
Contents

1. Introduction 1

2. Fundamentals and Theory 3
2.1. Atmospheric Trace Gases.................................................................................... 3
2.2. Electromagnetic Radiation................................................................................. 8
2.3. Radiation Absorption by Gasses....................................................................... 11
2.4. Photoacoustic Effect.......................................................................................... 24

3. State of the Art 33
3.1. Measurement Systems for CO2........................................................................... 33
3.2. Measurement Systems for Nitrogen Dioxide..................................................... 38

4. Experimental Electronics and Signal Processing 43
4.1. Electronics Platform for Photoacoustic Measurements.................................. 43
4.2. Digital Data Processing: Lock-In Filters........................................................ 50

5. Indirect Photoacoustic Sensor for Ambient CO2 61
5.1. Photoacoustic Detector....................................................................................... 61
5.2. Radiation Source Considerations....................................................................... 94
5.3. Investigations on a Laboratory Sensor Setup....................................................101
5.4. Design of the Sensor Device................................................................................ 110
5.5. Gas Dependent Sensor Characterization .......................................................... 114

6. Resonant Photoacoustic Sensor for NO2 129
6.1. Sensor with T-shaped Resonant Cell .................................................................129
6.2. Photoacoustic Resonance Tracking Method....................................................... 141
6.3. Gas Characterization of an NO2 Sensor System ..............................................157

7. Conclusion 171

Bibliography 173

A. Appendix 203
A.l. Lock-In Filter in the Time Domain.................................................................... 203
A.2. Example of the Lock-In Working Principle in the Frequency Domain .... 206
A.3. Fit Parameters...................................................................................................... 208

http://d-nb.info/134910034X


Contents

Danksagung 209

vi


