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Absorp t ion lines of P I' r were observed usin g a King furnace. A list of 3532 li nes in th e 
region from 1.741 to 5839 A is p rcscntpd. 

An absorption spectrum is of great h elp in the 
analysis of a complex and line-ri ch spectrum . There
fore l1I'ran gements were made to obtain the absorp
tion spectra of some rare earths at the Imperial 
Colleg-e of Scienc e and T ech nology in London. 
Absorption spectrogntms oj' praseodymium, cerium, 
and erbium have been obtained. The plates were 
taken with. a 3-m normal incidence vacuum spectro
gra ph [1]1 This instrument has a Bausch and Lomb 
alumini;t,ed replj ca grating of 30,000 lines per inch, 
bla7.edltt 1500 A in the first order. The plate Jactor 
is 2.7 l\ /mm. UfOI'd Q2 and Ask III plates were 
used . For the region above 2400 A the spectro
graph was not evacuated. 

Th e absorption vessel used was a large King 
furnace [1 ] with th e following modification: the 
praseodymium was vaporized in a 6 in . long, ~f-in . 
bore tantalum tube clamped between th e ends of the 
conventio nal gr ft phite t ubes. VVith IL 40 KVA 
power supply feeding a current transformer capable 
of delivering 1300 A at 30 V, it was possible to heat 
the tan talum tube to any temperature up to its 
melting point at around 3000 °C. The advantage 
oj' the tftntalum tube over graphite is that carbide 
formation is inh.ibited, thus enabling the vaporization 
of many materials which would otherwise react with 
hot graphite. 

A constant flow of purified helium was maintained 
at about 8 mm H g pressure to ensure clean condi
t ions in the King furn ace. The temperature was 
measured with an optical pyrometer sui tably cali
brated to allow for the difference in emissivity 
between the tube and a blackbody. 

The following three sources for the production of 
continuum radiation were used: (1) a pointolite 
lamp (i.e., an incandescent strip of t ungsten); (2) a 
16 A xenon arc in a quartz envelope; and (3) a H2 
positive column discharge observed end-on. Quartz 
and quartz-lithium fluoride optical elements were 
employed in the system. 

Absorption spectra at two different temperatures 
close to 1700 and 2000 °C, respectively, were photo-

-Im perial Co!iege of Science and 'T'echnology, London , E ngland . 
1 Figures in brackets indicate t he literat ure references at t he end of this paper . 
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graphed in each spectral region to assist in the classi
fication of lines arising from the lower energy le\'els. 
An iron arc was superposed for standards in the region 
abo \Te 3000 A while a copper hollow cathode was 
used in the region below 3000 A. 

These plates h ave been measured by Zalubas as 
part of the work on the description and analysis of 
PI'l being done at th e National Bureau of Standards. 
A scanning co mparator built at NBS [2] served for 
measuring the plates. The measurements were re
duced by an electronic co mputer. In t he region 
1741 to 3000 A the superposed s tandards were used 
for calculation of wavelengths of absorp tion lin es. 
In the region above 3000 A the superposed iron 
standards were used only for ident ification of t hose 
praseodymium absorption lines that h ad previously 
been observed in emission at NBS [3]. The wave
lengths of absorption lines were then calculated using 
the accurately known PI' I emission wavelengths as 
internal standards. In t he region 3000 to 5839 A 
all absorption lines are easily identifiable with PI' I 

emission lines. In the shorter wavelength region 
absorption lines are more numerous than emission 
lines. Reso nance lines of Er, Cr, Ca, D y, Ho, Cu, 
M g, N a, and Fe were found as impurities and elim
inated. 

The wavelengths are tabulated in table l. The 
first column gives the wavelength in angstrom uni ts. 
The second column contains intensities of lines esti
mated by eye on the absorption plates. The letter 
symbols are used to describe the ch aracter of the 
lines; c- complex, d- dou ble, h- hazy, I- shaded 
to longer wavelength, s- shaded to shorter wave
length, w- wide, and bl- blended lines. 

The wavelengths given in table 1 were obtained 
from one measurement of each line in absorption, 
at the 2000 °C furnace temperature. Their values 
have been rounded off to two decimal places; in 
general they agree within ± 0.02 A with the values 
obtained from measurements of emission lines in the 
region above 3000 A. Below 3000 A, however, the 
wavelength accuracy is not exactly known , since 
shifts may occur when the copper standards are 
superposed; although an unlikely occurrence, this 
possibility could not be ruled out by a oomparison 
wi th emission line wavelengths in th e same r egion. 



Since iron and copper standards were superposed Oil 

absorption spectrograms, there are some regions 
where the lines were partly masked by iron and 
xenon emission lines or molecular bands, thus caus
ing apparent wavelength shifts . Also, some lines 
which we observed in emission as self-reversed were 
completely masked on the absorption plates by super
posed standards. 

The above wavelength accuracy is sufficient for 
identification purposes in astronomical or spectro
chemical analysis. For spectrum analysis, the emis
sion line wavelengths derived from the plates taken 
with higher dispersion instruments are used. Using 
the absorption data, regularities in the spectrum of 
PI'I have already been discovered, and analysis of 
the PI' I spectrum is being continued at the National 
Bureau of Standards. 
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TAB LE 1. - Wavelengths and intensities of absolpt,:on lin es of PI' 

AnI(' Jnt. Ao;,. I nl. All il- .ln l. h oir Int. AlIiI' lnt. h (tir Inl. 

174 1.63 3 200S. 10 S 2086.21 1 2141.41 2 2205.64 2 2277.97 3 
1747.84 2 202'LO.) 1 2086.68 1 2142.40 2 2206.25 2 2278.23 2 
1762.95 5 2024.39 :3 2087.10 2 2142.77 J 2206.55 2 h 2278.4 1 3 
1765.68 4 2025.87 S 2087.63 3 2143.99 3 w h 2207.01 2 2279.28 3 
1766.44 8 2026. 19 1 2090. 71 1 s 2144.62 1 2207.42 1 2279.70 2 

1769.1 9 5 2027.27 2 5 1. 209 1.38 2 2144.92 2 2208.04 2 2280.27 1 
1774.88 S 2038.37 4 2091.88 2 2147.83 1 2208.55 I 2280.56 8 s 
] 825.36 1 2039.08 5 5 2092.23 2 2150.78 3 2209 .17 2 2282.44 2 
1827.95 4 2039.86 3 d 2092.42 2 2152 .02 2 2209.43 2 2282.89 2 
184 J .48 2 2039.86 3 d 2092.85 2 2155 .77 1 2210.96 2 2283.26 1 

1842.61 2 2040.90 2 2093.02 1 2156.56 3 2211.65 1 2283.87 2 
1847.49 2 2042.80 2 2093.21 1 2157.20 1 2212.87 1 2284. 14 3 
1848.16 I 2043.07 2 2094.1 0 I 2157.86 1 22 13.52 2 2284.62 3 
1850.70 2 2045.37 5 2094.40 1 2158 .59 1 2214.18 2 2284.93 8 s 
1851.16 2 2046.60 3 2094.88 2 2159.49 1 2216. 72 2 2285.51 I 

] 852.33 1 2047.27 2 2095.64 d 2160.08 2 2216.96 1 2285.90 2 
1853.83 1 2047.89 1 2096.49 2 wh 2161.64 1 2218.97 1 2285.51 I 
1854.37 1 2048.1 2 1 2099.62 1 2162.03 1 2219.28 3 2285.62 1 
1855.29 1 2048.84 3 w ei 2 100.11 ] 2162.44 1 2219.67 2 2285.90 2 
1855.59 1 2049.25 3 2101.75 1 2 163.20 2 2220.08 2 wh 2286.06 I 

] 856.39 I 2049.58 J 2102.40 ] 2164.34 2 2220.67 3 2286.36 1 
1857.36 1 2050.32 1 2102.62 1 2165.17 2 s h 2222.02 2 2286.86 2 wei 
1857.84 2 2050.54 5 2103.12 3 2165.50 2 2223.97 1 2287.31 8 
]865.33 1 2051.31 3 2103.12 2 2165.92 1 2225.09 2 w h 2287.91 5 
] 866.10 J 2052.96 6 2103.72 ] 2166.68 1 223 1.85 2 w h 2288.15 3 

1869.26 2054.07 2 5 1. 2104. 18 2 2168.09 1 2233.23 2 2289.40 1 
]880. 10 2056.57 1 2105.48 3 2168.61 2 2234.20 1 2289.59 5 
] 880.43 2057.29 2 2106.45 2 2168.89 2 2234.39 I 2290.35 4 
] 881.00 2057.63 4 2106 .91 2 2170.05 2 2234.87 2 2291.72 4 
1883.79 2058.33 3 2107.13 3 2172.49 1 2235.27 3 229 1.98 ] 

]885.99 2059.50 2 2107.44 1 2173. 14 2 2236.37 2 2292.48 4 
]887.79 2060. 29 3 2108.67 1 2173.45 2 2237.48 1 2294.39 1 
]888.35 2060.61 1 2109.02 1 2173.65 2 2238.05 2 2295. 13 1 
]890.39 2061.60 4 d 2110.64 2 2174. 13 3 2239.60 3 2295.59 2 
1894.67 wh 2062.96 2 2111.5 1 3 s h 2174.63 2 2239.74 2 2295 .78 5 

1896.94 1 2064.21 3 2112.37 3 2179.03 3 2240.33 1 2296.70 4 
1898.59 1 2064.58 2 2112.75 1 2181.80 2 s h 2240.85 2 2296.9 1 3 
]900.96 1 2065.57 2 211 3.54 3 2182.42 J 2241.09 2 2297.2 1 3 
1901.44 1 2068.89 3 2113.98 2 Iw 2182.62 1 2243.24 2 2297 .43 2 
1904.80 2 2069.42 2 2115.03 1 2184. 19 2 2243.44 2 2300.15 3 

1905.82 2 h 207l .24 1 2 118.30 2 1991.22 1 2246. 11 2 2300.60 3 
]906.57 1 2071.49 5 2118.79 3 2185.07 1 2247.78 3 2301. 11 1 
1908.35 I 2072 .35 3 2119.18 1 2185.54 2 2248.48 1 2301.22 4 
1934.58 2 2072.65 2 2120.72 1 2185.90 1 2250.32 2 wh 2301.48 4 
]935.83 1 2073 .30 1 2121.07 3 2186.55 2 s h 225 l.26 2 h 2302. 10 2 

]937.31 2 2073 .48 3 2122.17 2 wh 2187.25 3 2253.37 3 hw 2302.34 4 
1947.02 2 2074.13 2 2123.43 2 2187.99 3 2263.51 2 2302.53 3 
1950.29 1 2074.63 2 2123.88 1 2188.81 2 2269. 15 3 2302.67 3 
1957 .89 3 2075.41 1 2124. 12 1 2190.26 1 2266.86 3 w 2303.48 3 
1958.65 1 2075.50 2 2124. 71 2 2191.14 2 2269.16 8 2303.59 2 

1959.68 1 2075.78 2 2126.37 2 2193.00 3 2269.89 3 2303.83 4 
1960.20 3 2076.00 3 2129.42 2 2194.17 1 2270.61 4 2304.25 1 
1961.29 1 2076.19 1 2129.73 1 b I 2194.86 1 2270.98 4 2304.25 2 
1962.17 2 2076.44 2 2130.68 1 b 1 2196.89 2 w 2272.12 3 s 2304.53 1 
1962.95 1 2077.51 3 2131.64 2 2197.72 2 2272.80 3 2304.80 2 

1964. 12 2078.11 3 5 2132.07 1 2198.81 1 2273. 11 5 2305.02 2 
1972.32 2078.87 2 2132.55 1 2199.05 1 2274.04 3 2305.10 3 
1977.57 2 w 2079.56 3 2133.34 1 2200.05 1 2274.68 8 2305.30 3 
1983.28 1 2080.80 1 2134.77 2 d 2200.20 1 2275.19 5 2305.48 3 
1991.06 2 h 2081.36 3 2135.27 2 2200.78 2 2275 .52 2 2305.82 3 

1986.05 1 w 2082.24 2 2137 .70 2 2202.96 1 2277.04 3 2306.17 4 
1993.11 ] 2082.47 1 2138.35 2 s h 2203. 59 2 2277.31 1 2306.66 2 
1993.64 1 2082.83 3 2139.20 2 h 2204.06 2 2277.65 1 2306.91 1 

2083.42 3 2139.76 1 2204.72 3 2277.97 3 2307.13 4 
2085.81 1 2140.95 2 2205.07 1 2277.64 2 2307.91 3 
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TABLE 1. - Wavelengths and intensities of absorp tion lines of Pr - Continued 

Aa;r Int. Auir Tnt. AUi,. Int. Aair lnt. A(ljr In t. Aair Int. 

'2308.07 2 2333.86 1 2358.91 3 2382.60 1 2405.08 3 2432.13 2 
2308.2 1 2 2.334.14 8 2359. 17 3 2382.83 1 2405 .22 3 2432.44 2 d 
2308.72 '2 2336.79 3 2359.69 1 2383.62 3 240;;.40 1 2433.06 Q 

2309.12 .3 2338.27 2 2360.73 3 2383.83 2 2'105.72 3 2433.44 2 
2309.79 2 2338.46 2 2360.88 2 2384.34 3 2407.23 2 2433.71 2 

2310.14 3 h 2339.02 4 2361.85 2 2384.51 2 240"/.34 2 2434.20 2 
2309.98 3 2339. 14 1 2362 .11 2 2384.73 5 240'1.59 4 2434.34 2 
2310.72 ·5 2339.51 1 2362.32 3 2385.26 2 I e 240:3.00 3 2434.83 2 
2311.01 3 2340.01 3 2362.62 8 2385.73 2 Ie 2408.37 3 2435.20 5 
2311.01 3 w 2340.23 4 2362 .78 2 2386.50 3 2408.84 3 2435.68 2 

2311.81 8 2341.11 2 2363.05 2 2386.65 2 2409 .27 3 2435.86 1 
2312.52 3 2341.12 2 2363.24 2 2386.91 3 2409.83 8 2436.09 4 
2313. 17 3 2341.39 1 2363.98 2 2387.05 2 2409.99 2 2436.33 3 
2313.39 2 2343.03 2 2364.28 3 2387. 14 2 2411.22 3 2436.81 3 
2313.54 I 2343.36 5 s h 2364.42 1 2387.63 4 2411.57 2 2439. 19 3 s 

2313.71 1 2344.10 4 2364.55 2 2387.74 3 2412. 13 2 2439.56 3 
2314.06 I 2344.34 2 2364.92 1 2388.39 2 2412.29 2 2439.74 1 
2314.24 3 2344.83 2 2365.00 1 2388.54 3 2412.55 2 2440.57 3 
2314.67 I 2345.02 3 2365.13 4 2388.86 3 2412.90 1 d 2440.88 2 
2315.05 2 2345.34 4 2365. 71 3 2389.39 2 2413.22 2 2441.96 8 

2315.38 5 2345.6 1 2365.94 3 2389.51 2 2413.76 2 2442.62 2 
2315.80 3 2346. 12 2 2366.65 3 2389.68 3 2413.88 2 2442.89 1 
2316.44 2 2346.33 2 2366.93 8 2390.02 3 2414.75 2 2443. 12 1 
23 16.89 2 2346.54 8 2367.11 5 2390.37 2 2414.92 2 2443.60 2 
2317.29 3 2347.0 1 5 2368.56 1 2390.89 2 2415.07 2 2443.81 2 

2317.84 3 2347.30 6 2368.75 3 2391.04 4 2415.48 2 2444.63 2 
2318.38 3 2347 . .58 1 2368.98 3 239 1.43 4 2415.75 2 2444.78 2 
2318.86 3 2347.98 3 2369.22 3 2391.60 2 2416.24 2 2444.95 2 
2319.11 5 2348.46 2 2369.61 3 2391.97 2 2416.81 8 2445.38 2 
23 19.96 1 2348.67 2 2370.41 2 2392 .50 4 2416.99 4 2445.48 4 

2320.08 2 234·9.03 3 2370.86 3 2392 .81 2 2417.07 5 2446.27 3 
2320.32 2 2349.37 3 2371.15 3 2393. 15 3 2419.74 3 d 2446.37 2 
2320.79 4 2349.72 8 2371.28 3 2393.26 4 2420.04 3 2446.53 3 
2321. 18 6 2350.19 3 2372. 15 8 2393.57 4 2420.41 2 2446.70 2 
2321.34 2 2350.35 3 2372.42 1 2393.71 3 2420.78 1 2446.93 2 

2321.78 1 2350.48 5 2372.83 2 2393.96 2 2421.05 8 2447.02 5 
2322 .28 2 2351.18 4 2372.95 2 2394.02 2 242 1.42 2 2447 .09 '2 
2322.50 2 2351.50 2 2373.19 3 2394.36 3 242 1.88 3 2447 .61 2: 
2322.71 3 2351.75 5 2373.32 2 2394.82 2 2422.26 2 2448.45 1 
2323 .70 3 2352. 15 5 2373.42 2 2394.95 1 2422.38 2 2448.78 1 

2324.33 4 2352.56 3 2373.88 2 2395.20 3 2422.60 4 2449.70 3 
2324.50 2353.00 1 2374. 16 5 2395.35 3 2423.24 8 2449.83 2 
2324.81 3 2353.12 2 2374.43 2 2395.73 2 2423.84 3 2450.33 2 
2325.04 1 2353.24 2 2374.97 1 2396.26 4 2424.25 2 2450.48 3 
2325.16 1 2353.42 1 2375.07 5 It 2396.84 3 2425.00 1 2450.60 2 

2325.40 3 2353.79 2 2375.50 2 2397 .08 2 2425.29 1 2451.09 1 
2325.58 2 w 2354.24 3 2375.64 4 2397.28 2 2425.45 3 2451.35 1 
2325.85 2 2354.33 2 2376.00 3 2397.40 1 2425.75 1 2451.79 3 
2325.92 2 2354.59 2 2376.20 2 2398.02 3 2426.04 3 2452.00 3 
2326.07 4 2354.79 4 2376.66 4 s 2398.21 4 2426.26 2 2452. 12 3 

2326.86 3 2355.25 2 2377.17 4 2398.57 3 2426.44 1 2452.77 3 
2327.43 3 2355.26 2 2377.51 3 2398.98 2 2426.73 2 2453.21 .3 
2327.97 2 2355.4 7 3 2378.08 1 2399.33 1 2427.46 3 2453.28 3 
2328. 13 3 2355 .47 3 2378.47 8 2399.42 2 2427.72 1 2453.52 3 
2328.59 3 2355.90 2 2378.90 2 d 2400.51 2 2428.27 1 2453.82 2 

2328.76 2 2356.04 2 2379.34 3 2401.36 3 2428.46 2 h 2454. 11 1 
2329.02 3 2356.20 3 2379.58 2 2401.54 3 2428.8l 2 2454.40 3 
2329.87 3 w 2356.54 3 2379.88 2 2401.71 2 2428.98 2 2454.60 2 
2330.34 1 2356.85 8 2380. 11 3 2401.94 2 2429.11 J 2454.87 2 
2330.79 4 2357. 13 2 2380.50 2 2402.52 2 2429.72 2 2455. 18 3 

2332.01 5 2357.58 1 2380.57 2 2402.64 ] 2429.84 3 2455.26 2 
2332.40 3 2357.97 2 2380.89 2 2403.89 3 2430.40 2 2455.50 2 
2332.52 4 2358.24 1 2381.07 2 d 2404. 14 5 2430.57 3 2455.98 1 
2333.04 1 2358.69 2 2381.44 2 2404.30 1 2430. 76 2 2456.36 2 
2333.36 2 2358.77 1 2381.72 2 2404.50 1 243 1.35 5 2456.85 2. 
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TABLE 1. - Wavrlellgths and in tensilies of absorp tion lilies of P I' - Con i i Ilu ed 

Alii,. I Il l. Au;" Inl. Art;I' Jn l. Arti,. 1111 . AliiI' Jnl. Ani,. I Ill. 

2457.06 2 2478.87 3 2523.25 2 2552.15 8 2578.37 4 2598.08 4 
2457.27 2 2479.41 2 2.')23.78 3 2552.93 2 2578.96 2 2598. 17 I 
2457.37 2 2480.07 2 2,524.40 2 2553.21 2 2579.68 2 bl 2599 .10 3 
2457 .76 3 2480.35 3 2525 .24 I 2553.75 3 2580.28 2 2599 .61 3 
2457.85 3 2480.64 2 2525.49 1 2553.86 2 2580.36 4 2599.74 4 

2458.21 4 2481. 26 4 2525.72 1 2554.08 2 2580.47 2 2599.85 8 
2458.69 2 24·81.41 3 2525.83 1 2554.42 I 2580.78 1 2599.85 8 
2458.98 2 2482.45 3 2526.66 1 b 1 2554.83 1 2581.05 2 2600. 72 8 
2459. 12 2 2 '~82. 79 3 2526.99 8 2555.01 1 2581.42 3 2600.86 4 
2459.49 3 2484.01 2 2527.20 2 2555. 18 1 2581.58 3 260 1.65 1 

2459.73 2 2484.72 2 2527 .65 1 2555.26 3 258 1.86 1 2602.24 I 
2'~60 . 29 5 2485. 16 3 2528.41 5 2555.50 1 2581.95 1 2602.32 1 
2460.69 3 2485.43 1 b I 2528.92 2 2555.76 I 2583. 16 2 2602.68 3 
2460.77 2 2485.52 1 2529.39 5 2556.47 2 2583.36 5 2602.84 3 
2'~6 1. 2 1 ,5 2485 .73 2 2529.71 3 2556.97 1 2583.61 3 2602.94 1 

24·6 1.63 3 2487.37 3 2530.06 1 2557.05 2 2584.00 3 2603.44 8 
2462,07 3 2489.99 3 bl 2530. 17 1 2557.30 2 2584.35 3 2603.67 2 
2462.37 5 2491.04 3 2530.98 5 2557.,54 3 2585.62 2 2603.89 1 
2462.37 3 249 1.42 I 2531.12 2 2558.77 1 2586. 16 1 2604.09 2 
2463.05 3 2491.64 2 2531.48 2 2558.98 2 2,586.66 I 2604.91 5 

2463.77 2 249 1. 87 1 2531.82 5 2559.35 1 2586.79 1 2605.93 3 
2463.87 4 2492 .49 8 2532.28 2 2559.53 2 2586.86 1 2606.05 I 
2463.97 1 2492 .83 4 2532.38 1 2560.21 3 2586.96 1 2606.90 8 
2464.79 4 2494.53 3 2532.49 2 2560.48 3 2587.43 3 2607.22 2 
2465.40 4 2495. 07 2 2533.33 2 2560.61 2 2587.55 I 2607.33 2 

2465.57 I 2496.1 2 5 2534. 17 1 2561.20 3 2587.76 3 2607.59 3 
2465.77 8 2496.29 1 2534.47 3 2561.86 2 2587.88 3 2607.90 4 
2466.06 4 2496.52 1 2534.73 2 2562.94 2 2588.04 3 2608. J8 2 
2466.72 8 2496.92 1 2535.5 1 2 2563.09 2 2588.43 2 2608.34 1 
2466.91 1 2497.08 6 2536. 18 J 2563.51 1 2588.8 1 ::; 2609.1 2 3 s 

2467 .1 7 8 2497.92 2 b l 2536.29 2 2563.93 1 2589.00 I 2609.06 3 
2467 .51 1 2497.99 2 b l 2536.39 I 2564-.06 1 2589.08 3 2609.76 1 
2467.74 1 2499.70 3 2539.09 3 2564. 18 1 2589.22 j 2610.93 2 
2467 .87 2 2499.97 2 2540.10 3 2564.30 3 2589.93 1 2611.68 3 u I 
2467.98 3 2501.00 2 2540.63 3 2564.52 2 2590.31 2 2613.74 4 

2468.29 4 250 1. 24 3 254 1. 14 3 2564.63 5 2590.45 3 2613.9 1 4 
2468.46 3 2502.59 1 2541.80 2 2565. 12 1 2590.56 5 2614.73 2 
2468.81 3 2502.90 1 2541.94 1 2566. 15 2 2590.96 2 2615.40 2 
2468.94 2 2503. 13 1 2542. 16 1 2566.44 2 2591.20 2 2616.01 1 
2469.l7 3 2505.77 3 2542.28 1 2566.61 1 2591.30 3 2616.10 1 

2469.60 6 2505.96 2 2542.71 1 2567 .21 1 259 1.58 3 2616.22 1 
2469.73 8 2506.72 1 2543.01 I 2567.76 2 2591.93 2 2616.60 J 
2470.04 1 2507.24 1 2543.44 2 2567 .99 I 2592. 11 2 2616.90 1 
2470.13 2 2509.32 1 2543.83 2 2568. 11 I 2592.46 2 2617.43 1 
2470.74 2 2509. 59 3 2544.09 3 2568.62 4 2593. 12 2 b l 2618.72 8 

2470.82 2 2510.83 3 I I' 2545.30 2 2568.89 4 2593.23 8 2619.79 2 
2471.50 2 2512.10 1 2545.65 1 2569 .05 1 2593.45 5 2623. 16 1 
2471.69 5 2512.46 1 2545.83 3 2569.32 1 2593.82 2 2623.48 1 
2472. 13 2 2513.57 I 2546.22 1 2569.76 2 2594.05 1 2625.07 2 
2472.28 4 25 13.77 1 2546.47 1 2569.92 2 2594.48 2 2625.33 3 s 

2472.44 2 25 13.93 1 2547.20 1 2570.11 2 2594.58 1 2626.60 2 
2472.70 1 25 14.81 1 2547.48 2 2570.84 5 2594.87 I 2626.94 4 
2472.95 2 25 15.09 1 2548.40 1 2571.40 2 2595.03 1 2627.55 4 
2473. 10 2 25 17.21 1 2548.86 1 2572.47 I 2595.25 2 2627.72 I 
2473.48 5 s h 2517.96 4 2549.03 3 2572.63 2 2595.41 1 2628.66 I 

2474.01 5 2518.03 1 b I 2549. 18 1 2573. 16 I 2595.76 2 2629 .00 1 
2474.39 1 2518.41 1 2549.35 1 2573.39 1 2595.85 3 2629. 16 1 
2474.72 3 25 18.66 1 2549.79 I 2573.70 2 2596.16 3 2629.46 1 
2475.19 3 25 18.82 2 2550.00 3 2574. 10 2 2596.30 4 2630.09 1 
2475.49 2 2519.91 1 2550. 15 1 2574.19 2 2596.47 1 2630.45 3 

2475.84 1 2519.99 1 2550.28 2574.55 5 2596.57 2 2631.10 5 
2476.03 4 252 Ll 3 1 2550.54 2574.81 4 2596.82 1 2631.20 4 
2477. 18 2 252 1.37 2 2550.82 2576.89 2 2597.09 2 2631.39 2 b l 
2478.18 2 2522.44 I bl 2551.32 2577. 19 2 2597.59 5 2631.82 3 
2478.68 3 2522.94 1 2551.81 2577.65 2 2597.78 1 2631.93 1 
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TA BLE 1. - Wavelength s and in tel/sit ies of absorpt ion lines of Pr - Continu ed 

Allil" Int. Aa il' 1 nt. Aui,- ln t. A ,Ii,. Int. Aflil" l nt. Aflil' Int. 

2632.44 5 2674.22 3 b I 2719.96 2 2765 .37 3 2795.69 5 2826.90 2 
2632.74 6 2677.22 I 2720. 18 1 2765.81 1 2796. 13 3 2827.0 1 1 
2633.09 12 2677.56 I 2720.49 1 2765 .92 3 2796.83 5 2827 .09 5 
2633.80 ] 2677.9.5 1 2720.60 1 2766.13 1 2797.27 2 2827 .87 ] 

2634.05 I 2678.48 3 2721.05 3 2766.27 3 2797.79 1 2828.03 3 

2634.70 I bl 2678.67 3 2721.54 3 2766.27 2 2797.91 5 2828.55 1 
2634.78 I bl 2679.36 I 272 1.82 2 2767.32 3 2798. 13 8 2829.84 8 
2634.91 2 2679.96 1 2722.42 1 2767.73 1 2798.32 I 2830.31 3 
2635. 12 3 2682.55 1 2725.39 2 2768.09 5 2798.94 2 2831.50 8 
;:636.24 2 2683.04 2 2725.63 2 2768.43 8 2799.52 3 2831.98 3 

2636.33 3 2683 .60 1 2727.02 1 2769.85 5 2800.10 3 2832.62 5 
2636.54 8 2684.54 1 2727.9.5 2 2770.02 5 2800.56 2 2833. 17 5 
2637. 04 1 2684.80 2 2728.58 5 2770.38 2 2800.93 3 2833.82 2 
2737.32 3 2685.31 1 2728.76 1 2771.0 1 5 2802.09 8 2833.98 I 
2637.40 1 2685.43 I 2729.39 1 2772.56 3 2802.50 5 2834.25 4 

2637.75 2 2685.68 1 2729.74 2 2772.90 2 2802.88 2 2834.60 2 
2639.63 I 2686. 19 1 2729.86 1 2773.61 1 2803.65 1 2835.38 8 
2640.36 2 2687.54 1 2730.0 ] 1 2773.76 1 2804.18 8 2835.48 6 
2640. 82 1 2687.69 :2 2730.35 2 2774.78 3 2804.92 3 2835.97 8 
2641. 23 5 2688.38 1 2730.59 2 2775.27 3 2805.24 5 2836.12 2 

2641.55 1 2688.5 1 1 273 1.0] 1 2775.73 3 2805 .37 2 2837.06 8 
2641.98 1 2688.82 :2 273 1.9 1 1 2776.48 1 2805.63 8 2837.23 3 
2642. 16 5 2690.46 1 2733. 19 5 2776.91 3 2806.02 4 2837.64 8 
2642.69 2 2692.42 J 2736.67 ] 2777.53 1 2806.76 4 2838.60 2 
2643.63 5 2695.04 1 2736.84 1 2777. 73 3 2807.61 1 2838.7 1 3 

2644.05 J 2696.09 2737 .27 L 2777.84 1 bl 2808.23 3 2839.37 8 
2644.43 1 2696.35 2 2737.90 2 2778.3 ] 1 2809.04 3 2840.29 8 
2646.25 1 2698.04 1 2738.76 5 2778.67 8 2809 .50 1 2840.78 I 
2646. 39 2 2698.53 :3 2739.22 3 2779.42 2 2809.66 I b l 2841.07 2 
2648.15 3 2699.J8 I 2740.62 1 2779.88 2 2809.74 2 bl 2841.83 8 

2648.55 3 2699.44 1 2741.29 1 2780.10 3 2810.09 3 2842.26 2 
2648.82 1 2700.11 1 2741.50 2 2780.38 2 2810.64 2 2842.47 2 
2650.01 2 2700.21 J 2741.95 3 2780.55 1 28] 0.98 1 2843.02 8 
2650.54 1 2701.26 1 2742.81 3 2780.66 3 2813.94 10 2843.28 8 
2652.62 3 2702.07 3 2746.06 2 2780.94 1 2814. 14 1 2843.88 ~ 

2653 .60 3 2702.28 3 2746.05 2 b l 2781.32 2 2814.44 8 2844.07 8 
2653.96 1 2704.49 5 2746.38 1 2782.05 2 2814.5 1 4 b l 2844.50 2 
2654.33 1 2706.04 2 2747.75 ] 2782.29 ] 2814.96 5 2845.29 8 
2654.86 1 2706.37 I 2748.23 2 2782.56 3 b I 2815.4 7 8 2845.58 6 
2655.08 2 2707.14 1 2748.58 3 2782.63 2 b l 2816.35 3 2847.13 3 

2655 .24 2 2707.84 I 2748.81 1 2783.03 1 2816.88 3 2847.48 8 
2655.37 3 2708.54 1 2749.69 I 2783.14 3 2817.13 2 2847.93 5 
2655.54 1 2708.92 5 2750.81 8 2783.56 8 2817.30 8 2848.97 3 
2656.15 3 2709.11 8 2751.22 2 2783.74 2 2817.93 2 2849.16 4 
2656.64 1 2709.98 3 2751.4] I 2784.84 8 2818.23 3 2849.98 1 

2657.23 2 2710.95 1 2751.53 5 2785.18 1 2818 .77 2 2850.36 4 s 
2658.29 1 2711.06 1 2752.46 1 2785.50 2 2819.33 8 2850.68 5 
2658.88 1 271l.l6 3 2753.12 2 2785.78 8 2819.68 8 2851.87 2 
2661.10 2 2711.34 8 2753.72 3 2786.46 5 2819.78 3 2852.79 2 
2661.71 1 2712.73 1 2754.64 2 2786.89 5 2819.93 1 2852.97 1 

2661.89 1 2713.09 1 2754.96 1 b I 2787.99 2 2820.68 3 2853.15 2 
2663.04 2 2714.04 3 2755.02 2 2788.60 3 2820.98 3 2853.23 1 
2663.36 5 2714.36 1 2755.63 8 2789.79 ] 2821.16 3 2855.45 1 
2663.64 1 2714.50 4 2758.45 1 2789.95 2 2821.26 3 2856.48 3 
2664.60 2 2714.75 1 2758.92 I 2790.16 8 2821.68 6 2857.17 8 

2667 .57 1 2714.94 1 2760.42 2 2791.13 3 2821.83 8 2858.05 3 
2668.50 5 2715.17 I 2760.82 2 2792.36 2 2822 .00 8 2858.74 2 
2669.27 1 2715.62 1 2761.70 3 2792.63 3 2823 .41 1 2858.83 3 
2669 .66 1 2715.77 2 2762.16 5 2792.76 3 2823.78 1 2859.06 5 
2669.93 1 2716.25 2 2762.29 5 2793.07 1 2824.01 4 2859.41 4 

2670.51 1 2716.38 1 2764.22 1 2793.30 1 2824.24 5 b l 2859.91 5 
2671.09 1 2717 .89 1 2764.38 I 2794.00 4 b I 2824.78 8 2860.76 5 
2671.35 I 2718.32 2 2764.73 2 2794.88 1 2825.87 4 2860.91 3 
2672.17 1 2718.42 8 2764.73 3 2795.20 5 2826.20 5 286 1.65 4 
2673.09 2 271 9.15 2 2765.01 1 2795.47 4 2826.67 5 2862.00 1 
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TABl.E I.- Wo ve/el/glh s ol/d il/lel/.lil ies oIoliso/pliol/ /il/I'S ,,( I' r - Co lIl ;ll ll cd 

A.ui/' Inl . A',ir Til l. AUir ·In l. A'l il' 111 1. AI/u' 1111. A flil ' 111 1. 

2862.27 5 2902.09 I 29.55.99 I :)1 32.2') 8 :~228 . 4 1 :~ :rHO. I·,) . ~ 

2862.43 5 2902.5 1 8 2%6.67 I 3 13:l.2:3 :1 :~22S.62 I :n 'n.9 1 .~ 

286:3.24 :i 290:'\.40 l 2%7.o:i 2 :1134.79 4 3228.90 2 :n4658 I 
2863.59 1 290:J.6 1 2 29.59. 12 2 :1 136.09 2 :3 231.28 :2 :n47.41 .~ 

2864.20 8 2904.0:1 l 2962.65 2 :3 142.06 + :123 1. 5 1 I :n48.2·1. .) 

2S64.93 8 2904.3:3 :2 2963.64 10 :i 142.88 1 hi 323 1. 70 l 3:3495B 2 
286.~. 72 4 :2905.11 :i 2964.92 I :i I44.o:i I bl :1232.58 :3 :\35U4 2 
2866. 15 4 2905.2 1 I 2967.03 2 :3 146.92 4 hi 3233.25 + :n5:t4·~ :, 
2866.45 S 2906.09 2 2974. 16 3 :1147.92 2 b I :i2:35.02 + 3357.40 2 
2S67B 2 2906.16 I 2975.54 2 3 148.35 :3 :,2:35.25 l :1358.5 1 2 

286S.30 1 2907.23 1. 2985.43 h I 3 1S0.86 l :12:l5.S4 I :1358.9'~ I 
2868.68 2 2907.39 5 2985.54 .) :3 15 1. ,)1 l hi :3238.52 :, h :n59. 1:3 I 
2869.43 8 2907.85 2 2986.79 2 :3 1,55.90 :1 :{240.60 :{ :n63.96 8 
2869.8B 3 2908.02 I 2987.42 2 :31.57.20 :2 b l :{242.4 1 2 3365.27 -I 
287 1.02 3 2909.29 2 2992.38 2 :3 158.3.3 l h i :1244.29 8 :J:366.06 I 

2872. 76 4 29 1O.0:{ 4 2994.71 :{ 158.88 :3 [,1 3244.6 1 :1 :1366. :17 2 
2873.61 2 29 10.58 .) 2997.63 :3 159.7'1 3 I. I :1245.49 2 3369. 12 5 
2873.93 8 29 ]1.65 12 3000.70 3 160.02 2 :3246.08 2 :\372 .86 I 
2874.2:1 6 29 J 2.35 I 300 1.42 3 160.3·1 I hi :3246A9 ~ :3373.3:1 I 
2874.47 I 29 12.80 1 3006.28 2 \\' 3 16 1.65 l :3248.72 ~ 3:374.99 :3 

2874.87 29 13.89 2 3008.:30 :1 :1 163.79 2 3253. 15 8 :r375.20 :2 
287S. 11 2 29 14.55 .~ 3008.92 I :1 167.15 2 :1254.62 :2 :3:)75.52 I 
2H7~ .. 52 5 29 14.70 :1 30 11.90 I :~ 167.64 I :3257. 18 I :n78.:34 8 
21177.07 S 29 15.0 1 10 30 J:3. 0~· ·1 :1169.78 2 b I .3258.02 2 :\379.25 I 
2877.41 2 2<) I S.6:~ l 30 14. 12 2 :~170.S7 3 :Wi8.97 3 :1380.06 -I 

2877. 67 2 bl 29 1 6.0:~ 10 :30 14.75 1 w :~ 1 70.92 :1259.4 1 I :138 1.42 8 
2878.82 3 29 16.58 :3 :iO I4.83 1 b I .3 1 71.~. 2 3259.80 1 :B86.04 10 
2879.52 S 29 16.8 1 2 30 14.96 2 :3 I 71. 7:l :~260.08 1. :1386.6:~ :1 
21179.7 1 10 29 18.7H :1 :\0 17. 14 :1 3 1 7:~ 09 s 3260.87 <t. :139 1.48 I 
2H80.36 .3 29 J'i.Rl I 30 17.67 l :{ 174.05 1 326 1. 24 <t. :3.193.67 2 

2HHO. % :1 2920.3.5 2 :30 18.6:3 + :1174.39 :3 :{262.22 3 :n93.95 2 
2118 1. 27 5 2920.S4 I :10 19.79 1 :{nS.61 :2 :3262.40 2 .1394.24 '2 
288 1. 56 2 2920.6 1 .3 302 1. 87 1 :{176.21 I 3263.9 1 :2 :13%.02 I 
2882.3S I 2920.89 I 3022. 19 I 3 178.8" 2 3264.32 8 33%.45 :{ 

2882.63 I 2921.:{2 I 3022.8 1 l :~ 1 79. 97 2 .326.5.87 1 :rl95.89 2 

2H83.67 4 2921.72 I :1026.00 :3 b I :{ 18 1. 02 4- :1276.29 1 :B96.36 :2 
2883.94 8 2922.26 :1 .1027.39 I :3 184.1.1 8 3277. 10 I :l393.S2 I 
2885.87 10 292:U-1 B 3028.24 1 :118 7. 03 6 :3:2S3.0S 2 3393.67 2 
2886.83 4 292:,.89 :1 :30.33.32 2 .3 188.4 1 + 3283.4 1 .) Tl93.9.5 2 
2887.36 4- 2925.92 2 3o:i4.78 2 3 188.88 2 3289.03 I :339·1.24 2 

2887.56 2 2927. 11 2 303.~.2·~ 2 :3190.70 3 3289.63 :1 3395.00 I 
2888.4 1 2 2928.77 I :1047. 1·1· I :1198.60 4 3293.59 :1 3395.45 4 
2888.56 3 2929.00 I 3047 . .5:3 2 :~ 1 98.74 3 3297. 10 2 33%.9 1 :~ 

2888.82 2 2930.80 2 30.52.S9 l 3199.26 2 3297.50 :3 3396.:,2 2 
2890.54 3 2930.99 1 3054.75 2 3 199.64 :3 3298.41 I 3397.20 1 

2890.73 3 293 1.68 2 3055.65 1 :3 199.95 I 3299.38 1 3397.48 I 
2891.27 4 29.32.47 I 3056. 17 '2 3200.35 1 3303.01 :, 3398.9 1 I 
2891.62 4 2933.47 :2 3056.70 2 3201.1 4 1 3303.2'1. 2 :1399.77 I 
2891.99 12 293,).22 2 3059.81 3 320 1.60 I 3303.44 :3 :1400.1 4 I 
2893.44 10 2936.34 l 3063.6l 3 b I 3203. 12 3 3306. 76 5 3402.87 :2 

2894.21 8 2938.53 2 3066.03 1 3206 .04 I 3308. 39 3 3402.95 .j. 

2894.64- 6 2939.38 1 3071.57 :2 3206.33 2 33 14.86 :i 3403.76 5 
289,).47 2 2940.05 2 3101.95 2 bl .3206.61 I 33 16.45 3 3404.60 3 
2895.91 8 2940.7 1 .'i 3 102.65 2 hi 3207.16 :2 33 17.42 :2 3404.99 3 
2896.54 l 2941.14 1 :i l 03.80 .3 32 12.49 .:; 33 19.62 3 :3405.70 3 

2896.65 3 2942.72 3 105. 11 3 b I 32 16.24 5 3327.08 2 3406. 70 I 
2896.73 2 2944.93 .) 3 11 3.63 I 32 16.80 2 3328.89 2 3408. 74 3 
2896.92 3 2945.78 2 3 11 8.03 3 32 18.26 .5 3330.05 2 3'~09.25 S 
2897.6,) 4 2947.24- 2 3 11 9.36 8 32 19.9 1 2 33.3 1.6 1 3 3409.69 2 
21198.22 8 2948.11 :2 .3 122.96 8 322 1.83 .) 3332.77 1 :34 ]0.1:{ 3 

2899.24 3 2948. 11 2 3124.28 1 3222.47 3 3333.30 I :34 11.67 I 
2899.37 12 2949.61 2 3125.45 .5 3223.82 3 3333.86 2 3414.75 :~ 

2899.92 4 295 1.01 3 3 126.07 4 3225. ]9 .5 3334.69 3 3415.66 4 
290052 8 29.5 1. 20 I 3 126.33 4 3225.55 3 3:337.28 2 34 17.S I 4 
290 1.81 (j 2%5. 15 I 3127.79 8 3228. 13 3 3339.34 1 3+1 7.911 5 
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TAB LE 1. - Wavelengths an d intensities oj absorpt ion li lies oj Pr -Continued 

Auil" I nt. Afli/" In t. AII ; ," Int. A (IiI" In t. Aail' lnt. Aai,. Tn t. 

3418.66 1 3516.33 I 36+4.70 I 3738.94 2 3832.3 1 3 396 1.70 8 
3420.83 I 35 17. 17 I 3649.08 2 :3739.59 I 3833.07 2 396 1.85 2 
342 1.94 I 35 18.49 10 3650.73 4 3739.80 1 3833 .23 2 3962.85 2 
3422.43 I 35 19.65 3 365 1.46 I 3744.80 5 3834.35 3 3963.24 3 
3423.26 2 3521.32 2 365 1.98 I 3748.98 3 3834.69 4 3964.90 I 

3425.20 3 3.'>22.97 3 3653.37 3750.38 5 3836 .1 0 5 3965.26 2 
3426.08 2 3S23. 19 3 3654. 13 3756. 13 2 3836 .30 2 3966.28 8 
3426.72 I 3.';27.86 I 3654.63 5 3757.06 I 3838 .77 2 3966.55 1 
:14:'\:2 .04 10 3529.61 1 3657 .09 3 3758.35 1 3844.10 2 3966.88 I 
34:-32 .63 :2 3529.84 2 3658.04 2 3758.84 I 3848.10 3 3969.30 2 

.3434.4 7 4 3530.66 I 3659.20 I 3760.22 4 3850.38 4 3971 .63 1 
3436.89 1 3532.29 I 3661.48 3 3760.69 I 3858.02 4 3972.70 2 
3'f37.60 4 :i532 .82 8 3662.47 3 3760.96 .3 3859. /1 2 397.3.71 I 
3438.8.) 2 3542.08 :2 3664.38 I 3761.37 J 3861.78 J 3974.32 I 
3440.06 I 3543.74 5 3665.07 :2 3763. 11 I 3864.10 I 3974.67 2 

3440.:;9 j 3544.59 I 3665.46 I 3763.97 I 3866.59 4 3976.94 I 
:-3440.97 I .3 .549.26 I 3666.38 2 3764.90 8 3870.72 I 3977.32 8 
3441.57 2 3550.65 3 Ii 3668.47 5 3766.02 1 3872.64 2 3977.69 I 
3442.40 2 355 1.4 1 3 3668.88 1 3766.75 5 3874.83 I 3978. 17 1 
3443.24 :2 3:>5 1.65 2 3671. 11 4 3768.42 5 3877.29 4 Ii 3978.60 I 

3444.30 4 :3 555.26 2 3675.50 3 3768.95 3 3878.21 4 3979.66 I 
:{445.8.3 I 3558.81 2 3676. 08 4 3769.93 1 3878.80 2 3979.88 3 
:3447.8:) 5 3563.50 8 3677.59 3 3770.80 2 3881.69 1 3980.23 I 
3450.10 5 3564.1 3 5 3678.30 5 3773.47 5 3883.30 5 3980.48 I 
3450.66 2 3564.76 1 3679.91 2 h 3776.07 6 3883.98 3 3980.87 2 

3453.80 S 3572.30 9 368 1.69 S 3779.29 4 3884.28 1 398 1.39 1 
:34.14.86 I 3573.09 1 3683.52 2 3779.73 1 3886.30 1 3981.68 I 
:H58.06 2 3575.62 :2 3685.76 3 3780.29 2 3892.40 2 3982.07 1 
:34.19.44 1 3577. 16 1 3687.67 5 3780.94 2 3895.63 3 3982.46 3 
34.19.86 :2 3578.68 .1 3687.86 I 3782.82 3 3898.41 4 3982.70 J 

346 1.20 .3 3582.97 3 3693.6 1 8 s 3783.81 1 3899.36 3 3983.36 5 
3466.24 3 3.586.64 I 3695.46 4 3785.07 3 s 3900.67 2 3983.52 1 
3467.02 3 3.590.84 2 3698.74 3 3786. 11 j 390 1.29 I 3983.84 .1 
3468 . .15 I 359 1. 2 1 3 3700.24 3 3787 .90 4 3901.8 1 1 3984.42 6 
3468.66 2 3.191.90 2 3701.59 2 3788. 19 J 3906.82 I 3985.04 J 

3469.05 5 3593.50 .1 3702.89 I 3789.73 5 3909.22 I 3985.65 1 
3470.06 I 3599.03 1 3703.33 .3 379 1.21 I 3910.57 5 3986. 10 1 
3470.33 3 3603.65 2 3705. 14 I 3791.42 I 3912.29 I 3986.75 2 
347 1.68 1 3604.48 1 3706.05 3 h 3792.52 4 39 13.03 I 3987 .04 1 
3474.46 4 3605.3 1 4 3707.63 2 3792.95 4 3913.53 2 3987 .1 8 2 

3475.5 1 5 3605.79 3 3708.37 2 3793.6 1 1 3916.62 I 3987.61 2 
3478.36 3 3606.20 3 3708.66 :2 3794.17 3 392 1.08 2 3990.07 I 
3479.25 ;) 3609.6 1 1 37 11.l 7 4 3794.77 3 3922.86 2 3990.59 1 
3479.84 2 36 12.33 I 37 13.44 I 3795.30 2 3923.62 3 399 1.47 2 
3482.09 3 36 16.23 2 3715 .62 4 3796. 16 2 3924.49 8 3992.31 I 

3482.6 1 :2 36 17.39 3 3716.47 1 3797.34 2 3934. 09 4 3992.99 2 
3483.3 J 3 3617.62 8 s 3719.92 3 3797.69 2 3934.69 I 3994.33 8 
3485.75 2 3620.78 1 372 1.68 4 3800.43 2 3935. 02 5 3995.95 2 
3487.55 I 362 1. 24 1 3723.78 I 3801.49 3 3935.90 I 3997.78 5 
3489.3 1 1 3622.20 5 3724. 15 5 3803. 18 5 3936.21 J 3998.09 1 

3489.62 1 3625.58 j 3724.37 5 3806.26 2 3937.20 3 3999.38 5 
3490.99 2 3626.41 I 3725.52 I 3807.3 1 2 3937.37 3 1000.1 5 2 
3491.36 J bl 3627.42 2 3726.45 ] 3807.61 I 3938. 11 I 4000.81 I 
349 1.5 1 2 b l 3629.25 5 3728.78 1 3811.1 7 4 39'f 1.26 I 400 1.07 1 
3494.8:~ 5 3629.96 1 3729.95 2 38 11.70 3 394 1.41 1 4001.98 8 

3495.83 ] 363 1.99 1 3729.92 2 38 12.47 4 3942.44 5 4002.68 2 
3500.32 10 3632.45 1 3730.7 1 1 3814.95 2 3943.90 6 4005.73 I 
3503.75 3 3633. 16 5 3732.49 5 38 17.6 1 3 s 3945.41 5 4007 .27 I 
3506.99 3 3634.39 I 3733.74 I 3820.1 6 5 3946.22 8 4008.33 1 
3509.57 :2 3634.9 1 1 3734.02 4 3822.63 j 3948.59 3 4009.37 1 

35 10.07 2 3642.23 I 3734.77 I 3822.79 2 3951.99 2 40]0.17 1 
3510.2 1 1 3642.49 1 3736.05 3 3823.32 3 3953.67 2 4010.87 2 
35 11.18 1 3643.06 3 3736.57 2 3824. 10 4 3954 .72 .) 4011.1 8 2 
35 12.04 1 3643.64 2 3737. 14 I 3824.57 2 3955.23 5 40 11.50 5 
35 12.99 I 3644.00 2 3738.67 1 3830.94 2 3956.35 2 40 13.55 
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TAB LE 1.-Wavelengfhs and intensi fi es ojausorpfiolllilles ojPr-Conlinucd 

Aflir I nl. Aui/" I nl. At/i, In l. A(I;'o 1111. An;,. lnt. ha ir Jn l. 

4014.23 4099.S7 ] 4182.-+7 4 4265.66 :3 43:\9.40 3 4402.4 7 1 
40 14.99 4100.08 I 4 183.21 ] 4267. 19 S 4.339.65 1 4·1·03.02 1 
4020.59 4 101.08 I 4 184.-+1 8 4268.64 2 434 1.1 8 ] 440:),,)8 1 
4022.82 4102.7 1 2 4188.42 :l 4270.37 ] 4342.M 1 4-1-04.69 2 
4023.7 1 5 4103.:)7 4- 4188.89 I 4270.79 1 43434 1 2 4 ~OS. 1 0 3 

4024. 11 3 4 108.34 2 4 189.04 1 4273. 11 2 43n50 2 4405 .78 J 
4025.54 2 4109.1:) 1 4189. 32 3 4274.96 1 4343.77 2 4406.00 :2 
4027.64 :) 4 11 0.39 I 4192. 17 1 4276.78 2 4344.68 1 4408. 15 3 
4028.50 1 4111.68 2 4192.58 1 4277.60 2 4346.93 2 4408.83 1 
4029.7.5 J 4 11 2.02 8 419-1-.72 I 4278.23 I 4347.:27 4 44 10.23 1 

4030.08 4 112.80 3 4196..12 1 4285.1S 2 43·~7.87 I 4·~ I 0.86 2 
4033.65 4113.36 3 4197.2:3 4 4285.54 I 4349. 15 2 4-~ 11.83 J 
-1·03-1- .. 34 411.5.06 1 4198.99 8 4286.17 ·1 43·~9.66 3 4·~ 13.36 1 
40:3).02 4116.35 2 4200.16 2 4286.17 1 4350.7:2 I 44 16.92 1 
4036.9:3 41 19.84 1 4205.09 J 4288.23 1 4.3:> I. III I 44 17.19 1 

4m8. 18 .) 4120.17 1 4205. -~" :2 42ll8.76 1 4352. 16 4-1-17.39 
-1·0:39.81 H 4121.26 3 4207. 18 I 4290.25 1 4:354.75 2 44 17.80 
·1· 0·~:2.43 8 4122.28 2 4207.77 :2 4290':;3 5 -1-3.15.20 I 4420.29 
·~0·14 . 05 8 4122.99 I 421 0.6·~ 2 4294.8-1 I b l 4355.97 I 4421.R7 
·W..J4.H6 I 4 12372 L 4214.22 1 4294.96 3 1> 1 H56.49 2 4422.44 

40-~6.6S 1 412:3.98 :3 421-1.-+7 8 429.1.26 1 43.)8.46 2 4423.65 1 
4047.26 I 4 125. 13 I 4215.30 I 429.1.7.1 3 4:358.7-1 2 4424.66 1 
4047.94 8 4125.57 S 4216.78 .3 4297.94 2 4358.99 2 4426.94 1 
·W4H.82 1 4 125.88 :2 4217 .68 5 4299 .43 8 43.19.69 2 4428. ·~5 1 
·W·~9. 1 6 3 4126.33 I 42 18.65 I 4301.34 5 4:360.9.1 H 4428.9·~ 2 

·W51. 17 S 4127.25 2 42 19.82 2 4301.92 I 4361.;:)2 4 4-~30. 13 8 
4051.98 2 4 129.14 :3 ·~220. 70 I 4303.23 3 4362.84 :2 4..J3 1.57 2 
4052 .36 1 4132.86 I 4221.1 7 I 4.303.52 3 -1-:36.3.64 I 443 1.9 1 2 
-1-053.25 2 4 133.16 I 42:21. 78 :3 4303.99 1 4366.-1-9 I 4432. ·~:3 2 
4053 .51 I 4133.'1·6 I 4222.1 1 I 4304.66 1 4367.28 2 4432.59 2 

4054.77 2 4]34.49 4223.20 3 4305.82 1 4368.54 2 4-1-3:3 .0H I 
4055.20 I 4137.38 4224.30 2 4305.82 1 4369.45 I 4433.79 1 
40S7.3 1 -1- 4 138.19 4225.54 3 4308.4.5 1 4369.63 I 4435. :33 I 
4059 .90 2 4140.04 4228.46 I 43 10.42 I 4369.84 4 4435.82 1 
·~061.1 2 I 4 140 . .54 2 4229.77 1 43 11.28 1 4370.22 I 'P 36.8.5 1 

4062.50 5 4141.1 8 I 4230.11 1 4:3 11.73 1 4370.39 2 4437.48 4 
4062.89 1 4 14 1.91 1 4230.68 3 43]2.60 I 4370.94 I 4437.94 2 
·~064. ]9 3 4 142.40 4 4231. 16 I 43 13. 17 4 4372.83 2 4439.90 2 
·~065.42 8 4144.38 2 4232.31 1 4313.46 3 4:375.24 I 4-1-4 1.36 8 
-1-065 .95 3 4]44.67 2 4236.99 6 4313.85 I 4375.86 I 4442.10 2 

-1-066.84 I 4 1 ·~6.14 3 4237.88 2 43 14.37 4376.78 1 ·~442 . 88 2 
4067.60 2 4] 50.00 I 4239.17 I 4314.69 4- 4376.99 I 4445.00 2 
4068.83 I .~ ISO.59 2 4240.58 2 43 15.42 2 4377.62 S 4445. :3 1 2 
4069.96 2 4150.8.5 I 4241. 38 1 4315.60 I 4377.86 2 4445.8 1 4 
-1-072.80 3 4152.03 5 4242.67 2 43 16.5 1 1 4379.H3 5 4·~46.S2 1 

4074.34 1 4153.43 4 4245.40 2 4318.42 2 4380.74 1 4447.87 3 
4075.86 1 4158.47 3 4245.64 I 4320.38 4 4381.58 3 4448. 18 2 
4077. 19 2 416 1.56 I 4246.29 2 4320 . .55 2 4382.01 5 4450.09 3 
4079.80 2 416 1. 77 3 4247.09 1 432 1.80 1 4384.01 1 4450.33 3 
408 1.46 1 4162.19 1 4247.86 1 4322.04 I 4385.50 5 4450.43 1 I> 1 

4082.00 4163.87 I 425 1.83 1 4323.08 2 4386.00 I 4452 .49 8 
4082.31 5 4165.79 2 4252.0.5 2 4324.41 I 4386.66 1 4456. 13 2 
4083.89 3 4166.93 1 4252.63 3 4324.69 I 4386.82 1 4456.60 1 
4084.44- 2 4168.75 2 4253.03 3 4324.83 2 4387.58 4 4458.07 1 
4085.77 4 4168.84 1 42S3.29 1 4325.30 2 4388.25 2 4458.43 2 

·1086.56 5 4169.65 8 4254.83 .3 4325.4 1 I 4389.26 2 4459.39 8 
4089.33 I 4] 70.60 1 4256.47 2 4328.92 4 4392.08 5 4460.62 :2 
4090.20 5 4172. 15 I 4257.43 2 4329.65 I 4392.46 5 446 1.92 2 
4091. 10 3 4172.96 3 4258.08 I 4330.49 I 4394.11 1 4462.2 1 I 
4091.25 2 4173. 19 2 42S9.46 1 433 1.84 2 4394.54 1 4463.71 8 

4091.34 8 4 174.22 1 4262.99 I 4:332.87 I 4395 .81 8 4464.62 
4092.07 I 4] 75.29 I 4263.74 1 4333.95 5 4396.27 1 4466.01 2 
4095.24 5 4177.44 5 4264.06 1 4334.34 I 4397.17 4 4466.74 2 
4095.84 4 4177.80 2 4264.9 1 ] 4337.96 2 4398.29 2 4468.91 I 
4096.83 1 ·~ 1 81.61 3 4265.49 3 4338.79 1 4-102.15 1 4470.40 2 
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TABLE 1. - Wavelength s and intensities oj absorption lines oj Pr- Continued 

Aai," Tnt. hob- Int. Aa;r lnt. Aair Int. Au;,. Int. Aoir T nl. 

4470.61 1 4531.85 3 4597.69 4 4659.51 2 4728.60 1 48cJ.0.78 2 
4472.94 1 4532.33 10 4598.95 5 46,59.76 1 4730.66 3 cJ.842.,55 5 
4474.07 5 4,533.92 3 4600.75 4 4660.91 8 4733.37 3 4846.85 2 
4474.44 4 4534.34 1 4602.58 8 466 1.56 1 4736.67 S 4848.11 8 
4475.83 1 4,534.89 1 4603.86 1 4662.08 I 4740.92 2 4848.58 I 

4476.15 1 4535.48 2 4605.24 4 4662.20 4741.44 2 4848.92 
4476.67 1 4537. 14 1 4606.95 I 4663.30 4743.55 2 4849.30 
4477.3 1 1 4538.54 2 4607.99 I 4664.74 4744.08 S 48,50. 11 
4478.01 1 4540.61 1 4609.87 2 466,5.96 4745.22 2 w 4850.60 2 
4478.60 2 4,541.26 10 461 1.15 2 4667.1,5 4748.58 2 485 1. 49 4 

4480. 11 4 4,542.04 4611.70 3 4668. 14 1 4749.71 2 4853.7 1 3 
4480.97 1 4542.67 4611.88 3 4669 .71 1 4750.5 1 3 cJ.855.36 2 
4481.37 1 4546.68 2 4612.77 4 4670 .54 8 4751.55 2 4856.08 8 
448 1.89 2 4,547.23 1 4613.08 1 4671.10 1 4752.80 1 48,56.92 2 
4482.35 2 4547.90 1 4615.40 1 4671.25 1 4757.11 1 w 4857.41 .5 

4482.96 I 4548.23 1 4616.43 1 4673.38 2 4758.51 2 4858.87 
4484.04 1 4549.36 2 4617. 11 1 4673.58 1 4759.28 2 486 1. 98 
4484.68 4 4550.01 1 4617.34 2 4674.1 1 1 4760.99 I 4862.35 
4484.78 3 b I 4551.23 1 4617.73 8 4674.79 8 4763.67 1 4863. 11 
4485.30 3 4551.69 2 4618.28 2 467,5.06 3 4764.45 3 4863.48 

4485.98 8 4552.25 10 462 1.94 2 4675.5 1 1 4767.81 8 4866.00 1 
4486.81 1 4552.83 3 4622.74 .5 4677. 76 1 4770.46 5 4869.33 2 
4487.05 2 4553.50 2 4624.07 3 4679.02 5 4772.33 2 4870. 13 2 
4487.42 1 4554.12 2 4625.01 1 4680.46 5 4773.46 2 4875.00 3 
4487.99 2 4556.27 I 4625.29 2 4682.02 3 4774.56 5 cJ.876.56 2 

4488.58 8 4556.66 1 4625.64 8 4682. 19 2 4775.46 3 4880.61 2 
4489.54 1 4559.34 J 4626.50 I 4682.70 5 4779.27 2 4882.26 4 
4490.78 1 4559.67 2 4627.08 1 4683.23 1 4788.32 8 4883.81 1 
4492. 18 1 4560.42 1 4627.66 ] 4683.45 3 4791.97 2 4884.46 2 
4492.90 8 4560.95 2 4628.00 1 4684.04 2 4795.39 2 4886.71 2 h 

4493.96 4561.85 I 4628. 16 4687.80 10 4797.54 1 4889.65 2 
4494.53 4563.32 2 4628.49 4688.50 1 4798.75 3 4894.90 2 
4496.00 4563 .84 2 4629.50 4689.54 8 4801.50 5 4895.68 1 
4496.71 4564.34 2 4630. 12 4690.33 3 4802.69 2 4896. 10 4 
4497.01 4565.05 2 4631.62 4690.56 3 4808.25 10 4896.90 1 

4497.38 1 4565 .81 3 4632.27 5 4691.77 3 4811.10 3 4897.24 1 
4500.38 1 4566.85 2 4634.24 2 4692.65 8 4813.58 1 4897.93 1 
4500.71 1 4567.34 1 4635.05 2 4694.52 8 4813.91 1 4898.71 I 
4500.89 1 4567.63 1 4635.68 8 4695.75 8 4814.38 2 4899.46 2 
4501.97 2 4568.31 1 4636.28 2 4696.44 2 48]5.73 1 4900.00 I 

4502.86 5 4568.70 1 4637.20 2 4697.17 5 w 4816. 18 I 490 1.81 2 
4503.93 I 4569.38 2 4639.14 2 4698.00 2 4816.75 1 ·~904 . 38 2 
4504.43 1 4569.63 3 4639.54 8 4698.86 2 4817.18 I 4905.37 2 
4506.45 1 4570.36 4 4639.88 2 4699.57 8 4817.62 2 4906.16 1 
4506.97 1 4570.82 2 4640.19 6 4700.62 2 4818.09 1 4906.96 8 

4508.44 1 4570.98 2 4641.10 2 4701.50 1 4818.96 1 4907.90 4 
4511.36 3 b I 4571.12 1 4646.39 1 4706.20 8 4820.81 2 4909.71 3 bl 
451 1.44 4 b I 4572.14 9 4646.98 8 4706.96 3 4821.18 2 4911.43 I 
4512.15 3 4574.24 I 4648.15 5 4709.5] 8 4822. 13 2 4911.92 4 
45 14.96 2 4574.93 3 4649.43 1 4709.97 2 4824.03 2 4913.37 1 

4515.24 1 4577.02 2 4649.66 1 4711.83 5 4825.16 1 49 14.00 8 
4516.93 1 458 1.39 2 w 4649.87 2 4712.05 1 4825.85 3 4914.65 3 
4517.77 1 4582.08 1 4651.01 1 4713.07 8 4827.53 4 4915.36 4 
4519. 13 1 4583.46 I 4651.20 1 4714.15 8 4828.10 3 4921.70 2 
4519.62 6 4585.94 I 4651.66 2 4714.53 1 4830.11 3 4924.51 10 

452 1.48 4586.63 1 4652 .38 2 4714.87 2 4832.49 1 4925.29 2 
4522.40 4586.89 5 4652.69 5 4715.23 5 4833.25 2 4927.02 1 
4523.20 4587.20 1 4653.38 4 4717.03 2 4834.33 1 4928.37 1 
4523.98 4587.98 8 4653.79 2 4717.47 2 4834.78 3 4932.10 8 
4524.53 4590.89 1 4654.72 2 4718.49 2 4835.65 1 4933.03 I 

4528.05 3 459 1.93 4655.98 5 4719.03 2 4836.25 I 4935.08 2 
4528.92 2 4593.25 5 4656.78 3 4722.36 1 4837.17 1 4935.95 4 
4529.93 1 4594.69 2 4657.90 1 4722.61 2 4838.34 1 4938.40 4 
4530.37 1 4595.27 4 4658.36 3 4724.75 2 4839.33 4 4939.73 5 
4531.49 2 4596.83 2 4658.73 4 4725.50 1 4840.5 1 5 4940.25 3 
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TA BLE I . - Wavelength s and intensities of absorption lines of Pr- Co ntinued 

AH;I' I nl. Aflil" Inl . A(lir lnt. A(l il' Inl. AII;I' Int. ,,""il' Inl. 

4942.70 1 5061.33 2 529 1.60 I 5400.92 3 5522 .40 8 b I 5678.69 1 
4944.00 2 5062 .10 3 5292.28 8 5402.58 3 5522.65 3 w 568 1. 05 I b l 
4944.79 2 5062 .89 3 5295.93 5 5403.02 1 5523 .32 2 h .5687.42 10 bl 
4947 .13 2 5063.40 4 5297.70 5 5408. ]9 3 5523 .89 10 569 1.05 2 b l 
4947.81 1 5067.45 2 h 5298.75 5 b I 5409.42 2 5524.29 1 5695.46 4 

4948. 15 I 5069.56 5298.92 3 5410.49 2 5527.90 I 5696.36 I 
4949.30 I 5072.4 1 5299.77 3 5412.95 I 5528.48 2 5697.17 I 
4951.3 1 8 5075.88 2 w h 5300.43 3 5413.3 1 2 5530.2 1 10 5697.96 I 
4954.76 2 5076.72 2 w h 530 1.68 1 5416.5 1 3 553 l.l 8 4 5698.60 I 
4955.22 1 5084.49 1 5303.60 2 5416.98 1 5532. 16 2 5700.57 I w 

4955.98 6 5086.47 2 5304.17 4 5418. 75 3 b l 5536.27 570 1.1 0 I 
4960.17 5 5087.10 4 5304.54 1 5419.00 3 h i 5538.35 5 570 1.54 .5 
4960.97 2 5093 .93 2 5305.88 4 5420.27 2 5544.33 5702 .19 I 
496 1. 54 1 5095.42 3 5306.36 2 5422.36 2 5545.23 5704.36 I 
4962.17 I 5096.35 2 5307 .18 3 hi 5423. 16 I I) I 5546.20 5705 .38 I 

4964.50 2 5098.94 3 5309.06 4 5424.50 3 .5549 .1 7 8 5705.85 
4965 .06 1 5 108.57 2 53 12.55 3 5425.82 I 5549.79 4 5707 . .59 2 w 
4970.97 2 5109.24 3 5313.62 8 5427.25 3 55.5 1.06 2 w h .5708.29 :3 
497 1.17 I 5113.92 I 53 14.30 2 5427.72 I 555 1.83 3 w 57 10.02 I 
4971.55 1 511 4.74 I 53 14.64 1 5432.50 1 5555 . .56 2 5710.44 1 

4971.99 3 511 5.25 2 53 15. 17 3 h 5432.89 10 5558.07 5710.95 I 
4972.58 I 5 ll 6.29 2 53 16.56 12 IV 5437.28 S 5558.82 5713.6 1 3 vw 
4974.94 5 511 7.32 2 5319.03 3 5438.13 2 5560.05 4 .5714.62 2 
4975.79 5 5118.36 I 5320.32 I 5438.74 2 556 1.1 3 3 57 15. 96 I 
4976.4 1 5 5 11 8.88 1 5322.63 8 5439.43 3 5.562.30 2 5716.29 2 

4977.49 1 5] 20.59 2 5324.99 2 544 1.85 2 5563.47 1 57 17.03 1 
4978.36 2 5121. 26 2 5334.66 I b 1 5442.52 2 5563.94 I 5717.63 1 
4979 .14 3 5128.4.5 3 5334.85 1 b l 5443.09 2 5564.80 I w 57 18. 12 8 
4986.54 1 5129. 15 I 5336.52 1 5443.88 I 5565.52 2 It 572 1.49 2 
4987.42 1 5129.88 I 5337.42 2 5446.42 2 5569.02 5 5722.23 8 

4992 .34 2 5133.44 10 5342.00 3 5448.9 1 2 5577.37 3 5724.12 1 
4995.35 3 5139.82 5 5342.85 2 5449.60 3 5578.79 4 5724.54 4 
4997 .47 2 5147.48 3 5343.65 3 5450.74 3 5581.9] 3 5724.95 I 
4998.80 I 5 149.92 2 5344.31 I 5452.26 2 5582.36 2 5726.35 1 
4999.74 I 5156.80 1 5344.94 I 5452.89 I 5588.28 3 5726.76 2 hw 

5000.63 2 5168.32 2 5345.24 2 5453.22 2 5588.80 I 5727.00 3 
5003.20 3 5173. 14 2 5345.53 2 5453.74 1 5589.26 I 5727.55 1 
5007 .65 5 bl 5173.90 2 5347.10 2 5457.05 2 5589.66 2 5729.26 I 
5009.43 2 5176.4 1 I 5348.80 3 5457.98 1 5591.48 2 5729.54 1 
50 15.73 1 5177.37 3 535 1.45 2 5459.06 3 5592.7L 3 573 1.1 2 1 

5018.17 2 5178.38 2 5352.05 2 5459.85 1 5594.88 3 IV 5731.76 4 
501 8.62 6 5179.79 1 5353 .64 5 5460.26 10 5599.75 2 IV 5738.83 4 b 1 
5018.97 4 5183.45 3 5358.98 8 5462.34 3 5608.76 1 5740.59 ] 

5019.78 4 5184.50 2 5363.40 2 5462.82 3 5611.17 I 5743.7 1 4 
5024.76 2 5185.83 J 5364.37 3 5467.86 2 56 ]1.80 1 5744.92 2 

5026.92 4 b I 5187.53 I 5365.31 2 5469.49 4 5612.01 2 h 5746.51 2 
5029.02 5 b I 5194.42 8 5366.70 1 5469.90 2 5617.62 2 575 1.85 1 
5029.45 2 5195.50 8 5372.43 3 5479.86 12 5620.59 1 5760.19 I 
5029.77 1 5212.46 2 5374.24 4 5481.76 8 5624.03 1 5768.49 ] 

5031.05 3 5227.95 3 5375.44 1 5486.67 5 5624.93 2 5779.27 2 

5033. 11 2 5246.08 2 5376.76 1 5487.57 5 5627 .26 1 5780.05 1 
5033.39 4 5249.28 1 5377. 71 3 5488 .91 3 5630.92 ] 5792.25 1 
5034.57 1 5249.84 2 5378.57 1 5489.41 1 5633.14 2 5803.50 1 
5037 .78 2 5253.1 3 I 5381.13 5 5490 .54 1 b I 5634.90 ] 5804.57 2 
5043.34 1 5255.84 1 5381.60 3 w 5490.77 1 b I 5635 .24 2 5805.90 4 

5043.85 5 5256.76 1 5385.25 2 5491.66 1 5636.94 3 5807.2 1 2 
5045.56 5 5258.68 1 5385.84 2 5496.22 8 5642 .06 1 w 5807.92 1 
5046.13 1 5259.24 2 5386.08 1 5504.69 3 5645.65 2 5808.48 1 
5046.64 1 5262.19 2 5386.63 1 5505.88 1 5653 .01 5 5809.52 2 
5053.44 4 5283.03 2 5388.83 8 5509.61 5 5653.88 2 58 10.35 1 

5055.09 2 5284.40 1 5389.82 3 II' 5511.26 3 b 1 5656.61 1 5811.19 J 
5055.73 2 5285.64 10 5390.73 3 5514.48 1 5663.44 2 5811.78 3 
5056.59 2 5287 .60 2 wit 5392.76 3 5516.19 4 5672.22 3 5812.67 3 
5058.32 3 5288.68 2 5395 .83 12 5517.71 4 5673.41 1 5813.73 ] 

5059.71 1 5289.33 8 5398.87 2 h 5520.30 2 w 5678.20 2 5818.06 1 
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5818.93 1 5820.79 6 s 5823.23 1 5828.93 1 583 1.81 1 5834.51 2 
5819.95 1 582 1.33 4 w 5824. 14 2 5829.32 I 5832.25 2 5835. 12 8 
5820.10 1 5822 .43 2 w 5824.65 3 5830.05 I 5832.98 1 5837.71 5 
5820.34 2w 5822.97 1 5825.14 1 5831.45 3 5833.73 2 5839.03 1 

(Paper 69Al-329) 
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Hydrodynamic fluctuation s and Stokes' law friction, R. Z\\·an
zig, J. Res . 68B (NJath. and Math. Phys.), No.4, 143- 145 
(Oct.- Dec. 1964) . 

The fri ctional force on a Browni an mot ion pa rt icle can be 
expressed by means of t he t ime-correlation of t he flu ctuat ing 
force on t he pa rticle . IVe sho\\" t hat t his method, applied 
to a spheri cal pa rt icle in a viscous in compressible fluid, leads 
to Stokes' Law. The calculation is based on t he t heory of 
hydrodynamic flu ctuations due to Landau a nd Lifs hitz, a nd 
on a hydrod y na mi c t heorem due to Faxen. 

Tables of electron radial function s and tangents of phase 
shifts for light nuclei (Z-l through 10) , C. P . Bha ll a, .tIl BS 
Mono. 81, (A ug. 6, 1964), $3.25. 

To facili tate t he t heo ret ical a nalyses of beta-decay experi
ments in light nuclei electron ic rad ia l wave fun ctions, evalu
a ted at the nu clear radius, a nd tangents of phase-shifts a rc 
ta bu lated for total a ngular mome nt um equal to 1/2 a nd 3/2. 
Separate tables for electro ns a nd pos it rons a rc gi ve n for ten 
"alu<'s of Z , start in g from Z equal to on <', in steps of unity 
a nd for beta mom entum valu<'s from 0.1 mc to 42.0 mc in 
steps of 0.1 mc . Th<, nucleus is represented as a sphere wit h 
uniform cha rge distri but ion . The nu clear radius, p, is taken 
to be 1.2.4 '/310- ' 3 cm in t he major bod y of th ese tables . 
H owever, addi t ional tables fo r Z = 6 }\nd Z = 7 arc given for 
p = 1.I A' /310- 13 cm and p = 1. 3A'/310- '3 cm. 

Project FIST. Fault isolation by semi-automatic techniques, 
G. Shapi ro, O. B . Laug, G. J . Rogers, and P. ]\f. Fu lco mer, 
Jr., N BS Mono. 83, (Sept. 17, 1964), 55 Cents. 

The method of Fault I solation by Semi-automatic T ech
niques developed at t he National Bureau of Srandards, to 
which the acronym FI ST has been applied, creates a new 
fie ld of metrology which permits t he measurement of t he 
dynamic performance of electroni c circuits by unskilled 
personnel under field operating conditions. It is a diagnostic 
tool for rapidly isolating faul ts in modularized, non-computer 
type electronic equipm.ent wit hout removing t he modules 
from t he prime equipment. 
The system consists of test points and associated circui t ry 
which are built into the prime equipmen t, and a sma ll, hand
carried, gen eral-purpose t est inst rument. The test point s 
arc located on an easily a ccessible test panel a nd are arran ged 
in an order which permits rapid checking of t he modules in 
a logical sequen ce. 
Fault isolation is accomplished by testing t he dynamic 
performance of each module wit h a test instrumen t which is 
basically a device for comparing t he peak-to-peak ampli t udes 
of two periodic voltage waveform s. Since many circui t 
propert ies other t han voltage must be measured, transforma
tion networks are provided to convert t he characteristic 
being measured to a periodic voltage which is wit hin t he range 
of t he test instrument. 
The tests are usually made while the mod ule under test is 
performing its normal function wi t h t he nor mal inputs to 
t he module providing t he stimuli for t he tests when t his is 
not possible, a stimulus generator is used to furnish t he neces
sar y signal or signals. 
These techniques have been reduced to practi ce. This 
r eport describes t he hardware r equired and discusses pract ical 
ways in which t he n ecessary circui t ry can be built into the 
prime equ ipment. The s implicity of the programming and 
the speed with which a complex piece of electronic equipment 
can be checked are demonstrated. Finally, a p rototype test 
instrument capable of s imultaneously test in g four charac
ter istics of t he modu le o r of its stimu li is described in detail. 
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United States standard for the colors of s ignal lights , F . C. 
Breckenrid ge, NBS Handb. 95 (Au g. 21,1964),25 cents. 

T he standard provides in part I basic chromaticity defini 
t ions defin ing t he chromaticit ies that arc considered sa fe for 
lise as representing the named colors . These arc t he basis 
for t he selection of t he national standard filters and for t he 
t olerances given in part II for duplicating t hem . The pro
curement r equirements of par ts III and I V arc based pri
marily on sets of t hese fil te rs in co mbination wit h prescribed 
sources alt hou gh provision is also made for p roc urement under 
t he basic chrom aticity definition s in cases in which it is 
impracticable to base t he p rocUl"f'm ent on fi lters . Part V 
pro vides guidance in selectin g signal colors for n ew uses, and 
part VI provides met hods for special laboratory tests a nd 
ser ves as a techn ical in te rpretation of t he practical tf'sts pre
scribed in parts III and I V. 

Studi es of photodi ssociation of molecular ions, G. H. Dunn , 
Book, Atomic Collision Processes, pp. 997-1005 (North- Holland 
P ubl. Co. , Amsterdam, The Netherlands, 1964). 

Preli mina ry results a rc reported on the m easurement of t he 
pho todissociat ion cross section of H 2+ . lVIeasurements have 
been made at a number of \\·avelengths between 3000 A and 
9000 A, and a compa riso n is made with available t heory. 
D isagreement of t he measurements with t heory suggest t hat 
improvement of the t heory is justified for de tailed com pa ri ons 
\\"ith experi ment. 
A Ii ncar decrease \\"i th ion sou rce p rf'ss ure of the photodissocia
t ion cross section at 5500 A is observed. T his dependence 
v ields a lo\\"er limi t of 10- 15 cm 2 on t he coll ision cross section 
for depopuht ing vibrat ional states of H 2+ part icipating in 
photodissociation at 5500 A-
Whi te li ght was also used to observe photodissociaLion of H 2+ 
a nd ]\2+ ' a nd a n average cross section was calculated from t he 
data a nd t he spectral di st ribu t ion of t he la mp used. 
An effor t to observe photod issociation of H 3+ y ielded no 
results except to place a n upper li mit of 10- 20 cm 2 on t he 
average cross section. 

M echanical and di electric relaxation of crys talline pol ymers in 
relation to degree of crystallinity a nd morphology, E. P assa
gli a, Soc. Plastic Engrs., pp. 169-177 (J uly 1964). 

M echanical a nd di electric r elaxation as related to t he mor
phology of crystalli ne polymers is r eviewed . The behavior 
wit h temperature of t he imaginary pa r t of t he compl ex 
dielectric constant a nd t he mechan ical loss factor, tan 5, at 
co nstant frequency is di scussed in detail for t wo typ ical 
crystalli ne polymers : poly (chlorotd fluoroethylene) a nd poly
propylene. Three relaxations a rc typi cally observed: a low 
temperat ure relaxation occurrin g at temperatures below t he 
dilo tometri c glass t ransit ion temperature; a glass temperature 
r elaxation occurring ncar t he glass t ra nsit ion tem perature, an d 
a hi gh temperature relaxat ion occurring between t he glass 
temperature and t he m elt ing point. T he activation param
eters arc given for these relaxations, and the influence of 
morphology on t hem is discussed along wi t h possible molecula r 
interpretations. 

Unitary symmetry in photoproduction and other electromag
netic interaction s, C. A. Levinson, H . J. Lipkin , a nd S. 
M es hkov, Physics Letters 7, N o.1 , 81-84 (Oct. 15, 1963). 

U-spin is ri gorously conserved to all orders in t he electromag
netic in teraction a nd in the strong interactions which a re 



invariant under SU3. Predictions which fo llo\\' from U-spin 
conser vat ion arc give n for 1) photoproduction, 2) meson 
photoproduction, 3) electromagnetic decays of ba ryon reso
nances, 4) static electromagnetic properties for the baryon octet, 
5) photoproduction of two mesons, and 6) photop roduction 
of Z-. 

Ini tia l prepara tion and metastable transitions in-mass spectra , 
H. 1VI. Rosenstock, V. H . Dibeler, and F. N. H arllce, J. Chern. 
Phys. 40, No.2, 591-594 (Jan. 15, 1964). 
Variation of initial preparation to search for non-equi lib rium 
kineti c effects (Frey) is discussed in connection with t he 
kinetics of unimolecular ion ic decomposition processes oc
clllTing in t he mass spectrometer. A particular example, 
dependence of the rates of com peting m etastable transit ions of 
hexyl ions on mode of preparation is studied in deta il. The 
hexyl ions were p repared by electron impact ion ization and 
decomposit ion of a va riety of normal alkanes, n- hex.v l bromide 
and di-n-hexyl ether. At low electron energies (30 ev) the 
ratio of the competing metastable transit ions is co nstant 
within experimental error. T his supports the appli cabili ty of 
the quasi-equili brium theory of mass spectra to such processes. 
At h igher electron energies t here is a sl ight dependence of t he 
rat io on parent ion mass. 

Inelastic electron sca ttering from rare gases, de termination 
of oscillator s trengths in the continuum , C. E. Ku yatt a nd 
J. A. Simpson, Proc. Third Intern. Conf. Physics of E lectronic 
and Atomic Collisions, London, England, 1963, pp . 191- 200 
(Nor th Holland P ubl. Co ., Amsterdam, The Netherlands, 1964) . 
The inelastic scattering of 500- 1000 e V electrons from the 
rarc gases has been meas urcd for small angle coll isions a nd 
energy losses to lOG eV. Approximate relat ive osc illator 
strcngths for conti nu um excitations of helium a nd neon have 
been derived from the forward scatterin g in tens ities. The 
r es ul ts in helium arc in good agreement \\' ith the latest uv 
meas urements a nd wi t h calculations . I n the case of neon, 
previolls expe riments a nd calculat ions differ considerably. 
The present results agree well with t he most rece nt u v 
meas urem ents, except t hat the electron meas urements do 
not show a sha rp L ionization edge. This d ifference can 
probably be attributed to the effect of preion izat ion li nes 
\I'it h a resonance shape \I'hi ch have recen tly been observed. 

T he characteriza tion of la rge single crys tals by high-voltage 
X-ray Laue photographs, H. S, Pe iser an d E. P. Levine, 
(PTOC. 11th Ann. Conf. Applications oJ X -Tay Analysis, 
Aug. 1962) , Book, Advances in X-Tay Analysis 6, 158- 163 
(Plenum Press Inc., New YOTk, N.Y., 1963). 
Large s ingle crystals can be examined by conventional X-ray 
diffract ion procedures only at their surface or by destructive 
sectioning. vVith the limitations inheren t in polychromatic 
X-ray photography, high-voltage Laue pictures arc shown to 
give s ome information on the internal quality of large crystals . 
Asterism in conventional Laue photographs is contrasted \\'ith 
streaks due to geometric effects in Laue patterns of large 
crystals. D etail within the streaks reveals sub-grain structure. 
A primary extinction effect can be used as striking proof of 
good crystals being capable of scattering coherently over 
large distances. 

T he calculations of autoioniza tion probabiliti es, J. W. 
Cooper, PTOC. 'Third Intern. Conf. Physics of ElectTonic and 
Atomic Collisions, London, England, 1963, pp, 595- 599 
(Nor th Holland Publ. Co., Amsterdam, The Netherlands, 1964). 
Calcu lations have been carried out for the autoionization 
probabilities and level widths of the doubly excited states 
(2snp)1.3P and (ns2PJ,,3pn~ 2,3.4 in H e. Although the model 
used for the calculations was crude, t he level \\'idths com
puted agree order of magnitude-wise with r ece nt experi
mental observations. T he p roba ble effect of t he strong 
coupli ng between levels of t he above series for n > 2 and of 
a ddi t ional configuration mixing is discussed. The calcula
tions point up the fac t that the important region for t he 
a utoionization process corresponds to small radial distances 
from the nucleus. It \\"as also fo und that the res ults were 
relati vely insensitive to the exact form of the ,,-ave functions 
and for t he calculat ions. 
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The bas is of the func tional assumption in the theory of the 
Boltzmann equation , M. S. Green and R. A. Piccirelli, Phys. 
R ev , 132, No . 3, 1388 (Nov. 1963). 
The long-time behavior of the n-particle probability densities 
for a large, di lute system of point particles interacting with 
short-range forces is studied . T he main result is an exact 
series for t he n-particle density which consists of two parts. 
The first part is a time-independent funct ional of the singlet 
density which is expressed as a funt ional power seri es and 
which is a d irect analog of the equi li brium density seri es. 
The second part is also a functional power seri es in the singlet 
density but t he coefficients depend on time and on the initial 
correlations . The coefficients of both series are givpn ex
plicitly in terms of operators which arc determin ed by the 
dynamics of isolated groups of pa rt icles. It is demonstrated 
that these operators vanish for phase points corresponding 
to motions during which there are two or more groups of 
particles which either are statistically and dynamically 
independen t or arc such t hat each of t hem is dynamically 
connected to the res t by no more than on e particle. It is 
argued t hat all the terms of the exact series arc finite and that 
the terms of second part (the error) decrease with increasing 
time so that t he first par t is the asymptotic fo rm proposed 
by Bogoli ubov. The r elevance of the results for the Boltz
mann equation is indicated. 

E nergy depe ndence for the photodetachm ent of 1- n ear 
threshold , B . Steiner, ~VI. L. Seman, and L. M. Branscomb, 
P I·OC. Th ird Intem. Conf. Physics of E lectronic and Atomic 
Collisions, London, England, 1963, pp. 537- 542 (North Holland 
Publ. Co., Amsterdam, 'The Nethe1"lands, 1964). 
T he photodetachment of atomic iodine negative ions has been 
observed in a crossed beam. experim ent with m uch h igher 
spectral resolu tion t han previously used in this laboratory. 
The iod ine negative ions were fo rmed in a discharge t hrough 
an ammonia-iodine vapor mixtu re and mass analyzed i n the 
apparatus used in previous experim ents. T he p hoton beam 
originated in a high press ure xenon lamp and was resolved in 
an F / I .. 5 monochromator. The threshold rpgion near 4040 
A has been sca nn ed wit h a photon b eam half width of 18 A, 
and the region down to 3000 A with a half width of 33 A. 
Transitions ascribed to lS0->2Pg" and lSo ->2P~/2 were 
obsen'cd , The experimental sli t function has been unfolded 
f rom the fi rst t hreshold r egion to reveal the "true" t hreshold 
behavior. The derived rad iative attachment cross section 
in region of the threshold wi ll be presented. 

N ucl ear magnetic resonances of 69 Ga and 71Ga in gallium
subs tituted yttrium iron garne t, R. L. Streever and G, A, 
Uriano, Ph)ls. Rev. Leiters 12, No. 22, J516 1-3-J516 3-3 
(J une 1, 1964) . 
vVe have recently observed the nuclear mag netic resonance 
of 60Ga and 71Ga in the m ixed garnet system 3Y20a-(5-x) 
Fe203·xGa203. The resonance has been observed at 77 OK 
over a concentration range from x = .25 to x=2.6 and at 
room temperature over a smaller concentration ra nge. The 
r esonance frequency for 7lGa at 77 OK r eaches a maximum at 
a bout X= 1.5 of 30.0 MHZ (in zero applied field ) co IT('

s pondi ng to a hyperfin e field of about 2.3 tesla (23 k ilogf\uss). 
T he resonance is from nuclei of ions on (d) sites and t he 
hyperfine field is beli eved to a ri se from an unpaired spin 
d ensity on the galli um ion wh ich is coupled strongly with 
nearest neighbor i ron ions. Galli um ions on (d) sites have 
eigh t nea rest neighbors (4 neighbors on (a) sites a nd 4 on (d) 
sites) and the r esonance is particula rly interesting because 
the concentration dependence a llows us to separate out t he 
s ign and magnitude of the contribution to the field from iron 
ions on (a) a nd (d) sites . 

Polymorphism of AB03-type ra re earth borate solid solutions, 
R.S. Roth, J . L. Waring, and E.1\![. Lev in , (Proc. Third Rm'e 
Earth R esearch ConI., Apr. 2-24, 1963), Book, Rare Em·th 
R esem'ch, Chapter on Structure oJ Rare Em·th Compounds, pp. 
1030-1055 (Gordon and B t'each Science Pu bl., I nc., New 
}'ork, N.Y., 1964) , 
Polymorphic relations of soli d solutions of the AB03-type 
rare earth borates have been studied by m eans of que nching 
techniqu es and high temperature X -ray d iffract ion. It has 



been found that the polymorph repor ted as t he high te mpera
t ure form of MdB03 (Levin, Rot h, a nd Ma rt in, 1961) is only 
metastable and is formed, on Gooling, from a ph:tse iso
structural with H-JJaB03. The s imila r pol ymorph of Sm B03 
is apparently stable from room temperature to abou t 1065 °Co 
The high vater ite form of 5mB03 IS stabl e from about 1065 
to 1285 ° a nd t he H-LaB03 type from 1285° to t he melt ing 
poin t. Phase equilibrium di agra ms have bee n constru cted 
for t he systems in volving LaB03 with ma ny of the other 
RB03 compounds a nd for N dB03-SmB03. The aragonite 
a nd vaterite type structures a re no t s table in t he central 
portion of most of t hese systems. Instead, t he H-LaB03 
a nd L-SmB03-tvpe phases appeal' as t he stable polymo rphs. 
The H-JJaB03-type polymorph is a low symmetry distortion 
of a ealcite type stru cture. As smaller ions are added in solid 
olu tion to LaB03 t he d istortion becomes less un til wIth 

LaLo (B03)2 an hexagonal phase is formed which may have a 
dolomite type structure, although t he super-structur~ p el1ks 
are not evident. However, this phase apparently dIsorders 
to a H-LaB03 t ype solid solution rather than to the t rue 
calcite type structure. Although the temperatu~·e of t he 
hi o-h-low in version of the vater ite-type s tructures IS lowered 
b; t he addition of La B03 in soli d solution, in no case has t he 
l1igh-vateri te structure bee n obta in ed at room temperature. 

Optically pumped magnetometers and related experim ents in 
high magnetic fields, P . L. Bender, Boole, . Q1tantum Elec
LTonics, Ed. P. G1"ivet and N. Bloernbe1"gen, I I I . I, 263-273 
(Colwnbia Unive1"sity P1"ess, New Y01"le, N. Y., 1964 ). 
Some considerations on opticall y pumped mag netom eters a re 
give n. R elated experim ents in h igh magnet ic fields givin ::; 
a lkali nuclear mom en ts and depar tures from t he Brelt-Rabl 
formula a rc suggested . 

Hydrogen atom ad dition to solid four-carbon olefins, R Klein 
"nd lVL D. Scheer, J . Phys. Chern. 67, 1874-18 7'7 (Sept. 1963) . 
An investigation of the hydrogen ato m addi t ion to condensed, 
solid four-carbon olcfin s in t he 77 ° K rcgion has shown t hat 
the ~·encral rcact ion is tc rmin al h vd rogen atom add it ion to 
termin al double bonds followed by disproport ionation and 
recomb ination of t he resul t ing radi cals. I-I ato ms also react 
wi t h the hydrocarbon radi cal in a simil ar mann er. All <!f 
t he butene-2 form ed from butene- l a nd from butacli ene-l ,3 IS 
Lrans bu t that formed from bu tadi ene-l ,2 is both cis and 
trans: Butadi ene-J ,3 produces lline eight-carbon dimers, 
bu tadi ene-l ,2, three, and isobutene, non e. One of t he major 
products of t he H atom a ddi t ion r eact ion wit h butad iene-l,2 
is butyne-2. 

Anomalous transmission of rare gases for electrons of s ub
excitation energi es, J. A. Simpson, P roc. '1'hi1"d I ntem. ConI
Ph1jsics of E lectronic and A tomic Collisions, London, England, 
1963, pp. 128-134 (North Holland Publ. Co., 11msterdam, The 
Nethe1"lands, 1964) . 
Electrons of varia ble energy (t.El /2 ~0.05 eV) a re passed 
through a cha mber containing ra re gas at a pressure of some 
microns. Elect rons wh ich a rc deflected less than 40 mr a re 
energy analyzed (resolu t ion ~O.05 eV) a nd collected. Two 
types of transmission anomalies, with enel"/~y widths essen
t ially instrumental, are observed at energies below those 
necessary t o excite the atom. The first, in H e at 19.1 :1; 0.1 
e V is a n enhanced t ransmission followed by a decrease In a 
t Yl;ical dispersion Ii ne shape. The second a nomaly in Neat 
15.9 ± O.15 eV, is not so strong a nd has a more compli cated 
structure cons isting of a doubl et (~O.1 eV separat ion). 
Both components are sharp decreases in transm ission without 
dispersion line shape. A bri ef description of the apparatus 
is in cluded. 

Electron microscopy a nd dilfraction of aluminum oxide 
whiskers, D. J. Barber, Phil. Mag. 10, No. 103, ?"5- 94 (J u ly 
1964). 
\\,hiskers of a-A120 3 ha\·e been grown by t he condensation 
a nd oxidat ion of a luminium on an alumina subs trate, and 
examin ed by transmission elect ron microscopy and diffrac
t ion. U nbroken whiskers invaria bly termin ate in a small 
globule of aluminium a nd have a 'drumstick ' form. The most 
perfect whiskers a rc ribbons wi th their principal surfaces 
pa rallel to t he (OOOJ) pla nes; the majorit.v of t hese have a 
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< 1120 > grow th direction. Wi t h in tense heating in the elec
tron beam such ribbons can be t hermally etch pi tted . Ma ny 
drumst i ck~ a re t ubula r rather than ribbonlike a nd d ru msticks 
co ntaining axial d islocations have also been seen .. The effect 
of in tense heatin o- on these whiskers has been In vest igated. 
Occas ion ally, t he ~Iuminium globules melt a ndreact wi th ~ h e 
carbon suppor t film in t he microscope to give crys talline 
AI,CJ • Alternatively, a globule may explode to form ma ny 
sma ll globules t hat immediately develop stems; t hus, new 
whiskers a re form ed in t he microscope. The releva nce of 
t hese obser vat ions to proposed mechanisms for t he growt h of 
drumstick \I"h iskers is disc ussed. 

The crystal structure of l-ethyldecaborane, A. P erloff, Acta 
Cryst. 17, 332 (1964). 
Direct eviden ce for t he ex istence of l -ethyldecaborane has 
been established by a single crystal X-ray structure a.nalys is 
usin O" in part t he method of direct phase determll1at lOn de
velop~d by I(a rJe and Hauptman. The compou nd crystal
lizes in the orthorhombic syste m Wi th a= 10.11 ± 0.01 , 
b= 14.40 ± 0.01, a nd c= 7.28 ± 0.01 A. The space group is 
P2121 21 and the uni t cell contains fOlll" molecul es of 
BlOH1 3C21I5. The co mpound is a simple SubstItutIOn de
riva tive of decaborane a nd no significant distor t ion of t he 
deeaborane molecule is induced by t he substitu t ion. 

Optically observed inner shell electron excitation in neutral 
Kr and Xe, K. Codlin g a nd R P . Madden, Phys. R ev . L etten 
12, No.4, 106- 107 (.Jan. 1964). 
The fa r ultraviolet co ntinuum radiation emitted by t he N. B .S. 
180 NIev electron sy nchrotron has bee n used for t he study of 
t he a bsorp t ion spectra of Kr a nd Xc in the 120- 200A spectra l 
region. Structure involvin g trans itions to. neut ral ato m 
energy levels has bee n observed f~ll' the fi rst tHfoie at e l~erg l es 
in excess of 50 ev a bove t he 1st JOl1IzatlOn ltmlts of h.r and 
Xl'. These transitions involve t he excitation of inner s hell 
d electrons and res ult in two series for each cle ment, na mely 
3d l o4s24p6 lSo-3d94s24p6 (2D~/2' ' /2) n p Ip o1 in Kr, and 
4d105s25p61 So- 4d95s'5p6 (2D 3/2, 5/2) np lp o1 in Xc. 

Dielectric polarizability of fluid parahydrogen, J . \V. Ste,,·art, 
J . Che1n. Phys. 40, 3297-3306 (.Ju ne 1964). 
The dielectri c constan t of liquid a nd gaseous para-hydrogen 
has been meas ured by t he capacitance ratio Il! et hod 
between 24°K- 100 oK a nd 2- 326 at mospheres. ThIS en
co mpasses t he density range .0.002- 0.080 gm/cm3. Thes~ 
data have been co mbin ed WI t h recentl y avaIla ble PVT 
resul ts in order to calculate the Clausius-Mosotti fun ction to 
0.05 % precision. In the ra nge cons id ered, t he. C-:1\ [ fU.lIc
t ion, or pola ri zabili ty, instead of bein g co nstant, InItl~IJ y l"lses 
wi t h dens ity to a maximum 0.2 % a bo ve t he low denSity value 
of 1.00427 cm3/gm, and then falls. The data in th is ran::;e 
can be rep rese nted to within experimenta l error by a quad ratIc 
fun ction of density. The deviatio~ from constancy IS too 
small for detailed correlation wi th eXlstlllg t heo rJCs of polan z -
a bili ty to be feasible. The results a re presente? in tabula r 
form. Also the dielectric constant at a ny desll·ed dens lt y 
can easily be calculated to an accuracy better th a n 0.1 % in 
E - 1 from the fun ction fitting the polarizabili ty. 

Standard potential of the Ag- AgCl electrode in 5 % aqueous 
mannitol, R Gary a nd RA. Robinson, J . Chem. Eng. Data 
9, No . 3, 376-378 (J uly 1964) . 
The standard potenti al of the Ag- AgCI electrode from 0° to 
60 ° has been determined by e.m.f. meas urements on t he cell : 
P t /H 2:H CI(m) in 5% ma nnitol ; AgCI/Ag. From these data 
and from data on t he same cell containing no ma nnitol, t he 
relative partial mola l quantities t.·Oo, t."Fi ° a nd ~_S·o for t he 
cha nge in solvent a re calculated. The value of t.G ° fori l CI 
in 5% manni tol at 25 ° is found to be 54.0 j. mole- I. There 
is a small but sio-nificant change in the e.m.L of t he cell If 
mannitol is repla~ed by its diastereoisomer, so rbitol. 

Optical investigations of film formation and removal on gold 
anodes in acidic oxalate solutions, W. E. R eId and J. Kruger, 
Nature 203, No . 4943, 402 (.July 25, 1964) · 
Evidence has been obtained for film formation on gold anodes 
in acidi c ox ala te solut ions using elli psometry. The thickness 



of the film in creases linearly with the potential above 1.1 
V (NHE) in 1 M J-T 2S0, and solutions of low oxalate content 
(4 gIl) to give a t hi ckness of a bout 20A. The film is reduced 
at potenti als below 1.1 V and also by acidi c oxala te solut ions . 
Optical evidence indicates t hat th is film is more likely to be 
an ox ide film rather than chemisorbed oxygen. 

Recently discovered autoionizing states of krypton and 
xenon in the A 380-600A, R . P . Madden and K. Codling, 
J. Opt. Soc . Am. 540, No. 2, 268-269 (Feb. 1964) . 
The far ul t ra-violet continuum radiated by t he NBS 180 
M ev electron synchrotron has been utilized for t he st udy of 
t h e absorption spectrao of krypton and xenon in the wa ve
length region 380- 600A . Ma ny new autoionizing states in 
both clements, lying 10- 40 ev above t he first ionization limit, 
ha\'e been discoyered. The following series ha\'e been iden
t ified : 4S24p6 ISO - 4g4p6 np IPIO and 4S24p6 ISO - 4s24p'5s np I P lo 
in krypton, 5s25p6 ISO - 5s5 po n p IP I in xenon. 

"U-spin equalities" and octet symmetry breaking, S. M csh
kov, G. A. Snow, and G. B. Yodh, Phys . R ev. L etle1's 13, No . 
6,212-217 (Aug . 10, 1964). 
The " U-Spin equali t ies" are compared with experiment, in 
order to see to what extent t he SU3 predictions are obeyed. 
D eviations from pure SU3 symmetry by an order of magni
t ude arc found. The role of sy mm etry breaking in the inter
a ction matrix clements is investigated and correlated with 
t he possible appearance of superresonances. 

Electrode potentials in fused systems. VII. Effect of ion 
size on membrane potentials, K . H . Stern and J . A. Stiff, 
J. E lect1·ochem. Soc. III, No.8, 893- 897 (Aug. 1964) . 
Concentration cells exhibiting glass membrane potentials have 
been measured for t he AgBr- NaBr, AgCI - KCI, and AgCl
CsCl systems. Onl y for t he first of these can t he bulk com
position be used to calcula t e cation transport numbers in the 
m embrane. For the latter t wo the sodium ion impurities in 
t he melt appear to be potential determining. In t he sodium
conta inin g systems th e anions appear to be t ransported as 
part of a cationic silver complex. 

On the identity of three generalized master equations, R . 
Zwanzig, Physica 30,11 09- 11 23 (1 964). 
Three apparently different quant um mechanical master equa
t ions, derived by Prigogine and R esibois, by Montroll , and 
independently by Nakajim.a and by Zwanzig, arc shown to 
be identical. The derivation by Zwan zig, based on proj ec
t ion operator and Liouville opera tor tC'c hniques, is r ep eated 
in greater detail t han in previous articles . The results of 
Prigogine and Resibois, and of 11ontroll , a re found by making 
changes in notation. 

The oxide films formed on copper single crystal surfaces in 
water. III. Effect of light, J. K ru ger and J. P. Calver t, 
J. Elecl1·ochem. Soc. III, N o. 9, 1038- 1041 (S ept. 1964.). 
Studies of t he effect of illumination on the grow th of oxide 
films on copper single crys tal surfaces immersed in \I'ater 
containing different a mounts of dissolved oxygen r eveal t hat 
whi le illumination has li t tle effect on t he oxidation process 
when t he water is in equilibrium with a 100 % oxygen at
mosphere, it docs lower the ra te of fi lm forma tion wh en t he 
water is in equilibrium with 1 % oxygen. For bot h t he 
(111) a nd (100) illumination ca uses a departure from the 
rate law observed for oxidation in t he dark . At in tensit ies 
of 290 j.Lw/cm2 or hi gher t he film form ed on t he (111) nel'er 
g rows beyond a limi tin g thickn ess of 100 A. The beha"ior 
observed can be explained on th e basis of a co mpetit ion 
between growt h an d dissolu tion reactions, t he dissolution 
reaction being promoted by illu mination. 

Thermodynamics of aqueous solutions of hydriodic acid from 
electromotive force measurements of hydrogen-silver iodide 
cells, H. B. H etzer, R . A. Robinson, and R. G. Bates, J . 
Phys. Chem. 68, No.7, 1929- 1933 (1964). 
E lectromotive force measurements of t he cell Pt ;H 2(g), 
I-II (m), AgI ;Ag have bee n made at 11 tempera t ures from 
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o to 50°. Thc standard c.m.f. (E O) is gil'en wi t hin 0.05 n1\'. 
by the equat ionEo= - 0.15242- 3. 19 X 10- ' (1- 25) - 2.84 X 
10-6 (l - 25) 2, wherc t is t he temperature in degrees Celsius. 
These valu es are in excell en t agreement with t hose obtained 
by Owen from studies of borax-buffered K I solut ions at 5, 10, 
30, 35, and 40° but differ by 0.14 to 0.17 mv. at 15, 20, and 25 ° . 
The activity coeffici ent (Y±) of HI at molalities (m) from 
0.005 to 0.9 has been deri"ed . The relative partial molal 
ent halpy (L2) of HI at 25 ° was calculated and compared \ri t h 
that for HCI and HBr. At 25° and m = O.l , Y± is 0.811 and 
L2 is 130 cal. mole-I. 
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