
Contents 

LIST OF CONTRIBUTORS v 

PREFACE vii 

CHAPTER 1 Microwave Spectrometers 
G. ROUSSY AND G. W. CHANTRY 1 

1. Introduction 2 
2. Types of Spectrometer 3 

2.1. Basic Transmission Spectrometer 3 
2.2. Video Spectrometers 4 
2.3. Source-modulation Spectrometer 5 
2.4. Simple Stark-modulation Spectrometer 6 
2.5. Bridge and Superheterodyne Receiver Spectrometers 9 
2.6. Bridge Stark-modulation Spectrometer with Homodyne Detection 10 
2.7. Saturation-effect Modulation Spectrometer 11 
2.8. Acoustic Detection Spectrometers 12 
2.9. Cavity Spectrometers 12 
2.10. Pulsed Microwave Fourier Transform Spectrometers 13 
2.11. General Comment 14 

3. Technical Details and Guide to the Recent Literature 15 
3.1. Cells (Cavity) 16 
3.2. Cells (Stark) 16 
3.3. Cells (Video) 17 
3.4. Stark-modulation Generator 17 
3.5. Lock-in Amplifiers 18 
3.6. A.C. Preamplifiers 19 
3.7. Microwave Components 21 
3.8. Microwave Sources 21 
3.9. Synchronizers 22 
3.10. Frequency Stabilization and Sweeping 24 
3.11. Detectors 26 
3.12. VHF Synthesizers 29 

4. Use of Computers and Digital Techniques in Microwave Spectrometers 29 
4.1. Digital Averaging Techniques 30 
4.2. Use of Computers in Microwave Spectroscopy 33 

5. Commercial Microwave Spectrometers. 35 
5.1. The Hewlett-Packard MRR 8400C Microwave Spectrometer 36 
5.2. The Camspec Microwave Spectrometer 39 

6. Chemical Analysis Using Microwave Spectroscopy 39 
7. Short List of Manufacturers of Microwave Equipment 42 

7.1. Index 42 
7.2. Alphabetical List 42 
Acknowledgments. 44 
Bibliography of Relevant Literature 45



CHAPTER 2 Microwave-Microwave Double Resonance 
J. G. BAKER 65 

Introduction 65 

1. Double Resonance and Level Populations 66 

2. Double Resonance and Coherence Phenomena 69 

3. Double Resonance Spectroscopy and Spectrometers. 75 

3.1. The AMDR Spectrometer 78 

3.2. The FMDR Spectrometer 85 

3.3. Cavity Spectrometers 91 

3.4. Radiofrequency Double Resonance 92 

3.5. The Enhancement of Forbidden Transitions 98 

4. Molecular Collision Processes 104 

4.1. NH3 106 

4.2. H2CO 109 

4.3. HCN 111 

4.4. OCS 112 

4.5. Other Molecules 114 

5. Experiments in Pulsed Double Resonance 114 

6. Theoretical Developments in Double Resonance 118 

7. Further Developments in Double Resonance 120 

References 121 

CHAPTER 3 Infrared-Microwave Double Resonance Techniques 
H. JONES 123 

1. Introduction 124 

1.1. Double Resonance Experiments 124 

1.2. Types of Double Resonance Experiment 126 

1.3. Laser Sources 128 

2. Theoretical Considerations 133 

2.1. Line-widths 133 
2.2. Microwave Double Resonance: vp >> VD 134 

2.3. Infrared-Microwave Double Resonance 136 

2.4. The High-frequency Stark Effect 141 

2.5. Collisional Transitions Between Rotational Levels 142 

2.6. Two-photon Transitions 148 

3. Experimental Considerations 153 

3.1. Accidental Coincidences with Fixed Frequency IR Lasers 153 

3.2. Stark Tuning of Molecular Transitions 180 

3.3. Partially Tunable Infrared Lasers 186 

3.4. Two-photon Transitions 191 

3.5. Double Resonance with Visible Region Lasers 203 

References 210 

CHAPTER 4 Modern Submillimetre Microwave Scanning Spectroscopy 
A. F. KRUPNOV 217 

1. Introduction 217 

2. Novel Developments in the Theory of Spectrometry with a Coherent 

Radiation Source 221



2.1. A New Method for Obtaining Sub-Doppler Resolution in, Gas 
Spectrometers 222 

2.2. New Possibilities for Spectroscopic Measurements under 
Conditions of Spectral Line Saturation 225 

3. Modern Construction of RAD Spectrometers 226 
3.1. Scanning Sources of Submillimetre Coherent Radiation 226 
3.2. The Cell and the Detector 235 

4. Practical Methods of Investigation in Submillimetre Microwave 
Scanning Spectrometry 241 

5. Conclusion 248 
References 248 
Appendix 1. Calculation of Sub-Doppler Spectral Line-shapes 251 
Appendix 2. Calculation of the Line-shape and Magnitude of the Signal 

from Lines in RSC Spectrometry under the Condition of 
Line Saturation 254 

CHAPTER 5 Interferometric Spectrometry at Millimetre and Submillimetre 
Wavelengths 

J. W. FLEMING 257 

1. Introduction. 257 
2. The Merits of Interferometric Spectrometry 259 
3. The Experimental System 261 
4. Mathematical Background of Fourier Spectrometry 271 
5. Computation of the Fourier Transform 280 
6. Examples of Submillimetre-wave Absorption Spectra 284 
7. Conclusions 307 

References 307 

CHAPTER 6 Astrophysics of Interstellar Molecules 
G. WINNEWISSER, E. CHURCHWELL AND C. M. WALMSLEY 313 

1. Introduction 314 
1.1. Interstellar Dust 317 
1.2. Neutral Gas in Interstellar Space 321 
1.3. Mass Exchange between Stars and Interstellar Matter 326 
1.4. H II Regions 328 
1.5. Radiation Fields 330 

2. Radiative Transport in Molecular Lines 330 
2.1. Notation and Equations 331 
2.2. The Statistical Equilibrium Equations 336 
2.3. Radiative Transport in the Lines of CO 338 
2.4. Transport Calculations for other Molecules 340 
2.5. Experimental Techniques: (Observational Considerations) 342 

3. Molecule Formation Mechanisms 348 
3.1. Surface Mechanisms 348 
3.2. Formation of H2 on Grain Surfaces 349 
3.3. Ion-molecule Reactions 351 
3.4. HD Formation 352 
3.5. Ion-molecule Reactions in Dense Clouds 353 
3.6. Electron Density in Molecular Clouds 354



3.7. Predictions of the Ion-molecule Theory 355 
3.8. NH3, HCN, HNC and CN 356 
3.9. Detailed Models for Molecule Formation 358 

4. Isotope Ratios in Interstellar Clouds 360 
4.1. Isotopic Fractionation 368 

5. Observations 371 
5.1. The Orion Molecular Cloud 373 
5.2. The Sgr B2 Molecular Cloud 385 
5.3. Dark Dust Clouds 396 
5.4. Molecules in External Galaxies 406 
5.5. Molecular Lines at Optical and Ultraviolet Wavelengths 409 

6. Recent Molecular Identifications 410 
6.1. Formyl Ion (HCO+) and Hydrogen Isocyanide (HNC) 412 
6.2. N2H+ 418 
6.3. Ethynyl Radical, CCH 418 
6.4. Cyanogen Radical, CN 420 
6.5. CH 421 
6.6. Nitrogen Sulphide, NS 423 
6.7. Unidentified Lines, Tentative Interstellar Assignments and the 

Need for Laboratory Spectra 423 
7. Conclusions. 426 

Acknowledgements 427 
References 427 
Appendices 437 
Appendix 1: Molecular Parameters of Molecules Detected in Interstellar 

Clouds 440 
References to Appendix 1 446 
Appendix 2: Molecular Distribution 448 
Appendix 3: Summary of Molecular Line Observations in the Orion A 

KL Nebula 469 
Appendix 4: Summary of Rare Isotopic Species in the Orion A KL 

Nebula 475 
Appendix 5: Summary of Molecular Line Observations in Sgr B2 477 
Appendix 6: Summary of Rare Isotopic Species in Sgr B2 485 
Appendix 7: Molecules Observed in Dark Clouds 487 
Appendix 8 491 
References to Appendices 2 through 7 494 

SUBJECT INDEX 505


