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Exercise 4: Range-resolved detection of substances   
with fluorescence lidar 

Introduction 
Lidar is the abbreviation for light detection and ranging. A short laser pulse of a few nanoseconds 
duration is emitted and the signal response from a target is measured with high temporal resolu-
tion. From the elapsed time, and taking the speed of light into consideration, it is possible to derive 
range-resolved information (Figure 1).  
The choice of a suitable laser wavelength in the near UV or visible range and signal detection at 
specific emission wavelengths allows the measurement of a number of different substances such 
as phytoplankton chlorophyll a, gelbstoff (or humic substances), oils, and physical water column 
properties (e.g. attenuation coefficient, temperature) (Figure 2).  

Experiments 
The following measurements shall be performed: 

1. Distance measurements 
Two targets at different positions are set up in the optical axis of the laser beam and telescope field 
of view. The laser operation (Quantel Brilliant Nd:YAG laser, operated at 533 nm wavelength, 5 ns 
pulse length) leads to reflection of a fraction of the pulses from the targets. The signal response 
from the second target reaches the receiver later than that from the first one. The difference of time 
follows from the speed of light c and the distance d between the two targets: 

2 .dt
c

=  

This time lapse is measured with a photomultiplier (light-to-current converter) and a digital oscillo-
scope with high temporal resolution (Tektronix DSA 602A signal analyser with 1 GHz sampling 
rate) to derive the distance d between the targets. 

laser
signal response

monochromatoroscilloscope

photomultiplier

wavelength
adjustment

Newtonian telescope
(stray light)

laser beam

slit width 
adjustment

mirrorfirst targetsecond target

pulse from
first target

pulse from 
second target

Fig. 1: Schematic set-up for distance measurements 



 2 

2. Measurement of fluorescence light 
The wavelength we use for excitation of the oil sample is 355 nm. The emitted fluorescence is col-
lected with the telescope. Measuring the fluorescence intensity at a certain wavelength is done by 
adjusting the monochromator to this wavelength. The peak height measured with the oscilloscope 
corresponds to the intensity, assuming the photomultiplier to be in its linear detection range.  
For more precise absolute measurements the quantum efficiency of the photomultiplier and the 
efficiency of the monochromator at the selected wavelengths should be taken into account. This 
would require a calibration of the wavelength-dependent sensitivity of the set-up which is beyond 
the scope of this exercise. 
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Fig. 2: Schematic set-up for fluorescence measurements 

Further reading 
Measures RM (1984) Laser Remote Sensing. Fundamentals and Applications. John Wiley & Sons, 

New York 

Contact 
Astrid Kuales & Rainer Westphal  
Carl von Ossietzky Universität Oldenburg  
Institute of Physics  
D-26111 Oldenburg, Germany 
astrid.kuales@uni-oldenburg.de  
rainer.westphal@uni-oldenburg.de 
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