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DETAILED 

A 

Absolute calibration method, 167, 168, 187, 
211 

Absorption (see also Matrix effect) 
chemical analysis by—, 131 
coefficients of—, 4, 18, 74, 121 
critical energy of—, 177 
in detector windows, 186 
in glass, 121 
measurement of—, 74 
method of calculation, 121 
review articles, 164 
in tube targets, 33 

Absorption edges, 6, 177 
spectrometry with—, 199 

Addition analysis, 
Nb in ores, 154 
Ta in ores, 154 

Alloy analysis, 115, 126, 127, 138, 143, 149, 
151, 196 

of surfaces, 206 
Antimony 

in C a S C , 47 
in silicates, 40 

ASTM publications, 151, 155, 160, 167, 168 

B 

Barium 
in barite, 178 
in glass, 40 
in lubricating oils, 157 
in sediments, 195 

Bibliography for X-ray spectroscopy, 24 
Bismuth, in lead, 56 
Bohr atom and X-rays, 3,13 
Bromine, 

in gasoline, 114, 137 
in hydrocarbons, 144 
by absorption edge spectrometry, 199 
with Se as an internal standard, 144 

Brentano slits (see SoIIer slits) 

c 
Cadmium 

in Sn, 56 
as internal standard, 55 

Calibration methods, 149 
(see also Absolute calibration method and 

Internal standards) 

INDEX 

Cameras for spectroscopy, 163 
Catalysts, 

analysis of Fe in—, 158 
analysis of Ni in—, 158 
analysis of V in—, 158 

Cathode-ray tube to excite X-rays, 67 
Chemical analysis compared to X-ray spec

troscopy, 2, 62, 93 
Chromium, 

in Co-Ni-Fe-, 196 
in Ni, 126 
in steel, 103, 124, 126, 165, 167 

Celtium, 26, 27, 28, 29 
Ceramic analysis, 129 

for Co, 129 
for Ni, 129 
for Pb, 129 
for Fe, 129 
for Nb, 129 

Cobalt 
in a ceramic, 129 
in Co-Ni-Fe, 196 
in iron oxide, 36 

Columbium (see Niobium) 
Compton effect, 

breadth cf a Compton modified line, 69 
Compton scattering as an interference, 
201(a) from W, 7 
(see also Intensity of X-rays) 

Control analysis, 
for gasoline, 114 

Conversion tables, 
K and L spectra for NaCl, 176 
K and L spectra for LiF, 176 
K and L spectra for quartz, 176 

Calcium 
in lubricating oils, 157 

Copper, 115 
in Zn, 56, 93 
in Ni, 93 
in steel, 103 
in granite, 204 
in diabase, 204 

Counters (see Geiger counters) 
(see also Proportional counters) 
(see also Scintillation counters) 

Crystals, analyzing, 
absorption limits of elements in—, 76, 85 
anomalous intensities in calcite, 140 
barite, 95 
calcite, 15,21,22,46, 71, 76,95,96. 139, 140 
diamond, 95 

35 
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36 DETAILED INDEX 

fluorite, 36 
gypsum, 21, 22, 81, 95 
ground faces on cleavable crystals, 96, 139 
imperfection and line width, 49, 152 
K4Fe(CN)6 , 3, 15 
mica, 108, 122 
mosaic structure in calcite, 76, 139 
NaCI, 4, 15, 95, 203, 210 
plastic deformation of NaCI, 203 
quartz, 85, 134, 141 
rocking of—, 66 
spherical deformation of NaCI, 203 
zinc blende, 95 

D 

Dead time, correction for, 109 
Detection limits, 61 

compared to visible emission spectroscopy, 
62 

Detector windows, 186 
Diffusion processes, study of using X-ray 

spectroscopy, 126 
Duane-Hunt limit (see Planck constant or 

Excitation potential) 

£ 

Edges (see Absorption edges) 
Education, spectrograph for college courses, 

189 
Electron probe, 201, 202 
Energy, oiK and L spectra, 177 
Errors, in fluorescence analysis, 53, 58 
Excitation potential, 14, 18 

F 

Filters, for absorption of soft radiation, 7 
Fine structure, of if lines, 15 
Fluorescence analysis, 

comparison to visible emission spectros
copy, 53, 58 

theory of—, 124, 133, 160, 198 
Fluorescent X-rays, 44 

efficiency of excitation, 58, 88, 205 
intensity versus concentration, 44 

Fodussing crystals, 70, 81, 83, 108, 122, 130, 
141 

in transmission, 81 

G 

Gases, analysis of—, 83 
Gasoline 

for Pb, 114, 137 
for Br, 114, 137 

Geiger counters, 
beaded wires to reduce deadtimc, 109 
chlorine quench, 188 
circuits for—, 153 
comparison to scintillation counters, 186 
deadtime, 109 
efficiency of—, 186 
for long wavelength measurement, 116 

instability in organic quench tubes, 159 
nitrocellulose windows for—, 116 
nonlinearity of response, 109 
self-quenching, 99, 101, 105, 153, 159, 188 
statistics of counting, 181, 183 
window absorption, 186 

Germanium analysis, 190 

H 
Hafnium, 

analysis for—, 40 
in Zr, 26, 27, 28, 39, 128, 192 
"discovery" by X-ray spectra, 27 

Helium path, 
in analysis of Ba and Ca, 157 

I 

Intensity of X-rays, 67 
as a function of applied voltage, 7, 14, 18, 

33, 48, 67 
as a function of concentration, 44 
from thin silver foils, 50 
in fluorescence analysis, 47, 59 
measurement of—, 19, 67 
measurement by ionization chamber, 67 
measurement by the wedge method, 66, 118 
measurement in the presence of other 

radiation, 111 
(see also Photographic recording) 

Internal standards, 
Ba using La as a standard, 195 
Br using Se as a standard, 144 
Fe using Ni as a standard 
Hf in Zr, 26, 28 
Nb in ores, 154, 166, 169 
Nb using Mo as a standard, 169 
K in Mn and Cd, 55 
Ta in ores, 154, 166 
Ti using La as a standard, 195 
U using Sr as a standard, 207, 214 
W using Pb as a standard, 1 70 
Zn using As as a standard, 195 

Ionization chambers, 67, 74, 92 
compared to the photographic method of 

recording, 74 
Iron analysis, 

in blood, 137 
in catalysts, 158 
in ceramics, 129 
in Cr, 126 
in cobalt oxide, 36 
in Co-Ni-Fe, 196 
in olumbitc-tantali te, 175 
in foundprv dust 
in Ni, 126' 
in steel, 47, 124, 167 

J 
"J"-radiation, 19 

L 
Lead 

in Bi, 56 
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in a ceramic, 129 
by edge analysis, 199 
in gasoline, 114, 137 
in ores, 123 

Linewidth (see Width of lines) 
Lubricating oils, 

analysis for Ba, 152 
analysis for Ca, 152 
analysis for Zn, 152 

M 

Manganese 
as internal standard, 55 
in Co-Ni-Fe, 196 
in columbite, tantalite, 175 
in diabase, 204 
in granite, 204 

Marine sediment 
analysis of Ba, 195 
analysis of Ti, 195 
analysis of Zn, 195 

Matrix effect, 149, 157 
Microanalysis, 60, 61, 102, 174 

curved crystal spectrometer for—, 172 
by the electron probe, 201, 202 
by the fluorescent "microscope," 89, 90, 

91, 143 
Microphotometer, 26 
Microprobe analysis (see Electron probe), (see 

Microanalysis) 
Mineral analysis, 32, 115, 23, 155, 208 

of barite, 178 
of broggerites 
of clevites 
of columbite-tantalite, 175 
of monozote, 166 
of thorianite 
of uraninite 
for potassium, 55 

Molybdenum 
edge analysis, 199 
in Co-Ni-Fe, 196 
Microanalysis, 172 
in presence of Nb, 122 
in presence of Ta, 122 
in presence of W, 122 

Monitoring of X-ray beam, 92, 114, 124 
Moseley's Law, 2, 3, 4, 8, 9, 11, 13, 14 

as an aid to analysis, 52J 
applied to proportional counter resolution, 

162 
Multichannel recording 

analysis of steels, 193 
dispersive type, 135, 172 
miniature type, 173 
mondispersive type, 161 

N 

Nickel, 
in catalysts, 158 
in ceramics, 129 
in Cr, 126 
in Co-Ni-Fe, 196 
in Cu, 

in diabase, 204 
in Fe, 126 
in granite, 204 
in steel, 103, 124, 165 
in Zn, 93 
microanalysis, 172 

Niobium, 
in ceramics, 129 
in columbite-tantalite, 175 
in presence of Ta, 68, 122 
in presence of Mo, 122 
in presence of W, 122 
microanalysis, 172 

o 
Oils (see Lubricating oils) 
Ores, 123, 171 

for Nb, 154, 166, 169 
for Pb, 123 
for Ta, 154, 166 
for Ti, 212 
for Zn, 123 

Oxidation, study of—, 126 

P 

Particle size, effect on intensity, 77 
Planck's constant, 13, 14, 18 
Photographic recording, 

absorption of X-rays by film, 43 
counting of exposed grains for intensity 

measurement, 35, 36, 43 
insensitivity to long wavelengths, 4 
screening from scattered radiation, 73 

Polished section, analysis of—, 174 
Positive-ray analysis, compared to X-ray 

analysis, 62 
Potassium 

in minerals, 55 
in soils, 55 

Precision, in fluorescent analysis, 58 
Proportional counters, 110, 146, 162 

resolution of, 162 
Pulse height analysis, 

for U 

Q 

Qualitative analysis, 22, 26, 34, 40, 42, 52, 
79, 163 

Quantitative analysis, 26, 34, 35, 39, 43, 52, 
53, 56, 57, 58, 59, 60, 61, 66, 78, 79, 
106, 107, 127, 131, 133, 149, 154, 155, 
156, 160, 168, 182 

sensitivity of—, 73 

R 

Rare earth analysis, 10, 30, 36, 42, 43, 147, 
213 

in bastnasite, 213 
Refraction of X-rays, 46 

in calcite, 65 
effect on lattice constants, 46 
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Resolution, 
of lines, 64 
using Soller slits, 194 

Review articles on spectroscopy, 20, 24, 34, 
62, 79, 104, 131, 137, 142, 160, 164, 182 

Rhenium 
emission analysis of—, 108 

Rontgen tubes (see X-ray tubes) 
Rontgen rays (see X-rays) 
Rubidium 

in diabase, 204 
in granite, 204 

s 
Sample preparation, 

Al as binder, 148 
particle size, 77 

Scintillation counters, 136 
alkali iodide crystals, 113 
anthracine crystals, 113 
coincidence circuits, 113 
compared to G.M. tubes, 184, 186 
detecting efficiency, 120, 150, 184, 186 
Nal(Tl) crystals, 120, 184, 186 
to reduce background, 113 
using a modified 931-A multiplier, 113 
using a 5819 multiplier, 120 

Sediments, see marine sediments 
Soft X-rays, 82 

if-spectra of Li, 200 
it-spectra of Mo, 115 
it-spectra of S, 115 
if-spectra of Zn, 145 
i-spectra of Al, 86 
i-spectra of Si, 86 
measurement to 20A, 97 
X-ray tube to generate, 98 

Soller slits 
suppressing reflection from—, 194 

Spectroscopy (optical) 
emission quanto meter, 179 
compared to X-ray spectroscopy, 26, 52, 62 

Spectrographs, 6, 19 
double beam type, 92 
fluorescent "microscope," 89, 90, 91 
for educational purposes, 189 
for gas analysis, 83 
for He atmospheres, 116 
for H2 atmospheres, 116 
for medium wavelengths, 16, 17 
for short wavelengths, 16, 37 
for transmission measurements, 97, 171 
inverse method of design, 174 
miniature, 173 
precision, 15 
vacuum, 10, 22, 31, 97, 116, 130, 145 
with curved crystal, 83, 92, 132 

Spectrometers, 25 
comparison of single and double crystal, 80 
construction, 52 
curved crystal, 111, 172 
double spectrometer, 49 
Geiger counter type, 107 

two-crystal spectrometers, 63, 65, 69, 71, 
75, 76, 80, 152 

vacuum type, 3, 75 
Statistics of counting, 181, 183 
Steel analysis, 103, 124, 165, 167 

microanalysis, 172 
for tungsten, 193 

Strontium, 
in granite, 204 
in diabase, 204 

Sulfur, 
in oil, 116, 137 

T 
Tables (see Conversion tables) 
Tantalum, 

in columbite-tantalite, 175 
in presence of Mo, 122 
in presence of Nb, 68, 122 
in presence of W, 122 
microanalysis, 172 

Technicium, 102, i l l 
Thin films, analysis of—, 198 
Thorium, 

in minerals, 132 
in presence of U, 132 
microanalysis, 172 

Tin, 
in Cd, 56 
in CaS04 , 47 
in Zn, 56 

Titanium, 
in ores, 212 
in sediments, 195 

Transmission gratings, 81 
Tubes, X-ray, 

Coolidge type, 1, 5 
demountable, 72 
fine focus, 119 
soft X-ray, 98 
sealed, 41 
Ta filament, 170 
target roughness of—, 77 
transparent anode, 125, 163 
construction of—, 5, 41, 51, 52 

Tungsten, 
in Co-Ni-Fe, 196 
in limestone, 170 
in presence of Mo, 122 
in presence of Nb, 122 
in steel, 193 
in presence of Ta, 122 

TJ 
Uranium, 

microanalysis, 172 
in minerals, 132 
in presence of Th, 132 
in solution, 117, 209 
in steel, 207, 214 

V 
Voltage (see also Excitation potential) 

measurement by spark gap, 66 
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measurement by electrostatic voltmeter, 66 
optimum for analysis, 94 

Vanadium, 
in catalysts, 158 
in Co-Ni-Fe, 196 

w 
Wavelengths of X-rays, 13, 15, 16, 21 

accuracy in measurement, 23 
correcting for refraction, 46 
effect of chemical composition on—, 86 
X-series, 8, 15, 37, 16 
i-series, 9, 10, 11, 12, 16, 145 
M-series, 16 
measurement by two-crystal spectrom

eter, 63, 65 
(see Soft X-rays) 

Width of lines, with two-crystal spectrometer, 
152 

Window (see Detector windows) 

X-ray fluorescent microscope, 89, 90, 91, 
185 

143, 

X-ray scattering 
X-ray tubes (see Tubes) 

Yttrium, 118 

Zinc, 
in copper, 56, 93 
in diabase, 204 
edge analysis, 199 
in granite, 204 
in Ni, 93 
in oil, 157 
in ores, 123 
in sediments, 195 
in tin, 56 

Zirconium, 118 
in diabase, 204 
in granite, 204 
in presence of Hf, 128 




