Contents

3.5 Alignment and Apparatus Function . ....................... 4

1 Introduction........ ... ... ... ... . ... 1
2 Quantities of Spectroscopy..............iiiiiiiiiii... 5
2.1 Radiometric Quantities.............. ... ... ... . .. ... 5

2.2 Measured Quantities ................ i 6

2.3 Local Quantities.......... .. ... i 9
2.3.1 Homogeneous Plasmas ............................. 9

2.3.2 Axially and Spherically Symmetric Plasmas........... 9

2.3.3 Plasmas Without Symmetry ........................ 11

2.4 Radiance of Plasmas with Re-Absorption ................... 12

3 Spectroscopic Instruments ............... ... ... .. ... ... 15
3.1 General Considerations.............. ... ... ... 15

3.2 Dispersing Elements ............ ... .. ... .. .. ... .. ..... 17
3.21 Prisms .. ..o 17

3.22 Gratings ......c.iiiii 18

323 Crystals..... ..o 24

3.2.4 Interferometers............. ... ... .. ..., 27

3.3 Windows, Filters, Mirrors, Optics ......................... 28
3.3. 1 WIndows ... oitin i 28

332 Filters ...t e 30

3.33 MIITors .. ovvii i e 33

334 Optics «ovviii s 34

3.4 Spectrometer Designs ........ ... ... i 38
3.4.1 Prism Spectrometers..................iiiiia... 38

3.4.2 Spectrometers with a Plane Grating ................. 39

3.4.3 Spectrometers with a Concave Grating ............... 11

3.4.4 Spectrometers with Transmission Grating ............ 43

3.4.5 Crystal Spectrometers ............................. 44

3.4.6 Interferometric Spectrometers....................... 47



Detectors . ... .. .. 53

4.1 General Properties....................................... 53
4.2 Photoemissive Detectors............ ... ... .. 55
4.2.1 Photocells ........ .. .. 55
4.2.2 Photomultipliers ............. ... ... ... . ... .... 57
4.2.3 Channel Photomultipliers and Microchannel Plates .... 61
4.3 Semiconductor Detectors ............... ... ... ... ... ... .. 63
4.3.1 Photoconductors ................ ... ... 63
4.3.2 Photodiodes ........... ... ... 66
4.3.3 Array Detectors............. ... .. 68
4.4 Photoionization Detectors ........... ... ... ... ... ... ...... 69
4.4.1 Tonization Chambers............... .. .. ... .. ....... 69
4.4.2 Proportional Chambers ............................ 70
4.4.3 Multiwire Proportional Chambers ................... 71
4.4.4 Gas Amplification Detectors ........................ 72
4.5 Miscellaneous Detectors ........ ..., 73
Calibration . ........ ... ... .. . . . 75
5.1 Wavelength Calibration .................................. 75
5.2 Sensitivity Calibration ............ ... .. ... ... .. ... ..... 76
5.2.1 Some General Considerations ....................... 76
5.2.2 UV to Near-Infrared ............... ... ... .. ... .... 78
5.2.3 Vacuum-Ultraviolet . ............. .. ... ... .. ... .... 79
5.24 X-ray Region ......... .. ... .. . ... 83
Radiative Processesin Plasmas ............................ 85
6.1 OVerVIEW .. ..ot 85
6.2 Line Radiation ............ ... .. .. .. i 87
6.2.1 Emission and Absorption by Atoms and Ions ......... 37
6.2.2 Emission by Molecules ............................. 92
6.2.3 Theoretical Considerations and Scaling Laws.......... 94
6.3 Continuum Radiation ............ ... ... ... ... ... ... ..... 98
6.3.1 Recombination Radiation and Photoionization ........ 98
6.3.2 Bremsstrahlung ................................... 104
6.3.3 Negative Ion and Molecular Continua ................ 109
6.3.4 Rate Coefficients for Radiative Recombination ........ 110
Collisional Processes . ................ouuiiuininiiini.. 115
7.1 Introductory Remarks............. ... ... .. ... .......... 115

7.2 Collisional Excitation and Deexcitation by Electron Impacts .. 116
7.3 Electron Impact Ionization and Three-Body Recombination . .. 126
7.4 Dielectronic Recombination and Autoionization ............. 129
7.5 Charge Exchange Processes ............................... 132
7.6 Ion and Atom Impact Excitation and Ionization ............. 133



10

Kinetics of the Population of Atomic

Levels in Plasmas

8.1 Introductory Remarks......... ... ... .. .. .. . ..
8.2 Thermodynamic Equilibrium Relations . ................. ...
8.3 Local Thermodynamic Equilibrium ........................
8.4 Corona Equilibrium........... ... .. ... ...
8.5 Collisional Radiative Models . .......... ... .. .. .. ... ...
Line Broadening .......... ... ... .. . i
9.1 Profile Functions ....... .. .. .. . .
9.2 Broadening Mechanisms . ........... ... .. ... .. .. ... ...,
9.2.1 Natural Broadening................. .. ... .. .. ....
9.2.2 Doppler Broadening ............. ... . ... ... .
9.2.3 Pressure Broadening by Neutral Particles.............
9.2.4 Stark Broadening........... ... .. .. . ...
9.2.5 Effects of Collective Fields..........................

Diagnostic Applications
10.1 Verification of Atomic Data
10.2 Measurements of Particle Densities
10.2.1 Particle Densities from Line Emission ...........

Appendix

9.2.6 Magnetic Field Effects ........................
9.2.7 Broadening due to Self-Absorption .............

10.2.2 Particle Densities Employing Injected Fast Beams

10.2.3 Density of Molecules . .........................
10.2.4 Actinometry . ......oouuin it

10.2.5 Particle Densities from Absorption Measurements
10.2.6 Ratio of Particle Densities from the Spectra

of Helium-like Ions ...........................
10.3 Temperature Measurements
10.3.1 Atom, Molecule, and Ion Temperature ..........
10.3.2 Electron Temperature.........................
10.4 Measurements of the Electron Density
10.4.1 Electron Densities from Line Profiles............
10.4.2 Electron Densities from the Ratio of Lines .. .....

10.4.3 Electron Densities from the Continuum Emission

at Long Wavelengths .......... .. ... .. ... ...

10.4.4 Electron Densities from Other Spectroscopic

ObServations. . . ...oovvii i
10.5 Electric and Magnetic Field Measurements
10.5.1 Magnetic Fields ............... ... ... ... .....
10.5.2 Electric Fields ........... ... ... .. .. oo,

Al List of Symbols ...... .o

135
136
139
142
146

153
153
155
155
156
157
158
170
174
176

179
179
180
180
182
182
183
183

184
186
186
187
195
195
198

200
201
202
202
203

205
205



B Appendix........ ... 211

B.1 Data Centers .............. .. 211
C AppendiX..... ... . 213
C.1 Atomic Constants and Quantities.......................... 213
C.2 Some Atomic Relations. .. ........ .. .. .. . . ... 214
References. . ....... ... 215



	page1
	page2
	page3
	page4

