731 1 I 18431" - 27061~ 11475.757 8711-637 3 I 18809~ -27521, 

11583.465 8630.633 0 I 20214~ - 28845, 11472.823 8713.865 2 I 19817~ -28531, 
11582.709 8631.196 1 11471.073 8715.194 0 I 7502" -1621n 

11581.313 8632.236 1 11468.598 8717.075 3 

11579.846 8633.330 2 11465.039 8719.781 5 I 11802, -20522~ 

11578.263 8634.510 2 11464.786 8719.973 2 I 20214g -28934" 
11577.991 8634.713 1 I 23916~ -32551" 11458.461 8724.787 1 I 19503~ -28227, 
11575.518 8636.558 4 I 18930~ -27566, 11456.776 8726.070 0 
11573.652 8637.950 1 I 17398" -26036~ 11455.648 8726.929 1 II 125703", -21297~", 

11571.485 8639.568 5 I 19588~ -28227, 11455.545 8727.008 1 I 18069~ -267963 

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" -21738~ 11444.419 8735.492 2 I 17073, -25809~ 

11557.337 8650.144 3 I 17398" -26048~ 11442.751 8736.765 I I 14465~ -232013 

11557.225 8650.228 0 I 21902~ -30552, 11441.097 8738.028 0 
11554.767 8652.068 0 I 24084~ -32737, 11436.956 8741-192 0 
11551.616 8654.428 0 I 21890~ -30544, 11432.844 8744.336 2 
11543.905 8660.209 2 11432.593 8744.528 4 I 14243~ -22988, 
11543.824 8660.270 2 I 13847, -22508~ 11429.704 8746.738 6 I 10526~ -19273, 
11543.157 8660.770 0 11427.901 8748.118 1 I 18699, -27447~ 

11542.494 8661-268 3 II 8460,,,, - 17121~", 11426.433 8749.242 0 I 22877~ -316265 

11541.028 8662.368 0 I 21890~ -30552, 11423.611 8751-403 I 

11536.071 8666.090 2 I 17224~ -25890, 11420.044 8754.137 I I 19588~ -283425 

11530.938 8669.948 3 I 21165~ -298353 

I 
11419.693 8754.406 1 I 17501~ -26255, 
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TABLE 1. Infrared spectral lines of thorium- Continued 

Wave· Wave· In· Spec· Wave· Wave· In· Spec· 
length number ten· Classification length number ten- Classification 

A cm - 1 sity trum 
A ern-I sity trum 

11417.309 8756.234 3 I 19516~ -282732 11306.901 8841.735 0 
11416.708 8756.695 0 11303.787 8844.171 5 I 13297, - 22141 ~ 

11415.542 8757.589 1 I 22508~ -31265" 11303.544 8844.361 4 I 75023 -16346~ 

11412.071 8760.253 2 II 4490~", - 132502u, I 17411~ -26255, 

11411.321 8760.829 I I 24202~ - 32963, 11301.136 8846.246 1 I 21165~ -300113 

11408.167 8763.251 0 11300.160 8847.010 0 
11406.101 8764.838 0 11297.608 8849.008 1 I 23609~ -32458, 

11403.120 8767.129 0 11297.490 8849.101 0 

11402.009 8767.984 0 I 185492 -27317~ 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 II 17983~u, - 26762,u, 11290.238 8854.785 0 II 86052u, - 17 460~u, 

11386.235 8780.130 5 I 15618~ -243993 11289.645 8855.250 2 I 19503~ -283583 
11384. 471 8781.491 3 I 15493, -24274~ 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 I 23916~ - 32781. 
11374.713 8789.024 6 II 41132u, - 12902~u, 11276.818 8865.322 4 I 15166~ - 24032, 
11371.299 8791.663 1 I 24307~ -33099" 11276.338 8865.700 2 I 13297. - 22163~ 

11369.091 8793.370 2 I 24274~ -330681; 11273.574 8867.873 4 I 21890~ -307582 

11366.315 8795.518 2 I 14481~ -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 1 24084~ -32963, 

11358.564 8801.520 1 I 22163~ - 309643 11258.986 8879.363 4 I 17501 ~ -26380, 

11358.499 8801.570 3 I 130883 - 21890~ 11258. 130 8880.038 3 I 21252~ - 30132, 

11357.450 8802.383 0 I 18809~ -27612" 11255.513 8882.103 0 I 23113~ -31995. 
11356.910 8802.802 0 I 22338~ - 31141" 11255.092 8882.435 3 I 17166, -26048~ 

11356.608 8803.036 1 I 23655~ - 32458, 11252.925 8884.146 1 
11354.715 8804 .503 8 I 6362, - 15166~ 11249.018 8887.231 0 I 17224~ - 26111, 

11352.128 8806.510 2 I 21738~ -30544., 11246.685 8889.075 1 I 202 1 4~ - 29104. 
11351.924 8806 .668 6 I 19227~ -28034, 11245.412 8890.081 2 I 12847" -2 1738~ 

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.v, - 22139~v, 

11344.334 8812 .560 1 11238.982 8895.167 2 I 23306~ -32202, 

11343.709 8813.046 4 I 11241 ~ -20054., 11238.344 8895.672 0 I 20522~ - 29418, 

11343.167 881 3 .467 0 11236.858 8896.849 1 I 24202~ - 33099" 
11342.857 8813.708 3 I 130883 -2 1902~ 11233.671 8899.373 2 I 20522~ - 29422, 

11338.588 8817 .026 0 11232.320 8900.443 2 II 6244 v, - 1 5144~v, 

11335.713 8819.262 0 I 20322~ - 29141, 11230.255 8902.080 9 I 5563, - 14465~ 

11332.045 8822.117 4 I 138472 -22669~ 11225.532 8905.825 3 I 15863, - 24769~ 

11331.384 8822.632 1 I 14226" -23049~ 11221.176 8909.282 1 I 14204, -23113~ 

11330.428 8823.376 5 11215.651 8913.671 2 I 20737~ - 29650, 

11327.681 8825.516 0 11212.583 8916.110 1 I 22877~ - 31793. 
11326.973 8826.067 3 I 14206~ -23032. 11211.484 8916.984 0 I 24182~ -330993 

11326.400 8826. 514 1 11208.602 8919.277 1 

11323.876 8828.481 0 I 18431" - 27260~ 11205.579 8921.683 4 I 11601, -20522~ 

11322.408 8829.626 1 11204.818 8922.289 2 II 9061,v, - 17983~u, 

11321.659 8830.210 2 I 8243~ -17073, 11203.831 8923.075 1 I 13175~ -22098, 

11321.249 8830.530 2 I 17959, - 26790~ 11202.078 8924.471 1 II 17837°v, -26762,v, 

11311.417 8838.205 1 11195.293 8929.880 1 I 10783~ - 197133 

11307.314 8841.412 3 1 19516~ -28358" 11190.716 8933.532 3 
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TABLE 1. Infrared spectral lines of thorium- Continued 

Wave· Wave· In· Spec· Wave· Wave· In· Spec. length number ten· Classification length number ten· Classification 
A cm- 1 sity trum 

A em-I sity trum 

11189.689 8934.352 2 I 118022 -20737~ 11043.146 9052.911 3 I 15618~ -246712 

11186.716 8936.727 0 II 201582v, -2909~v, 11042.986 9053.042 2 I 130883 -22141~ 

11185.925 8937.359 5 I 72802 -16217~ 11038.296 9056.889 2 
11184.628 8938.395 0 I 22855~ -31793. 1l036.319 9058.511 4 I 16346~ -25405. 
11182.846 8939.819 2 1l035.091 9059.519 0 I 19503~ -28562. 

11179.105 8942.811 3 I 11601, -20543~ 1l031.608 9062.380 I I 21902~ -309643 
11171.377 8948.997 1 I 17847~ -267963 11031.091 9062.804 0 

11165.579 8953.644 I 1l028.089 9065.271 I I 19817~ -28882, 

11162.099 8956.436 3 I 14032~ -22988, 11026.975 9066.187 I 

11159.387 8958.612 I 1l023.604 9068.960 I 

11157.560 8960.079 I I 18011~ -26971. 1l02L768 9070.470 3 I 14206~ -23277, 

11155.405 8961.810 0 1l021.045 907L065 0 
1115L802 8964.706 0 I 173983 -26363~ 1l017.161 9074.263 0 
11148.272 8967.544 0 I 21165~ -301322 11016.787 9074.571 4 I 130883 -22163~ 

11148.078 8967.700 0 1l016.018 9075.205 I 
11147.197 8968.409 0 I 21539~ -30508, 11013.293 9077.450 I 
11139.881 8974.299 3 I 19588~ -28562. 1l01O.266 9079.946 I II 6244 v, -15324°v, 
11139.415 8974.674 0 llOO1.800 9086.933 3 I 13962, -23049~ 

11138.971 8975.032 I I 158632 -24838~ llOOO.9OO 9087.676 I I 13945~ -23032. 
11138.821 8975.153 4 I 18069~ - 270443 10999.236 9089.051 0 I 21668~ -30758, 

11134.469 8978.661 I I 22163~ -311413 10990.207 9096.518 2 
11128.287 8983.649 5 I 4961. - 13945~ 10986.695 9099.426 0 
11126.995 8984.692 I 10983.633 9101.963 5 I 13297. - 22399~ 

11125.541 8985.866 4 I 18011~ -26997. 10983.207 9102.316 2 
11124.745 8986.509 2 I 19948~ -289343 10982.982 9102.502 3 I 22163~ -312653 
11124.026 8987.090 3 I 23306~ -32293, 10982.910 9102.562 4 I 14204, -23306~ 

11114.372 8994.896 0 I 20423~ -29418, 10982.260 9103.101 0 
11114.157 8995.070 3 I 14206~ -232013 10981.861 9103.431 I II 8018,v. -17121 ~v. 
11107.735 9000.271 0 II 8460, v, - 17 460~v, 10976.518 9107.863 0 I 22163~ -31271, 
11106.476 9001.291 0 10974.389 9109.630 I I 173983 -26508~ 

11IOL804 9005.079 5 I 9804, -18809~ 10965.252 9117.220 I I 15863, -24981~ 

1l098.788 9007.526 2 I 13847, - 22855~ 10964.829 9117.572 I I 20566~ -29684, 
1l094.494 9011.012 2 I 159703 -24981~ 10963.975 9118.282 I I 10414~ - 19532. 
1l092.159 9012.909 I I 21539~ -30552. 10962.885 9119.189 5 I 11802, -20922~ 

1l090.735 9014.066 3 I 19516~ - 28531, 10956.004 9124.916 I I 18549, - 27674~ 

1l087.646 9016.578 I 10955.633 9125.225 I 

1l074.809 9027.029 5 10954.915 9125.823 0 
1l073.735 9027.904 3 I 19503~ -28531, 10948.154 9131.459 4 I 13962, -23093~ 

1l071.877 9029.419 I II 62134 v. -15242~v, 10946.696 9132.675 I 
1l071.478 9029.745 I I 13847, -22877~ 10942.432 9136.234 3 I 16554. - 25690~ 

11069.049 9031.726 3 II 7001,v, -16033~v. 10942.244 9136.391 8 II 6213.v. -15349~v, 
11065.025 9035.011 0 10941.617 9136.914 4 II 6168~v, -15305.v, 
11062.840 9036.795 I 10938.909 9139.176 I I 16783~ -25923. 
11060.720 9038.527 0 10934.177 9143.131 0 
11057.009 9041.561 4 I 13297. -22338~ 10933.859 9143.397 I 
11054.989 9043.213 4 I 13945~ -22988, 10927.204 9148.966 I 

11054.133 9043.913 I 10924.483 9151.245 4 II 1521,v, -10673~v. 
11051.898 9045.742 7 I 15618~ -246643 10923.725 9151.880 2 I 21738~ -30889, 
1l050.978 9046.495 I I 23916~ -32963, 10915.734 9158.579 0 
11046.224 9050.389 4 I 18930~ -279803 10913.581 9160.386 3 I 130883 -22248~ 
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TABLE 1. In/rared spectral lines a/thorium-Continued 

Wave· Wave· In· Spec· Wave· Wave· In· Spec· length number ten· Classification length number ten· Classification 
A em-I sity trum 

A cm- 1 sity trum 

10911.329 9162.277 2 I 19516~ -286792 10759.049 9291.956 1 I 21252~ -305442 
10907.689 9165.334 I 10757.771 9293.060 0 II 7828 v, -17121 ~V' 
1090Ll93 9170.796 4 I 18809~ -279803 10754.878 9295.560 0 I 21077~ -30372. 
10894.875 9176.114 I I 19503~ -286792 10754.328 9296.035 4 I 15618~ -249153 

10892.630 9178.005 0 II 152361V• -24414~v. 10752.475 9297.637 2 I 18930g -28227. 
10890.287 9179.980 4 I 1801l~ -27191, 10751.857 9298.172 1 
10887.285 9182.511 0 I 23916~ -330993 10749.481 9300.227 2 
10883.902 9185 .365 I I 22141g -31326. 10749.434 9300.268 3 I 17959. -27260~ 

10883.233 9185.930 0 I 22855g -320412 10744.370 9304.651 2 I 14465~ -23769, 
10882.569 9186.490 I I 10526g -197133 10741.809 9306.869 2 

10882.153 9186.842 0 I 23015~ -32202, 10741.603 9307.048 0 
10869.967 9197.141 4 I 17847~ -270443 10740.457 9308.041 1 II 10572~v. -19880.v. 
10866.949 9199.695 I I 16554. -25753~ 10732.245 9315.163 5 I 128473 -22163~ 

10865.480 9200.939 0 10726.926 9319.782 8 I 25580 -1l877~ 

10864.601 9201.683 2 I 138472 -23049~ 10725.418 9321.092 6 I 11601, -20922~ 

10862.508 9203.456 4 I 20214g - 294182 10723.921 9322.394 7 II 41463v. -13468~v. 
10861. 797 9204.059 I II 12902~v. - 221062v• 10720.051 9325.759 0 I 22669g -31995. 
10857.355 9207.824 I I 15493. -24701~ 10715.361 9329.841 2 
10853.458 9211.130 3 I 8800. - 18011~ 10707.531 9336.663 I I 159703 -25306~ 
10845.004 9218.311 I 10700.359 9342.921 I I I 8930g -282732 

10844.405 9218.820 4 I 17166, -26384~ 10700.194 9343.065 0 I 22669g -32012_ 
10843.465 9219.619 1 10690.175 9351.822 I I 159703 -25321g 
10837.713 9224.512 0 I 20737~ -29961 , 10678.631 9361.931 I I 20322~ -29684, 
10835.309 9226.559 2 II 20288~v, -29515_v, 10678.369 9362.161 3 I 118022 -21165g 
10834.611 9227.153 2 II 15236,", -24463~v, 10668.486 9370.834 2 I 7795~ -17166, 
10834.179 9227.521 3 10666.640 9372.456 0 I 13297. -22669~ 

10832.716 9228.767 0 10665.735 9373.251 0 
10826.499 9234.067 0 I 19039~ -282732 10664.767 9374.102 0 I 22163~ -315373 

10826.144 9234.370 0 10664.234 9374.570 5 I 63622 -15736~ 

10820.075 9239.549 5 II 6213.v. -15453gv, 10663.178 9375.499 1 I 21890g -312653 

10819.530 9240.015 I 10660.847 9377.549 3 II 86052 v. - 17983~v, 

10813.573 9245.105 4 I 28693 -12114.~ 10658.585 9379.539 I II 18214~v. - 275932 v, 
10813.395 9245.257 6 I 4961_ - 14206~ 10656.144 9381.687 0 
10812.281 9246.209 5 I 138472 -23093~ 10654.499 9383.136 1 
10807.344 9250.433 3 I 130883 -22338g 10651.842 9385.476 0 I 159703 -25355~ 

10804.527 9252.845 2 10649.651 9387.407 1 I 21165g -30552_ 
10803.918 9253.367 4 I 8800. -18053~ 10646.516 9390.171 2 I 8111. -17501~ 

10802.535 9254.551 1 I 142260 -23481~ 10644.118 9392.287 0 
10800.157 9256.589 4 I 63622 -15618g 10642.859 9393.398 1 II 13248.v, - 22642~v. 

10800.053 9256.678 5 I 13945g -232013 10640.329 9395.631 I I 22141g -315373 

10794.056 9261.821 3 II 97113v, - 18973~v, 10629.842 9404.901 2 I 14204, -23609~ 

10790.541 9264.838 0 II 108553 v. - 20120~v. 10624.881 9409.292 1 
10788.554 9266.544 I I 22508~ - 317743 10624.279 9409.825 I 
10786.371 9268.420 3 I 20566~ -29835, 10623.608 9410.420 I 
10785.912 9268.814 4 I 8800. -18069g 10622.548 9411.359 2 
10779.100 9274.672 2 I 18069g -273433 10615.008 9418.044 4 I 18809~ -28227. 
10778.635 9275.072 I I 23521~ -327963 10613.388 9419.481 4 I 130883 -22508~ 

10776.984 9276.493 4 I 15493. -24769g 10609.955 9422.529 I I 9804, -1922n 
10774.344 9278.766 I I 23015~ -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· Spec. Wave· Wave· In· Spec. length number ten· Classification length number ten· Classification 
A cm- 1 sity trum 

A cm- 1 sity trum 

10607.108 9425.058 1 I 21539~ -309643 10509.543 9512.555 1 
10605.464 9426.519 4 I 18069~ -27495. 10503.182 9518.316 1 
10601.345 9430.182 2 I 23306~ -32737, 10502.592 9518.851 4 I 13962, -23481~ 

10600.597 9430.847 1 I 21077~ -30508, 10498.496 9522.565 5 I 14247~ -23769, 
10596.909 9434.129 1 I 20322~ -29756, 10495.610 9525.183 1 I 14465~ -23990, 
10595.992 9434.946 0 II 13250"" - 22685~~. 10494.843 9525.879 6 I 14243~ -23769, 
10595.264 9435 .594 1 I 22338~ -31774, 10492.255 9528.229 6 I 10526~ -20054, 
10594.780 9436.025 1 I 20214~ -29650, 10487.427 9532.615 1 I 18809~ -28342, 
10592.495 9438.061 0 I 23113~ -325513 10483.360 9536.313 4 
10591.350 9439.081 2 I 20522~ -29961, 10481.173 9538.303 0 I 20423~ -29961, 

10589.207 9440.991 0 10479.584 9539.749 1 
10587.588 9442.435 1 II 8018,~. -17460~~. 10478.801 9540.462 1 
10587.100 9442.870 3 I 15863, -25306~ 10477.700 9541.465 1 I 20214~ -29756, 
10586.930 9443.022 1 I 23015~ - 32458, 10477.082 9542.028 2 
10585.524 9444.276 0 I 23655~ -330993 10469.974 9548.506 1 I 18809~ -283583 

10585.028 9444.718 2 I 20566~ -300113 10467.587 9550.683 0 
10583.191 9446.358 0 10466.685 9551.506 3 
10581. 711 9447 .679 1 I 13962, -23410~ 10459.723 9557.864 4 I 13297, - 22855~ 

10580.518 9448.744 0 10452.445 9564.519 0 
10579.481 9449.670 1 I 11802, -21252~ 10450.448 9566.346 3 I 19986~ -29552" 

10578.136 9450.872 1 I 14204, -23655~ 10448.996 9567.676 0 
10576.600 9452.244 1 II 15305,~. -24757~~. 10439.505 9576.374 3 I 16346~ -25923, 
10576.362 9452.457 2 I 18069~ - 27521, 10436.870 9578.792 2 I 15863, -25442~ 

10572.824 9455 .620 1 II 108553~' - 20310~~. 10435.094 9580.422 3 I 18011~ -27591, 
10570.129 9458.031 0 I 158632 - 25321~ 10434.890 9580.609 2 
10569. 146 9458.911 0 I 23609~ -33068" 10434.109 9581.326 1 I 13088" -22669~ 

10567.177 9460.673 1 I 12114~ - 215752 10429.665 9585.409 6 II 0" 1' - 9585~~. 
10565.306 9462.349 6 I 13175~ - 226373 10424.885 9589.804 0 
10563.181 9464.252 1 10424.126 9590.502 1 I 22338~ -319293 

10560.617 9466 .550 1 II 6244 v. -15710~~. 10423.795 9590.807 2 II 14 790~~. - 243813v• 

10559.107 9467.904 0 I 18053~ -27521. 10421.511 9592.909 0 I 21165~ -307582 
10556.454 9470.283 7 I 17501~ -26971. 10419.574 9594.692 7 II 1521,~. -1l1l6~~. 

10554.837 9471.734 4 I 16783~ -26255. 10417.881 9596.251 1 I 22399~ -31995. 
10553.890 9472.584 1 I 159703 -25442~ 10417.087 9596.983 1 
10545.902 9479.759 1 I 173983 -26878~ 10412.996 9600.753 4 I 18930~ -285312 
10545.290 9480.309 2 I 12114~ - 215943 10412.507 9601.204 0 I 19817~ -294182 
10543.947 9481.517 0 10410.424 9603.125 2 I 7795~ -173983 

10542.787 9482.560 1 10408.497 9604.903 1 I 19817~ -29422, 
10540.958 9484.205 5 I 18011~ -27495, 10404.502 9608.591 3 
10540.219 9484.870 2 10403.056 9609.927 1 I 20522~ -301322 

10539.400 9485.607 1 II 10673~v. -20158,v. 10402.349 9610.580 1 II 17983~~. - 27593,v. 
10538.316 9486.583 2 II 7331~v. -168183~' 10401.401 9611.456 1 I 22163~ - 317743 

10536.866 9487 .888 2 I 15493. -24981~ 10392.041 9620.113 0 I 20214~ -298353 
10533.385 9491.024 3 I 12847" -22338~ 10391.352 9620.750 0 II 12485~~. -221062~' 
10532.567 9491. 761 2 10387.498 9624.320 1 I 17166, -26790~ 

10527.789 9496 .069 5 I 17501~ -26997" 10386.273 9625.455 0 
10527.134 9496 .660 1 I 17847~ -273433 10378.821 9632.366 1 I 18930~ -28562, 
10525.841 9497.826 4 10378.146 9632.993 1 I 17411~ - 270443 

10518.190 9504.735 2 I 20867~ -30372" 10377.490 9633.601 2 I 138472 -23481~ 

10512.209 9510.143 5 I 18011 ~ -27521, 10376.812 9634.231 0 I 20214~ -29849, 
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TABLE 1. In/raredspectrallines o/thorium- Continued 

Wave· Wave· In· Spec. Wave· Wave· In· Spec. 
length number ten· Classification length number ten· Classification 

A cm- 1 sity trum 
A em- I sity trum 

10376.020 9634.966 1 I 21902~ -315373 10250.684 9752.773 4 I 18809~ -28562, 
10373.462 9637.342 0 II 15236,", - 24873~", 10249.314 9754.077 1 
10369.528 9640.998 4 I 13962, -23603~ 10247.561 9755.746 4 I 13847, -23603~ 

10362.966 9647.103 1 I 21890~ -315373 10247.419 9755.881 1 
10359.998 9649.867 3 II 9400,", - 19050~", 10244.986 9758.198 I II 22014~", -31773,", 
10358.167 9651.573 3 I 11601, -21252~ 10241.779 9761.253 2 I 2::306~ -33068. 
10357.832 9651.885 0 10241.463 9761.555 2 II 13250,", - 230 12~", 
10357.615 9652.087 0 I 22141~ -31793, 10236.031 9766.735 4 I 130883 -22855~ 

10356.372 9653.246 2 II 15786,", - 25440~", 10229.541 9772.931 1 

10355.806 9653.773 1 10223.662 9778.551 3 I 13962, -23741~ 

10350.334 9658.877 1 I 18614~ -28273, 10220.712 9781.373 2 
10349.051 9660.074 5 I 128473 -22508.~ 10219.382 9782.646 2 II 14349 ", - 24132~", 

10346.944 9662.041 0 10218.434 9783.554 5 I 9804, - 19588~ 

10346.540 9662.419 3 I 15863, - 25526~ 10214.957 9786.884 0 
10345.899 9663.017 0 I 17398" -27061~ 10214.676 9787.153 1 
10344.287 9664.523 1 10214.442 9787.377 1 I 21539~ -31326, 
10335.840 9672.422 1 10213.806 9787.987 0 
10334.926 9673.277 3 I 13847, - 23521~ 10211.538 9790.161 2 I 13962 , - 23752~ 

10327.838 9679 .916 0 10208.285 9793 .281 0 II 20080~", - 298733", 

10326.442 9681.224 0 10205.020 9796.414 1 I 20214~ - 300113 

10317.951 9689.191 1 10203.228 9798.134 0 
10317.364 9689.743 1 10202.133 9799.186 1 I 21738~ - 315373 

10316.894 9690 .184 4 I 17501 ~ -27191, 10197.163 9803.962 0 II 17722~", - 275264 ", 

10316.006 9691.018 1 II 10189~", - 19880,", 10194.906 9806.132 1 
10314.894 9692.063 2 I 20322~ -30014, 10193.720 9807.273 0 I 20737~ -30544, 
10309.821 9696.832 0 10192.965 9808.000 0 I 19948~ - 29756. 
10308.549 969f.028 5 I 19986~ - 29684, 10188.418 9812.377 3 
10307.509 9699.007 1 10184.539 9816.114 2 I 13297. -23 113~ 

10304.810 9701.547 2 E 10379,", - 20080~", 10180.909 9819.614 0 II 8018, ", - 17837°", 
10304.082 9702.233 2 I 22338~ - 32041, 10180.596 9819.916 2 I 17224~ - 27044" 

10301.391 9704.767 I 10179.844 9820.641 0 
10301.161 9704.984 6 II 4113,", - 13818~". 10178.522 9821.917 5 I 128473 - 22669~ 

10299.876 9706.195 1 10177.086 9823.303 1 
10298.388 9707.597 1 10175.012 9825.305 4 I 14206~ - 24032, 
10294.714 9711.062 0 I 17959, - 27670~ 10169.296 9830.828 2 II 108553", - 20686~", 

10293.052 9712.630 4 I 14204, - 23916~ 10160.324 9839.509 0 I 15863, -25703~ 

10288.987 9716.467 4 II 1859,", - 11576~", 10156.406 9843.305 0 I 19039~ - 28882, 
10285.485 9719.775 0 I 17847~ - 27566, 10145.521 9853.865 0 
10283.118 9722.012 4 I 7502" - 17224.~ 10144.266 9855.084 4 I 6362, -16217~ 

10278.860 9726 .040 1 I 21539~ -312653 10141.399 9857.870 6 I 13175~ -230324 

10278.350 9726.522 1 10140.434 9858.808 4 I 20867~ - 30726, 
10278.263 9726.605 0 10137.390 9861.769 2 I 173983 -27260~ 

10276.804 9727.985 1 10136.787 9862.355 0 I 15493, -25355~ 

10275.694 9729.036 0 I 20922~ - 30651 3 10133.559 9865.497 7 II 1859,", - 11725°", 
10272.063 9732.475 2 10131.371 9867.628 2 I 173983 -27266~ 

10271.191 9733 .302 2 I 15970" -25703~ 10127.552 9871.349 0 I 22141~ - 32012, 
10268.554 9735.801 1 I 19948~ -29684, 10126.557 9872.318 1 I 21902~ - 317743 

10260 162 9743.764 0 10123.103 9875.687 0 
10257.374 9746.413 5 I 14243~ -23990, 10120.661 9878.070 1 
10255.580 9748.118 2 I 15166~ -249153 10118.774 9879.912 1 
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TABLE 1. Infrared spectral lines of thorium - Continued 

Wave· Wave· In· Spec· Wave· Wave· In· Spec. length number ten· Classification length number ten· Classification 
A cm- 1 sity trum 

A cm- I sity trum 

10118.187 9880.485 1 9998.963 9998.296 2 I 14204. -24202~ 

10117.993 9880.675 2 I 14204. -2408~ 9998.513 9998.746 2 
10114.788 9883.805 1 9993.866 10003.395 2 II 15242~v, - 25246.v, 
10113.985 9884.590 0 9993.364 10003.898 0 
10111.877 9886.651 1 I 19948~ -298353 9992.656 10004.607 3 I 18930~ -289343 
10107.000 9891.421 0 I 21902~ -31793. 9991.846 10005.418 0 I 130883 -23093~ 

10105.549 9892.842 0 I 17959. -27852~ 9989.939 10007.327 2 I 128473 -22855~ 

10105.080 9893.301 2 I 138472 -23741~ 9988.024 10009.246 2 II 7828 v, -17837°v, 
10104.307 9894.058 1 I 16217~ -26111, 9987.636 10009.635 6 I 8800, -18809~ 

10103.176 9895 .165 0 9985.052 10012.225 5 I 16783~ -267963 

10102.579 9895.750 2 I 19039~ -289343 9974.693 10022.623 3 I 18011~ - 28034. 
10098.624 9899.625 I I 22141~ -32041 2 9973.365 10023.958 0 
10097.463 9900.764 1 I 19948~ -29849. 9973.092 10024.232 1 
10092.535 9905.598 0 9970.467 10026.872 4 I 13175~ -232013 
10091.483 9906.631 2 9963.495 10033.888 3 I 16346~ -263805 

10089.136 9908.935 7 I 75023 -17411~ 9958.059 10039.365 1 I 21890~ -319293 
I 16346~ -26255. 9957.528 10039.900 1 

10086.406 9911.617 2 I 18069~ -279803 9957.181 10040.250 0 
10085.323 9912.681 I II 90612,,, -18973~v, 9956.844 10040.590 I 
10083.788 9914.190 5 I 1922n -29141, 9955.781 10041.662 I 

10082.880 9915.083 4 I 15490~ -25405. 9952.375 10045.099 3 I 13945~ -239902 

10082.719 9915.242 I I 19503~ - 294182 9948.171 10049.344 1 I 173983 -27447~ 

10081.227 9916.709 1 I 18614~ -28531 2 9947.082 10050.444 I I 20322~ -30372. 
10079.542 9918.367 2 9943.061 10054.508 6 II 15212v, -11576~v, 
10079.413 9918.494 0 9939.967 10057.638 1 
10078.906 9918.993 I I 173983 -27317~ 9938.839 10058.779 1 I 22399~ -32458. 
10065.187 9932.512 1 I 17411~ -273433 9935.203 10062.461 2 I 20867~ -30930. 
10058.937 9938.684 1 9934.723 10062.947 1 I 19948~ -300113 
10056.214 9941.375 2 I 20566~ -30508, 9932.777 10064.918 0 I 18614~ -286792 

10055.842 9941.743 2 9930.047 10067.685 2 

10054.960 9942.615 I I 81II, - 18053~ 9929.814 10067.922 3 I 11601, -21668~ 

10054.189 9943.377 0 9927.326 10070.445 2 I 14204, -24274~ 

10053.375 9944.182 0 I 72802 - 17224.~ 9926.172 10071.616 0 II 125703v, - 22642~v, 

10051. 735 9945 .805 I 9923.310 10074.520 I 
10048.041 9949.461 3 I 15493. -25442~ 9919.448 10078.443 0 I 159703 -26048~ 

10045.996 9951.486 0 II 15236, v, -25188~v, 9916.122 10081.823 1 I 15493. -25575~ 

10045.316 9952.160 2 I 18930~ -288822 9913.628 10084.360 1 I 17411~ -27495. 
10044.021 9953 .443 0 9912.205 10085.807 2 I 22877~ -329635 

10041.807 9955.638 0 9911.116 10086.915 4 I 13945~ -24032. 
10039.364 9958.060 7 I 8111. -18069~ 9910.837 10087.199 2 I 118022 -21890~ 

10039.101 9958.321 2 I 14032~ -239902 9907.464 10090.634 1 I 17501~ -27591 5 

10037.115 9960.292 I 9906.948 10091.159 I I 16554. -26645~ 

10036.377 9961.024 0 9904.771 10093.377 I I 21902~ -31995. 
10033.226 9964.152 2 I 19588~ -29552. 9902.362 10095.833 4 I 19588~ -296845 

10032.967 9964.410 1 9898.356 10099.918 2 I 171665 -27266~ 

10032.174 9965.197 I II 80 18,v, -17983~v, 9896.050 10102.272 3 I 13175~ -23277, 
10029.545 9967.809 1 I 20922~ -30889, 9892.286 10106.116 0 
10011.398 9985.877 3 I 20566~ -30552. 9892.187 10106.217 0 II 14275~v, -24.3813v, 
9999.614 9997.645 0 I 21539~ -315373 9890.522 10107.918 I II 8460,v, -18568°v, 
9999.430 9997.829 1 9888.819 10109.659 0 II 15305.v, - 25414~v, 
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TABLE 1. Infrared spectral lines of thorium- Continued 

Wave· Wave· In· Spec· Wave· Wave· In· Spec. 
length number ten· Classification length n umber ten· Classification 

A cm - 1 sity trum 
A em-I sity trum 

9880.782 10117.882 2 II 67oo~", -16818:"" 9736.216 10268. 115 1 I 18614~ -288822 

9878.520 10120.199 2 II 7001,", -17121~", 9734.696 10269.718 I II 13248,", - 235 18~", 
9876.688 10122.076 0 II 132502", -23372~", 9718.665 10286.658 0 

9874.790 10124.022 0 9718.489 10286.844 2 

9873.821 10125.015 3 I 18809~ -28934, 9716.146 10289.325 2 I 18069~ -283583 

9872.635 10126.231 1 I 22669~ -327963 9702.272 10304.038 3 I 15618~ -25923. 

9872 .185 10126.693 0 9701.580 10304.773 1 I 18053~ -283583 

9871.998 10126.885 2 I 159703 - 26096~ 9700.564 10305.852 7 I 28693 -13175~ 

9869.929 10129.008 0 II 41463", -14275~", 9695.033 10311.732 2 I 13297. - 23609~ 

9868.922 10130.041 2 I 8800, -18930~ 9684.806 10322.621 1 

9867.890 10131.101 2 I 72802 -17411~ 9679.111 10328.695 0 
9865.451 10133.605 1 I 17847~ -279803 9678.235 10329.629 0 I 202 14~ -30544, 

9864.226 10134.864 3 9676.940 10331.012 0 I 8243~ -18574, 
9864.094 10135.000 1 9676.840 10331.118 3 I 18011~ - 28342, 
9863.866 10135.234 1 II 12219,", - 22355°", 9676.107 10331.901 2 I 19503~ -298353 

9862 .127 10137.021 0 I 11601, -2173~ 9674.790 10333.308 2 I 11241~ -215752 

9855.745 10143.585 3 I 9804. - 19948~ 9670.794 10337.577 1 
9845.690 10153.944 2 9666.379 10342.299 0 
9840.923 10158.863 1 I 18069~ - 28227. 9664.700 10344.096 6 I 36872 - 14032~ 

9838.008 10161.873 1 I 21165~ -31326. 9663.647 10345.223 1 I 13962, -24307~ 

9837.258 10162.648 0 I 14465~ -24627, 9663.062 10345.849 0 II 12488~", - 228343", 

9834.008 10166.006 3 9656.439 10352.945 1 I 11241 ~ -215943 

9833.424 10166.610 8 I 3865, - 14032~ 9652.004 10357.702 0 I 13297. -23655~ 

9831.676 10168.418 2 9643.649 10366.676 0 
9826.452 10173.823 7 I 5563, - 15736~ 9643.322 10367.027 1 I 14032~ -243993 

9819.178 10181.360 1 I 9804, - 19986~ 9643.147 10367.215 0 I 20522~ - 30889, 

9814.962 10185.733 1 I 20322~ -30508, 9642.471 10367.942 4 II 86052", -18973~", 

9813.153 10187 .611 0 I 16783~ -26971. 9636.906 10373.929 1 I 17073, - 27447~ 

9812.698 10188.083 7 I 8243~ -184313 9632.647 10378.516 6 I 3865, -14243~ 

9801. 710 10199.505 0 I 14465~ -246643 9630.745 10380.565 1 I 14247g - 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 I 18069~ - 28273, 9627.672 10383.879 I I 14243~ -24627, 

9796.200 10205.241 5 I 4961. - 15 1 66~ 9627 .058 10384.541 0 
9795.646 10205.8 19 0 9625.740 10385.963 1 

9789.508 10212.218 2 I 17354~ -27566, 9625.204 10386.541 3 I 19986~ -30372. 

9785.356 10216.55 1 0 I 18011 ~ -28227. 9623.414 10388.473 0 I 22163~ -325513 

9782.141 10219.908 0 I 13962, -24182~ 9619.222 10393.001 1 I 159703 -26363~ 

9781.891 10220. 170 2 9613 .689 10398.982 5 II 41463 ", - 14545~", 

9779.461 10222.709 1 9608.933 10404.129 1 I 11241~ -21645. 

9778.427 10223.790 0 9608.494 10404.605 2 

9769.538 10233.092 2 I 158632 -26096~ 9607.535 10405.643 0 
9764.606 10238.261 0 I 15166~ -25405. 9605.809 10407.513 0 I 16783~ -27191, 

9757.222 10246.009 1 I 128473 -23093~ 9595.395 10418.808 4 I 13962, -24381 ~ 

9757.159 10246.075 0 9593.115 10421.284 0 

9754.019 10249.374 1 I 15863, -26113~ 9590.348 10424.291 1 

9753.597 10249.817 2 I 21077~ -31326. 9588.809 10425.964 0 I 19588~ -30014. 
9746.464 10257 .318 7 I 36872 - 13945~ 9587.027 10427.902 1 I 14243~ - 24671 2 

9743.565 10260.370 4 I 16783~ -27044, 9583.076 10432.201 3 II 4113,", - 14545~", 

9738.624 10265.576 1 I 128473 -23113~ 9582.816 10432.484 4 I 130883 -23521~ 
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TABLE 1. Infrared spectral lines of thorium- Continued 

Wave- Wave- In- Spec- Wave- Wave- In- Spec-length number ten- Classification length number ten- Classification 
A ern- I sity trum 

A em-I sity trum 

9577 .344 10438.445 3 II 9720~v. -20158"v. 9432.589 10598.635 0 
9571.505 10444.813 1 I 19516~ -29961, 9432.280 10598.983 3 II 97113v• - 2031O~v. 

9570.405 10446.013 1 I 118022 -222~ 9431.600 10599.747 5 I 3865, - 14465~ 

9567 .826 10448.829 2 I 11197~ -21645. 9430.921 10600.510 0 I 17073, -2767~ 

9567.283 10449.422 1 I 16346~ -267963 9423.850 10608.464 0 
9565.567 10451.297 1 9422.317 10610.190 0 I 18069~ -286792 
9563.778 10453.251 0 9420.621 10612.100 2 I 142260 -24838~ 

9563.709 10453.327 1 9420.493 10612.244 2 II 1859,v. - 12472~v. 

9563.307 10453.767 I 9417.463 10615.659 0 I 19516~ -301322 
9563.177 10453.909 0 9414.090 10619.462 2 I 13297. -23916~ 

9561. 736 10455.484 I 9413.682 10619.922 1 
9561.245 10456.021 5 I 8243~ - 186992 9413.135 10620.540 I 
9559.932 10457.457 0 9409.353 10624.808 4 I 16346~ -26971, 
9553.984 10463.967 I 9406.896 10627.583 I 
9548.028 10470.495 I 9405.282 10629.407 1 
9536.411 10483.250 I 9399.091 10636.408 7 I 7795~ -184313 
9521.958 10499.162 1 9396.673 10639.145 0 
9514.025 10507.916 0 9394.096 10642.064 0 II 9238~v. - 19880.v. 
9510.950 10511.313 0 I 17847~ -283583 9393.770 10642.433 1 
9507.656 10514.955 2 I 13088" -23603~ 9392.268 10644.135 0 I 158632 -26508~ 

9505.395 10517.456 5 I 9804, -20322~ 9392.016 10644.421 I II 41463v. - 14790~v. 

9501.443 10521.831 0 I 19986~ -30508, 9390.723 10645.886 0 
9500.302 10523.095 2 I 12114~ - 226373 9390.588 10646.040 2 I 14204, -24850~ 

9500.053 10523.370 0 9388.933 10647.916 4 I 11601, - 22248~ 

9498.244 10525.375 0 9384.103 10653.397 0 I 14226. -24880~ 

9497.191 10526.541 7 I O2 -10526~ 9383.275 10654.337 5 I 5563, - 16217~ 

9495.500 10528.416 7 I 4961. - 15490~ 9380.642 10657.327 0 I 4961, - 15618~ 

9494.041 10530.034 1 II 11576~m -221062v• 9379.736 10658.357 1 
9486.929 10537.928 3 I 15970" -26508~ 9374.051 10664.821 0 II 17272~v. - 27937 'v. 
9483.850 10541.349 0 II 18973~v. - 29515.v• 9366.797 10673.079 0 I 12847, -23521~ 

9482.290 10543.084 1 9366.743 10673.141 0 II 0, 'I' - 10673~v. 
9482.271 10543.105 1 9362.794 10677.643 0 II 41132v• - 14790~v, 

9474.882 10551.327 7 I 75023 - 18053~ 9362.640 10677.819 1 II 9202~v, - 19880,v, 
9470.684 10556.003 6 I 3687, - 14243~ 9360.989 10679.702 2 II 94002V• - 20080~v, 

9467.200 10559.888 5 I 16783~ -27343, 9357.253 10683.966 0 I 17847~ - 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 I 13088" -23655~ 9349.246 10693.116 1 II 6213.v. - 16906~v. 

9461.031 10566.774 6 I 7502" - 18069~ 9344.207 10698.882 I I 8111. - 18809~ 

9460.871 10566.952 2 I 7280, - 17847~ 9344.096 10699.009 1 I 20566~ -31265, 

9458.783 10569.285 0 9340.708 10702.890 4 I 8800. - 19503~ 

9458.629 10569.457 0 I 17411~ -27980, 9336.161 10708.102 1 I 14206~ -24915, 
9456.023 10572.370 0 II 19912~v. - 30484,v. 9327.252 10718.330 0 
9455.205 10573.284 2 I 13847, - 24421~ 9320.071 10726.589 0 I 13945~ -24671 2 

9452.674 10576.116 1 9317.727 10729.287 3 I 10414~ -211435 

9450.464 10578.589 1 I 16217~ -267963 9310.448 10737.675 2 I 16783~ -27521. 
9448.890 10580.351 0 9307.899 10740.616 4 I 19986~ -30726, 
9446.992 10582.477 0 9300.018 10749.718 I I 20214~ -30964, 
9439.854 10590.479 0 II 8460,v. -19050~v. 9294.976 10755.549 1 I 12847, -23603~ 

9436.815 10593.889 2 I 11802, -22396~ 9294.782 10755.773 2 
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TABLE 1. Infrared spectral lines of thorium - Continued 

Wave· Wave· In· Spec· Wave· Wave· In· Spec. 
length number ten· Classification length number ten· Classification 

A em-I sity trum 
A em-I sity trum 

9289.564 10761.815 5 I 9804, - 20566~ 9266.208 10788.941 6 I 72802 - 18069~ 

9287.583 10764.110 0 9263.682 10791.882 0 I 10783~ -215752 

9277.170 10776.192 0 9260.327 10795.792 2 I 11601, -22396~ 

9276.273 10777.234 5 I 36872 -1446~ 9252.860 10804.504 0 
9272.832 10781.234 0 9250.579 10807.168 0 I 128473 -23655~ 

9271. 181 10783.153 1 I 0, - 10783~ 9248.125 10810.036 1 

9270.155 10784.347 2 I 19588~ - 30372" 9245.257 10813.389 1 I 18069~ -288822 

9267.686 10787.220 2 II 7331~." - 18118,", 9243.767 10815.133 1 

9267.082 10787.923 3 9239.328 10820.329 1 I 159703 -26790~ 

9266.920 10788.111 4 I 8800, - 19588~ 
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Publications of the National Bureau of Standards* 

Citations with Selected Abstracts 

J. Res. Nat. Bur. Stand. (U.S.), 78A (Phys. and Chern.), No.1, (Jan.
Feb. 1974), SD Catalog No. Cl3.22/sec_A:78/1. 
Thermophysical measurements on iron above 1500 K 

using a transient (subsecond) technique, A. Cezairliyan 
and J. L. McClure. 

Measurement of m e lting point, normal spectral emittance 
(at melting point) and electrical resistivity (near melting 
point) of some refractory alloys, A. Cezai rli yan. 

Comparative density measurements for solid specimens 
weighing a fe w milligrams , A. D_ Franklin and J. R. Donald 
son . 

A density scale based on solid objec ts, H. A. Bowman, R. M. 
Schoonover, and C. L. Carroll. 

Geome trical considerations in the measurement of the 
volume of an approximate sph ere, D. P. Johnson. 

Note on diffusion of vapor into flowing gas, D. P_ John son. 
Theore tical analysis of miscibility gaps in the alkali

bot'ates , P. B. Macedo and J. H. S immons_ 

J. Res. Nat. Bur. Stand_ (U.S.), 78B (Math_ Sci_), Nos. 1 and 2, SD 
Catalog No. CI3.22/sec.B:78/l&2. 
A class of positive stable matrices, D. Carl son. 
The Smith normal form of a partitione d matrix, M. New-

ma n. 
A Lyapunov the ore m for angular cones, C. R. John son. 
Second, third, and fourth orderD-stability, C. R. 10hnson. 
Comparison of some FORTRAN programs for matrix in-

version, K. E. Fitzgerald. 
On characters of subgroups, R. Merris. 
Intege r arithmetic determination of polynomial real roots, 

C. W. Re itwiesner. 

Monogr. 132_ A compilation and evaluation of m e chanical, 
thermal, and e lectrical properties of selected polymers, R. 
E. Schramm, A. F. Clark , and R. P. Reed, Nat. Bur. Stand. (U .S.), 
Monogr. 132 , 348 pages (Sept. 1973) $10_25, SD Catalog No. 
C13.44:132. 

Key words: Compilat ion; electrical properti es; mechanical pro
perties; plastics; polymers; thermal properties. 

This compilation abstracts original experime ntal data on the 
mechanical, thermal, and electri cal properties of six comme rcially 
ava ilable polymers. Afte r an extensive review of the open literature, 
alJ available data were collec ted togethe r in graphical and tabular 
form along with mate rial characterization , experi mental method, and 
reference to the original publication. The data are also summarized 
and a brief description of each polymer is included. 

Monogr. 136. Graphical recoupling of angular momenta, D. R. 
Lehman and J. S. O'Connell , Nat. Bur. Stand. (U.S.), Monogr. 136, 
18 pages (Oct. 1973) 50 cents, SD Catalog No. C13.44:136. 

Key words: Angular mome ntum ; diagrams ; graphs; quantum 
theory; recoupling; transformat ion theory. 

A diagrammatic method for solving angular momentum recoupling 
probl ems 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 sys temati c way. Several ex 
amples are given together with exercise to develop the reader's facili 
ty with the method. 

Monogr. 137. Applications of waveguide and circuit theory to 
the development of accurate microwave measurement 
m e thods and standards, R. W. Beatty, Nat. Bur. S tand . (U.S.), 
Monogr. 137, 322 pages (Aug. 1973) $5.20, SD Catalog No. 
C13.44:137. 

Key words : Attenuation definitions; atte nuation meas ure ment ; 
barretter mount efficien cy; coaxial connectors; impedance mea
surement ; microwave network theo ry; mismatch e rrors; phase 
shift-m eas ure ment ; power meas ure ment; refl ectomete rs; 
wavegu ide joints; waveguide th eo ry. 

The basic theory and analytical methods used in the development 
of accurate microwave measure me nt meth ods and sta ndards are 
presented. 

Developments at the U.S. Na tional Bureau of Standards during 
1948-1968 are desclibed 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 establishm ent of National 
Standards and calibration methods at frequencies from about 300 
MHz to 30 CHz. 

SP260-32. Standard refere nce materials : Standard quartz cu'
veltes for high accuracy spectrophotometry, R. Mavrodine
anu and J. W. Lazar, Nat. Bur. Sta nd. (U.S.), Spec. Publ. 260-32,27 
pages (Dec. 1973) 55 cents, SD Catalog No. C13.10:260-32. 

Key words: Cuvette, spectrophotometry; ligh tpath ; pathlength; 
quartz, cuvette; radiation pathle ngth. 

Accurate knowledge of lightpath and parallelism of cuvettes used 
in spectrophotometry is one of the indispensable parameters which 
must be determined when accurate transmittance measure ments of 
liquid materials is conside red. A description is given of the design 
and techniques developed at NBS for the production of quartz c u
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 dete rmine these parameters is 
also described in the paper. 

SP300. Volume 10. Precision m easure ment 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 cal ibration ; image evaluation; image optics; 
image stability; interferometry; lens tes ting; 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 V nited States in tracing to NBS standards 
the accuracies of measurement needed for research work, factory 
production , or fi e ld e valuation_ 

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 
interpre tive 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. (V.S.), Spec. Pub!. 305 Supp!. 4 , 449 pages (July 1973) $3.75, 
SD Catalog No. CI3.10:305 SuppJ. 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 Usts the publications of the Bu
reau issued be tween 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 Jun e 30,1966), Special Publication 305 (covering the 
period July 1966 through December J 967) and Special Publication 
305 Supplement 1 (covering the period 1968-1969), Special Publica
tion 305 Supplement 2 (covering the period 1970) , and Special Publi 
ca tion 305 Supplement 3 (covering the period 1971) re main in effect. 
Two earlier lists, Circular 460 (Publications of the National Bureau of 
Standards, 1901 to June 1947) and its supplement (Supplementary 
Lis t 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. Pub!. 320 Supp!. 2, 63 
pages (Nov. 1973) 95 cents, SD Catalog No. CI3.10:320. 

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 arra nged according to elements and stages of 
ionization, and the method e mployed and classification of transitions 
are indicated for each reference. Only articles on discre te transitions, 
both allowed and forbidden, are li sted. Papers containin g data for 
many elements within isoelec tronic 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-molec ule reaction rate data 
(January 1950-0ctober 1971), G. A. Sinnott, Nat. Bur. Stand. 
(U.S.), Spec. Pub!. 381,73 pages (Oct. 1973) $1.00 , SD Catalog No. 
CI3.10:381. 

Key words : Atoms; bibliography; cross-sections; ions; 
molecules; rate coefficients; reactions. 

A bibliography is presented of papers in the open literature that 
contain original experimental data on ion-molecule reac tion rates or 
cross secti ons. Posi tive 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. Byr. Stand. (U.S.), 
Spec. Pub!. 387 , 285 pages (Dec. 1973) $2.65, SO Catalog No. 
CI3.1O :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 II 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 
II is Haynes Lee, of Owens-Illinois , Inc. Co-chairmen for the Damage 
Symposia are Dr. Arthur H. Guenther, Scientifi c 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 disc ussions 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 fundamenta l 
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 II, 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 realisti c 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. Pub!. 
389,8 pages (Dec. 1973) 25 cents , SD Catalog No. CI3.1O:389. 

Key words: Metric charts; me tric 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 "AU 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 C atalog No. CI3.48:45. 

Key words : Chemical kine tics ; 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 
N20 as a gas-phase , chemical dosimeter is discussed. Primary 
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processes in irradiated N, O are discussed and e lementary reac tions , 
re levant to the syste m, are listed. 

PS56·73. Structural glued laminated timber, (ANS Al90. l -
1973), K. G. Newell , Jr., Tec hnica l Standards Coordi nator, Nat. 
Bur. Stand. (U.S. ), Prod. Stand. 56-73, 12 pages (OCL. 1973) 45 
cents , SD Catalog No. CI3.20/2:56-73. 

Key words: Glued laminated timber; laminated timber; st ruc
tural glued laminated timbe r; timber, s truc tural glued laminated. 

This Voluntary Product S tandard covers req uire ments for the 
dimen sions, grade combinat ions, lumber for laminating, appearance 
grades, adhesive, and laminating of structural glued laminated timber 
as well as ins pection and tes t procedures , marking, and the certifica
tion by a qualifi ed inspection and testing agency. Definitions of the 
trade terms used ar e given, and guides for ordering and information 
on inspec tion practi ces are provided in til" appendices. 

TN392. (Revised September 1973). Thermodynamic properties 
of compressed gaseous and liquid fluorin e, R. Prydz and G. 
C. Straty, NaL. Bur. S tand. (U.S.), Tech. Note 392,197 pages (Sept. 
1974) $1.50, S D Catalog No. CI3.46:392 (Rev. 1973). 

Key words: De nsity; e nthalpy; entropy; fixed points (PVT); 
flu orine; Joule-Thomson; latent heat; me ltin g curve; PVT mea
sureme nts; saturation densities; spec ific heats; vapor pressure; 
veloc ity of sound ; vi ri al coeffi c ient s. 

An apparatus has been construc ted and used success fuLl y to mea
sure vapor pressure and PVT data of fluorin e from the tripl e point to 
300 K at press ures to abou t 24 MN/ m'. Mate ri a l proble ms caused by 
the tox ic and corrosive nature of fluorin e we re solved . A net work of 
isothe rm and isochore polynomial s and a trunca ted viri a l eq uation 
were used to represe nt all PVT data. Th ese equation s represent th e 
data with an average standard de viation of abou t 0.02 pe rcent in den 
sity, the corres pondin g accuracy bein g es timat ed a t 0.1 percent. 
Equation s for the satura ted liquid and vapor de nsiti es, the vapor 
press ure curve , the me ltin g line, and the ideal gas prope rti es a re a lso 
presented. Compa ri sons are given to published values of th e second 
vi rial coeffic ien ts, vapor pressures, and sa turation densities. Addi· 
tional comparisons are a lso made to meas ured specific hea ts and 
laten t heats of vaporization. New values are re ported for the triple 
point and critical point paramete rs together with th e te mpe rature a nd 
sat uration densiti es a t the normal boiUng point. Finally , ex tensive tao 
bles of thermodynamic properti es of fluorine are given which includ e 
pressure, temperature, density, isotherm and isochore derivatives, 
inte rnal energy, e nthalpy, entropy, s pecific heats at constant pres
sure and volume and ve locity of sound. Some erroneous values for th e 
internal energy and e nthalpy of the co mpressed liquid be low 135 K, 
pub li s hed previously, have been correc ted in thi s revision. 

TN641. Survey of the p,'ope rties of the hydrogen isotopes 
below thei,' critical temperatures, H. M. Roder, G. E. Childs, 
R. D. McCarty , and P . E. Angerhofer, Nat. Bur. S tand. (U.S.) , 
Tech. Note 641 , 122 pages (Oct. 1973) $1.25, SD Catalog No. 
CI3.46:641. 

Key word s : Compilation; density; deuterium; e lectr ical proper
ties; e nth alpy; e ntropy; fixed points; hydrogen; mechanical pro
perti es; opt ical properties; specific heat ; th ermophysical proper
ti es; trans port properties; tritium ; vapor press ure. 

The survey covers PVT, thermodynamic, thermal, trans port , elec
trical radiative and mechanical properti es. All isotopic as weLl as 
ortho-para modifications of hydrogen have bee n included. Tempera
tures are limited to those below the respect ive critical points, in 
general below 40 K. The pressure ran ge is not res tricted, that is solid , 
liquid , a nd gas phases are covered. However, with the exception of 
hydrogen , very little data exi s ts at pressures other than saturation. 
The lite ra ture surveyed includes all references available to the 
C ryogenic Data Center up to .June of 1972, and for several s ubjects, 
through March of 1973. The tota l number of documents considered 

was nearly 1500 of which about JO percent contain pertinent informa 
tion and are referenced in thi s report. Th e va rious properti es are 
presented in the form of tables of graphs; if ex tensive tables have 
been published elsewhere, the reader is referred to th e original 
sources. 

TN642. Summary ofWR15 flange evaluation at60 GHz, B. C. 
Yates and G. J. Counas , Nat. Bur. Stand. (U.S.), Tech. Note 642, 32 
pages (OCL. 1973) 40 cents, SD Catalog No. CI3.46:642. 

Key words : Attenuation ; fl ange measurements; reflec tion coef
ficients ; VSWR. 

The measurement result s of flan ge loss and reflection coefficient 
magnitude at 60 GHz (WRI5 waveguide) of various flan ge configura
tion s are presented . In cluded a re the effects of alignment pins , s ur
face finish, metallic contact surface, con tac t area, and flange bolt 
torque. 

TN644. Application of a non-ideal sliding short to two-port 
loss measurement, M. P. Weidm an and G. F. En ge n, Nat. Bur. 
Stand. (U.S.), Tech. Note 644, 40 pages (Oct. 1973) 50 cents , SD 
Cata log No. C I3.46:644. 

Key words: Effic iency; loss; re fl ectomf"er; sli din g short ; tw o
porL. 

A detail ed , appli cations-ori ented , description of a me th od for mea
s uring two-port losses is give n. The technique involved uses a non· 
idea l s liding s hort c ircuit and a tuned four-arm refl ectome te r. Most, 
if not all, of th e components used in thi s tec hniqu e can be put 
toge th er usin g com merciaJly availabl e item s. It is the inte nt of thi s 
di scuss ion to provide enough de tail and exp lanation so that a techni 
c ian with some workin g knowledge of microwa ve meas urement s can 
se t up and make loss meas ure me nts. 

The reference m ade to two· ports implies a broad range of devices 
from a simple flan ge or connector to waveguide coaxia l adaptors and 
even more e laborate configuration s with a definable input a nd output 
co nnection. 

TN645. Time and f,'equency broadcast experime nts from the 
ATS-3 satellite, D. W. Ha nson and W. F. Hamilton, Nat. Bur. 
S tand. (U.S.) , Tech. Note 645 , 115 pages (Nov. 1973) $1.00, S D 
Catalog No. CI3.46:645. 

Key words: Dissem ination; frequency; satellites; synchroniza 
tion; time. 

An experiment des igned to reveal th e advan tages and s pecia l 
problems associate d with the broadcas tin g of time and frequency in
formation from geos tationary satellites is discussed. Included are 
discussions concerning satellite motion , time delay varia tion , dop pler 
shift due to the motion, and calculation of delay. Rece iver or gro und 
station equipment requirements , time recovery techniques, timing 
resolution and accuracy, and s pecial advantages of sate llite broad 
casts for time and frequency dissemination are also discussed. Spe
cially equipped si tes in North and South America gathered data from 
the experimental satellite broadcast which in turn were used to de te r
mine the potential accuracy of satell ite dissemin ation , the results of 
which are presented. Delay co mputation aids for the user were 
des igned to provide a s impl e and inexpensive means of co mputing 
free space de lays be tween th e master c lock and th e use r via a geosta
tionary satellite. The aids, de lay ove rl ays on an earth map and a cir
cular s lid e rule, are discussed with examples. Qu alitative discussions 
of the signals and broadcas t format are given. Fin al comm ents are 
made concerning the results of the experiment and how they might 
reflect upon a fin al system desi gn for a permanent service using one 
or more geos tationary 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, SO Catalog No. 
CI3 .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, SO Catalog No. 
CI3.46:794. 

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: (I) 
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, SO Catalog No. CI3.46:798. 

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, SO Catalog No. CI3.46:799. 

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

User access procedures to information systems have become of 
crucial importance with the adve nt 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, 
SO Catalog No. CI3.46:802. 

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 ope ration, 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 
1 to June 30,1973, W. M. Bullis , Editor, Nat. Bur. Stand. (U.S.), 
Tech. Note 806, 77 pages (Nov. 1973) $1.00, SO Catalog No. 
CI3.46:806. 

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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sistivi ty 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. 
CI3.36:807. 

Key words: Buildin12 codes; buildings; earthquakes; hazards; 
natural disasters; structures. 

Following the 1\1 a nagua, 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 surveyin g 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 im provements 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 a'nd 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 e limination: Evalua
tions and recommendations for use, D. Waksman, J. B. Fer
guson, M. Godette, and T. Reichard, Nat. Bur. S tand. (U.S.), Tech. 
Note 808,192 pages (Dec. 1973) $1.95, SO Catalog No. CI3.46:808_ 

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 sui tability 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 makin g this eval uation. 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. 

TN81O. 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, SO Catalog No. CI3.46:81O. 

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

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-l 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 inclu.dedfrom time to time. 

Abrams, M. D., Hudson, J. A., Meissner, P., Pyke, T. N., Jr., 
Rosenthal , R. M., Ulmer, F. H., Use of computer n etworks 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 .luly 1971 and 30 
June 1972 as part of a long-term study of interactive co mputer-aid ed 
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 s ite. Emphasis has been placed on the evaluation of per
formanc e of inte ractive 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; ba tch; 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 res ponse to technical questions is covered 
in terms of wrillen , 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~ 1 Tec hnical 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 /LS, 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 mY. The 
long term timing stability of the time base is excellent with less than 
IS 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, 
197/, 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 di stributions 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 g10SSY 

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. 
ConI'. 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. 
lchinokawa, 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 AgCi , vapor deposited onto an ox
idized silicon substrate, was caused by electron bombardment in a 
scanning electron microscope operating at a pressure of 10~8 torr. 
This decomposition was monitore d 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 filin 
reaches a level that does not alter with increasing exposure. At this 
point, film resistance is about 10000 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 500. 

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 interfe,'ometer 
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 !:J.T and thus have 
a constant velocity differential, this gencrates a frequency linearly 
proportional to acceleration (g= kf= !:J.V/ !:J.T). 

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

Barber, W. c., Hayward, E., Sazama, J ., Nuclear scattering of 
plane-poll'.rized 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,]apan, 1972). 
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Key words: Dynamic collective model; giant resonance; photon 
scattering; polarized photons. 

A beam of plane-polarized, monochromatic photons has been 
produced by the resonan ce fluorescence of the well-known 1 + state 
in "e. 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 sec tion. Th ese results can be compared to the 
predictions of the dynamic co llec tive model. 

Barnes, ]. D., Inelastic neutron scattering study of the "rota
tor" phase transition in n-nonadecane, J. Phys. Chem. 58, 
No. 12,5193-5201 (J une 15, 1973). 

Key words: Molecular dynamics; n-a lka nes; n-nonadecane; 
neutron scattering; paraffin; rotator phase. 

A si mple kinematic mode l for rotational jump diffusion of a normal 
alkane about its long axis (c ircular random walk model) is deve loped. 
Inelasti c neutron scattering data obtained on the Fermi choppe r 
time-of-fligh t instrument at the National Bureau of Standards reactor 
usi ng an incident neutron wavelength of 2.47 A (/:;.!.. /!.. = 3.8 %) are 
compared with the predictions of the model. Data take n below the 
tem pe rature of the "rotator" phase transition in n-nonadecane (295 
OK) show no quasielasti c scattering due to diffusive motions. Data 
take n in n-nonadeca ne in its di sordered so lid phase show quasielas ti c 
scatte ring cons istent with the circ ular ra ndom walk model. Estimates 
for values of the model parameters of 3.5 psec. for T, and N;;. 8 are 
obtained. 

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

Key words: Barium glass; dental composites; dental reinforce
ments; phys ica l properties; resins; s ili ca; x-ray opacit y. 

Physical prope rties of a composite material , de veloped for use as 
a temporary posterior restorative material, have been inves tigated. 
The material is based on isomeric phthalate es ters of 2-hydroxyethyl 
methacrylate and reinforcin g fillers consistin g of particles of vitreous 
silica and an x-ray-opaque glass. Properties investigated include 
hardening time, tensile and compress ive s tre ngths, indentat ion and 
recovery, hardness, water sorption, so lubility, polymerization s hrink 
age , optical and x-ray opacity, color stability and thermal expansion. 
All prope rties were st udied us ing 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 co nditions. The powder-liquid ratio had little effect 
on compress ive stre ngth; e.g., 1.45 ratios, res pective ly. The tensile 
s trength of the 1.10 ratio specimens was lower than those of the 1.35 
and 1.45 ratio specimens (at s ix hours, 25.5 as co mpared to 30.4 
MN/m'). Water sorption at one week was 0.2 to 0.3 mg/cm2 . 

Becker, D_ A., LaFle ur, P_ D. , Neutron activation analysis : Ap
plication to tl-ace element analysis in biological and en
vironmental materials, Proc. 5th Annual Can! 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; environm e nta l samp les; neutron activation analysis 
(NAA); nondestructive; reagent blanks; trace element analysis. 

Neutron activation analys is (NAA) has bee n found useful for trace 
element analysis of biological and environmental samples. The 
favorable characteristics of thi s technique include high sensitivity, 
wide applicability, great s pec ificity , and reduced contamination and 
reagent blank proble ms. The utilization of this technique for the anal
ysis of several ele me nts (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 separa tions. In addi
tion, the analytical results obtained by NAA on the Orchard Leaves, 
is compared to that obtained by other analytical techniques. 

Bellet, ]., Lafferty , W. J. , Steenbeckeliers, G., Microwave spectra 
of D,"O and D2'80, J. Mol. Spectrosc. 47, No.3, 388-402 (Sept. 
1973). 

Key words: Centrifugal distortion constants; D2"0; D, '80; 
quadrupole coupling constants; rotational constants; rotational 
spectra. 

Forty lines of the microwave s pectra of D2" 0 and D2 '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 D2 '6() , D,'70 , and D2 '80 demonstrates their internal con
sistency. The transferability of the parameters according to the 
isotopic substitution rules is evidence for the validity of the mode l 
chosen for the study of the ground state of heavy water. 

The effective rotationa l constants deduced from the observed 
spectra are very c lose to the values ca lculated usin g Oka's second 
order theory. The values obtained in MHz are: 

A = 456766.9, B= 218041.0, C = 144701.5 (D,'70); 

A = 451891.9 , B= 218045.2, C = 144201.7 (D, '80). 

The hyperfin e s tructure of the DPO lines has been analyzed using as 
a reference the co rresponding quadrupole coupling te nsor of HD J7 0 
with the appropriate rotation. The values of XU" in MHz used for the 
anal ys is are: 

Xx.r = - 1.2104,Xyy= 10.1068, Xu= - 8_8964. 

Benzinger, M., Benzinger, T. H. , Tympanic clinical tempcrature, 
(Proc_ 5th Symp. on Temperature, It.s Meas urement and Co ntrol in 
Science and Indus tr y, Washington, D.e., Jun e 21-24, 1971) , Paper 
in Temperature , Its Measurement and Control in Science and 1 ndus 
try, H. H. Plumb, Editor-in-Chief, 4, Part 3, 2089-2102 (l nstrume nt 
Society of America, Pittsburgh, Pa., 1972). 

Key words: Anest.h es iology; brain te mpera ture; carotid art ery; 
c linical medicine; cold stress (djver); di sposable thermometry; 
esophageal thermometer; fever; fulminant hyperpyrexia; hea rt 
t.emperature; hypotha la mus heat stress; hypothermi a; ob
ste tri cs; ovu lation -de tec tion ; ope n hea rt surge ry ; pediatric sur
gery; pyrogens; sweating; temperature, centra l body; ther
mocouple di sconnec t; thermoelect ri c th ermometry; the rmom e
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 s urgery, extreme heat and cold stress, ex
tracorporeal circulation for open heart procedure and one case of ter
minal cooling toward exitum after s troke, tympanic a nd esophageal 
patterns were found identi cal for practical purposes. Rectal tracin gs 
deviated grossly from the significant central patterns which monitor 
the :emperature of the he art , the brain and th e cen ters of ther
moregulation. These central patterns can now be convenie ntl y ob 
tained, by way of th e tympanic ap proach, with c lean disposable 
probes on awake pati e nts , and without emb arrassme nt , discomfort or 
airway interference, in hospitals or at home. For hospita l use, instru
ments are commercially avai lable. For home use, s mall and inexpen
sive readout instruments have yet to be de ve lope d. 

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 integral loT 
(ACp/T) dT (= TAS TO) and AH,.o - the classical terms of the equation 

-RTlnK=AHTo- TAS To. The integral f ACpdT is not negligible 

for macromolecules and particularly biopolymers, and its direct ex· 
perimental determination at all temperatures down to 0 K is therefore 
indispensable for thermodynamic understanding 01 the objects of 
molecular biology. 

Blomquist, D. S., An experimental investigation 01 foam wind
screens, (Proc. 1973 International Noise Control Engineering 
Conference, Copenhagen, Denmark, Aug. 22·24, 1973), Paper in 
Inter·Noise 73 Proceedings, O. 1. 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 discusse d 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 eliminati. 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 thac 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,1. 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 un retained 
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, I
gorithms. 

Bowen, R. L., Argentar, H., A method for determining the op
timum peroxide-to-amine ratio for self-curing resins, }. 
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. 1., 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 eeric initiator, J. App/. 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 e nvironment 
on tread wear rate, Rubber Chem. Techno/. 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-
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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 a lso 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 FaUs, Pa., Oct. 20-22, 1969), Chapter in 
1969 Annual R eport 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 Cl 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 indi cating 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 e lectrets, (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). (Avai lable 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/cm2)/(bar/min) and 2.2 
(pA/cm2)/(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 t~ -i~creasing 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 k V/cm 
specimen was about 1.7 /-A-C/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 P:J = - 0.39 nC/cm2 K and, assuming 
elastic isotropy, the piezoelectric strain coefficients were found to be 
d'1 = d12 = d" = - 0.89 pC/No 

Broadhurst, M. G., Mopsik, F. I., Vibrational frequency spec
trum for polymers,}. 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 WI . . Each of the 3N free chain eigenfrequencies Wj becomes 
a band with a low frequency cutoff Wj"'i,,2= wi, a high frequency cut
off Wj",ux2 =W/+WL', and a pseudo-n-dimensional Debye distribu
tion gj (w) = nw n- 1/ (w jmax" - W jll/illll) for W jill ill < W < W jlllflX- 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. ]., 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 emphas ized. 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 avai lable 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 
Co4+(d5 ) in octahedral and tetrahedral environments, J. 
Solid State Chem. 7, No.4, 360·369 (1973). 

Key words: Co4+ compounds; crystal fields; magnetic suscepti
bility; theory of magnetic susceptibility. 
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Measurements of magne ti c susceptibility on compounds contain· 
ing s toichiometric COH are reported. The compound Ba,CoO. has the 
CoH(d5 ) ion at a tetrahedral site and displays a susceptibility of the 
expec ted magnitude for S = 5/2. The co mpou nds B11;I(O,CO" and 
BaCo03 have the COH at an octahedral si te 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 in corporation of th e effects of 
distortion from perfect octahedral symmetry and the inclusion of 
higher electronic configurations above t,5 in the 2T, ground state. A 
case of low spin Ni in octahedral environment is also reported. 

Carpenter, B. S., Samuel, D. , Wasserman, L, Quantitative applica-
tions of 170 tracer, Radiat. Elf 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 t70(n, a)I4C as a 
means of oxygen determination and distribution in biological materi· 
aL A determination of oxygen in alumina and citri c acid us ing en· 
riched tracer was made. 

Chertok, B. T., Sheffield, c., Li ghtbody, J. W. , Jr. , P enner, S., Blum, 
D., LOW- q2 electron scattering from the 15_109-MeV s tate 
of "C and t he conserved-vector-current test, Phys. Rev. C 8, 
No.1, 23·36 (July 1973). 

Key words: Electron scattering; extrapolation , r y ; low q2; 1+ 
state; 15.11 MeV. 

High·prec ision electron scatt e ring measurements from the 15.109· 
MeV 1+ state in 12C are made at 0= 75 and 110 0 with 35.; E.; 55 
MeV. From th e measurements B (M l) is extrapolated to the photon 
point and the radiative width is dete rmined, r y = 37.0± 1.1 eV. The 
corresponding weak magnetism results for f3 decay and JL capture are 
given. 

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

Key words: Chromatography; curve fittin gs; moment analysis. 

Iterative curve fitting of an e ight 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 a ny experimental chromatograph ic peak 
shape and integrated to give total statistical moments with errors as 
small as 1 percent, even for the high er 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 comp lex 
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; en tropy; enzyme detection + analysis; equilibrium ; free 
energy; free entropy concept; heat of reaction; heatburst princi· 
pIe; hydrogen bonding; immunoreaction calorimetry; micro· 
calorimetry; molecular biology; pharmacology; protein 
calorim etry; polynucleotide calorimetry; purity assay; reaction 
coupling; thermodynamics; warfarin. 

In thi s 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. Tn 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-macro yield 
region of the uniaxial stress-strain curve, Met . Tmns. 4, 
1961·1965 (Aug. 1973). 

Key words: Bending; capacitance strain gage; tensile; Ti·6AI· 
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 
micros train 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 disp lacement 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 e lastic bending strains a t 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: I) the average applied stress divided by the 
average elastic strain a lways gives a unique number, Young's modu· 
Ius, and 2) the average microplastic strain is not uniquely related to 
the average applied stress, but rather depends upon precision of 
alj gnmen t. The influence of bending on the determination of the 
ave rage s tress at which micro plastic flow initiates is discussed , and 
a method for makin g meaningful comparisons of plastic microstrain 
data generated with significant misalignment is suggested. 

Clifton, J. R., Beeghly, H. F., Mathey, R. G., Interim RepoJ-t 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 ev idence, with emphasis on the new res ult s whi ch 
have become available within the last two years, and d iscuss various 
treatments of the data. However, no new se t of recom mended con
stants is given since s uch a set will necessarily require th e inc lusion 
of the new data which has beco me avai lable at thi s 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, NBS IR 73-8 18 , 196 pages (June 1973). (Available 
as N73-27390 from th e Na tional Technical Information Service, 
Springfield, Va. 22151.) 

Key words: Gauging; hydrogen; nitrogen; radio frequ ency; total 
mass. 

This is a summ ary report of work done to date on NASA (Johnson 
Space Center) purchase order T-1738B concerning Radio Frequency 
(RF) Mass Quantity Gauging. Experimenta l apparatus has been 
designed and tested which meas ures the resonant frequencies of a 
tank in the "ti me domain." These frequencies correspond to the total 
mass of flu id within the tank . Experimental result s are d iscussed for 
nitrogen and hydrogen in normal gravity both in the supercriti cal 
s tate and also in the two phase (liquid-gas) region. Theoretical di scus
sions fOT more genera l cases are given . 

Collins, R. c., Ha ll er, W., Protein-sodium dodecyl su lfate com
plexes: Determination of molecular weight, size and sh ape 
by controlled pore g lass chromatography, Ana!. Biochem. 
54,47-53 (l973). 

Key words : C hromatography; con troll ed pore glass; molecular 
size; porous glass chromatography; protein; protein-sodium 
dodecyl su lfa te complexes; sod ium dod ecyl sulfate-complexes. 

The peak position vs log molecular weight c urves of protein-SOS 
complexes chrom atographed on con troll ed 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 approximate ly 500 A a llows the in 
clusion of all complexes in this range. Peak position curves on glasses 
with broad pore distributions s how decreased reso luti on a lld deviate 
from linearity at low e lution coefficients. 

Exc lusio ll s ize analysis of the e lution coefficien ts of individua l 
complexes from different co lumns with pore diameters rangin g from 
197 to 650 A gives from 120 to 423 A as their lon gest dimension. As
suming consta nt hydration and SOS· to-prote in ration , the found 
dimension suggests the shape of a football, rather than a sphere or 
rigid rod. 

Comeford, J. ]., Birky, M., A method for the measurement of 
s'l1oke and HCI evolution from poly(vinyl c hloride), Fire 
Technol. 8, No.2, 85-90 (May 1972). 

Key words: HC I: He-Ne laser; poly(vinyl ch loride); pyrolysis; 
smoke; thermal decomposition. 

As poly(vinyl ch loride) 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 pyrolys is. The authors have devised a method of mea
suring the two s imultaneous ly. 

Coriell , S. R., Sekerka, R. F., Morphological stability n ear a 
grain boundal'y groove in a solid-liquid interface during 
solidification of a binal'y alloy, J. Cryst . Growth 19, 285-293 
(1973)_ 

Key words: Alloy; grain boundary; morphology; solidification; 
stability. 

In orde r 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 bina ry alloy. r or 
unidirec tional solidificat ion at cons tant velocity, the shape, y= 

W(X,t) , of a nearly planar inte rface, intersected pe rpe ndic ula rl y by a 
grain boundary, is ca lculate d. The stability-in stability crit e rion is 
identi cal to that for an interface without a gra in boundary. If the in 
te rface is unstable , the main influence of th e g ra in boundary is to pro
vide an initial pe rturbation and the tim e evolution of the interface 
shape can be treated by approximate anal yti ca l me thods. For times 
s uffi ciently large that initial transients have decayed but suffi c ie ntly 
small that linear theory is applicable , W(x,t) is proportional to exp(t/T) 
cos (woX) exp (- x2 /4P2t) , where wo , T, and P2 are constants that de
pend on experimental conditions. After initial transients have decayed, 
a s table interface attains a time·independent shape. For this case, 
W(x,t ~oo) is evaluated nume ri cally; it is found that W(x ,t ~oo) 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. 

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

Key words: Crys ta l growth; grain boundary; morphological s ta· 
bi lit y; so Li d ification. 

In order to explore the influence of a s pecific type of defec t on the 
phe nome non of morphological in s tabi lit y, we have ca lc ulat ed th e 
time·depe ndent s hape of a nearly plan ar interface, inte rsec ted pe r
pendicu la rl y by a grai n boundary, during so lid ifi ca tion of a pure s ub
s tance at cons tant ve locit y. The ca lc ulational methods a nd princ ipa l 
assumptions are s imilar to those employed in previous theories of 
morphological stab ility except that the s lope of the int erface is main 
ta ined at a finit e and co ns tant va lue, s, in the imm e diate vici nity of 
the gra in boundary groove. The position of the so lid- li q uid interface 
is described by the equation y= W(X ,t) where t is the t im e and W(X, 
0)-> 0 as 1 X 1-> 00 (a ll quantities are assumed independent of z). 

Whereas the s tability-instability criter ion is fo und to be identica l to 
that for an interface withou t a grain boundary, the bou ndary is found 
to be an effec tive initia l perturbation. Under conditions for ins tabilit y 
the depth of the gra in boundary groove increases expone nti a ll y wit h 
time and an osci Ll atory ins tability propagates la te rally fro III the boun· 
dary. Under conditi ons for stability , the inte rface eventually a ll a ins 
a time· independent s hape give n by W(X,t -> 00) = (- s/a)ex p( - ax), 
where a 2 = (~s+~,. )/2T"I", ~s and 'tI ,. are conductivity·weighted te m
perature gradients in solid and liquid , respec ti ve ly, T", is the melting 
te mpe rature and r is a capi llary constant. For conditions corres pond 
ing to the demarcation between s tability and ins tabilit y, a mode of 
thermal groovi ng, similar to that previously describe d by Mullin s, is 
found. A meaningful criterion for ins tability is sho wn to be th e ex· 
ponential growth of perturbations while , conversely , sta bilit y entail s 
their exponential decay; phenomena such as the algebrai c in crease 
of amplitude characteristic of thermal groov ing are shown to be 
manifestations of constraints. FinaLly, the situation where the inter
face shape is allowed to depe nd on z is shown to be describable b y a 
superposition of W(x ,t) with a function Wo(x,z, t) that co rrespo nds to 
the conventional case where the grain boundary is absent. 

Crei tz, E. c., Extinction of fires b y haloge nated com
I)ounds-a suggested m echanis m, Fire Techno!. 8 , No.2, 131· 
141 (May 1972). 

Key words: Exti nguishment; flam e inhibition; inhibition 
mechanisms. 

It is s ugges ted that ha logenated compounds extingu is h diffusion 
flam es by promoting recombination of reac tive oxygen atoms to form 
less reactive molecular oxygen. Oxygen atoms are important in the 
branching s teps of the hydrogen-oxygen c ha in reac tion. For a fue l 
con taining carbon, CO is an intermedi ate 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· 
Iy, with a Ge, the gases present around a 2.4 em 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 O2. 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.]., Microwave spectrulll, dipole mo
Illent, and conforlllation of 3,6-dioxabicyclo[3.LO]h
exane,j. Mol. Spectrosc. 46, No.3, 371-380 (June 1973). 

Key words: Boat conformation; 
spectrum; ring conformation; 
Dioxabicyclo[3.1.0] hexane. 

dipole moment; microwave 
rotational constants; 3,6· 

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 Ao= 6287.302± O.Oll MHa, Bo= 4683.546± 0.008 MHz, and Co= 
3358.517 ± 0.089 MHz. The dipole moment components obtained 
from Stark effect measurements are /La = 0.276 ± 0.010 D and /Lc = 
2.47±0.04 giving /L=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 slllall 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 I-memory register) to problems involving 2 parameters and/or 
summations, iterative solution of a transcendental equation, and 
recursion. 

Currie, L. A. , The Iilllit of precision in nuclear and analytical 
chelllistry, Nucl. lnstrum. 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 Me V 
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 detec t 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 detect ability 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 verticalinter
val to broadcast tillle 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 Tg of 
231 ± 9 K but the uncertainties preclude any correlation with specific 
volume over the range 1.01 - 1.05 cm3 g- I. 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, 1. T., Hallliltonian, SYIll
me try group, and vibrational coordinates for the nonrigid 
Illolecule CXY2 - C == C - CXY, ,}. 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 CXY2 - C == C - CXY2 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 usi ng a sim
ple model for the skeletal bending vibrations. 

Dewitt, D. P., Richmond, 1. 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 (lnterscience Pub!., 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, 1. A., McCulloh, K. E., Observations on hot 
bands in the molecular and dissociative photoionization of 
acetylene and the heat of fOl'mation of the ethynyl ion, j. 
Chern. Phys. 59, No.5, 2264-2268 (SepL 1, 1973). 

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

Photoion yield curves in the vicinity of threshold are obtained for 
the molecular and the ethynyl ions of acetylene and acetylene-d2 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, II. and lis. 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 C2 H+ and C2D+ are estimated from the 
observed 130 K data_ Satisfactory agreement is obta ined 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 
IlH.fo(C,H+)= 17.47± 0.01 eV (402.8± 0.2 kcal mol-') and 
IlH.fo(C, D+)= 17.43 ± 0.02 eV (402.0± 0.5 kcal mol- '). The ionization 
energy of the ethynyl radical is estimated to be 11.96 ± 0.05 e V. 

Diller, D. E., Sarkes, 1. A., Properties data for LNG, Amer. Cas 
Ass. Mon. 55, No.9, 27-28 (SepL 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. T he National Bu
reau of Standa rds 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, 2263-2270 (Dec. 1971). 

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

The cross-sect ion profiles in krypton and xenon have been mea
sured for one- and two-electron excitations of the type ns2np6('So)--+ 

nsnp6(2S' /,)mp or ns2np6('So)-7 ns2 np4(3P, 'D, 'S) mlm' l'. These cross 
sections were assumed to have the form 

arE) =C(E) + '" (£-Ei)(r;/2)ai+ (r;/2)'b;, 
-<-: (E-E;)2+ (r;/2)' 

where the adjustable parameters C(E), bi, ai, Ei, and r i were deter
mined by a least-squares unfolding process which separated the 
smearing effect of the monochromator sli t from the true opt ical densi
ty. Parameter values and cross-section curves are given for 12 kryp
ton resonances and II xenon resonances. 

Ederer, D. L., Lucatorto, T., Madden , R. P., Resonances in the 
photoionization continuum of lithium I (55 to 70 eV), J. 
Phys. 32, Supplement to No_ 10, C4-85- C4-87 (OCL 1971). 

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

Resonances in the photoionization continuu m 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'I' ) and lie more than 50 e V 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 sou rce 
was the 180 Me V NBS synchrotron. 

Ely,.J. F., Hanley, H. 1. M., Straty, G. C, Analysis of the pressure 
virials and Clausius-Mossotti function for polyatomic 
gases, J. Chern . 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 approxi mate value for the quadrupole moment of 
fluorine is estimated. Agreement between theory and experiment is 
generall y 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,j. Solution Chem. 2, No.4, 405-415 (1973). 

Key words: Acidic dissociation; dissociation constant; emf mea
surements; ionization processes; N-methylpropionamide; solv a
tion ; tri s(hydroxymethyl)aminomethane. 

The dissociation constant of protonated tri s(hydrox-
ymethyl)aminomethane (tris . H+) in the solvent N-methylpropiona
mide (NMP) has been determined at intervals of SoC 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, en thalpy, 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 tri s . 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 (to = 

295 



176 at 25 °C). Consequently , e lectrostatic charging effects are ex· 
pecte d to be minimal, and the change in dissociation constant de· 
pends primarily on so lute-solvent interactions. The resu lts, combined 
with tran sfer energies for HCl , tris , and tris . HCl from emf and solu
bility measureme nts, demonstrate that the decre ased acidic strength 
of tri s' H+ in NMP is attributable in large part to the fact thatNMP 
is less effective than water in stabilizing tri s 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 compon ents by s mall projec tiles can lead 
to strength degradation caused by the formation of He rtzian cracks. 
The condi tions which produce degradation are analyzed in terms of 
the momentum and elas tic properties of the projectile. A critical mo· 
mentum must be e xceeded before s trength loss can occur, and the 
critical condition depends on the s urface 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. 44A, 
No.4, 285-286 (J une 18, 1973). 

Key words: Clustering; criti cal phenomena; C u-Ni alloy; heat 
treatme nt ; magnetism; s usceptibility. 

The equation usually reserved fo r the critical behavior of a fe r· 
romagnet just above Tc also describes the susceptibility ofCuo."Nio.,,, 
over a very large te mperature range. The parame ters, which vary 
with heat treatme nt s uggest lamellar clustering. 

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

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

A procedure has been developed by which steri cal ly 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-l ,3-diones with 
phenylhydrazine, Chem. Ind., pp. 38-40 (Jan. 6, 1973). 

Key words: Cyclohexane-I,3·dione; formation; free-radical ; 
ionic; mechanism; phenylhydrazin e. 

The e.S.r. studies show that the formation of the 2-oxo-l,3-bis(phen
ylhydrazones) and tris(phenylhydrazones) from cyclohexane-l,3-
diones, and of bis(phenylhydrazones) from cyclohexane-l ,2-diones, 
following treatmen t with phe nylhydrazine in polar solven ts most like
ly proceeds by a concerted process, involving both ionic and free
radical pathways. 

Feldman , A., Horowitz , D. , Waxle r, 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 coeffi cient; calcite; damage threshold; 
deuterated potass ium dihydrogen phosphate; electros tri ction; 
e lec trostric tive self-focus ing; inclusion damage; Kerr effect; 
laser damage; lithium niobate; nonlinear index of refraction
potassium dihydroge n phosphate; self-focusing; thermal self
focu sing; thoria :yttrium oxide ceramic; yttrium aluminum gar
net. 

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

damage at the lowest power leve ls is caused by inclusions. At higher 
power levels, filamentary damage, which is indicative of self-focus
ing, is observed in LiNbO". An analysis of self-focusing data in yttri
um aluminum garnet shows that t he Kerr effect is the dominant self
focusin g mechanism , with some contribution from the thermal effect. 
Bulk and surface damage thresholds in neodymium-doped thoria:yt
trium oxide ce ramic are obtained relative to bulk damage thresholds 
in sever al optical materials .. For solid materials relationships are ob
tained between the stress·optic coeffic ients and the e lectrostrict ive 
coeffi cients 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. 539-54] (Atomic Energy Commission, Washing
ton , D.C., 1972). 

Key words: Aluminum; copper; electrical properties; magne
toresi s tance. 

Results of recent meas ure me nts of the magnetoresistance of 
polycrystalline wires of aluminum and copper are presented. The 
measurements we re made in the te mpe rature ran ge 4 K to 35 K and 
in magnetic fields to 100 kOe. The aluminum wires ranged in purity 
from RRR = 1000 - 30 000 and the copper wires from RRR = 200 -
7000. RRR = R(273 K)fR(4 K). 

Field , R. W., Tilford , S. G., Howard , R. A., Simmons, 1. D. , Fine 
structure and perturbation analysis of the a"D state of CO, 
J. Mol. Spectrosc. 44, No.2, 347-382 (Nov. 1972). 

Key words: a3IT s tate; CO; e lectronic spectra; rotational analy 
sis; vibrational ana lysis. 

The Cameron absorption bands of CO(v' = 1 - 8; v" = 0) have been 
photographed at high resolution. T he analysis of these bands along 
with a reanalysis of the a3 IT, v= 0 leve l and an analysis of the pertur
bations of the a"IT state by levels of the a'3~+ , e"~ + , cfJil i and Il ~
states will be presented. Deperturbed molecular constants for the 
a3IT state and accurate perturbation parameters for the interactions 
of a3 IT 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:1IT 
lambda doubling transitions, and (iv) measurements of absorption to 
the neighboring perturbing s tates. 

Fie ld , R. W. , Wic ke, B. G., Simmons, J . D. , Tilford, S. G.,Analysis 
of perturbations in the a3D and AID states of CO, J. Mol. 
Spectrosc. 44, No.2, 383-399 (Nov. 1972). 

Key words: a3n, AlIT states; CO; configuration interaction; 
electronic perturbation parameters; matrix ele ment; perturba
tion analysis. 

The results of an analysis of pel'lurbation of the CO a3n and Al n 
states of the ... (7T2p)4(<T2p )(7T'2p) elect ronic configurati on by states of 
the ... (7T2p'f(<T2p'f(7T'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 e lement is 
the product of a vibrational factor and a constant electronic factor. (i i) 
Simple single confi guration arguments successfully predict that all 
the elec tronic factors for the perturbations between levels of each 
pair of states can be re lated to two constants which are joint proper
ti es of the two electronic configurations <T7T' and 7l'17T'. 

Finkel, P. W., Miller, T. R., A proficiency t e st assessment of 
c linical laboratory capability in the United States, NBSIR 
73-163, 147 pages (May 1973). (Availa ble as COM-73-11190/8 from 
the National Technical Information Service, Springfield, Va. 
22151.) 

Key words: Accuracy; clini cal chemist ry; hematology; medical 
usefulness; microbiology; proficiency testing. 
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The profi ciency of a representative sample of physic ian, hospital 
and independent laboratories was assessed with respec t to their abi li· 
ty to a nalyse cli nical chem istry and hematology samples and to 
id entify microbiological organis ms. For the assessment of cl inical 
chemistry and hemato logy proficiency, the laborator ies were 
grouped, and determinations of group accuracy and group prec ision 
were made. Further ana lyses we re performed to de termine re lative 
accuracy and precision of the techniques present ly app lied by these 
groups. There was n o significant difference at the 95 percent con· 
fidence level in the accu racy achieved by the various laboratory 
groups involved in c lini ca l chemistry and hematology ana lysis. In 
clin ical chemi stry, the Medicare-Certifi ed Independent Laboratories, 
CDC Tested Laboratori es and J CA H·Members genera lly proved· 
more precise than Physic ian 's Office and Medicare·Certified 
Hospital Laboratories. However, none of the laboratory groups were 
suffi cie ntly accurate to permit the monitoring over time of variation 
in an individual patie nt's con stituent concentrations. It would appear 
that poor se lection of techniques was an important contributor to thi s 
low performance level. In hematology the Ph ysician ' s Office Labora· 
tori es proved to be the least preci se of the groups. There was no 
noticeable difference in precis ion be tween partic ipants in the CDC 
profIcie ncy tes ting program and nonparticipants. With respec t to 
microbiology, 76 percent of the identifi cations by labora tories par · 
ti cipating in the CDC tes tin g program were incorrec t, while 19.4 per· 
cent of all other identifIcations were incorrec t. 

Finkel, P. W., Miller, T . R. , A profi ciency t est assessment of 
clinical laboratory c apability in the United S tates: Appen
dix Volume, NBSIR n·163, Appendix, 48 pages (May 1973). 
(Availab le as COM·73-1 1193/2 from the National Technicall nfor· 
mation Service, Springfield , Va. 22151.) 

Key words: Accuracy; clinical c he mi stry ; he matology; medi ca l 
usefulness; mi crobiology; proficiency tes ting. 

Appendices of NBS Report 73·163 whi ch was abstracted as fol · 
lows: T he profi ciency of a se lected samp le of phys ician , hospit al a nd 
independen t laboratories was assessed with respect to the ir ability to 
analyze clinical chemis try and hematology samp les and to ide ntify 
microbiological organ isms. For the assessment of clinica l chemistry 
and hematology profic iency, the laboratories were grouped and dete r · 
minations of group accuracy and group precis ion were made. Furthe r 
analyses we re performed to de termine re lat ive accuracy and preci· 
sion of the techniqu es presently applied by these groups. There was 
no significant difference at the 95 percent confide nce leve l in th e ac· 
curacy achieved by th e various laboratory groups involved in clinica l 
chemis try and hematology analysis. In clinica l chemistry , the 
Medicare·Certifie d Independent Laboratori es, CDC Tested Labora· 
tori es and lCAH-Me mbers generally proved more precise than Physi· 
cians' Office and Medicare ·Certified Hospital Labora tories. How· 
ever, none of the laboratory groups were suffi ciently accu rate to per· 
mit the monitori ng over time of variation in an individual patient 's 
constituent concentrations. It would appear that poor selection of 
techniques was an importan t contri butor to this low performance 
leveL In hematology the Physicians' Office Laborato ri es proved to be 
the leas t precise of the groups. There was no noticeable diffe rence in 
precision be twee n participants in the CDC proficiency tes ting pro· 
gram a nd non-participants. With respec t to microbiology, 7.6 percent 
of the ide ntifications by laboratories participating in the CDC testing 
progra m were in correct, whi le 19.4 percent of a ll othe r identifications 
were incorrect. 

Finnegan , T . F., Witt , T. j., Fie ld, B. F., Toots, j. , Measurements of 
2 e/h via the AC Josephson effect, (proc. 4 th Int. ConI'. on Atom ic 
Masses a nd Funda mental Constants, Teddin gton, England, Sept. 
6·10,1971), Paper in Atomic Masses and Fundamental Constants 4, 
j. H. Sanders and A. H. Waps tra, Eds., pp. 403-410 {plenum Press, 
New York, N.Y., 1972). 

Key words: Josephson junction ; s ta ndard cell ; voltage co m· 
parison. 

Recent sub·part·per-million determinations of 2e/h have been reo 
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 
be tween the various 2e/h determinations will be reviewed b y using 
the results of the tri ennial inte rnational volt co mparisons at BIPM, as 
well as the results of direct volt comparisons between NBS and other 
national laboratori es, to relate the various national as·maintain ed 
units of voltage. 

Progress on the NBS projec t to mainta in a unit of e mf via a 
Josephson junction device will a lso be reported. The res ults of a se · 
ries of 2e/h meas urements made at the s ite of the NBS refe re nce 
group of s tandard cell s will be presented. The impli ca tions of these 
measu rements on the stability of the NBS reference group of sta n· 
dard cells, and on the fundam ental phys ical constants (i.e., th e fin e 
s tru cture constant) will be di scussed. 

Flynn , j. H., lns trumental limitations upon the m easurement 
of temperature and ,'ate of energy production by dif
fe r e ntial scanning calOl'imetry , {Proc. 3d Int. ConL on The r
mal Analys is, Davos, Switzer land , Au g. 23·28, 1971), Paper in 
Thermal Analysis, H. C. Wiede mann, Ed. 1 , 127-138 (Birkhauser 
Ver lag, Basel, Swi tzerland , 1972). 

Key words: CooUn g curve te mpera ture ca libration; diffe rentia l 
sca nning calorimetry; evaluation of the rmal appa ra tus; te mpera· 
ture c alibration; thermal a nalysis. 

Instrum e ntal tim e constan ts for rat e of e nergy production 
res ponse, temperature· programmin g res ponse and temperature· 
averaging network response, time constants for a wide vari e t.y of con· 
diti o lJ ~ for int e rfacial conducti vity be tween th e sample a nd the 
calori me te r c up, and for the th ermal conductivity of the samp le a re 
ca talogued for the differentia l scanni)lg calorime ter. Assessment of 
the effec ts of these factors upon the ne t rate of power production se n· 
sitivit y and the temperature ca libration resu lts in the es tab li shm e nt 
of Umits of prec is ion in th e measure ment of tem pe rature, s pec ific 
hea t and hea ts and rates of e nth alpy c hange during che mica l and 
physical tran sformation s. The vulnerabiUty of th ese calibrations to 
in s trum ental readju stment and va riation in expe riment al techniqu es 
is a lso quan tita tive ly evaluated. 

Frederikse, H. P. R , Hosler, W. R. , ElectJ'ical conductivity of 
coal slag,} . Amer. Ceram. Soc. 56, No. 8,418·419 (A ug. 1973). 

Key words: Electrical conducti vit y; slag; transfer. 

The elec trical conductivity of na tural and synthe ti c s lags (contain 
in g 14 to 36 wt% Fe) was measured from 1200 to 1700 K at 0 , 
pressures from 1 to 2 X 10- 6 atm. The conductivity is re la tively hi gh 
(= 10- 2 D. - I c m- I at 1700 K) and stems from the transfer of e lec trons 
be tween Fe2+ and Fe:l+ ions. Anomalies in th e conductivity around 
1600 K are the result of devitrification of the glass samples. 

Freeman , D. H., Kuehner , E. C, Laser detection of s mall parti
cles in liquids, Annals NY. A cad. Sci. 158, Artic le 3, 731·740 
(June 20, 1969). 

Key words: Air pollution ; laser; Ught scatte ring; liquid pollution; 
partic ulate matter; water pollution. 

A 0.3 milliwatt H e·Ne laser is used with a photomultiplie r to survey 
the light sca tt e red by parti c ulate matte r sus pended in s ma ll (7 ml ) 
sampl es of liquids. Es tim ates of weight co mpos iti ons are inferred by 
calibra tion aga inst reference solutions of suspended polystryrene 
latex. A s mall size dependence is observed in the partic le s ize range 
of 0.1 to 2.0 microns. The method is useful in the ran ge of one part per 
milUon (PPM) to one part per billion (PPB). Res ults are re producibl e 
with relative erro rs of approximately twent y percent. 

Samp les of so ljd chemical reagents dissolved in distilled water 
have been examine d. The results show variable contamination levels 
up to 1 ppm. A sample of NBS pond water indicated 1 ppm. The ef. 
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feet of ultra filtration is easily demonstrated. As a side benefit, the 
scattered laser beam is easily inspected in liquids to show gross 
presence or absence of suspended matter. 

Fribush, S. L., Bowser, D., Chapman, R., Estimates of vehicular 
collisions with multistory residential buildings, NBSIR 73· 
175,72 pages (Apr. 1973). (Available' as COM 74-10395 from the 
National Technical Information Service, Springfield, Va. 22151.) 

Key words: Collisions of vehicles 
buildings; progressive collapse 
buildings; vehicular impact. 

with buildings; multistory 
of buildings; residential 

Through analysis of data from Oklahoma and Illinois along with na· 
tional statistics, estimates are made of the number of vehicular colli· 
sions with buildings on an annual , nationwide basis. The best esti· 
mate is on the order of tens of thousands. However, since the impetus 
for the study was on multistory buildings and the likelihood of their 
being subject to progressive collapse the calculations have been 
refined to apply to substantial damage to multistory residential 
buildings. In 1970, such accidents were only on the order of 40, hence 
the probability of a given building being so affected in a single year is 
approximately one in 10,000. Some discussion is provided on im· 
provement for data collection for the future. 

Fried, c., Ramsburg, R., Butler, S., A survey of the sanitary con
ditions of migrant labor camps, NBSIR 73·248,81 pages (Aug. 
1973). (Available as COM 74- 10474 from the National Technical 
Information Service, Springfield, Va. 22151.) 

Key words: Health standards; migrant labor camps; question· 
naire construction; regulations; survey design. 

The Community Health Service (CHS) of the Department of 
Health, Education, and Welfare has been assigned the responsibility 
of providing health care services to migrant farm workers. Since poor 
sanitation can be a major factor in the health of migrants, CHS 
requested NBS' Technical Analysis Division (TAD) to perform a field 
survey of the current state of the sanitary conditions of migrant hous· 
ing. 

A survey form was developed by TAD as an aid in evaluating 
migrant housing. The form was deri ved from the checklist procedure 
employed by sanitarians to determine whether migrant housing 
meets state and local housing regulations. 

Field visits were made to migrant labor camps in five different reo 
gions of the United States. These regions were selected because they 
contained a large number of camps open at the time of the visits. 
Within each region, camps were selected on a modified random ba· 
sis. 

A description of the findings of the survey is provided in both tabu· 
lar and narrative form. A discussion of the limitations in the 
procedures used in conducting the survey is also included , and 
changes are suggested which could be incorporated into future sur· 
veys. 

Fuller, E. G., Photonuclear Physics 1973. Where we are and 
how we got there, (Proc. Int. Conf. on Photonuclear Reactions 
and Applications , Pacific Grove, Calif., Mar. 26·30, 1973), Paper in 
International Conference on Photonuclear Reactions and Applica· 
tions, B. L. Berman, Ed., pp. 1201-1224 (Ernest O. Lawrence Liver· 
more Laboratory, University of California, Livermore, Calif., 1973). 
(Avai lable as CONF·730301 from the National Technical Informa· 
tion Service, Springfield, Va. 22151). 

Key words : Data; experimental facilities ; history; photonuclear 
reactions; research programs; survey. 

A brief history is presented of the study of photonuclear reactions 
from the time of the first measurements in 1934 through the most 
recent measurements in 1972 and early 1973. Trends are indicated 
both for the specific types of measurements carried out, as well as for 

the geographic areas of the world active in the field. A review is given 
of the data obtained since 1955 as a function of element and isotope 
and the areas where data are missing are pointed out. Finally, the 
results of a survey made in early 1973 are given. This survey covered 
the existing experimental facilities, as well as the research programs 
directed toward the study of the interaction of electromagnetic radia· 
tion with nuclei. 

Fung, F. C. W., Evaluation of a pressurized stairwell smoke 
control system for a 12 story apartment building, NBSIR 
73·277,53 pages (June 1973). (Available as PB 225-278 from ihe Na· 
tional Technical Information Service, Springfield, Va. 22151.) 

Key words: Analysis; basic correlation formulas ; computer cal· 
culations; high·rise building fire; operation BREAKTHROUGH; 
pressurized stairwell; quantitative experiment; smoke control ; 
smoke simulation. 

An NBS study to evaluate the effectiveness of a pressurized stair· 
well smoke control system in a high rise apartment building is sum· 
marized and discussed in the light of experimental results, analysis, 
and computer prediction. A quantitative experimental technique of 
smoke simulation and smoke movement measurement is described , 
supplemented by basic physical laws necessary for correlation with 
small fires, and illustrated by the results of an actual field experi· 
ment. Experiments were conducted in a 12 story apartment building 
cons tructed on the Operation BREAKTHROUGH prototype site in 
SI. Louis, Missouri. The experimental results are then further ex· 
tended to a wider range of ambient weather conditions by way of 
computer prediction calculations. General conclusions and relevant 
recommendations as a result of the study are also present ed. 

Furukawa, G. T. , Reilly, M. L., Application of precise heat-
capacity data to the analysis of the temperature intervals of 
the international practical temperature scale of 1968 in 
the region of 90 K, (Proc. 5th Symp. on Temperature, Its Mea
surement and Control in Science and Industry, Washington, D.C., 
June 21·24,1971), Paper in Temperature, Its Measurement and Con· 
trol in Science and Industry, H. H. Plumb, Editor·in·Chief, 4, Part 
lA, 27·36 (Instrument Society of America, Pittsburgh, Pa., 1972). 

Key words: Heat capacity; specific heat ; temperature intervals; 
temperature scale. 

Precise heat·capacity data were employed to analyze the tempera· 
ture intervals or smoothness of the International Practical Tempera
ture Scale of 1968 (IPTS·68) between 15 and 380 K, particularly in the 
region of 90 K, as it is maintained at the National Bureau of Stan · 
dards. Results show that there are no local irregularities in the tem
perature scale within the precision (±: 0.02 percent) of the heat· 
capacity data between 40 and 380 K. Below 40 to 15 K the uniformity 
of the temperature scale is less certain because of the lower precision 
of the heat·capacity data in the temperature range. 

Gadzuk, J. W., Plummer, E. W., Field emission energy distribu
tion (FEED), Rev. Mod. Phys. 45, No.3, 487·548 (July 1973). 

Key words: Chemisorption; electronic properties of metals; 
field emission; surface physics. 

The technique of measuring the energy distribution of electrons 
which have been field emitted from a cold cathode is considered. The 
general historical and introductory theory is presented. A survey of 
the experimental techniques and existing energy analyzers is given. 
Specific studies on clean metal surfaces in which work function s, 
band structure effects, surface states, thermal effects, -and many· 
body effects have been studied are reviewed from both the experi
mental and theoretical points of view_ Field emission energy distribu· 
tions have been particularly valuable in studies of atoms chemisorbed 
on surfaces. Several theories of enhanced resonance tunneling due to 
chemisorbed atoms are discussed. Specific systems studied experi· 
mentally are reviewed. Inelastic adsorbate enhanced tunneling is also 
treated. 
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Giarrantano, P. J., Hess, R. c., Jones, M. C. , Forced convection 
heat transfer to subcritical Helium I, NBSIR 73-322,43 pages 
(May 1973). (Available as COM 73·11464-AS from the National 
Technical Information Service, Springfield, Va. 22151.) 

Key words: Centrifugal pump; criti cal heat flux ; film boilin g; 
forced convection; heat transfer; helium ; nucleate boiling; sub· 
critical; supercritical. 

Preliminary results of an experi mental inves tiga ti on of heat 
transfer to liquid helium under forced fl ow conditi ons are reported for 
a 0.213 em i.d. X 10 e m long tes t sec tion subject to the following range 
of operating conditions: 

Syste m pressures 1.1 - 2. 1 a tm 

Mass velocities 4 - 64 g/s·c m2 

Heat fluxes 0_04 - 0.53 W/ cm2 

Inl et subcoolin g 0.03 - 0.10 K 

The effect of the above system parameters on the hea t tra nsfer and 
critical heat flux is di scussed ; a compari son of forced convection boil· 
ing with other modes of heat transfer (pool boiling and supercritical) 
and the pe rforma nce of a centrifugal pump used for circ ulating the 
liquid helium are also inc luded in the report. 

Gilman, F. J., Kugler , M., Meshkow, S., Pionic transitions as tests 
of the connection between CUtTent and constituent 
quarks, Phys. Lett. 458, No. 5, 481486 (Aug. 20, 1973). 

Key words: Baryon decays; constituent qu arks; current qua rks; 
pionic transitions; su(3); s u(6)w. 

A proposed connection between current and constituent quarks is 
discussed and tes ted through comparison with the magnitudes and 
signs of amplitudes for pionic tran sitions between hadrons. 

Greenspan , M., Transducer measurements: Use of the current 
probe,}. Acoust. Soc. Amer. Tech. Notes and Res. Briefs 53, No. 
4, 1186·1187 (Apr. 1973). 

Key words: C urre nt probe; impedance measurements; 
piezoelectri c transducer meas ureme nts; transducer measure
ments; ultrasoni c instruments. 

It has been found that various measurements com monly made on 
piezoelectric transducers are simplified by use of th e c urrent probe, 
a commercially availab le instrume nt. Examples are impedance, ul· 
trasonic interferometry , and power. 

Greifer, B. , Taylor, J. K. , Survey of various approaches to the 
chemical analysis of environmentally important materials, 
NBSIR 73-209,237 pages (July 1973). (Available as COM 74- 10469 
from the National Technical Information Service, Springfield, 
Va. 22151.) 

Key words: Air pollution; atomic absorption; electron 
microprobe; e miss ion spec troscopy; environmental analysis; in
dustrial effluents; ion-selective electrodes; nuclear activation 
analysis; particulate analysis; polarography; spark source mass 
spectrometry; s pectrophotometry; trace eleme nts; water pollu
tion ; x-ray fluorescence. 

Various approaches to the chemical analys is of heavy industry 
process materials and effluents for trace ele ment constituents that 
might contribute to environmental pollution are summarized. 

The capabilities and cos ts of nuclear methods, spark source mass 
spectrometry , x-ray fluorescence and e lec tron mi croprobe spec
trometry, atomic absorption spec trometry, absorption s pec
trophotome try, atomic e miss ion spectroscopy, voltamm etry (polarog
raphy) and potentiometry (ion·selective elec trodes) for det ermining 
traces (less than 100 parts per million) of mercury , beryllium, cadmi
um , arsenic, vanadium, manganese, ni ckel, antimony, chromium, 
zinc, coppe r, lead , selenium , boron, fluorin e, lithium , silver , tin , iron , 

strontium, sodium, potassium, calcium, silicon , magnesium, urani 
um , and thorium in s uch matrices as fly ash, coal, oil, ores, minerals , 
metals, alloys, organometallics , incinerator particulates , slurry 
streams, and fe eds to and from sedimentation processes have been 
assessed. 

The report includes a critically selec ted bibliograph y of the curren t 
literature. 

Haar, L. , The ideal gas-calorimetric thermometer, Science 
176,1293·1296 (June 23, 1972). 

Key words: Ammonia; calorimetry; fl ow calorim ete r; hea t 
capacity; ideal·gas; te mperature; th ermodyna mi c temperature; 
thermometer. 

A new thermomete r is sugges ted for probing the difference 
between the the rmodynami c temperature sca le and a prac tical sca le, 
say the International Prac tical Te mperature Scale-1968. The 
method is based on the fact that the frac tional diffe re nce of the heat 
capacity as meas ured on two scales is very nearly equa l to the tem
perature derivative of the diffe re nce in hotness betwee n the scales. 
Now, th e heat ca pacity on the the rm odynami c scale is by definiti on 
that of the ideal gas calculated from the molecu lar s tructure using 
stati sti ca l mechanics. Thi s we compare with the analogous quantity 
measu red calorim etr ically and extrapolated to the ideal gas limit. The 
feasi bility of the method is illu strated usin g very accurate data for 
gaseous am monia. 

Hallowell , P. L., Bertozzi, W., Heisen be rg, J., Kowals ki , S., 
Maruyama, X., Sargen t, C. P ., Turc hinetz, W., Williamson, C. F. , 
Fivozins ky, S. P., Lightbody, 1. W., Jr., P e nner , S., Electron scat
tel"ing from '9F and ,oCa, Phys. R ev. C 7, No.4, 1396-1409 (Apr. 
1973). 

Key words: Electron scatterin g; ine lasti c; '!If; ,oCa; transi tion 
strengths. 

Electron scatte rin g form factors were meas ured for the low-lying 
levels of '9F a nd ,oCa for momentum transfers between 0.55 and 1.00 
fm - '. Elastic scattering from '9F yields an rms charge radius of 2.885 
± 0.015 fm . Trans iti on strengths and transition radii are obtained for 
the lowes t 5/2+, 5/2- , and 3/2+ sta tes in '!If. A de formed rotational 
model gives a very good fit to the form factors for the positive·parity 
levels with ground- state deformation parameters of /32 = 0.41 and /34 = 
0.17. The form factors for excitation of the 3- and 2+ states in 40Ca are 
analyzed by phase-shift analysis, and transi tion stre ngths and transi
tion radii are also obtained for these levels. 

Hampson , R. F ., Garvin , D., Herron , J. T. , Huie, R. E. , Kurylo , M. 1. , 
Laufer , A. H. , Okabe , H. , Scheer, M. D., Tsang, W., Chemical 
kinetics data survey VI: Photochemical and rate data for 
twelve gas phase reactions of interest for atmospheric 
chemistry, NBSIR 73-207, 127 pages (Aug. 1973). (Available as 
AD 769266 from the National Technical Information Service, 
Springfield, Va. 22151.) 

Key words: Atmospheric chemistry; che mi cal kine ti cs; data 
evaluation ; gas phase reaction ; optical absorption cross section; 
photochemistry; quantum yield; rate cons tants. 

Photochemical and rate data have been eva luated for twelve gas 
phase reac tions of interest for the c he mis try of the stratosphere. The 
results are presented in data shee ts, one for each reaction. For each 
reaction the data are s ummarized. A preferred value is gi ven for the 
rate constant or the primary quantum yield and photoabsorption 
cross section. 

Hartman, A. W. , Rosberry , F . W., Simpson, J. A., A non-contact
ing length comparator with 10 nanometer precision, Opt. 
Eng. 12, No. 3, 95-101 (May/June 1973). 

Key words: Dimensional metrology; displacement measure
ment; microscope; non·contact sens ing; optical surface probe; 
surface detection. 
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A non·contacting length comparator utilizing two specially 
designed photo·electric microscopes has been constructed. Per· 
formance tests of this comparator, using lapped and polished steel 
surfaces demonstrate a resolution of - 1 nanometer, a precision of 
- 10 nanometers, and a linear range in excess of 50 micrometers. 

Hastie, J. W., Mass spectrometric analysis of I atm flames: Ap
paratus and the CH.- 0" system, Combust. FLame 21,187·194 
(1973). 

Key words: CHI; flames; H; mass spectrometry; OH; radicals. 

A mass spectrometric system is described for the measurement of 
reactive intermediates in 1 atm flames. The system has been tested 
on CH. - 0, and CH4 - 0" - N" flames and provides for the first 
time a complete analysis of such flames for species in excess of 10- 5 

mole fraction concentration. 

Hjortenberg, P. E., McLaughlin, W. L,Use of radio chromic dye 
systems for dosimetry, (Froc. Regional ConL on Radiation Pro· 
tection, Jerusalem, Israel, Mar. 1973), Paper in Radiation Protec· 
tion, Y. Feige and T. S. Schlesinger, Eds., 1, 122·140 (Israel 
Atomic Energy Commission, Yavne, Israel, 1973). 

Key words: Accelerator; blood irradiators; dosimetry; electron 
beams; gamma rays; radiochromic dyes; x·rays. 

Radiochromic dye systems have bpen developed at the U.S. Na· 
tional Bureau of Standards and have been further investigated at the 
Accelerator Department, The Danish Atomic Energy Commission 
Research Establishment Riso. Measurable absorbed doses range 
from 1()2 to 1()8 rads, depending on the particular system. Some 
characteristic properties are as follows: long shelf life, dose rate inde· 
pendence, low atomic number constituents (C, H, N, 0), small tern· 
perature dependence, sensitivity to ultraviolet light, linear dose 
response, rather insensitive to organic impurities. In this paper a 
liquid system with a useful dose range of 1()2·]0' rads is described. 
Results demonstrate its capabiuties for calibration of radiation fields 
including isotope irradiators and electron accelerators. Intercom· 
parisons were made with Fricke· and thermoluminescence 
dosimetry. 

Hord, J., Cavitation in liquid cryogens. III - Ogives, NASA CR· 
2242,235 pages (National Aeronautics and Space Administration, 
Washington, D.C., May 1973). 

Key words: Cavitation; cryogenics; hydrofoil; nucleation; 
ogives; pumps; venturi. 

This document constitutes the third of four volumes to be issued on 
the results of continuing cavitation studies. Experimental results for 
three, scaled, quarter·caliber ogives are given. Both desinent and 
developed cavity data, using liquid hydrogen and liquid nitrogen, are 
reported here. The desinent data do not exhibit a consistent ogive 
size effect, but the developed cavity data were consistently in· 
fluenced by ogive size - B·factor increases with increasing ogive 
diameter. The developed cavity data indicated that stable ther· 
modynamic equilibrium exists throughout the vaporous cavities. 
These data were correlated using the extended theory derived in 
Volume II of this report series. The new correlating parameter, 
MTWO, improves data correlation for the ogives, hydrofoil, and ven· 
turi and appears attractive for future predictive applications. The 
cavitation coefficient, Kc,m;lI, and equipment size effects are shown to 
vary with specific equipment·fluid combinations. A method of esti· 
mating Kc,m;1I from knowledge of the noncavitating pressure coeffi· 
cient is suggested. 

Hougen , J. T., Tabulation of hyperfine spliuings in rotational 
F, and F" levels of the ground vibrational state of12CH., for 
J "" 20,.1. MoL. Spectrosc. 46, No.3, 490·501 (June 1973). 

Key words: Computer tabulation; ground vibrational state; 
hyperfine splittings; methane; quantum mechanical Hamiltoni· 
an; rotational levels. 

To a good approximation, hyperfine splittings for F, and F2 

rotational levels of the ground vibrational state of ''CH. depend 
linearly on three hyperfine interaction parameters. Coefficients in 
these linear expressions have been computed in a relatively simple 
manner and tabulated for levels with 1 "" .I "" 20. The hyperfine pat· 
tern for the .1= 7 F"(2) level computed from these expressions using 
values for the three hyperfine interaction parameters reported 
recently by Yi, Ozier and Ramsey [1] agrees well with the pattern ob· 
tained from new He·Ne laser measurements of Hall and Borde [2] on 
the P(7) F,<') line of the V3 band of methane. 

Hummer, D. G., Kunasz, C. V., Kunasz, P. B., Numerical evalua
tion of the fornIal solution of radiative transfer problems 
in spherical geometries, Comput. Phys. Commun. 6, 38·57 
(1973). 

Key words: Early·type stars; model atmospheres; radiative 
transfer; spectral line formation; spherical geometry. 

If the source function and opacity are specified numerically on a 
grid of radius and frequency points in a spherically symmetric at· 
mosphere , the program described here calculates the formal solution 
of the radiative transfer equation, that is, the intensity of radiation on 
the corresponding grid, and evaluates the first three angular ;no· 
ments of the radiation field. Extensive use of cubic splines in the 
analysis has made possible an extremely rapid and compact 
procedure for this calculation. This program has been used exten· 
sively in the solution for line formation problems in spherically sym· 
metric atmospheres. 

Issen, L A., Report of fire tests on flexible connectors in 
HVAC systems, NBSIR 73·267,67 Pages (July 1973). (Available as 
COM 73·11955 from the National Technical Information Service, 
Springfield, Va. 22151.) 

Key words: Aluminum; ductwork; fabric; fiberglass; fire tests; 
high rise buildings; HV AC systems; steel; terminal units. 

The contemporary high rise building with its control air condition· 
ing system and high content of synthetic materials presents a higher 
hazard than those erected prior to 1950. The ability of the duct work 
to resist fire breaking into it and spreading through the duct system 
is an important factor affecting the integrity of the building. Since 
they penetrate fire barriers, the flexible connectors between the main 
ducts and the terminal units are important elements in maintaining 
the desired fire resistance. Flexible connectors made of four different 
materials (aluminum, galvanized steel , felted fiberglass and woven 
fiberglass fabric) and two attachment techniques were subjected to 
fire tests in accordance with ASTM E119. The results show that the 
materials of the connectors must withstand the fire exposure, the 
connectors must remain tightly attached to the main duct, and the 
penetrations through the fire barrier must be suitably blocked in 
order to prevent fire from breaking into the duct system. The tests 
also showed that rubber and plastic materials in the terminal units 
can produce significant amounts of irritating smoke. 

Judd, D. B., Eastman, A. A., Prediction of target visibility from 
the colors of target and surround, IILum. Eng. 66, No.4, 256· 
266 (Apr. 1971). 

Key words: Color; contrast; detection; tritanopia; visibility; vi· 
sion. 

The target visibilities of each of 266 combinations of target and sur· 
round colors have been measured by means of the Eastman contrast· 
threshold visibility meter. The targets and surrounds were Munsell 
papers, and the targets were of such size and distance from the ob· 
server (AAE) that they subtended 10 minutes of arc. Analysis of these 
data shows that a modification of the 1964 CIE uniform color space 
appued to the fluxes leaving target and surround accounts for two· 
thirds of the observed variation in visibility among the 266 combina· 
tions. This modification for 10·minute targets consists of neglec ting 
the violet·greenyellow component of the color differences entirely 
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and of counting the red-green component less than one-tenth that 
proper for 60-minute targets. By taking into account the fact that the 
lens sys tem of t he human eye, because of chromatic aberration , 
causes some of the flux leavin g the surround to fall on the re tinal 
image of the target , this modified color space has been shown to ac
count for four-fifths of the observed variations in visibility. 

Kartaschoff, P ., J arvis, S., Jr., Notes on infrared absorption ex
periments in a m e thane molecular beam, NBS IR 73-312,32 
pages (May 1973). (Available as COM 73·11893/7AS from the Na
tional Technical Information Service, Springfield, Va. 22151.) 

Key words: Frequency standard; methane resonance; molecular 
beam; Ramsey resonance; saturated absorption; s tabilized laser; 
transition probability. 

The problem of calculating the transi tion probability of methane 
molecules in a molecular beam interacting with an infrared (3.39 IL) 
radiation beam is di sc ussed. Contrary to the us ual microwave 
molecu lar beam experiments, first-order Doppler frequen cy shift s 
cannot be neglected. This makes the so lution of the wave-equations 
more diffi cult. Weak field approximations to the trans ition probabili
ty have been calcu lated. S ingle op tical beam experimen ts anal ogo us 
to the Rabi-type interaction result in a Doppler·broade ned absorption 
line with an es timated half-power widt h of a few MHz. For separat ed 
mu lt iple fi e ld experimen ts a nalogous to the Ramsey· type interac tion , 
no observable response is predicted, the expec ted s har p reso nance 
pattern being smeared out by the random Dopp ler s hifts due to the 
spread of the mol ecul ar beam trajectories. Further investigations are 
requ ired in order to pred ic t the resonance line shapes for s trong 
fie lds, i. e ., satura ted a bsorption. 

Kaufman , V., S uga r , ]. , One-electl'on spectrum of s ingly 
ionized ytte rbium (Yb ttl , J. Opt. Soc. Amer. 63, No.9, 1168-
1172 (Sept. 1973). 

Key words: Energy levels; spectrum; ytterb ium. 

The spectrum produced by the hollow-cathode discharge was mea
sured from 2107 to 1377 A. With these new data a nd the previously 
published observations of Yb It at longer wave lengths, new 4f4n l 
series terms we re found, including 1 Q;, 7p , 7 - lId , 5 - 14f, and 5 
- 6g. A value of 98 269(50) cm- ' was deduced for the ionization ener
gy. 

Kidnay, A. ]., Hiza, M. J., Mi ll e r, R. c., Liquid-vapour equilibria 
research on systems of interes t in cryogenics-A survey, 
Cryogenics 13, No. 10 ,575-599 (Oct. 1973). 

Key words: Annotated bibliography; binary syste ms; cryogeni c 
fluid mixtures; liquid-vapour equilibria; multicompone nt 
systems; survey. 

This survey Ilrovides a conve nie nt sum mary of available data on 
liquid-vapour equ ilibria for syste ms of interest in c ryogenics. An an 
notated bibliography of 392 references has been compiled , current to 
Janu ary 1973. These references have been scanned individ ually with 
few except ions, and cross-ind exed by sys te m with notation of extent 
of data and other significant features. The sys tems inc luded are those 
made up of the possible combin ations of H,(D, , HD), N" 0" F2 , CO, 
H,S, He(He"), Ne, Ar, Kr, Xe, and the saturated an d unsaturated 
hydrocarbon through the C,s. 

Klein, W., Perturbation solution of the Kirkwood-Salsburg 
equation,}. Math. Phys. 14, No.8, 1049·1059 (Aug. 1973). 

Key words: Asymptotic behav ior at large c luste r separati ons; 
Banach space; Kirkwood-Sa lsburg equ ation ; perturbation ex
pans ion ; product property; s trip operator approximation. 

A form al se ries solut ion to the Kirkwood-Sa lsburg equation and its 
rad ius of convergence are derived. This solution leads naturaUy to the 
establishme nt of an approxi mate hierarchy of equations for the dis
tributi on fun ctions which needs no clos ure. The asymptotic behavior 

of the solutions to thi s approx imate hierarc hy is s tudie d as well as the 
behavior of the derivatives of the pair func tion with respect to the in· 
terparticle di stance. 

Krauss, M., Julie nne, P. S. , Dissociative recombination of e+ 
CH+ (X ''i+),Astrophys . J. , 183 , Ll39-Ll41 (Aug. 1, 1973). 

Key words: CH, CH+; dielectroni c recombination; e lec tron-ion 
recombination ; energy curve; Rydberg excited state; valence 
excited state . 

The ratio of the dissociative recombination rate for e + CH+ to the 
dielectronic recombination rate is calculated to be of the order of 10". 
These rates place a se rious constraint on homogeneous gas-phase 
production of inte rstellar CH+ and CH from ground-state atoms. 

Kruger , ]. , Ambrose, 1. R. , The role of passive film growth 
kinetics and properties in stress corrosion and crevice cor
rosion susceptibility, NBSIR 73-244, 75 pages (July 1973). 
(Availab le as AD 767326 from the National Techni cal Inform ati on 
Service, Spri ngfie ld , Va. 22151.) 

Key words: Chloride; c revice co rrosion; di ssolved oxyge n; e llip· 
so metry; nitrates; pH; repass iva ti on kine t ics; s ta inl ess s tee l: 
stress corros ion crac king; titanium a lloys. 

Repass iv a ti ~ n kin eti cs of an AlSI 304 s ta inless s tee l have been 
de te rmined in 1.0N NaC I so lutions us ing the triboe lLipsometr y 
technique whic h permits meas ure ment of film growth and tota l reac· 
ti on rates followin g re moval of the surface film by abras ion. Although 
deoxygenation of the solution resu lted in little c hange in eithe r film 
growth kin e ti cs or the ratio of total chan ge to fi lm thic kness (R,,) , 
changing the so luti on pH affected both th e mechan is m and rate of 
film growth whic h res ult e d in increased ra tes of metal di sso lution in 
ac idic (pH3) and basic (pH 1] ) so luti ons. 

The triboe lli psometry technique was a lso used to de te rmine repas· 
sivation kinet ics an d s t ress corros ion crac kin g (SCC) s usceptibilit y 
for Ti-8AI·IMo-1 V alloy. Repassivation tra ns ient behavior in a LON 
NaC I so lution, where cracks have been found to propagate, was co m
pa red to that in a l.ON NaNO" solution where sec susceptibility has 
never been detected. Susce ptibility was found to be related to fi lm 
growth kinetics in th e two so lutions. 

The ea rl y stages of crevice corrosion of AIS I 304 s tainl ess steel in 
l.ON NaCI so luti on have been detected us ing the e lli psometer to 
measure changes in optical properties occurr ing within the crev ice 
between a po li s he d metal s urface and a glass plate. Changes in the e l· 
lipsometer parameters ~ and o/J begin a lmost immediate ly upon c rea· 
ti on of the crevice and can be interpre ted as res ulting from a build-up 
of soluble species within the crevice solution , fo llowed by a n overall 
thinning of the protective film and general corros ion attack. 

LaFleur, P. D. , Thompson, B. A., Gamma-ray spectroscopy, 
Paper in the Encyclopedia of Chemistry, Third Edition, C. Ha mpel 
and G. G. Hawley, Eds., pp. 1032·1033 (Van Nos trand Reinho ld 
Co., New York , N.Y., 1973). 

Key words: Activation analysis; gam ma·ray spectroscopy; 
Ge(Li) detectors; group separations; ins trumentati on. 

This article has been prepared for the third edi tion of th e E n
cyclopedia of C hemi stry. It is a revision of an article wh ich appeared 
in the prev ious edition , publi shed by Reinhold Publis hing Company 
in 1966. 

Leasure, W. A., Jr. , Bender, E. K. , Tire -road interaction noise, 
(Proc. 1973 International Noise Con trol Engi neering Conference, 
Cope nhagen, Denmark, Aug. 22-24, 1973), Paper in Inter-Noise 73 
Proceedings, 0. ]. P edersen , Ed. , pp. 42 1-425 (Inter·Noise 73 , 
Technical Univers ity , Lyngby, Denm ark, 1973). 

Key words: Acoustics; noise (sou nd); tire noi se; transportation 
noise. 
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The important parameters influencing tire noise are discussed and 
the basic mechanisms of tire-noise generation are briefly described 
from a theoretical viewpoint. Areas for future research are 
identified - based on gaps in the existing data base and a rather 
primitive level of understanding of tire noise-generating mechanisms. 

Levine, 1., Stebbins, R. T. , Ultrasensitive laser interferometers 
and their application to problems of geophysical interest, 
Phil. Trans. Roy. Soc. London A 274,279-284 (1973). 

Key words: Earth tides; interferometer; normal modes; strain
meter. 

A 30 m laser strain meter is currently being operated in an un
worked gold mine near Boulder, Colorado. The strainmeter consists 
of an evacuated Fabry-Perot interferometer illuminated by a 3.39 J.Lm 
He-Ne laser. A second 3.39 J.Lm laser is stabilized by means of satu
rated absorption in methane and its wavelength serves as the 
reference length for the system. We shall describe the instrument in 
some detail and present the latest results in our investigation of the 
Earth tides and the Earth normal modes. 

Levine, J., Stebbins, R., Upper limit on the gr avitational flux 
reaching the earth from the Crab pulsar, Phys. Rev. D 5, No. 
7,1465-1468 (Apr. 1,1972). 

Key words: Crab pulsar; gravitational waves; laser strainmeter; 
precision interferometry. 

A 30-m laser interferometer has been used in a search for gravita
tional radiation from the Crab pulsar. The minimum detectable signal 
would be produced by an incident gravitational flux of 1()9 ergs/sec 
cm2 and we find no effect at this level. 

Livingston, R. c., Rothschild, W. G., Rush , ]. ]., Molecular 
reorientation in plastic crystals: Infr ared a n d Ram an band 
shape analysis of neopentane, j. Chem. Phys. 59, No.5, 2498-
2508 (Sept. 1, 1973). 

Key words: Band shape analysis; diffus ion models; infrared; 
jump diffusion; molecular reorientation; neopentane; phase 
transition; plastic crystal; Raman; and rotational diffusion. 

An infrared and Raman band shape analysis of the broadened 924 
cm- ' fundamental for neopentane in its liquid and plastic crystal 
phases is presented. Correlation functions and times for molecular 
reorientation derived from both the infrared and Raman data show 
the liquidlike behavior of the plastic phase of neopentane, with the 
molecules rotating "freely" through - 10° (175 K) to - 30° (300 K) 
around an inertial axis with the corresponding reduced intermolecu
lar torques « U > ' /2 /kT) decreasing from 8.2 to 3.8. Furthermore, 
the linewidth and correlation time results show no indication of a 
change in rotational behavior in passing through the plastic crystal
liquid phase transition. Theoretical fits of our experimental infrared 
and Raman correlation function with Gordon's M and j diffusion 
models, as extended by McClung for spherical molecules, show that 
the experimental results lie between the functions predicted by these 
two models. The time between rotational "collisions" (angular mo
mentum correlation time) varies continuously from 0.4 X 10- '2 sec for 
the room-temperature liquid to 0.2 X 10- '2 sec at the lowest tempera
ture in the plastic phase. Activation energies for molecular reorienta
tion of 4.1 and 3.6 kJ/mol are obtained, respectively, from the experi
mental half-widths and from the angular momentum correlation 
times, in good agreement with previous NMR and neutron scattering 
results. The results prove that neopentane melts in two stages: near 
140 K, the rotational degrees of freedom of the (rigid) molecule are 
libera ted , whereas near 253 K the translational degrees of freedom 
are liberated without observable change of the characteristics of the 
rotational motion. 

Llewellyn, L. G., Peiser, C.,NEPA and the environmental move
ment: a brief history, NBSIR 73-218, 40 pages (July 1973). 

(Available from the National Technical Information Service, 
Springfield, Va. 22151.) 

Key words: Environment; environmental impact statement; en
vironmental movement; National Environmental Policy Act 
(NEPA); politics and the environment. 

This paper traces some of the critical events leading up to the Na
tional Environmental Policy Act (NEPA) of 1969. The opening section 
spotlights the rapid growth of an environmental ethic in this country, 
the impact of some highly visible ecological disasters, and the sub
sequent pressure for environmental reform exerted by opinion 
leaders and the mass media. The Federal Government's response to 
perceived changes in public priorities is the focal point of the second 
section. The activities of Congress and the Nixon Administration are 
charted in a two-year chronology spanning the 1968 and the 1970 
elections, a key period in the development of environmental policy. 
The final section provides a critique of NEP A with special attention 
devoted to the controversial requirement for environmental impact 
statements. The paper concludes with a brief discussion of some of 
the challenges facing the environmental movement today. 

Lovejoy, R_ W., Olson, W. B.,Ground state ro ta tional con stants 
for 28SiRJD, j. Chem. Phys. Letters to Editor57, No.5, 2224-2225 
(Sept. 1, 1972). 

Key words: Infrared spectrum; monodeuterosilane; perturba · 
tion allowed transitions; rotational constants; stretching vibra
tions . 

The infrared spectrum of the v, and v, stretching vibrations of 
SiH:JD have been recorded with high resolution. The ground state 
rotational constants have been determined with much greater prec i
sion than has previously been reported. Observed perturbation al
lowed transitions have also made possible the determination of Ac
Bo5Di'. 

Lyndon, R. , McDonough , T., Newman, M., On products of powers 
in groups, Proc. A mer. Math. Soc. 40, No.2, 419-420 (Oct. 1973). 

Key words: Free groups; powers. 

In this note we show that a product of Nth powers in a group cannot 
in general be expressed as a product of fewer Nth powers. This ex
tends a result of Lyndon and Newman. 

Mabie , C. P., Petrographic study of the refractory per
formance of high-fusing dental alloy investments: II. 
Silica-bonded investments, j. Dent. Res. 52, No.4, 758·773 
(1973). 

Key words: Alloy; casting; chromium; investment; mold. 

Petrographic study of the refractory performance of silica·bonded 
investments revealed that recrystallized silica bonds consisting of 
tridymite and cristobalite are formed during burnout. The major reac· 
tion product created during casting is eskolaite. Liquefaction and sin
tering in the investment at and near its interface with the casting 
plugs pores and may lower permeability. 

Maki, A. G., Infrared spectra of CS2 : Measurement of "hot" 
bands associated with the 2325 cm- ' and 2962 cm- ' 
bands,j. Mol. Spectrosc. 47, No.2, 217-225 (Aug. 1973). 

Key words: Absorption spectra; carbon disulfide; energy levels; 
high resolution; infrared; molecular spectra. 

The 12°1 - 0000 and 02°1 - 000 transitions of CS, have been mea
sured with a resolution of 0.025 cm- I . The following "hot" bands as
sociated with these transitions were also measured 13'1 - 01'0,220 1 
- 1000, 14°1 - 02°0, 141'1 - 02'0, 03'1 - 01'0, 12°1 - 1000, 04°1 -
02°0,0421 - 0220,13'1 - 11'0, and 22°1 - 20'0. Improved rotational 
constants are given for the ground state and the first bending state. A 
consistent set of band constants is given for all the above vibrational 
transitions. 
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Maki , A. G. , Johnson , D. R. , Microwave spectra of carbonyl sul
fide: Measurements of ground state and vibrationally 
excited 16013C32S, 180I2C32S, and other isotopic species, J. 
Mol. Spectrosc. 47, No.2 , 226-233 (Aug. 1973). 

Key words: Bond distances; carbonyl sulfide; mi crowave spec· 
tra; molecular parameters; rotational transitions; spectra . 

Microwave measurements have been made on isotopically en · 
riched samples of 13C·carbonyl s ulfide and 180 ·carbonyl sulfide . Cen· 
trifugal di stortion constants and l ·type doubling cons ta nts have been 
determined for these isotopically substituted mol ecules. Rotational 
constants have been meas ured for aU vibrational s tates be low 2150 
cm- I and Be values have been determined. The equilibrium bond 
distances calculated from different pairs of isotopes are compared 
and a substitution equilibrium str ucture is given. Some new measure· 
ments are also reported for the isotopic species 180'3C32S, 1801 3C34S, 
180I2C34S, and "013(34S. 

Mandel , J., Structure analysis in two-way tables of m easure
ment data, Proc. 39th Sessio n of the International Statistical In · 
stitute, Vienna , Austria, Aug. 20·30 , 1973, 2,697·705 (International 
Statisticallnst it ute, Vienna, Austria, 1973). 

Key word s: Analysis of variance; interac tion; principal com· 
pone nts; s tructure; two·way tables. 

A general procedure is presented for the elu cidation of the s truc· 
ture of a two·way table. The method is based on a partition ing of the 
row by column interaction into a sum of multiplicative terms. To thi s 
partitioning corres ponds a breakdown of the s um of squares of in · 
te raction and of the co rresponding degrees of freedom in the analys is 
of variance table. 

By studying the interrelations hips of the parameters occurring in 
the model, the internal s tru cture of the data can generall y be asce r· 
tained. An iUus trative example taken from an actua l study is 
di scussed. 

Martin , W. c., Sugar,.J. , Classifications of the resonance lines of 
europium III,A strophys. J. 184,671 ·674 

Key words: Atomic ions; atomic spec tra; class ified lines; energy 
levels; europium; ionization ener gy; stellar spectra. 

A first analysis ofEu III by Russell et al. in 1941 yielded classifica· 
tions of seven lines (2350·2523 A) as transitions from the 4}' 8S07/ , 

ground level to upper levels identified only as belonging to the 41' 5d 
configuration. We have diagona uzed a truncated energy matrix for 
41'(7F)5d, us ing para meter values appropriate for Eu ttl. Comparison 
of the results with availab le data for the unes allows identifi cations of 
the seven experimental upper le vels. These show that the seven lines 
include the three lines of the basic 4}' 8S0 - 41'(7F)~8P multiplet , the 
s tronges t resonance lines of Eu lII , and account for most of the oscil· 
lator strength of the 4}' 850 - 4j6 5d grou p. 

Masters, L. W. , Wolfe, W. c., Rossiter, W. J. , Jr. , Shaver, J. R., State 
of the art on durability tes ting of building components and 
materials, NB5 IR 73·132, 128 pages (Mar. 1973). (Available as 
PB222300 from the National Technical Information Service, 
Springfield , Va. 22151. ) 

Key words: Accelerated aging; aging of buildings; building com· 
ponents; climate; criteria: deterioration; durability; materials: 
mechanisms: nondestructive tes tin g; tes ting. 

This report is a summary of the presen t knowledge pertaining to 
durabiuty predic tions for building components and mate rial s whi ch 
are subj ected to the effec ts of outdoor exposure. The various chap· 
ters of the report include di sc ussions of the nature of aging, the mea · 
s urement of properties to predict durability , nondes tructive evalua· 
tion techniques, outdoor expos ure techniques, accelerated aging 
techniqu es, techniques for applying tes ting data to durability predic· 
ti ons and diffi c ulti es which arise in predicting durability. Conclusions 
and recommendations are also included. 

An appendix, which summarizes ASTM Standards for durability 
tes ting of building components and materials , is included. 

McNeil , M. B., Report to AID on an NBS/AID workshop on 
standardization and measurement services in industrializ
ing economics,NBSIR 73·275,64 pages (May 4·18,1973). (Availa· 
ble as COM 74- 10126 from the National Technical Information 
Service , Springfield , Va. 22151.) 

Key words: AID ; assistance; economics; foreign relations; in· 
dustrializing nations; LDC's; measureme nt servi ces; s tan· 
dardization. 

On May 4·18, 1973, a Workshop was held at the National Bureau of 
Standards (Gaithersb urg), unde r the sponsorship of AID, whose ob· 
jec t was to give standards offi cials of indu stri alizin g nations in sight 
into the standards a nd measureme nt sys te ms in th e United States 
and the role of the Nation al Bureau of Standards, so that th ese offi · 
c ials might consider what parts of the U.S. system might usefuU y be 
adapted to conditions in the ir home countries. The report conta ins 
co pies of speeches and presentations by re presentatives of both th e 
U.S. and the industriauzing nations, in addition to a gene ral agenda 
of talks, presentations, and tours of laboratories both of NBS and of 
other organizations. 

Me inke, W. W., Is radiochemist.·y the ultimate in trace analy
sis?, Pure Appl. Chem. 34,93·104 (1973). 

Key words: Accuracy e rror limits; activation analysis; a tomic 
absorption; instrument biases; isoto pe·diluti on ; method biases; 
nuc lear track technique; practi ca l sam ples; radiochemistry; 
trace analysis techniques. 

Proponents of wid ely·used analysis meth ods such as ato mic abo 
sorption , spark source mass spect rometry , polarography, act ivation 
analysis, etc. often give the impress ion that th eir meth ods alone can 
so lve a large frac ti on of the problems of trace analysis. I n addition, 
from time to time new, special ized trace methods ar e reported and 
sometimes find use in so lving special analyti c al problems. However, 
the trace analyst deceives himself and , worse ye t, gives false impres· 
sions to others unless he is ab le to understand the biases of his 
methods and instruments in re lation to other possible methods and 
instrum ents, - and in addition express these biases quantita tively as 
accuracy error limits. Our experience at NBS in certifying trace ele· 
ment Standard Reference Materials in matrices as diverse as glass, 
orchard leaves, go ld , zinc, beef liver, tuna fi sh and coal has given us 
an in sight into th e optim um contributions whic h can be made of these 
methods. Th e advantages and disadvantages of activation analysis as 
well as of se ve ral other types of radioc hemical methods will be 
discussed in relation to other trace analysis techniques , based on our 
NBS experience in practical trace analysis. It is concluded th at ac · 
tivation analysis ranks high among the methods for trace analysis of 
real samples. 

Mielenz, K. D., Eckerle, K. L. , Madden , R. P. , Reade r, J. , New 
reference spectrophotometer, Appl. Opt. 12, No.7, 1630·1641 
(July 1973). 

Key words: Beam geo me try; high accuracy; optical design; 
s pectrophotometer; systemati c errors; trans mittance. 

A ne w single beam spectrophotom ete r is described in which trans· 
mittance is measured by placing samples normal to a parallel beam 
of light. Collim ati on and focusing of the main beam are achi eved by 
means of off·axis parabolic mirrors. The wavelength at which the 
trans mittan ce is to be measured is selec ted by a plane grating 
monochromator having off·axis parabolic mirrors and ci rcular holes 
as entrance and exit apertures. The instrument has an inherent 
accuracy es timated to be 0.0001 transmittance unit. Its precision is 
characterized by a repeatabiuty of 0.00004 transmittance units for 
neutral·density filters with transmittances between 10 and 30 per· 
cent. The design philosophy used to achieve these results is 
presented. A discussion of some systematic errors commonly 
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neglected in routine spectrophotometric measurements is given. 
Systematic errors such as detector nonlinearity and stray radiant 
energy are measured. 

Miller , G. K. , Goodman, K. M., The Shirley Highway Express
Bus-on Freeway demonsh'ation project-first year results, 
DOTjUMTA 2,120 pages (Urban Mass Transportation Administra· 
tion, Department of Transportation, Washington, D.C., Nov. 1972). 
(Available as PB 214333 from the National Technical Information 
Service, Springfield, Va. 22151). 

Key words: Bus fringe parking; bus priority lanes; bus priority 
lanes in District of Columbia; bus transit operation; exclusive 
bus lanes; express·bus·on·freeway technology; Shirley Highway 
Corridor in Northern Virginia; urban mass transit demonstration 
project. 

The purpose of the Shirley Highway Express·Bus-On exclusive 
freeway lane demonstration project is to determine the effectiveness 
of this technology in easing urban traffic congestion and improving 
the urban environment. This project, jointly sponsored by the Urban 
Mass Transportation Administration and the Federal Highway Ad· 
ministration, Department of Transportation, is comprised of three 
elements - exclusive bus lanes , new feature buses, and park· ride lots 
coordinated with the express bus service. 

The objectives of this demonstration project are: (1) Determine the 
magnitude of the modal shift (auto·to·bus) in the Shirley Highway 
Corridor and develop an effective planning tool that may be used to 
transfer the knowledge gained from the Bus·on·Freeway experiment 
to other geographic areas; (2) Promote economic viability of transit 
operation; (3) Reduce traffic congestion during peak periods; (4) In· 
crease people·moving efficiency of Shirley Highway; (5) Reduce vehi· 
cle-related air pollution; (6) Reduce travel times for motorists and 
transit users; (7) Improve reliability of transit service; (8) Increase 
perceived value of transit; and (9) Improve mobility of young, old, 
physically handicapped, and low income travelers. 

The Tec hnical Analysis Division, National Bureau of Standards is 
evaluating the demonstration project by monitoring performance in 
terms of attaining the project objectives, and by determining the con· 
tributions of project features to increases in the percentage of com· 
muter trips by bus. 

This report presents the results of the evaluation at the end of the 
first eighteen month period (June 1972) of this multi-year demonstra
tion project. 

Miller , G., The Shirley Highway Express-Bus-on Freeway 
demonstration project- Project description, Report 
DOT/UMTA 1,87 pages (Urban Mass Transportation Administra
tion, Department of Transportation, Washington, D.C., Aug. 1971). 
(Available as PB 218983 from the National Technical Information 
Service, Springfield, Va. 22151). 

Key words: Bus fringe parking; bus priority lanes, bus priority 
lanes in District of Columbia; bus transit operation; exclusive 
bus lanes , express-bus-on freeway technology; Shirley Highway 
Corridor in Northern Virginia; Urban Mass Transit Demonstra· 
tion Project. 

This report describes the three major demonstration project ele
ments: (1) the bus way, including the exclusive lane on Shirley 
Highway and the bus priority lanes in the District; (2) the bus transit 
operation, involving new buses (with special features) on new routes 
and schedules; and (3) the residential fringe parking, with shopping 
centers and new lots providing free parking for bus riders. The exist· 
ing roadway and bus operations are documented and the improve
ments planned for 1971·72 are presented. The Shirley Highway Cor
ridor where the bus and auto commuters live is described, as is the 
major employment destination areas. Data are also presented on bus 
and auto travel volumes for 1970-1971, before the busway was 
completed and the new buses placed into operation. 

Milligan, D. E., Jacox, M. E., Guillory, W. A., Infrared spectrum 
on the NO" - ion isolated in an argon matrix, J . Chem. Phys. 
52, No.8, 3864-3868 (Apr. 15,1970). 

Key words: Alkali metal reactions; electron attachment; in
frared spectrum; matrix isolation; NO,- ; photodetachment; 
photoionization. 

The molecular ion NO,- has been stabilized in an argon matrix in 
sufficient concentration for detection of its anti symmetric stretching 
fundamental, II" at 1244 cm- ! by electron bombardment or 
photoionization of matrix-isolated NO" and by the interaction of an al· 
kali-metal atomic beam with NO, in an argon matrix. In contrast to 
the position of this fundamental in an inert, nonionic environment, a 
value of approximately 1275 cm-! is characteristic of the crystalline 
material. Isotopic data are consistent with a 115° valence angle for 
NO,-, independent of environment. Irradiation of the sample with 
light of wavelength near 3150 A leads to the destruction of the NO, 
absorption in the studies of the electron bombardment and 
photoionization of N02 , but not in the experiments in which the alkali 
metal atoms provide a reservoir of photoelectrons. 

Milligan, D. E., Jacox, M. E., Infrared and ultraviolet spectro
scopic studies of a number of small free radicals and 
molecular ions in a matrix environment, (Proc. Symp. on 
Spectroscopic Methods in Cryochemistry and of the Chemistry of 
High Temperature Species, Minneapolis , Minn., Apr. 1969), Paper 
in Advances in High Temperature Chemistry, Leroy Eyring, Ed. 4, 
1-42 (Academic Press, Inc., New York, N.Y., 1971). 

Key words: Free radica ls; infrared spectrum; matrix isolation; 
molecular ions; photolysis; ultraviolet spectrum. 

The development of the matrix isolation technique is summarized, 
and the principles which have been found to be important for the in 
situ photoproduction of free radicals trapped in inert solid matrices 
in suffici ent concentration for direct infrared and ultraviolet spectro
scopic observation are considered. A survey of the small free radical 
species heretofore studied using these techniques is given. Examples 
of the successful application of the technique are drawn from recent 
studies of the vacuum-ultraviolet photolysis of matrix-isolated 
methane and silane and of their chloro- and flu oro-derivatives. 
Results of experiments designed to permit the tra pping in inert , 
non ionic matrices of negatively charged molecular ions are 
presented. 

Molino, J. A., Pure-tone equal-loudness contours for standard 
tones of different frequencies, Perception Psychophysics 14, 
No.1, 1-4 (1973). 

Key words: Loudness; noise; psychoacoustics; psychophysics. 

Six Ss made judgments of equal loudness by adjusting the intensity 
of comparison tones of 10 different frequencies. The comparison 
tones were presented diotically alternately with standard tones. Each 
standard tone remained fixed at one frequency (125, 1,000, or 8 ,000 
Hz) and one intensity (l0, 20, 40, or 70 dB sensation leve l) while col
lecting the data for any single equal-loudness contour. In this 
manner, families of equal-loudness contours were generated for each 
of the three standard frequencies. The contours for the I,OOO-Hz stan
dard were compared with those in the literature. The families of con 
tours for the 125- and 8,OOO-Hz standards, determined by the same al
gorithm, differed in the spacing of the contours from the 1,0OO-Hz 
standard family as well as from each other. Implications for the 
reflexive , symmetric, and transitive properties of the equal-loudness 
relation are discussed. 

Mopsik, F. I. , Broadhurst. M. G., Griineisen constants of 
polymers,J.AppL. Phys.44,No. 10,4261-4264 (Oct. 1973). 

Key words: Bulk modulus; Griineisen constant; infrared; lattice 
vibrations; polyethylene; polymers. 
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One result of recent interest in Griineisen constants , y = - d lnv/d 
loV, of polym ers is a considerable s pread of reported y ' s for solids 
like polyethylene. From elasti city data (bulk modulus or sound veloci· 
ti es for example) one finds y = 6 for linear polymer solids. Values of 
y from thermal data are muc h lower than 6 because the re lationship 
us ually e mployed, )' = aBV/Cv, is not va l.id for polyatomic solids. 
Me as urements of the shifts in lattice freque ncies with volume strains 
are the most direct way of meas uringy. However , the res ults for pres· 
s ure· induced strains diffe r from those for te mperature·induced 
s trains , and both differ from th e result s from e lasti c ity data. In this 
paper we consider vibra tions in a s impl e anharmonic we ll and show 
how the apparent s hifts in vibrationa l frequ ency with pres sure and 
te mperature can be derived from c hanges in force cons tants. 

Morris, J. C. , Walke r, J. H., Ele ctron-neutral transport cross 
section of mercury,}. Appl. Phys . 44, No. 10 , 4558-4561 (Oct. 
1973). 

Key words : Arc merc ury; conductivity ; c ross section; e lectri cal 
conductivit y of mercury; electron·n eutral ; e lectron·neutral 
trans port c ross sec tion of mercury; mercury arc. 

The e lectron·ne ut ral tra ns port c ross section and the electri cal con· 
ductivity of Hg have been de te rmined using a co nstri c ted dc Hg arc. 
Thi s arc has a n()ve l configuration which pe rmits th e precise mea· 
s urement of the pressure, the voltage gradient , the temperature 
profile, and the tota l curre nt. For the te mperature ra nge 5000·6500 K, 
the e lectron· ne utral tra ns port cross section was found to be I X 10- 14 

e m' with a precis ion of ± 6 pe rcent and a n absolute accurac y of ± 20 
pe rcent. A desc riptio n of the appa ra tus and technique is presented as 
well as a compariso n with other exi s ting data. 

Morri sse y, B. W., Po we ll , C. J. , Inte rpolation of refra ctive index 
data , Appl. Opt . 12, No.7, 1588· 1591 (July 1973). 

Key words: Cubic-s pline int erpola tion; cyclohexane; interpola
tion; pol ys tyren e; refracti ve index; sapphire. 

A compari son of the interpolation of index of refraction data for 
Czochrals ki sapphire, cyc lohexane, and polys tyre ne dissolved in 
cyc lohexane using a three-te rm Se ll me ier equ ation , the Lorentz
Lorenz equation with six terms, third and fifth order polynomials, and 
a c ubic-spline tec hnique indi cates that th e c ubic splin e method is ex
tremely valuable for simple interpolation. Not only we re the mag
nitudes of the rms a nd average absolute residuals the s malles t , but 
the fit s showed no syste matic errors. 

Mosburg, E. R., Jr. , A study of the CW 28-llm water-vapor laser, 
IEEE}. Quantum Electron. QE-9 , No. 8 , 843-851 (Aug. 1973). 

Key word s: Infrared lase r; vibrational excitation; wat er vapor 
discharge; wate r vapor lase r. 

The low signa l gain of a C W wate r-vapor lase r at 28 J1.m was me a
sured as a fun ction of the di scharge current a nd press ure. Together 
with th e measure m e nt of other q uan tities suc h as the axial e lectri c 
fi e ld and the conce ntration of O H, a parti a l interpretation of the 
mechanis ms involved in pumpin g the 28-J1.m transition was possible. 

Th ermal e quilibrium between the Vo, 2V2, a nd n3 vibrational levels 
will result in a la rge absorption at the e levated gas te mperatures ob
served (800-1000 K). The strong de pende nce of gain on th e e le ctron 
te mperature stron gly s ugges ts tha t the vibrational excit ation 
proceeds throu gh e lec tron-impac t excita tion. Only the electron-im
pact exc itation of H20 is quantita ti ve ly capabl e of ove rcomin g the 
large therm all y induced absorption. Although vibrational-excitation 
transfe r from I-L to H,O seems ins uffi c ient , by itself, to overcome this 
absorption, it may provide a ppreciable additi onal gain. Pumping of 
the 281-'m line through e lectron-ion reco mbination and by reactions 
involving OH can be ruled out. 

Mulholland , G. W., Line of symmetry for the classical equation 
of state,}. Chem . Phys . 59, No.5, pp. 2738-2741 (Sept. 1, 1973). 

Key words: Classical equation of s tate ; coexis tence curve; criti
cal phenomena; diamete r of coexistence curve; line of sym
metry; liquid-vapor phase transition. 

The existence and properti es of the Widom -Stillinger line of sym
metry are examined for th e "class ical " equation of state, that is , an 
equation of state in which the chemical pote ntia l is expressed as a 
power series in density and temperature. In doing this, the chemical 
potential is shown to be an analytic function of te mperature in the two 
phase region. This analyticity has been anticipated for a number of 
years. 

Mullen , L. 0. , High and ultra-high vacuum by pumping with 
cryocooled surfaces, (proc. American Institute of Chemical En
gineers , Symp. Series on Cryogenic Pumping, Denver, Colo., 1971), 
Paper in Vacuum Technology at Low Temperatures , 125, No_ 68, 
24-30 (1972). 

Key words: Cryopumping; cryosorption; gettering; vacuum 
pump; vapor pressures. 

Thi s presentation re views the principles of pumping with cryogeni
cally-cooled surfaces to produce high and ultra-high vacuum. The 
theory of c ryopumping and entrapm ent by cryopumping, as we ll as 
so me advant ages and limitations are di scussed. 

Myers, V. W. , Klein-Gordon equation for a charged particle 
interacting with an electromagnetic wave, J. Franklin. Inst. 
Brie/Commun. 295, No.6, 497-499 (Jun e 1973). 

Key words : E xpectation va lues; Klein-Gord on equa ti on: plane 
e lectrom agneti c wave. 

A solution of the two-co mpon ent Klein-Gordon equation is obt a ined 
from a so lution of th e corresponding one-co mponent equation for th e 
exa mple of a c harged parti c le int e rac ting with a pla ne e lec tromag
neti c wave. Expec tation values for mome ntum compon ents and th e 
tota l energy of the pa rticle a re ca lcula ted. 

Negas, T ., Roth , R. S., P arker, H. S., Browe r, W . S ., Crystal 
chemistry of lithium in o c tahedrally cOOl'dinate d struc
tUl·es. I. Synthesis of Ba. (Me"Li, )O,,(Me = Nb or Ta) and 
Ba ,o(W"Li.,) 0 "". II. The te tragonal bronze phase in the 
system BaO-Nb,O,,-Li,O,./. Solid State Chem. 8 , No. 1, 1-13 
(1973). 

Key words : Ba"Nbll Li, O,,; 
Ba" Ta,;Li, O,.; Ba lO Wll L40:1O ; 
growth ; te tragonal bronzes. 

BaO-N b, O,-Li, O syste ms; 
close-packed oxides; c rystal 

The preparation, single crystal growth , and crysta llographic pro
perti es of a close-packed, eight-layer, he xagonal (a = 5_803 A, c= 
19.076 A.) modification having the stoichiometry Ba" Nb"Li, 0 '4 and of 
a c lose-packed, ten-layer, hexagonal (a = 5.760 A, c= 23.742 A.) phase 
with Ba,o W6 L40"o stoichiometry are discussed. The isostructural 
Ba" Ta,;L40" form of the eight-layer phase was al so pre pared (a = 
5.802 A., c = 19.085A). Proposed crystal structures involve the pairing 
of lithium and metal (Nb , Ta , or W) octahedra to yie ld face-sharin g 
units. The relations hip of this phenomenon to othe r known c lose
packed phases containing Li is demonstra ted. An inves tigation of the 
Ba"Nb6 Li, 0 ,., - Ba,,,Wll L40,,,, system is re port ed. 

A tetragonal bronze phase homogeneity region was de limited at 
1200 cC in the BaO - Nb, O" - Li2 0 sys tem. A ne w orthorhombic 
phase (a = 10.197 A, b= 14.882 A, c= 7.942 A) was pre pared with the 
stoichiometry Ba.. Li,N blll O:IO • 

Ne lson , J. D., Blair, W_, Brinckman , F. E., Colwe lJ , R. R. , Iverson, W. 
P. , Biodegradation of phenylmercuric acetate by mereury
J'esistant bacteria, Appl. Microbial. 26, No.3 , 321-326 (Sept. 
1973). 

Key words: Atomic absorption ; biodegradation; mercury-re
sis tant bacteria ; mercury transformation s; phenylmercuric 
acetate, Pseudomonas. 
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Selected cultures of mercury-resistant bacteria degrade the fungi
cide-slimicide phenylmercuric acetate_ By means of a closed system 
incorporating a flameless atomic absorption spectrophotometer and 
a vapor phase chromatograph, it was demonstrated that elemental 
mercury vapor and benzene were products of phenylmercuric acetate 
degradation_ 

Newbury, D. E., Yakowitz, H., Myklebust, R. L., Monte Carlo cal
culations of magnetic contrast from cubic materials in the 
scanning electron microscope, Appl. Phys. Lett. 23, No.8, 
488-490 (Oct. IS, 1973). 

Key words: Contrast mechanism; electron backscattering ener
gy filtering; iron; magnetic domains; Monte Carlo methods; 
scanning electron microscopy; transformer steel. 

Monte Carlo calculations confirm that contrast observed in the 
scanning electron microscope from magnetic domains in materials of 
cubic anisotropy is due to the alteration of electron trajectories within 
the specimen. Results are presented for the effects of electron ac
celerating potential, specimen tilt, and rotation. The contrast arises 
mainly from the high-energy portion of the back-scattered electron 
distribution. 

Newell, A. C, Baird, R. C, Wacker, P. F., Accurate measurement 
of antenna gain and polarization at reduced distances by 
an extrapolation technique, IEEE Trans. Antennas Propagat . 
AP-21, No.4, 418-431 (July 1973). 

Key words: Antenna gain; an tenna polarization; extrapolation 
technique; 3-antenna technique. 

A new techniqu e is described for determining power gain and 
polarization of antennas at reduced range distances. It is based on a 
generalized three-antenna approach which, for the first time, permits 
absolute gain and polarization measurements to be performed 
without quantitative a priori knowledge of the antennas. The 
required data are obtained by an extrapolation technique which in
cludes provisions for rigorously evaluating and correcting for errors 
due to proximity and multi path interference effects. The theoretical 
basis provides a convenient and powerful approach for describing 
and solving antenna measurement problems, and the experimental 
method employed illustrates the utility of this approach. Examples of 
measurements are included which exhibit errors in gain as small as 
± 0.11 dB (3a-). 

O'Connell, J. S.,Electromagnetic sum rules, (Froc. Int. Conf. on 
Photonuclear Reactions and Applications, Pacific Grove, Calif., 
Mar. 26-30, 1973), Paper in International Conference on 
Photonuclear Reactions and Applications, B. L. Berman, Ed., pp. 
71-94 (Ernest O. Lawrence Livermore Laboratory, University of 
California, Livermore, Calif., 1973)_ (Available as CONF-730301 
from the National Technical Information Service, Springfield , Va. 
221S1). 

Key words: Effective interaction; electron scattering; nucleon
nucleon correlations; photoabsorption; photon scattering; sum 
rules. 

A survey of total and partial nuclear cross section sum rules for 
photoabsorption and electron scattering is presented. The sums are 
derived from closure or the dispersion relation and are compared 
with available data and discussed in the context of the single particle 
shell modeL A few of the rules are model-independent or relate ob
servables, but most are influenced either by the form of the effective 
two-nucleon interaction or by nucleon-nucleon correlations in the 
nuclear ground state. The relation of electron scattering sums in the 
low momentum transfer region to photo sums is emphasized. A new 
sum rule for elastic photon scattering is given. 

O'Connell, J. S., Neutrino disintegration of the deuteron, 
(Froc. lnt. Conf. on Few Particle Problems in the Nuclear Interac-

tion, Los Angeles, Calif., Aug. 28-Sept. 1, 1972). Paper inFew Par
ticle Problems in the Nuclear Interaction, L Slaus, S. A_ Mosz
kowski, R. P. Haddock, and W_ T _ H. van Oers, Eds., pp. 906-909 
(North Holland Publishing Co., Amsterdam, The Netherlands, 
1972). 

Key words: Carbon; deuteron; interaction neutrino; neutron. 

The cross section for the reaction D(ve,e- )2p averaged over the 
neutrino spectrum expected from the beam stops of high-intensity 
proton accelerators is given. Calculations were carried out using a 
multi pole expression for the neutrino-nucleus interaction and the ef
fective-range theory for the electromagnetic breakup of the deuteron. 

Ogburn, F., Johnson, C E., Banded structure of electroless 
nickel, Plating Technical Brief, pp. 1043-1044 (Oct. 1973). 

Key words: Electroless nickel; electroless plating; nickel 
phosphorus. 

The cross section of an electroless nickel deposit was scanned for 
phosphorus with an electron probe. The variations in phosphorus 
content corresponded inversely with the degree of etching with the 
usual nitric-acetic acid etchant, which develops the striations charac
teristic of electroless nickel deposits. 

Ogburn, F. , Johnson, C. E., Effects of electroless nickel process 
variables on quality requirements, NBSIR 73-240, 34 pages 
(June 1973). (Available from the National Technical Information 
Service, Springfield, Va. 2215L) 

Key words: Chemical nickel; coatings; e1ectroless nickel; metal 
coatings; nickel; nickel-phosphorus. 

Deposition rate, phosphorus content, hardness, appearance, and 
metal distribution are reported for deposi'ts from two acid, hypophos
phite type electroless nickel baths , one proprietary and one non
proprietary. The baths were operated under a variety of conditions 
with variations of composition. Extensive data is given on the relation 
of deposit hardness to phosphorus content and to heat treatment at 
100,200, and 400 °C 

Okabe, H., Dibeler, V. H., Photon impact studies ofC,HCN and 
CH3CN in the vacuum ultraviolet; heats of formation of 
C,H and CH3CN, J. Chem_ Phys. 59, No.5, 2430-243S (Sept. I, 
1973). 

Key words: Acetonitrile; cyanoacetylene; CH; heat of forma
tion; photodissociation; photo ionization; vacuum ultraviolet. 

A photodissociation process to produce CN B21., from CHCN and 
CH3CN has been studied as a function of incident wavelength. 
Threshold photon energies required for the production of CN B21., 
from C,HCN and ClLCN are 9.41 ± 0.04 and 8.S2± 0.03 eV, respec
tively, from which Do(C,H - CN)~ 6_21 ± 0.04 eV and Do(CH,,
CN)"; S.32 ± 0.03 eV are obtained_ The photo ionization yield curves 
have been measured for the C,HCN+ and CH+ ions. Threshold 
photon energies obtained for the production of CN /]21." CHCN+, and 
C,H+ from C,HCN lead to the following thermochemical values; 
I.P.(C,HCN)= 11.64 ± 0.01 eV, I.P.(C,H)= 11.96±0.OS eV, !:J.HN 
(C,HCN) ", 8S± 1 kcal mol- ' (35S±4 kJ mol-'). !:J.HN (C2 H)= 127± 
1 kcal mol- ' (S31±4 kJ mol- ') and Do (CH - H)=S.38±0.OS eV_ 
!:J.HjoO (C,H) obtained is in good agreement with the recent value ob
tained directly from a study of the high temperature reactions of gra
phite with hydrocarbons_ !:J.HjoO (CH,CN) '" 14± 1 kcal mol- ' (S9±4 
kJ mol- ') derived from Do (CH" - CN) agrees within the stated error 
limit with the value obtained recently by bomb calorimetry. The 
fluorescence efficiency vs incident wavelength curves for C,HCN 
and CH,CN show several peaks corresponding to Rydberg states in
dicating that the process is predissociative_ The absorption coeffi
cient of CtHCN has been measured in the vacuum ultraviolet. The 
photoionization yield curve for C,HCN+ shows at least two Rydberg 
series converging to vibrationally excited CHCN+ ions. 
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Olf, H. G., Fanconi, B., Low frequency Raman-active lattice 
vibrations of n-paraffins,}. Chem. Phys. 59, No.1, 534-544 
(1 uly 1, 1973). 

Key words: n-paraffins; polyethylene phonon dis persion c urves; 
Raman spectroscopy-latti ce vibrations. 

Raman spectra in the frequen cy range 5 - 200 c m- ! have been 
measured for a series of crystalline n-paraffins from n -C5H" to 11-

C,6H54 and also II-C:d1s6 , n-C35 H", and n -C.6 H74. It is found that the 
s pectral data may be grouped consonant with crystal s tructures ex
hibited by n-paraffin s_ The data are used to map out portions of the 
transverse acoustical phonon dis persion curves of the orthorhombic 
polyethylenelike lattice and of one tri clinic crystalline form. A band 
whose frequency is indepe ndent of chain length is observed for the 
orthorhombic II-paraffins and is assigned to the 8.y rotatory lattice 
mode of polyethyle ne. 

Olson, W. B., A precision photoelectric azimuthal polarime
ter,Opt. Eng. 12, No. 3, 102-105 (May/June 1973). 

Key words: Instrument ; polarimeter; polarimetry quartz ; signal
to-noise ratio; throughput. 

A high precision photoelec tri c azimuthal polarimeter has been 
designed and cons tructed. The instrume nt is designed to determine 
the angle of rotation with an accuracy (3{1") of better than I part in 104. 
The instrume nt is of a relatively compact design and quite simpl e in 
construction. 

Ordman , E. T., Convergence and abstract spaces in functional 
analysis, .J . Undergraduate Math. 1, No. 2, 79-96 (Sept. 1969); 2, 
No.1 , 25-36 (Mar_ 1970). 

Key words : Convergence; filt er; function space; limit space; 
linear topological space; net; topological space. 

This paper is an expository survey of the theory of limit spaces, 
di scussin g and contrasting approaches by way of nets and filt e rs and 
considering a number of the extant ways of ax iomati zing s uch a struc
ture. Applications are given to a number of co mmon notions of con
vergence of fun ctions and to the topology of fun ction spaces linea r 
topological spaces_ 

Ou, W. R. , Fieffe-Prevos t, P ., Wiese, W. L., VUV radiometry with 
hydrogen arcs_ 1: Principle of the method and com
parisons with blackbody calibrations from 1650 A to 3600 
A,Appl. Opt.12, No.7, 1618-1629 (July 1973). 

Key words: Contin uum e miss ion coeffi cient ; hydrogen arc; 
radiometry; vac uum ultraviole t. 

A method is described that utilizes the continuum e mission from a 
wall-s tabilized arc discharge as a radiometric standard in the vuv. Ul
timately , thi s standard will cover the wavelength range from 500 A to 
3600 A. Results of a fir s t experiment comparing this method to two 
other calibration methods in the region above 1650 A are presented. 
A calibrated tungs te n strip lamp is used between 2500 A. and 36ooA.; 
the method of blackbody limited lines is applied at two wavelengths 
in the vuv. The hydrogen arc method de pends upon the fact that the 
continuum e mission coefficie nt for a hydrogen plasma at typical arc 
te mpe ratures of about 14,000 K is calculable to within a few percent 
since the essential spectrosco pic constants, continuum absorp tion 
coeffi cients , and transition probabilities are exactly known. The ac
curacy of the method depends primarily on the capab ility of spatially 
resolving in an end-on measure ment the nearly homogeneous plasma 
layers near the axis of the cylindricall y symmetri c arc column. 

Ott, W. R., Wiese, W. L. , Far ultraviolet spectral radiance 
calibrations at NBS, Opt. Eng. 12, No.3, 86-94 (MayIJ une 1973). 

Key words: Calibrations; deuterium la mp; far ultraviolet; 
hyd rogen; Krefft-ROss ler lamp; spectral radian ce; transfer stan
dards; wall-stabilized arc. 

The range of NBS radiometric calibration services has been ex
tended into the far ultraviolet region of the spectrum where a dc high 
power hydrogen wall-stabilized arc is used as a primary standard of 
spectral radiance. A capability in the range 130 nm to 360 nm (over
lapping conventional tungsten st rip lamp radiometry) is presently 
ava ilable with estimated uncertainties between 5 and 10 percent de
pending upon wavelength. The status of radiom etric source stan
dards in the far ultraviolet is briefly reviewed and th e hydrogen arc 
and NBS calibration facility are described in detail. The use of com
mercially available me rcury Krefft-Ross le r lamps and deuterium arc 
lamps as transfer or secondary standards is di sc ussed and the spec 
tra of these lamps calibrated with the hydrogen arc standard are 
presented. 

Paabo , M. , Analytical m e thods for the detection of toxic ele
ments in dry paint matrices-a literature survey,NBSIR 73-
251, 49 pages (July 1973). (Available as PB 224688 from the Na
tional Techni cal Information Service, Springfield, Va. 22151.) 

Key words : Analytical methods; ant.imony; arsenic; cadmium ; 
lead; mercury; rev iew; selenium; toxic e lements in paints. 

This re port is a s ummary description of the che mi cal procedu res 
currently available for the analysis of se lec ted toxic elements in dri ed 
paint. The elements included in thi s report are lead , merc ury , cadmi 
um , antimony, arsenic, and se lenium. The litera ture search upon 
which thi s report is based was directed primarily toward references 
pertaining to the analys is of dri ed paint. A bibliography of 57 
references to wet chemical analysis , co lorimetry, atomic absorption 
spec troscopy , elec troche mistry, neutron activation analysis , and x
ray emission analysis is presented. 

Page, C. H., Logarithmic quantities and units, Proc. IEEE Let
ters 61, No. 10,1516-1517 (Oct. 1973). 

Key words: Decibel; logarithm. 

Recent letters on decibel are com mented upon, and standardiza
tion proposed by the Internationa l Electrotechnical Commission 
(IEC) is me ntioned. 

Parrish, W. R. , Hiza, M. J ., Calculated liquid phase ther
modynamic propel-ties and liquid-vapor equilibria for 
fluorine-oxygen (FLOX) mixtures, NBSIR 73-338, 30 pages 
(Sep t. 1973). (Available as COM73-11660 from the National 
Technical Information Service, Springfield , Va. 22151.) 

Key words: ; Calculated thermophys ical prope rti es; compressed 
liquid phase, fluorine-oxygen mixtures, hard -s phere mode l; 
liquid-vapor e quilibria. 

Liquid phase thermodynamic properties and liquid-vapor 
equilibria of fluorine-oxygen mixtures, for which no expe rim ental 
data exist, have been calculated_ The results are based on excess pro
perties predicted from the Snider-Herrington equations, with an ad
justed co mbining rule , and the corresponding data for the pure fluids. 
Mixtures considered are 0.6,0.7,0.8, 0.88, and 0.9 weight fra ction of 
fluorine from 55 to 90 K up to 70 X lOS Pa. In the co mpressed liquid , 
molar volumes, enthalpy, entropy, and constant press ure spec ific 
heat were determined. Along the saturation bound ary, coexis tent 
vapor compositions and solution vapor pressures we re determined as 
well. Corresponding properti es of pure flu orine from experimental 
data have also been included_ Res ult s are tabulated in both British 
and S.L units. 

Pella, P . A., DeVoe, J. R., Internal standardization in 
Mossbauer spectrometry, Appl. Spectrosc. 25, No.4, 472-474 
(july/Aug. 1971). 

Key words: Be ta-tin; inte rnal s tandardization; Mossbauer spec
troscopy. 

The concept of internal standardization is applied in quantitative 
analytical s tudies using the Mossbauer spectrometri c technique. The 
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ratio of the absorption intensity of SnO, (analyte absorber) to that of 
f3- Sn (internal standard absorber) is measured using BaSn" 9m O:, as 
the source. The results demonstrate that the systematic error which 
arises because of differences in the chemical composition between 
the allalyte samples and standards can be eliminated by using an in· 
ternal standard. 

Penn , D. R., The concept of the surface molecule in chemis-
orption, Surface Sci. 39,333·340 (1973). 

Key words: Density of states at the adsorbate; energy levels; S 
state adsorbate; surface molecule; tight binding calculation; W 
substrate. 

Under certain circumstances the binding of an adsorbate to a metal 
surface may be thought of as the formation of a surface molecule 
composed of the adsorbate and the metal. This point of view is 
reasonable if the metal density of states at the adsorbate resembles 
that of an atom, i.e., exhibits a small number of well defined peaks as 
a function of energy. The width of these peaks must be small com· 
pared to the metal band width. Within the context of a simple tight 
binding model for the metal we find that for an S state adsorbate on 
W there are certain adsorbate positions for which the surface 
molecule concept should be valid. 

Petersen, F. R., McDonald, D. G., Cupp, J. D., Danielson, B. L., 
Rotational constants for 12C 160, from beats between Lamb
dip-stabilized lasers, Phys. Rev. Lett. 31, No.9, 573·576 (Aug. 
27,1973). 

Key words: Accurate rotational constants; carbon dioxide 
(12C I60,); Josephson junction; Lamb·dip·stabilized lasers. 

New experimental measurements of the frequency separations of 
30 pairs of 12(1602 laser lines in the 10.41-'m band and 26 pairs in the 
9.4·J.Lm band have been made with Lamb·dip-stabilized lasers. The 
use of a Jose phson junction as the frequency·mixing e lement sim· 
plified the measurements. Uncertainties in existing rotational con· 
stants for the laser vibrational levels were reduced 20 to 30 times and 
an additional rotational constantH" was determined for the first time. 

Phelan, R. J. , Jr., Cook, A. R., Electrically calibrated pyroelec
tric optical-radiation detector, Appl. Opt. 12, No. 10, 2494· 
2500 (Oct. 1973). 

Key words: Calibration; detector; infrared; pyroelectric; 
radiometers; ultraviolet. 

An electrically calibrated optical detector has been developed 
using a pyroelectric response of the plastic, polyvinylfluoride. An in· 
depth look at the modulation frequency response was performed to 
substantiate the equivalence of the optical and electrical inputs, in· 
dicate the optimum structure and allow for a clearer understanding 
of the device limitations. The experimental results of the dynamic 
range , linearity, uniformity, and detectivity confirm the device's utili· 
ty. 

Piganiol, M. P., Balke, S., Branscomb, L. M., Hamada, S., Hookway, 
H. T., Tell, B. V., Ad Hoc Group on Scientific and Technical 
Information OECD, INFORMATION for a changing 
society, some policy considerations, Organisation for 
Economic Co-operation and Development , 46 pages (OECD Publi· 
cations, Paris, France, 1971). 

Key words: Information packages; information policy; informa· 
tion systems; information users ; OECD; technical information. 

Early in 1969 the Secretary General of OECD established an Ad 
Hoc Group on Scientific and Technical Information, requesting the 
Group to "explore the nature, magnitude, and implications of the 
needs for scientific and technical information and data in science, the 
economy and society, and how these needs may be met through 
changes in the structures, technologies and policies, and manage· 
ment concepts." The Ad Hoc Group reached 13 conclusions and 

recommendations dealing with the scope of action of OECD, the use· 
fulness and applicability of scientific and technological information 
systems, quality control of content and procedure of information 
systems, education for information system needs, and international 
cooperation. The report describes the observations and arguments 
leading to the conclusions and recommendations. 

Powell, C. J. , Semiautomated data-recording and control 
system for an electron energy analyzer, Rev. Sci. Instrum. 
44, No.8, 1031·1033 (Aug. 1973). 

Key words: Auger·electron spectra; characteristic electron 
energy·loss spectra; digital data· recording and control system; 
electron energy analyzer; liquid aluminum; tungsten. 

A description is given of a digital data·recording and control system 
that has been used with a high resolution low energy electron scatter· 
ing apparatus for the measurement of characteris tic electron energy· 
loss spectra and Auger·electron spectra of solids (at room and 
elevated temperatures) and liquids. This system is based on a mul· 
tichannel ana lyzer and has the following features: (a) Specimens can 
be prepared many times with data accumulated in arbitrarily short 
times after preparation (prior to spec im en contamination) , and final 
spectra of high precision can be obtained by summation of individual 
runs; (b) the voltage sweep applied to the electron energy analyzer 
can be calibrated dynamically; and (c) data can be accumulated and 
the target heated by electron bombardment in a cyclic manner with 
variable accumulation and heating periods. Characteristic loss spec· 
tra of tungsten at 800 °C and of liquid aluminum are presented as ex· 
amples of operation of the system. 

Prince, E., Donnay, G., Martin, R. F., Neutron diffraction refine
ment of an ordered orthoclase structure, Amer. Mineral. 58, 
500·507 (1973). 

Key words: Aluminum silicate; feldspar; neutron refinement; 
orthoclase, silicate minerals; silicon aluminum ordering. 

The crystal structure of a pegmatitic monoclinic potassium feld· 
spar, (Ko86N~IO 0 u.o.) (Sh.uoAll.Oo) [O,,""(OH)o.o.], from the Himalaya 
mine in the Mesa Grande pegmatite district, Calif., has been refined 
with 3·dimensional neutron·diffraction data to an unweightedR value 
of 0.031 for 721 symmetry·independent observed reflections. Atomic 
coordinates differ by no more than 3 estimated standard deviations 
from those of Spencer B adularia, yet the specimen does not have the 
adularia morphology, and no diffuse reflections with (h + k) odd have 
been observed. Direct refinement of the tetrahedral cation distribu· 
tion shows that the Al content of the T(2} sites is not significantly dif· 
ferent from zero (actually - 0.016 with an e.s.d. of 0.029); in other 
words the AI·Si ordering in the tetrahedral sites is essentially 
complete. The mean Si·O distance in the 1'(2} sites is 1.616 A, ap· 
preciably greater than the values predicted by various regression 
lines relating bond distance to aluminum content. This indicates that 
the observed mean T1(m)·0, T,(O)·O , and TAm}·O bond lengths reo 
ported for low albite and maximum microcline are consistent with full 
Si occupancy. This ordered orthoclase occurs in gem pockets in a 
microcline·bearing pegmatite. The association suggests stable growth 
of ordered orthoclase above the field of stability of microcline and 
metastable persistence to lower temperatures. Perhaps because of 
more rapid crystal growth, the bulk of the pegmatitic K·feldspar or· 
dered to common orthoclase, then transformed to maximum 
microcline. 

Quindry, T. L., Flynn, D. R., On a simplified field measurement 
of noise reduction between spaces, (Proc. 1973 International 
Noise Control Engineering Conference, Copenhagen, Denmark, 
Aug. 22·24, 1973), Paper in Inter·Noise 73 Proceedings, 0. J. Peder· 
sen, Ed., pp. 199·207 (lnter·Noise 73, Technical University, Lyng· 
by, Denmark, 1973). 
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This paper investigates the relationships between ratings based on 
the l!3-octave band data and more easi ly obta ined ratings of isolation 
based on A-weighted or C-weighted sound level data_ The effects of 
the source room sound power spectrum, source and receive room ab
sorptions and other parameters on th e correlation obtained are 
discussed_ 

Reader, J. Epstein, G., Zeeman effect and revised analysis of 
singly ionized rubidium (Rb II),). Opt. Soc. Amer. 63, No.9, 
1153-1167 (Sept_ 1973)_ 

Key words: Rubidium; spectra; ultraviolet; wavelengths; 
Zeeman effe ct. 

The spectrum of Rb II has been observed in a sliding-spark 
discharge with the NBS 10.7-m normal-incidence vacuum spectro
graph and in an electrodeless discharge with the NBS 10.7-m Eagle 
spectrograph in air. The Zeeman effect was observed from 2200 to 
5200A with an e lectrode less lamp in a magnetic field of 31000 G. The 
analysis has confirmed all ten of the previously known levels of the 
4p55p configuration_ The 4p54d, 4p555, 4p55d, and 4p56; 

confi gurations have been considerably revised and extended. Almost 
a ll levels of these configurat ions are now known, as well as those of 
4p561, 4p'7s, and 4p'4J, which were newly located. All configurations 
have been theoretically interpreted, with configuration int eraction in
cluded. The energy parameters determined from a least-squares fit 
to the observed level values are compared with Hartree-Fock calcula
tions. The ionization energy as derived from the 4p'ns series,n= 5,6, 
7, is 220 070± 25 em- I (27.285± 0.003 eV). 

Roberts, J. R., Andersen, T., Sl'Irensen, G., Determination of 
atomic lifetimes and absolute oscillator strengths for 
neutral and ionized titanium, Nncl. Instrum. Methods 110, 
119-125 (l973). 

Key words: Absolute transition probabilities; arc; beam foil; ex
perimental; lifetimes; titanium. 

Measurements of atomic lifetimes by the beam-foil technique and 
branching ratios by use of a gas-flow stabi lized arc have led to an ex
perimental determination of absolute oscillator strengths of Ti tl. 
Some lifetimes of Ti t, Ti II t and Ti I V are also presented. 

Robertson, A. F., Tests indicate venting increases smoke from 
some polymerics,Fire Eng. 126, No.9, 97-98 (Sept. 1973). 

Key words: Buildings; ce llulosics; fires; polymers; smoke; vent
ing. 

The problem of voluminous smoke production during burning of 
plastic or polymeric materials is considered. Experimental data on 
smoke density resulting from both smoulderi ng and flaming pyrolysis 
of cellulosic and polymeric s hect and foam materials are presented 
and compared. It is conc luded that in general, although exceptions 
occur for specific materials, cellulosics produce much less smoke 
than polymerics under flaming exposure. The smoke production 
under smou lde rin g expos ure is roughly comparab le for the two 
classes of materials. However, the polymeric materials show a 
marked increase of s moke production for flaming vs. smouldering 
while the converse is true for ce llulosics. It is s uggested that the fire 
fighting ventilation tactics developed and used for fires involving cel
lulosic materials may aggravate rather than ameliorate the problem 
offighting fires involving polymeric materials_ 

Rowe, J. M., Livingston, R. c., Rush, J, J" Neutron quasielastic 
scattering study of SH- reorientation in the cubic phases 
of cesium and rubidium hydrosulfide,}. Chefn. Phys. 58, No. 
12,5469-5473 (June 15, 1973). 

Key words: AlkaLi hydrosulfides; hydrosulfide ion; ion reorien
tation; neutron scatteri ng; phase transition; quasielastic scatter
ing. 

The orientational disorder of the hydrosulfide ions in CsSH (CsCI 
phase) and RbSH (NaCI phase) has been investigated by quasi elastic 
neutron scattering with high energy resolution (t;E 1/2""," = 0.25 meV). 
The experimental results provide a clear demonstration of the 
theoretically predicted separation of the quasielastic neutron peaks 
for rotating groups or molecules into unbroadened and broadened 
components which reflect, respectively, the geomet ric and time 
behavior of the rotation. Jump reorientation of the ions between 
equiiibrium directions is established as the dominant mechanism 
creating the rotational disorder in the hydrosulfides. and both small
step rotational diffusion and quasifree rotation are clearly ruled out. 
Average residence times between reorientation jumps are derived 
from comparisons (,[ the experimental results with theoretical ca lcu
lations based on jump reorientation models, but it is not possible to 
determine the equilibrium orientation of the SH- ions. Mean-square 
vibrational amplitudes for the hydrogen atoms are also obtained from 
the observed integrated intensities of the elastic peaks. The present 
results are compared in detail with previous lower-resolution neutron 
results on NaSH and CsSH. It is concluded that in most cases mea
surements using single crystals will be necessary to establish the 
details of orientation disorder in solids. 

Rush, J, J., de Graaf, L. A., Livingston, R. c., Neutron scattering 
investigation of the rotational dynamics and phase transi
tions in sodium and cesium hydrosulfides, ./. Chem. Phys. 
58, No. 8,3439-3448 (Apr. l5, 1973). 

Key words: Cesium hydrosulfide; hydrosulfides; ion reorienta
tion; lib ration; neutron scallering; phase transition; quasielastic; 
residence time; sodium hydrosulfide. 

The rotational motions of the hydrosulfide ions in the trigonal and 
fcc phases of NaSH and in the pseudo-bee (CsCI) phase of CsSH have 
been studied by quasielastic and inelastic neutron scattering. NaSH 
and CsSH are members of a broad group of compounds Mt(XY-) 
which have cubic symmetry in the solid phase just below the melting 
point and a lower symmetry in lower tcmperature crystal phases. The 
measured inelastiC' neutron spectra above and below the trigonal to 
cubic phase transition in NaSH show that SH- ion "Iibrat ions" about 
equi librium orientations persist in passing through the transition. The 
maximum of the broad Librational bands for both NaSH and CsSH oc
curs near 400 em- I. A temperature and momentum-transfer (Q) de
pendent broadening is observed, however, in the quasi elastic peaks 
in the cubic phases of the hydrosulfides, which indicates a rapid 
reorientation of the SH- ions. The experimental quasielastic scatter
ing results are compared with theoretical calculations of quasielastic 
scattering behavior based on the assumption of instantaneous 
reorientational jumps between a limited number of quasiequilibrium 
orientations . The widths of the measured quasielastic peaks plotted 
vs Q show an oscillatory behavior as predicted by the theoretical cal
culations . An isotropic reorientation model is ruled out, and the dif
ferences in the rotational disorder in NaSH and CsSH are discussed. 
Relaxation times (T) for the SH- motions are derived from the 
theoretical analysis. The T values for fcc NaSH vary from 0.4 to 0.15 
psec between 103 and 212°C, while the values for pseudo-bee CsSH 
vary from 2.0 to 0.75 psec between 23 and 140°C. 

Saks, T. H., Yates, R. F., Goodman, K. M., The Shirley Highway 
Express-Bus-on-Freeway demonstration project-users' 
reactions to innovative bus features, NBSIR 73-265, 53 pages 
(June 1973). (Avai lable as COM 73-11453 from the National Techni
cal Information Service, Springfie ld , Va. 22l5]). 

Key words: Attitudinal su rvey; bus-on-freeway; exclusive bus 
lanes; importance assessments; interior bus features; mass 
transit technology; satisfaction assessments; transit service fea
tures. 

The Shirley Highway Express Bus-on-Freeway Project demon
strates the application of a new mass transit technology. The ele
ments tested in this demonstration project include: an exclusive bus 
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lane in the median of a freeway and bus priority lanes in the 
downtown distribution area; fringe parking facilities which are coor
dinated with the bus service; new-look/new-feature buses; and exten
sion of service to additional residential areas in an overall systems ap
proach to the improvement of mass transit. As part of the evaluation 
of this demonstration project, a survey of commuters on board these 
buses was undertaken in order to obtain users attitudes concerning 
the special interior bus features as well as transit service features_ 

The results obtained from this study should be of interest to per
sons considering how to allocate expenditures for new bus vehicles 
and transit service improvements_ 

Bus commuters perceptions of the relative importance of various 
bus interior features (i_e_, carpe tin g, special lighting, etc.) and transit 
service features (i.e., reliable schedules, assurance of a seat, etc.) are 
analyzed in this report, along with their relative satisfaction assess
ments of the special bus interior features. Analyses were conducted 
to determine if marginal improvements in interior comfort and 
aesthetic features proved significantly more appealing to bus commu
ters. The relative impact of various project marketing and promo
tional techniques is also presented. 

Sanchez, l. c., Colson, J. P., Eby, R. K., Theory and observations 
of polymer crystalthic kening,j. Appl. Phys. 44, No. 10 ,4332-
4339 (Oct. 1973). 

Key words: Annealing; comonomer inclusion; copolymers; 
lam ella thickness; theoretical and experimental; thickening; unit 
cell. 

The thickening of polymer crys tals during isothermal annealin g is 
usually observed to be an irreversible process. Phenomenological 
laws that govern such processes take the form of simple propor
tionalities - flux being proportional to force. For polymer crystals, a 
thermodynamic force capable of driving the thickening phenomenon 
arises from the unequal free energies of the fold and lateral surfaces. 
By analogy with other irreversible phenomena, the rate of crystal 
thickening is taken to be proportional to the derivative of the surface 
free energy with respect to crystal thickness_ After certain assump
tions, integration yields an equation in which three parameters 
characterize the system: an initial thickness 1o , an equilibrium 
thickness 1*, and a relaxation time T which is a function of the "un
dercooling." The theory provides a basis for considering the effects 
of parameters such as time, temperature, thermal history , pressure, 
and liquids on the thickening rate. In particular, the theory adequate
ly describes the time and temperature dependence of crystal thicken
ing in random copolymers of tetrafluorethylene and hex
afluoropropylene which exhibit thickening behavior completely 
analogous to that of homopolymers_ During thickening, the unit cell 
dimensions of these quenched-crystallized copolymers decrease in a 
manner that is consistent with the concept of complete comonomer 
inclusion upon crystallization. 

Santoro, A., Mighell, A. D., Coincidence-site lattices, Acta 
Crystallogr. A29, Part 2, 169-175 (Mar. 1973). 

Key words : Crystal aggregates; crystals; grain boundaries ; lat
tices; sublattices; superlattices_ 

Coincidence-site lattices are characterized mathematically, in the 
general case, by a method that can be applied to a pair of originallat
tices of any symmetry, either metrically identical or metrically dif
ferent, does not involve inspection and is readily adaptable to co m
puter calculations. The procedure is illustrated by several numerical 
examples. The proposed characterization of coincidence-site lattices 
is based on the theory of derivative lattices and makes extensive use 
of the concepts of superlattice and sublattice_ Appended is a simple 
procedure for determining the transformation matrices needed to 
generate superlattices and sublattices of any multiplicity. 

Santoro, A., Mighell, A. D. , Properties of crystal lattices: The 
derivative lattices and their determination, Acta Crystallogr. 
A28, Part 3, 284-287 (May 1972). 

Key words: Crystallography; lattices; sub-lattices; super-lat
tices. 

Derivative lattices are classified as super, sub and composite, on 
the basis of the properties of the transformation matrices relating 
them to the lattice from which they are derived. A method for obtain
ing the transformation matrices generating these lattices is given. 
The method has been applied to derivation of the unique super and 
sublattices in a few important cases. 

Seltzer, S. M., Berger, M. J. , Rosenberg, T. ]. , Auroral bremss
trahlung at balloon altitudes, NASA Spec. Publ. 3081,25 pages 
(National Aeronautics and Space Administration, Washington, 
D_C., 1973). 

Key words: Atmosphere; auroral electrons; balloon experiment; 
bremsstrahlung; energy spectrum; transport calculation_ 

Data from a Monte Carlo calculation of the transport of electrons 
and secondary bremsstrahlung are presented in tabular and graphical 
form. These data describe bremsstrahlung flux spectra at various at
mospheric depths between 3.0g/cm2 and 15_0 g/crri' caused by a 
wide-area uniform precipitation into the atmosphere of e lectrons with 
energies between 30 and 2000 keV_ The angular distribution of the in
cident electrons has been assumed to be isotropic over the downward 
hemisphere. A basic set of results is given for incident monoenergetic 
electron beams, which can be used to treat incident electron beams 
with any spectrum of interest. A comprehensive set of results, in the 
form of differential and integral bremsstrahlung flux spectra, has 
been obtained for the case of electron beams with exponential energy 
spectra, for e-folding energies between 5 and 200 ke V. 

Shives, T. R. , Willard , W . A., MFPG detection, diagnosis, and 
prognosis, NBS fR 73-252,266 pages (Sept. 1973). (Available as 
AD 772~082 from the National Technical Information Service, 
Springfield, Va_ 22151.) 

Key words: Condition monitoring; fai lure detection; failure 
diagnosis ; failure prevention; failure prognosis; diagnosti c 
sys tems. 

These proceedings consist of a group of sixt.een submitted papers 
and discussions from the 18th meeting of the Mechanical Failures 
Prevention Group which was held at the National Bureau of Stan
dards on November 8-10, 1972. Failure detection, diagnosis , and 
prognosis represent the central theme of the proceedings. Bearing 
condition monitoring, diagnostic systems technology and applica
tions , and new approaches in sensing and processing are discussed. 

Shirley, J. H., Semiclassical theory of saturated absorption in 
gases,Phys_ Rev. A 8, No.1 , 347-368 (July 1973). 

Key words: Gas laser theory; lamb-dip; saturated absorption. 

A three-dimensional theory for the resonant interaction of elec
tromagnetic waves with a gas of two-level atoms is formulated in 
terms of macroscopic variables. The theory is utilized to find the 
steady-state attenuation of a plane wave in the presence of another 
plane wave running in the opposite direction with different am
plitude. Contributions are included from the reflection of the op
positely running wave by an induced s tanding-wave inhomogeneity in 
the population inversion of the medium. The resulting attenuation 
and reflection coefficients are expressed as velocity integrals of con
tinued fractions. Correspondence is made with existing gas-laser 
theories, yielding the formulation of a high-intensity ring-laser theory. 
Analytic approximations for the coefficients are presented for the 
Doppler-limit cases of both waves weak, one wave weak, and negligi
ble reflection (rate-equation approximation)_ More-general cases have 
been calculated numerically. The attenuation -coefficients exhibit a 
Lamb-dip feature . The relative depth of the dip increases rapidly with 
power at low saturation levels, slowly at high saturation, and is 
greater in the attenuation of the weaker wave. The width of the dip is 
nonlinearly power broadened. The shape of the dip is very nearly 
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Lorentzian , except for one special case at hi gh power in which the 
line splits. The propagation equations for the two waves are in· 
tegrated over long absorption paths. A large resulting atte nu ation in· 
creases the relative size of the dip while decreasing the power 
broadening. 

Simmons, J . D. , Keller , R. A., Interfel'ome tric effects on the out
put of organic dye lasers, Appl. Opt. 12, No. 9, 2033 (Sept. 
1973). 

Key words: Dye laser continua; high resolution; interferometric 
effects ; optical components; organic dye lasers; wedged optical 
surfaces. 

This note illustrates the necessity of using wedged optical com
ponents in organic dye laser sys tems to avoid interferometric effects. 

Siu, M. C. J. , Equa tions for thermal transpiration, J. Vac. Sci. 
Technol. IO, No. 2,368·372 (Mar./Apr. 1973). 

Key words: Ano ma lous Knudsen limit; d iffuse scattering; irr· 
eversible thermodynami cs; specular scattering; the rmal trans· 
piration. 

A formalism for analyt ically ob tain in g an expressio n for the ther· 
mal transpiration press ure ratio R is presented. An exper imental 
parameter 0', which is associated with the type of molecule-solid su r· 
face co lli sions , is in troduced. A comp letely diffuse scattering and a 
completely specular scatterin g from a so lid surface correspond to 0' = 

o and 0'= 1, respectively. A known distribution function is used to 
derive a practical formula for R in the case of long tubes and very low 
pressures. Quantitative resu lts obtained from th is formula indi cate 
that dev iations from completely diffuse scatterin g of molecules from 
solid surfaces give ri se to an anomalous Knudsen limit. 

Smith , M. W., Martin, G. A., Wiese, W. L., Systematic trends and 
atomic oscillator stren gths, Nuc/. Instrum. Methods 110, 219· 
226 (1973). 

Key words: Atomic oscillator strengths; homologous atoms; 
isoelectronic sequences; regularities; spectral se ries; systematic 
trends. 

A number of newly establishe d or significantly improved sys te· 
matic trends of atomic oscillator s trengths in isoelectronic sequences 
and spectral series are presented. For most of these trends, beam·foil 
experi ments have played a prominent role in supplying criti call y 
needed points. Of particular interest are the changes in several 
transitions of the Be and C sequences brought about by improved 
beam·foil results and more refined theore ti ca l c alculations. Also of 
significance are newly detec ted trends in the Li and Al isoelectroni c 
sequences. An example will be gi ve n where the analysis of the/value 
dependence along a sequence, coupled with an understanding of the 
changes in the energy leve l s tructure, points out areas where future 
beam·foil experiments would be desirable in clearing up discrepan· 
cies. The n'3 dependence of oscilla tor strengths for perturbed series 
will be illustrated with another interesting example. 

Son, B. c., Fire e ndurance tests of unprotected wood-floor 
con s truction s for single -family residences, NBSIR 73·263,65 
pages (J uly 1973). (A vailable as PB225 - 284 from the National 
Technical Information Service, Springfield , Va. 22151.) 

Key words: Fire endurance; fire test; flame through; full scale; 
hous ing; operation BREAKTHROUGH; sin gle family residence; 
small scale; thermal resistance; wood floor; wood joist. 

Fire endurance tes ts were performed on two full ·scale and twe lve 
small scale wood floor constructions. The fire e ndurance ratings on 
unfinished wood joist and plywood subfloor cons tru ctions varied from 
10 to 13 minutes and were mainly determined by the time to " fl ame 
through." In small·scale tests, the addition of carpeting with a hair 
pad delayed the time of " flam e through" approximate ly 8 minutes. 
Time to " fl ame through" may be estim ated from the th ermal reo 

sistance of th e co nstruction, and may be modified by the effects of 
applied load or const ruct ion details s uc h as gaps, joints, and penetra· 
tions. 

Son, B. c., Fang, J 8. , Fire spread on exterior walls due to 
flames e merging from a window in c lose proximity to a 
reentrant walJ corner, NBSIR 73·266, 35 pages (Apr. 1973). 
(Available as PB225·286 from the National Technical Information 
Service, Springfield , Va. 22151.) 

Key words: Exterior wall; fire spread; fire test; ignition; opera
tion BREAKTHROUGH; reentrant corner. 

As a part of the research program concerning th e recommended 
criteria for fire safety in Operation BREAKTHROUGH, two full scale 
fire tests were performed on a mockup of a reentrant corner , i.e. , the 
interior corner formed at the intersection of the exterior walls of ad· 
jacent buildings, s uch as townhouses and garden apartments. 

In each test , two wall specimens representing exterior walls were 
erected perpendicu lar to a wall con ta inin g a window opening into a 
fire roo m. One wall was located 1 foot eas t and the other one 5 feet 
west of th e edges of the window. The object ive of the ree ntrant corner 
fire test was to study the potential ign ition and spread of fire from the 
room to an adjacen t exte rior combustible wall. 

In the first test. charring on the eas t wall, but no surface ign iti on 
was observed during the test. The peak temperature measured did 
not exceed 350 °C (660 OF). In the second test, surface ign ition oc· 
curred on the east wall 9 minutes after the wood crib, representing 
the combust ible conten ts of the room , was ignit ed. No sign ificant 
changes were observed on the west wall during eit her test. 

The instantaneous heat flux incident on the east wall just prior to 
ignition and the total heat energy absorbed were estimated to be on 
the order of 1.0 W/cm2 and 175 J oules/cm2 respective ly . 

Sparks, L. L., Powell, R. L., Calibration of cap sule platinum r e
sistance thermomete r s at the triple point of water, (Proc. 
5th Symp. on Temperature, Its Measurement and Contro l 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 2, 1415·1421 (Instrument 
Society of America, Pittsburgh, Pa., 1972). 

Key words: Resistance thermometers; temperature measuring 
instruments; triple point; water. 

Temperature determinations by means of a pl atinum res istance 
thermom eter, both above and below the triple point temperature of 
water , depend upon an accurate value for the resistance at the triple 
point, 0.01 0c. A good general methodology for making s uch a deter
mination was described by H. F. Stimson at the 1955 Temperature 
Symposium. However, several aspects ofthe method must be refin ed 
or modified for accurate measureme nts on capsule thermo meters. 
After a series of development tests , we were able to isolate and cor· 
rect for several types of systematic experimental errors that were sig· 
nificant, but not immediately obvious. Some of the effects that must 
be carefull y controlled in order to guarantee high precision are (1) 
thermal resistance between the thermometer and the freezing inter
face; (2) thermal conductance down to the thermometer from the am
bient environment ; (3) high· resistance electrica l leakage be tween 
leads in the heat exchange fluid ; and (4) freezing conditions in the tri 
ple point cell itself. Usin g the procedures developed during the test 
program, we have been able to obtain reproducibilities and statistical 
imprecisions of abo ut 10!Jl1 or 100/-iK. 

Spurgeon, J. C., R esponse c harac teristics of a portable x-ray 
fluorescence lead detec tor: Detection of lead in paint, 
NBSIR 73-231 , 37 pages (June 1973). (Availabl e as PB 224645 from 
the National Technical Information Service, Springfield , Va. 
22151.) 
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Key words: Lead paint detection; portable x-ray fluorescence 
lead detector; portable x-ray fluorescence lead calibration stan
dards. 

The objective of this investigation was to obtain an indication of the 
validity of the field data resulting from the use of portable x·ray 
fluorescence lead detectors by local lead paint detection programs. 
This report is intended to provide guidance in the use of portable x
ray fluroescence lead detectors by housing and/or health authorities 
who are responsible for the collection and interpretation of field data 
as part oflead paint control programs. 

The response characteristics of such an instrument to conditions 
that are related to those encountered in the field have been in
vestigated and the results are presented in this report. The effects of 
calibration standards, state of charge, paint overlayers, substrate, 
and distance on instrument response are discussed, in addition to the 
limit of detection and precision. The accomplishment of these tasks 
required the development of panel-type lead calibration standard. 
These standards encompass the concentration range from 0.1 
mg/cm' to 9.0 mg/cm'. 

Stabler, T. M., National program of metrology for Ecuador, 
NBSIR 73-157, 33 pages (Apr. 1973). (Available as COM 74-10394 
from the National Technical Information Service , Springfield, 
Va. 22151.) 

Key words: Calibration and testing; Ecuadorian Institute of 
Standardization (INEN); field inspections; mass, length, and 
volume standards; metrology laboratory; model law and regula
tions; technical education; U.S. AID. 

At the request of the Ecuadorian Institute of Standardization (IN
EN) the U.S. AID made arrangements for a weights and measures ad
visor to assist in the development of a program for scientific and legal 
metrology, including the design of a metrology laboratory, inspection 
system, a training program , and other essential features . A four week 
survey by an NBS representative has resulted in recommendations 
for a metrology laboratory, physical standards, an Ecuadorian 
weights and measures law, regulations, and control program. 

Considered also were the Ecuadorian National Standards of mass, 
length, and volume; precision balances, and other laboratory instru
ments. A program of technical education was recommended for an 
INEN engineer (program Administrator) and for other members of 
the INEN laboratory staff. 

Stephenson, J. c., Vibrational energy transfer in NO,}. Chem. 
Phys. 59, No. 3, 1523-1527 (Aug. 1, 1973). 

Key words: Infrared lasers; laser pumping of molecules; nitric 
oxide; vibrational energy transfer. 

Laser-excited vibrational fluorescence measurements have been 
used to obtain rate constants at room temperature for vibrational 
relaxation of the V = I state of NO in collisions with He, Ar, J-L. CO, 
NO, N" and CO,. Pulses from a CO, laser , frequency doubled in a 
tellurium crystal, provided the excitation source. The rate for the V 
- V exchange NO(1)+ NO(I)-4 NO(O)+ NO(2) was obtained. 

Stillman , R. B., The concept of weak substitution in theorem
proving,j.Ass. Campul_ Mach. 20, No.4, 648-667 (Oct. 1973). 

Key words: Associative processing; first-order predicate calcu
lus; resolution; subsumption; theorem-proving; unification_ 

Many of the centrally important predicates which occur within 
theorem-proving programs involve, in their computation, a subcalcu
lation aimed at determining whether or not a substitution exists 
satisfying certain constraints. Some of the principal difficulties in 
achieving efficient theorem-proving programs are traceable to the 
amount of computation required by this "substitution-existence anal
ysis_" In this investigation, the concept of "weak substitution" is in
troduced and its utility and applicability in the subsumption and 
unification computations are examined. The main motivation for con-

sidering weak substitutions is this: the eXJstence of a weak 
substitution having certain properties is relatively easy to detect , 
whereas the existence of a substitution proper having the same pro
perties is not. Furthermore, the absence of such a weak substitution 
is a sufficient condition for the absence of the substitution proper. 
Using the concept of weak substitution, a particularly efficient imple
mentation of the subsumption and unification computations on an as
sociative processor is presented. 

Straty, C. c., Younglove, B. A., Some sound velocity measure
ments on liquid fluorine, J. Chem. Phys_ 58, No.5, 2191-2192 
(Mar. 1,1973). 

Key words: Compressed liquid ; fluorine; saturated liquid; 
sound velocity. 

Some sound velocity measurements on liquid fluorine at 110 K and 
130 K at pressures to 21 MN/m' are reported. Data we re acquired 
prior to a destructive reaction in the cell which prevented further 
measurements. 

Sugar, J., Reader, J. , Ionization energies of doubly and triply 
ionized rare earths, J. Chem. Phys. 59, No.4, 2083-2089 (Aug. 
15,1973). 

Key words: Cerium; dysprosium; erbium; europium; gadolini
um; hafnium; holmium; ionization energy; lanthanum; lutetium; 
neodymium; praseodymium; promethium; samarium; terbium; 
thulium; ytterbium. 

Values for the ionization energies of the doubly and triply ionized 
rare earth atoms have been derived from interpolated spectroscopic 
properties of the 4/,ns series, and from interpolated energy intervals 
relating the first series member, 4JN6s, to the ground state_ The 
results in e V are 

La III 19.1774(6) 
Ce 20.198(3) IV 36.758(5) 
Pr 21.624(3) 38_98(2) 
Nd 22.14(30) 40.41(20) 
Pm 22.32(36) 41.09(32) 
Sm 23.43(30) 41.37(38) 
Eu 24.70(32) 42.65(32) 
Cd 20.63(10) 44_01(35) 
Tb III 21.91(10) IV 39 _79(20) 
Dy 22.79(30) 41.47(20) 
Ho 22.84(10) 42_48(32) 
Er 22.74(10) 42_65(21) 
Tm 23.68(10) 42.69(20) 
Yb 25.03(2) 43.74(20) 
Lu 20.9596(10) 45.19(2) 
Hf 33_33(2) 

The values for the doubly ionized atoms agree to within - 1 percent 
with those deduced from thermodynamic measurements on lantha
nide oxides. A value for the ionization energy of Cd II of 12.09(8) eV 
was determined by using new spectroscopic data for Cd 11 Cd III. 

Trechsel , H. R., Swiss building and housing research activities, 
NBSlR 73-288, 63 pages (Aug. 1973)_ (Available as COM73-11861 
from the National Technical Information Service, Springfield, 
Va. 22151.) 

Key words: Building research; buildings; cooperation; housing; 
international; Switzerland. 

Following up earlier contacts of CBT management with representa
tives of Swiss building research organizations, the author visited 
Switzerland in the Fall of 1972 for two weeks. 

This report discusses the results of meetings with representatives 
of the Swiss Federal Commission for Housing Research (FKW), 
major educational and research establishments, architects, contrac
tors, builders, and local building officials_ Topics covered in the 
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disc ussions included building economics, modular coordination , pre
evaluation of performance of housing projects , pre-evaluation of 
research projects, building des ign, land use and planning, transporta
tion, and bui ldi ng laws, codes , and standards. 

It appears that cooperative programs in any or aU of these are as 
could be profitable to NBS , and to the corresponding Swiss organiza
tions. 

Treu, S., Characterization and testing of interactive graphics 
for c o mputer-aided design and engineering, NBSIR 73-289, 
36 pages (June 30, 1973). (Available as COM 74- 10475 from the 
National Technic al Information Service , Springfi eld , Va. 22151.) 

Key words: Characte ri s ti cs; compute r-aided des ign; interactive 
graphics; man-machine inte rac tion; performance measure me nt. 

T his report prese nt s materia l developed as pa rt of a long-term " In
teractive Compute r ·Aided Techn iqu es Study." The report outlines 
the stages of development in the utili zati on of inte rac tive grap hics as 
a tool for Co mpute r·Aided Des ign and Engineering (CAD/ E). A se ri es 
of c haracteri s ti cs are present ed which are of s ignificance to the 
des igners and use rs of such syste ms and a se ries of questions of 
e valuative inte rest posed. These questions a re inte nded to delin ea te 
the extent to which a system under examination achieves its s tated 
des ign objectives. The c haracteri stics are grouped in accord a nce 
with the nature a nd complexity of the experime nts which wo ul d need 
to be conduc ted Lo establish values for thc m. The report sugges ts 
se lected characteri s ti cs of parti cular int eres t and s ugges ts the design 
of experim ent s fo r examining them in de ta il. The re port ma kes 
s pecific reference to the MEDEA des ign te rmina l concept unde r 
deve lopme nt within the Gra phical Sys tems and Techno logy Bra nch 
ofE COM. 

Verdier, P . H., Fluctuations in autocorre lation function s in 
diffusing syste m s , Chapter in Stochastic Processes in Chemical 
Physics, K. E. S huler, Ed., 15 , 137-148 (John Wiley & Sons, Inc. , 
Ne w York , N.Y. 1969). 

Key words : Autocorre la tion; co rre lation; diffus ion; flu c tuati ons; 
relaxation; time corre lati on. 

The relative rates of re laxation of the autocorre lati on fun ction and 
the flu ctua tions in it s sampled va lues a re derived for several simpl e 
diffu sing sys tems. It is found that in general, the autocorrela tion 
fun ction and its flu ctua tions re lax at ra tes whic h are different , but of 
the same order of magnitude. In the cases studied , the ratio of the 
relaxation time fo r the fluc tuations to that for the autocorrelation 
function vari es from about 1/2 to about 1 1/6. 

Wate rstrat , R. M. , Manusze wski, R. c. , The c h romium-iridium 
constitution diagram,). Less·Common Metals 32,79-89 (1973). 

Key words: C hromium alloys; constitution diagram ; e quilibrium 
di agra m; iridium alloys; phase diagram. 

The Cr·lr a lloy syste m has been inves tigated over the e ntire com· 
pos ition range by metallogra ph y, x-ray diffrac tion and e lec tron 
microprobe studies. There a re two interm edi ate phases in thi s 
system. The {3 phase possesses a C(ISi (A 15)-type crys ta l s truc ture 
and is stable from about 73 to 82 a t.% C r. The € phase has a hex· 
agonal c lose-packed crys ta l structure a nd is stable be tween 30 and 68 
al. % C r. Th e face-centered cubic iridium te rmina l solid solution can 
di ssolve about 28 a l.% Cr. Atomic ordering occ urs within thi s solid 
so lution, beginning at about 16 a t. % Cr and formin g a Cu;IA u type 
structure up to the limit of so lid so lubilit y. Irid ium is so lubl e in the 
body·centered cubic chromium termina l solid solution to the extent 
of about 12 at.% [r at 1680 °C but the so lubility decreases at lowe r 
te mperatures. Tw o peritect ic reactions we re observed a t 1750 ± 10 °C 
and at 2200 ± 50 °C. A eutecti c reaction is indi cated at 1680 ± 10 °C. 

Waterstra t, R. M. , The chromium-platinum cons titution dia
gram, Met. Trans. 4 , 1585-1592 (June 1973). 

Key words: Alloys; chromiu m; constitution diagra m; equilibri · 
um diagram ; phase diagram; platinum . 

The system Cr-Pt has been investi gated ove r the entire co mpos i
tion range by metallography , x-ray diffrac tion, a nd e lec tro n 
microprobe studies. There is only one inte rm edi ate phase and it has 
a Cr3Si(AI5)-type c rystal structure. Th e fcc platinum te rmina l so lid 
so lution extends t o 71 at.pct Cr at 1530 °C and form s a congrue nt 
melting maximum at about 1790 0c. Atomic ordering within thi s so lid 
solution range begi ns at about 17 at.pct Cr and there is a continuou s 
change from the Cu"Au-type structure to the CuAu·t ype stru cture 
with increasing c hromium content. Two eutectic reactions at 1530 ± 
10 °C and 1500 ± 10 °C were indicated and there is evide nce of a syn· 
tecti c reaction at 1580 ± 10 0C. Platinum is soluble in the bcc c hromi 
um termina l solid so lution up to about 10 at.pct Pt at 1500 °C but th e 
so lubi]jt y decreases ra pidly at lower temperatures. 

Wiederhorn , S. M., EnviI'onmental stress cor rosion crackin~ of 
glass, (proc. [nt. Conf. on Corros ion Fatigue, Che mi stry, 
Mecha nics and Micros tru cture . Unive rsit y of Connec ti cut , Storrs, 
Conn. , June 14-18, 1971), Pape r in Co rrosion Fatigue, NACE-2 , 
731-742 (Nationa l Association of Co rrosion Engi neers, Houston, 
Texas, ] 972). 

Key words: C racked propagation of glass; glass; glass fibe rs; 
hardness of g lass; static fati /l:ue of glass; s trength of glass ; s tress 
corros ion crac kin /l: of glass; structure of glass. 

A rev ie w is present ed on the effec t of environment on the s tre ngth 
of glass . The s tru c ture of glass and its s tre ngth in the absence of en-

. vi ro nme nt a re di scussed bri efl y. Expe rimental result s on e nviron
menta l c racking of glass a re presente d. Fina ll y, th erore ti ca l treat
ment s a rc /l:iven a nd discussed with respec t to available ex perim ent al 
data. 

Woolley, M. I.., Biblio~raphy of the e1ectroma~netics division 
June 30 , 1972 to June 30, 1973 , NBSIR 73-.~20, 22 pages 
(June 1973). (Ava ilab le as COM73 - 11971 fro m the Na tional 
Technica l Information Service, S pringfie ld , Va. 2215 1.) 

Key words : Anten na parameters; attenu a tion; c urrent ; e lec
tro magneti c measure me nts; fie ld s trength ; imped ance; 
waveguide theory. 

This bibliography Ij s ts the publications of th e NBS E lec tromag
netics Division be tween June 30, 1972 a nd June 30, 1973. 

Wyly, R. S., Rorrer, D. £. , Field test of hydraulic p e rformance 
of a single -s tack d.'ainage s ystem at the operation 
BREAKTHROUCH prototype site in King County, 
Washington, NBSIR 73-161 , 66 pages (May 1973). (Available as 
PB225 - 31O from the National Technical Information Service, 
Springfield , Va. 22151.) 

Key words : Crossflow ; fi eld tes ting, plumbin g; pe rforma nce 
criteria , plumbing; pe rformance, fun ctional; s ingle-s tac k 
drain age; s iphonage , induced; siphonage, se lf; tes t loads, 
hydra uli c; t rap·seal reduc tion detector; trap-sea l re tention. 

A procedure for meas uring th e hydrauli c perfo rm ance of dra in
was te·vent (DWV) syste ms in the fi e ld is described , a nd th e results 
obtain ed with thi s procedure in a fi e ld de monstration of the hyd ra uli c 
performance of a s ingle-s tack DWV syste m are presented. 

Among the most im porta nt c rit e ri a for hyd raul ic pe rfo rma nce of 
dra in-was te-vent sys tems are the fo ll owing: (1) T rap-seal re tenti on in 
idle fixtu res; (2) Ability of the syste m to res is t the rejecti on of suds, 
se wage, or foul gases due to hydros tatic or pne umatic pressures in 
the DWV sys tem; (3) Absence of c ross flow between fixtures; (4) 
Absence of self-s iphonage in the ind ividual fixture traps. 

Considering th e needs for minimizati on of maintenance in se rvice 
and for th e continuation of ve nting during cold weather , the following 
additi onal c ri teria can be identified : (5) Ability to maintain adequate 
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hydraulic performance over a long period of service without exces· 
sive maintenance of branch piping; (6) Adequacy of performance 
under climatic conditions conducive to frost closure of vent ter· 
minals. 

The procedures for selection and application of hydraulic loads, 
based on state·of·the·art guidelines, are described as applied to the 
soil and waste stacks evaluated for conformance to cri teria (1) 
through (4) above. 

The results show adequate performance in relation to criteria (1) 
through (4), with a single example of non·conformance on criterion 
(3), subject to the limiting condition that some uncertainty exists as to 
the degree of leak resistance of the DWV systems made available for 
the tests. 

Recommendations are offered concerning further work that could 
provide information to confirm estimated conformance to criteria (5) 
and (6). 

Yates, ]. T., Jr. , Madey, T. E., Dresser, M. ]. , Adsorption and 
decomposition of formaldehyde on tungsten (100) and 
(Ill) crystal planes,}. Catal. 30, No. 2, 260·275 (Aug. 1973). 

Key words: Carbon dioxide; catalytic; chemisorption; decom· 
position; formaldehyde; methane; tungsten. 

The chemisorption of formaldehyde at - 100 K has been in· 
vestigated on two single crystal planes of tungsten , W(lOO) and 
W(lll). At low HiCO coverages, on ly H2 and CO are observed as 
thermal desorption products. At higher H2CO coverages both ClL 
and CO2 are observed as additional desorption products. Work func· 
tion and flash desorption measurements indicate that the dissociative 
adsorption of H2 CO into H(ads) and CO(ads) is accompanied at 
higher surface coverages by the formation of other surface com· 
plexes. 

A detailed comparison of W(100) with W(lll) indicates that 
crystallographic differences playa minor role in the surface catalyzed 
decomposition of H iCO by tungsten. 

* Publications with prices and SD Catalog numbers may be 
purchased directly from the Superintendent of Documents, U.S. Gov· 
ernment Printing Office, Washington, D.C. 20402 (foreign: one-fourth 
additional). Microfiche copies are available from the National 
Technical Information Service (NTIS ), Springfield, Va. 22151. 
Reprints from outside journals and the NBS }ournal of Research 
may often be obtained directly from the authors. 
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