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A multiple wavelength differential absorption laser radar has been constructed to measure
the ozone profiles from the lower troposphere up to the upper stratosphere. The system consists
of two subsystems ; one (the low altitude system; LA) for the tropospheric measurements and
the other (the high altitude system ; HA) for the stratospheric measurements. The LA system
employs a KrF excimer laser with a deuterium and a hydrogen Raman shifter to generate 277,
292 and 313nm laser pulses, and a receiving telescope with a diameter of 0.56 meter. The
HA system has a XeCl laser with a deuterium Raman shifter and a XeF laser to generate 308,
339 and 351 nm laser pulses, and a receiving telescope with a diameter of 2 meters. The whole
system is controlled by a mini-computer. Details of the system and some measurement examples

are presented.
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Fig. 1 Ozone absorption spectrum in the UV
region. The wavelengths used in the
NIES ozone laser radar system are
indicated by the solid triangles.
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Table 1 System constants used. for the simula-
tion of ozone measuremets by laser

radar.

Laser wave- Laser envergy\ ‘Area of receiving
length (nm), |- (m]) ‘telescope (m?)

277 50- . 0.246

292 25 0. 246

308 100 3.14

313 50 0.246

339 25 3.14

351 70 3.14

Quantumn efficiency of the photomultipliers 0. 25
Optical efficiency of the whole system 1.0

Simulation
(1shot, K=1, Az=150m)

108 10®

RETURN SIGNAL

Fig. 2 Simulated return signals for an ozone
laser radar. Assumed specifications are
listed in Table 1.
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Fig. 3 Simulated errors for ozone measure-
ments with 1,000,000 laser shots and
the system specifications shown in
Table 1. The dotted and the dot-dashed
curves are for the random errors due to
shot noise and the solid and the dashed
curves are for the sum of errors due to
random and systematic errors caused
by aerosol effects.
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Fig. 4 Schematic diagram of the NIES ozone laser radar system.
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Table 2 Specifications of the multiple wavelength laser radar for ozone measurement.

Low Altitude Transmitter
KrF excimer laser (Lambda Physik EMG 201 MSC)*

277.1nm 1st Stokes of H2
313.2nm 2nd Stokes of H:
291. 9 nm 1st Stokes of D2

High Altitude Transmitter
XeCl excimer laser (EMG 160 TMSC)**
308. 2 nm Primary
339. 5nm 1st Stokes of D:
XeF excimer laser (EMG 160 TMSC)¥**
351. 1 nm Primary
Output power *27 W, **36 W, ***18 W
Spectral bandwidth **0. 003 nm, ***0. 01 nm
Low Altitude Receiver
0.56 m telescope (Telescopic)
Dichroic mirrors, Interference filters,
6 photomultipliers (EMI)
High Altitude Receiver
2m telescope (Hextek)
Mechanical chopper, Dichroic mirrors,
Interference filters, Narrow-band etalons,
6 photomultipliers (EMI)
Data Acquisition System
Photon Counter (DPS)
12 input channels, <100 MHz counting rate
1 microsecond gate time, 2048 segments, 8-bit accuracy
High speed averager (<250 Hz repetition rate) with 24-bit accuracy
Transient Recorder (DSP)
6 input channels, 30 MHz sampling rate
8192 segments, High speed averager with 24-bit accuracy
Minicomputer (Digital Equipment PDP 11/53)

Fig. 5 The high altitude system.
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Fig. 8 Transmitter for the high altitude
system (on the optical bench).
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Fig. 10 Configuration of the receiving optics
for the low altitude system.
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Fig. 11 Blockdiagram of the data acquisition system.
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