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Development and testing of a frequency-agile optical parametric oscillator
system for differential absorption lidar

P. Weibring, J. N. Smith,® H. Edner,”) and S. Svanberg
Department of Physics, Lund Institute of Technology, S-221 00 Lund, Sweden

(Received 23 July 2002; accepted 11 June 2003

An all-solid-state fast-tuning lidar transmitter for range- and temporally resolved atmospheric gas
concentration measurements has been developed and thoroughly tested. The instrument is based on
a commercial optical parametric oscillat@®PO laser system, which has been redesigned with
piezoelectric transducers mounted on the wavelength-tuning mirror and on the crystal angle tuning
element in the OPO. Piezoelectric transducers similarly control a frequency-mixing stage and
doubling stage, which have been incorporated to extend system capabilities to the mid-IR and UV
regions. The construction allows the system to be tuned to any wavelength, in any order, in the range
of the piezoelectric transducers on a shot-to-shot basis. This extends the measurement capabilities
far beyond the two-wavelength differential absorption lidar method and enables simultaneous
measurements of several gases. The system performance in terms of wavelength, linewidth, and
power stability is monitored in real time by amatn-based wave meter and gas cells. The tests
showed that the system was able to produce radiation in the 220—4300-nm-wavelength region, with
an average linewidth better than 0.2 chand a shot-to-shot tunability up to 160 chrwithin 20 ms.

The utility of real-time linewidth and wavelength measurements is demonstrated by the ability to
identify occasional poor quality laser shots and disregard these measurements. Also, absorption cell
measurements of methane and mercury demonstrate the performance in obtaining stable wavelength
and linewidth during rapid scans in the mid-IR and UV regions. 2@03 American Institute of
Physics. [DOI: 10.1063/1.1599065

I. INTRODUCTION from the sourcé.In this way, several sources can be studied
and the total pollutant flux from an industrial area can be
With the growing awareness of the serious environmenmeasured.
tal impact of certain industrial activity, and more stringent The laser source in a DIAL system optimized for moni-
regulations on emissions, the need for powerful measureering of several different gases must be tunable over a large
ment techniques for air pollutant emission is increasing. Opspectral region. Many systems have been based on dye la-
tical remote sensing techniques are particularly advantasers, which can cover the entire visible region with different
geous, allowing large-area monitoring and avoiding sampléiyes. However, each dye is normally limited to a rather small
extraction and preparation difficultiésThree-dimensional spectral interval and a larger wavelength switch requires
measurements can be performed with the lidar technique, b§/eaning and dye changes. In addition, some dyes are not
using pulsed lasers and detecting the backscattered ligftable over longer laser runs and have to be frequently ex-
from molecules and aerosols in the atmosphere in a radafhanged. These procedures severely hamper the possibilities
like mode. If the wavelength of the laser is varied from an©f measurements of more than one species at a time. Thus,

absorption line of a certain gas to a nearby wavelength pod" all-solid-state laser system that can be rapidly and con-
sition with less absorption, the detected changes in the baciinuously scanned in different wavelength regions would be

scattered light intensity can be used to evaluate the gas coH]UCh preferrsld. _One ap;?]roach is to use a Ti:_sapphrirehlaser
centration profile along the laser beam. This techniqueSyStem' tunable in, e.g., the 700-1000 nm region, which can

called differential absorption liddDIAL ), is operational for be extend_ed using frequen_cy douplmg and tripling. The
. drawback is the broad linewidth, which can be handled for
many pollutants and several mobile DIAL systems have been ~

developed:® The ability to remotely measure the flux of a Specific wavelengths by injection seedingh larger and

e . g ) . nearly continuous tuning range can be produced with an op-
specific gas from different sources is particularly useful. This, y g rang P P

) hieved b bini ind data with .  th tical parametric oscillato(OPO laser system, which has
IS achieved by combining wind data with @ mapping of (e, investigated in this study. An OPO system pumped by a

concentration distribution in a vertical section downw'ndfrequency-tripled Nd:-YAG laser can be tuned from 440 to
1800 nm with the signal and idler output, and the region

30n leave from: Department of Environmental Engineering Science, Calicovered can be expanded to 220-4300 nm with frequency
fornia Institute of Technology, Pasadena, CA 91125; present address: Al li i ;
ing and mixin hni .
mospheric Chemistry Division, National Center for Atmospheric Research,HOUb ga d g techniques

P.0. Box 3000, Boulder, CO 80307. _ The cf'i_pabi!ity of rapid and accurate Wavele_ngth scan-
DElectronic mail: hans.edner@fysik.lth.se ning is critical in a DIAL system based on a single laser
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FIG. 1. Schematic view of the lidar transmitter, control, and diagnostic 4 —’e : riiain
systems. The transmittédotted box consists of an OPO, and doubling and "

difference frequency generation stages, which are pumped by two Nd:YAGr |, 2. Optical arrangement for the modified optical parametric oscillator

pump Iaser;. The real-time diagnosti(_: and calibrgtion system consists of @®PO and the mixing unit. The upper-right part of the figure shows a layout
Fabry—Peot interferometer and a multigas absorption cell system. All func- ot the OPO. It consists of a Littman cavitMO), creating narrow band

tions are controllec_j by a personal computer using software written in thpphotons, which are seeded into an instable ca(R@), generating high
LabVIEW programing language. output power. The output radiation can either be sent out directly or fre-
quency doubled in an integrated doubling stage. The upper-left part of the

source. In a two-wavelength DIAL measurement the differ-f'gure shows the mixing unit cons_lstmg ofa dlff_erence‘frequency generation
| th tb duced in alternating laser sho DFG) stage, followed by an optical parametric amplifi@PA) stage. To

gnt wave eng _S _mus € Pro u I ! .g able fast tuning the Littman cavity mirror in the OPO is modified accord-

in order to minimize the noise due to atmospheric turbulenceng to the lower-right part of the figure while all crystal holders are modified

(large-scale movements in the aerosol distribytiom a  according to the lower-left part of the figure.

commercial OPO system the wavelength is changed by mov-

ing the tuning mirror and crystal angle with stepper motors, ) .
which are too slow for this purpose. One way to achieve a 1€ PUMp lasers are two Spectra Physics GCR-290 in-
rapid tuning within a smaller region is to seed the OPO with/ection seeded Nd:YAG lasers, with a linewidth 0.003

an additional laser source, such as a diode faéslowever, ~CM  and a pulse repetition rate of 20 Hz. The output energy
it is difficult to use this technique in several wavelength re-IS 1800 mJ at 1064 nm, and after passing through a harmon-
gions. We have chosen to modify a commercial OPO systerffS 9enerator the output is 500-600 mJ at 355 nm. One of
with piezoelectric transducers mounted on the wavelengthth€ lasers, which is beam and divergence locked, is used to
tuning mirror, the crystal angle tuning element, andPUump the OPO system and the other one is used as a pump
frequency-mixing/doubling stages. All these elements aréOuUrce in the difference frequency generati@FG) of IR

now actively positioned by a fast feedback system with dadiation in the 3—4«m-wavelength region. .
sensitive position sensor. This approach also enables the use The OPO is based on a commercial Spectra Physics
of a rapid-switching multiwavelength DIAL scheme with MOPO 7307 which with the frequency-tripled Nd:YAG laser
more than two wavelengths. This is often necessary for ad?UmPp produces tunable radiation in the 440—-690(signa)
curate determination of the concentration of different com-2nd 730-1800 nniidler) regions with a pulse energy of up
pounds in a mixture. In certain IR regions there is also inter{® 100 mJ. The OPO usgbbarium boratéBBO) crystals. A
ference due to kD and CQ bands, which can make the control unit is included that han_dles all b_a_S|c functions, such
normal two-wavelength DIAL method difficult to apply. @S maklpg large V\{avel_ength shifts, providing energy readout
Measurements of hydrocarbon mixtures in the IR are particu@"d Setting up calibration tables for crystal angles. The OPO
larly challenging due to overlapping spectral features andn@s been redesigned with piezoelectric transducers mounted

interference with water. In these cases, DIAL measuremeni@" the wavelength tuning mirror in the master oscillator cav-

can advantageously be combined with multivariate statisticafy @nd on the crystal angle tuning element in the master and

techniques in order to separate the contributions from indiPOWer oscillator cavities, as shown in Fig. 2. The piezoelec-
vidual species. tric transducers (Physik Instrumente; Waldbrohn are

mounted in such a way as to leave the original state of the
OPO unchanged when the piezoelectric controller is
switched off. To allow high short- and long-term stability
A diagram of the fast-tuning lidar transmitter is pre- and absolute wavelength accuracy, the piezoelectric trans-
sented in Fig. 1. The main components include a Nd:YAGducer on the tuning mirror is actively positioned by a feed-
pump laser, an OPO, and optional doubling and differencédack system consisting of a linear variable differential trans-
frequency generation stages depending on the wavelengthrmer (LVDT) position sensor. A maximum wavelength
required. Two real-time diagnostic and calibration systemshange of 160 cm' can be induced by the piezoelectric
are included: a Fabry-Ra interferometer and a multigas system in<20 ms. The absolute positioning of the mirror
absorption cell system. All functions are controlled by a per-has an uncertainty of 0,02 ¢rh corresponding to 10% of
sonal computer using software written in the LabVIEW pro-the OPO linewidth. Also, the crystal angles are actively con-
graming languag®. trolled by a similar system as for the tuning mirror to allow

Il. SYSTEM DESCRIPTION
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high-power stability and fast wavelength tuning. The accep- Vesksh e
tance angle of the BBO crystal, determining the demands fot i l l
crystal readjustment, is approximately 0.3 mrad cm or greate! oma?

depending on the wavelength region, and the closeness to th **:
degeneracy point. Thus, the needed accuracy for the posi ow:
tioning of the crystals is not as critical as the positioning of z‘""i
the tuning mirror. oo

To produce radiation in the wavelength range of 2600— o i o

300 300 34000 N0 34400 ' a0

4300 nm, the idler output at 1370—1800 nm is mixed with s e
the Nd:YAG fundamental at 1064 nm in a difference fre- [gma. Scarssaion § 0

. . . . water.asc Iterations oo
quency generation unisee Fig. 2 The 1064 nm beam is .
either produced from the residual from the pump laser, or e  Em
from a separate Nd:YAG laser. In the latter case a time delay Y Il

unit synchronizes the firing of the two lasers. The DFG mix-
ing unit is built up of two 35-mm-long LiNb@ crystals FIG. 3. Measurement and wavelength selection menu from where the op-
working in series, mounted in such a way that beam diserator. can contrql wavelength, pumber of shots, order _in the wavelength
. . selection, averaging type, etc. Displayed are the absorption spectra of some

pIacemenF caused by the rOtatlon_Of one crystal is Comper}fydrocarbon species obtained from a database, providing aid in the wave-
sated for in the other. Also, by using two crystals, walk-off length selection.
effects in the phase matching process could be partly com-
pensated. The phase matching angle is controlled by a step-
per motor system for large movements and an active piezaandomly amplified modes. The result is pulses with a range
electric system, similar to that described above, for creatingf linewidths from 0.07 to 0.4 ci', with an average of less
small, rapid movements. In the first mixing crystal, radiationthan 0.2 cm®. This does not present a problem when the
from the OPO idler beam is mixed with the 1064 nm result-absorption profiles of the species of interest are broad com-
ing in a DFG of radiation in the region around 2600—4300pared to the emitted radiation. However, for some trace gases
nm. The depleted 1064 nm beam and the primary idler rathere is a need for a linewidth less then 0.2 ¢por at least
diation are split off the beamline. Only the generated 2600-a good control of the actual linewidth of the laser pulses
4300 nm radiation then passes through a second Li{NbOemitted during the measurement. To address these issues,
crystal where optical parametric amplificatig@PA) with a  online diagnostic and calibration systems have been imple-
fresh 1064 nm beam gives an energy output of up to 20 mJ ahented, which monitor wavelength, linewidth, and power in
2600-4300 nm. The doubling stage inserted in the OPO igeal time. If preestablished requirements are not met for a
also modified by piezoelectric transducers, which enablespecific pulse, the system discards the corresponding col-
rapidly tunable radiation in the 220—440-nm-wavelength redected data and repeats the measurement until the require-
gion with an energy output of up to 12 mJ, either by dou-ments are fulfilled. The system can alternately allow the col-
bling the signal or the idler from the OPO in a BBO crystal. lected data to be categorized according to their linewidth. In

The entire system, which includes communication withthis way changes in the effective absorption coefficient can
the OPO and piezoelectric transducer controller, online diagbe compensated for without losing any shots. The two diag-
nostics, and data acquisition system, is controlled by threaostic systems used are a wave-meter system and a multigas
personal computers. A calibration procedure was developedbsorption cell system.
for optimizing the positioning of the piezoelectric transduc-  Since the linewidth and wavelength stability are prima-
ers at each wavelength in the piezocontrolled scan rérege  rily determined by the performance of the OPO, the OPO
160 cmY). It allows for minor (vertica) displacements of signal output(440—690 nmis monitored in real time, by a
the pump beam, due to temperature-induced expansions mave meter(Burleigh, WA-4500. The wave meter incorpo-
mirror holders, etc., to be compensated for without a need forates an internal calibration system using a frequency-
time-consuming realignment. This calibration procedure restabilized HeNe laser allowing a relative accuracy+df.02
sults in a linear wavelength—voltage relationship for eackcm . This accuracy can be turned into an absolute value if
transducer, and completes the task in less than 20 s withothe wave meter is recently calibrated by external sources in
user intervention. The procedure can be run in an automatithe appropriate wavelength region. The measurement of line-
recalibration mode, which is triggered on time, temperaturewidth is performed in the software by transferring thalen
or output power parameters. The operator can control wavesignal to a data acquisition card inside the PC. An algorithm
length, number of shots, order in the wavelength selectionhas been written to isolate each successive order of the Airy
etc., for the measurement with a user interface such as showvhistribution pattern and characterize each in terms of the
in Fig. 3. Displayed are the absorption spectra of some spatumber of modes and the overall width of the pattern. In the
cies of interest obtained from a databdge aid in the wave- case of single mode output of the laser, each order of the
length selection. Airy distribution corresponds to a single peak in thalen

Due to the amplification profile of the Littman cavity in pattern and the linewidth measurement is straightforward. If
the OPO, several modes are allowed to be amplified at theultiple modes are present then the measurement is compli-
same time, and due to quantum fluctuations in the BBO cryseated by the ambiguous definition of linewidth under such
tal, the mode quality of the emitted light is a convolution of conditions. An algorithm was developed in which the total
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Wavelength  igi7s14 Fns tnewan  Linewidth [0T81 | Powe Power e

integrated peak area in a given spectral order is compute( s
and an equivalent Gaussian profile assigned with the sam == -
peak intensity and integrated area. The full width at half e o
maximum of this “equivalent Gaussian” is then used for = w8 L.
calculating a characteristic linewidth. o s B ]
A second online calibration system was implemented
consisting of a set of interchangeable absorption cells con
taining gases of known concentration that are introduced intc
a split-off portion of the output beah This allows measure-
ment of the absorption cross section with every laser shot Sz =
and enables the possibility to correct deviations in wave- ::-I
length and linewidth. Since the calibration gas concentration ... ‘ v e o
: . ! : ) LFERE =T
is known, then its absorption at any given wavelength can be | Luzile | TS T
directly compar.e.d tq the atmospher!c measurement .tO Im_IG. 4. Realtime data screen dump from the surveillance system. In the
prove the quantification of atmospheric gas concentrations. fipper part, wavelength, linewidth, and power are shown as a function of
small portion of the beam is directed into the unit, and istime. In the lower part, histograms and statistics of the same data are pre-

automatically attenuated by a neutral density filter wheel tgented.
an appropriate level to insure linearity of the detector. The

beam is then divided into a signal and reference beam agyr pulse energy stability. No direct tests for linewidth and
cording to standard practice in absorption cell measurementg,ayelength were performed for these units, since they result
The gas cells can be automatically exchanged by rotating th@om the incoming laser beams that already have been vali-
mount when measuring different species. Also, the detectorgated. In the place of direct measurements for these units,
are automatically exchanged when measuring in differengpsorption cell measurements were performed in the IR and
wavelength regions. This system can also be used for accysy regions on isolated peaks of methane and mercury in
rate wavelength calibration of the OPO wavelength if gasegyrder to infer wavelength and linewidth stability and accu-
with accurately known peaks are available in the chosegey,

wavelength region. The performance tests were divided up in several sec-
tions in order to understand the impact of both the mechani-
cal modifications and associated electrical control systems on
overall performance. The tests were performed fordtigi-

To verify the system performance, the same Burleighnal design, static operatignand dynamic operation The
wave meter described earlier was utilized. The wavelengtitomplete modified system was tested without the piezosys-
measurement is performed immediately following each shotems turned on, which is refereed to @sginal design The
and transferred to a computer via an RS232 interface. Theeason for this denotation is that it was concluded that the
measurement of linewidth, which the wave meter does nomechanical modifications between the unmodified and the
perform in real time, is performed in LabVIEW software by modified systems did not effect the performance. Also, a lot
transferring the &®@lon signal from the wave meter to a sec- of realignment would have been required between tests if the
ond PC. The same algorithm as described in the previousiechanical setup of the unmodified system had to be reini-
section is used for the evaluation of the linewidth. For com-tialized for every wavelength. Trs#atic operatiortests were
parison purposes the Burleigh acquire utility was used allowperformed with the piezoelectric controller and system con-
ing 100 sequential shots to be stored and postevaluated trol computer turned on, applying a nonzero voltage on the
terms of linewidth and wavelength. The comparison betweemiezoelectric transducers. In tldgnamic operatioriests the
our and the Burleigh algorithm for the linewidth shows a piezoelectric transducers performed a 1-nm-wavelength shift
good agreement. All diagnostic information such as thebetween each shot. The tests for the IR-mixing and UV-
wavelength from the Burleigh system, the linewidth, and thedoubling units were limited to energy stability according to
power from our own evaluation system, is merged togethethe procedures described above. Due to the large amount of
and displayed on a computer screen as shown in Fig. 4. data, we choose to present only the most critical parts in

Several tests were performed to determine the perfordiagrams.
mance of the modified OPO system and compare it with the  Figure 5 shows short-term comparisons (aj wave-
original design'®> These comprised monitoring of the stabil- length, (b) linewidth, and(c) output power characteristics
ity of wavelength, linewidth, and power as a function of between the original design and the modified design when it
time. Both shot-to-shot fluctuations and long-term variationss undergoing a wavelength shift of 1 nm between each shot.
were tested. All of these parameters were validated at threle every comparison, theriginal designis shown to the left
wavelengths in the 440—690-nm-wavelength region to examand the modified to the right. In the upper left of each figure,
ine the wavelength dependence. Tests were made at bolf®0 sequential shots for the original design are shown and in
static conditions, with zero and maximum extension, and irthe upper-right part 100 shots at 454.290 nm and 100 shots at
dynamic operation of the piezoelectric transducers. In addi453.237 nm are shown. Each point in the figures represents
tion to testing the OPO output in the visible wavelengthone laser pulse. In the lower part, histogram comparisons of
range, the IR-mixing and UV-doubling units were validatedthe same data are presented.

=
Mean PO 078 | SWPO 002 | K (A

Y| v Power aryela)
1

Nisamp Save 3755 B
Sample 49 [Sroe] oM

Ill. SYSTEM PERFORMANCE
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2 40 40 FIG. 6. Four minute wavelength stability measurement of the modified sys-
@ 204 20 tem, when it is undergoing a wavelength shift of 1 nm between each shot.
0 0 Each point in the upper figure represents 100 averaged laser shots. In the
00 02 04 06 08 10 00 02 04 02 04 lower part, a histogram of the same data is presented.
Linewidth (cm ") Linewidth (cm )
c . . . .
e 5001 200 The results of the UV and IR mixing tests are included in
5 400 100 the lower part of Table I, which presents the energy measure-
£ 300 0 ments averaged over a 4 min period in addition to shot-to-
> fgg"wwwm fgg shot fluctuations. The incoming mixed wavelengths were
5 0+ 1624.26 and 1064 nm, corresponding to an output wave-
0 20 40 60 80 100 0 20 40 60 8 100\ |ongih of 3084.65 nm, and 1637.87 and 1064 nm, corre-
138- 128 sponding to an output wavelength of 3036.75 nm. As can be
2 60 60 seen in Table I, the performance of the system in the switch-
2 40 40 ing mode corresponds well to the original design. In review-
28: zg ing the results of the different tests over the whole wave-
0 100 200 300 400 500 O 100 200 O 100 200 length region, no significant difference between the original
Energy (arb. unit) Energy (arb. unit design and the modified one can be detected. The change in

linewidth between close-lying wavelengths is explained by

FIG. 5. Short-term comparison between original and modified syste@ of  the fact that, for even small differences in wavelength, move-

wavelength(b) linewidth, and(c) output power characteristics between the
original design and the modified design when it is undergoing a wavelengt
shift of 1 nm between each shot. In every comparisonptiginal designis

ment of the tuning mirror angle can cause the circumstances

r?or the amplification process in the master oscillator to

shown to the left and the modified to the right. In the upper left of eachchange. A lower gain profile, for example, will lower the
figure, 100 sequential shots for the original design are shown and in théinewidth of the laser light by allowing fewer laser modes to

upper-right part 100 shots at 454.290 nm and 100 shots at 453.237 nm R
shown. Each point in the figure represents one laser pulse. In the lower patrt,

histogram comparisons of the same data are presented.

ach laser threshold. During the tests it was found out that
by mismatching the tuning mirror angle and the master os-

cillator (MO) crystal acceptance angle slightly, keeping the

power oscillator(PO) crystal at the correct orientation with

Figure 6 shows a 4-min-long-wavelength performancerespect to the tuning mirror, the linewidth could be decreased

test of the modified design, when it is undergoing the samén a controlled way. This narrowed linewidth did not signifi-
wavelength shift as above and where each point in the figureantly affect the energy level in the wavelength regions
represents 100 averaged laser shots. The results for the sambere little seeding of the PO oscillator is needed., the
tests of linewidth and energy stability are presented in Tabl®dlue region. In the red wavelength region the linewidth

I. The difference in wavelength between zero voltage of thecould be decreased but at a cost of less energy output. En-
piezostack and the original design is due to a slight offseergy differences between the tests for the same “wave-
that is applied onto the piezostack at zero control voltagelength” are due to long-term changes in pump laser energy
which is necessary for keeping the spring tension constantand the fact that the Burleigh wave meter had to be realigned
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TABLE I. Test results of wavelength, linewidth, and power stability for different wavelength regions during a
4 min period of time: 1: original design; 2: static operati@iezosystem turned on and control computer
connected but no wavelength shifand 3: dynamic operatiotpiezosystem turned on and control computer
connected inducing a 1-nm-wavelength shift between each laser shot

Wavelength Linewidth Energy

Average St. dev. Average St. dev. Average St. dev. Shot to
Test (nm) (nm) (cm™) (cm™) (arb. uniy (arb. uniy shot (%)
1 454.340 0.001 0.19 0.07 147 17 9
2 454,334 0.001 0.16 0.05 117 19 14
3 (WL1) 454.290 0.001 0.19 0.07 119 12 9
3 (WL2) 453.237 0.001 0.19 0.06 120 11 8
1 494,731 0.002 0.15 0.07 220 20 13
2 494.729 0.002 0.14 0.07 177 14 7
3 (WL1) 494,922 0.001 0.15 0.06 280 25 11
3 (WL2) 493.904 0.002 0.13 0.06 221 28 15
1 659.063 0.002 0.12 0.05 121 19 13
2 659.064 0.002 0.12 0.05 102 19 16
3 (WL1) 659.062 0.002 0.11 0.05 121 16 17
3 (WL2) 658.385 0.002 0.11 0.06 85 18 15
1 253.399 n.a. n.a. n.a. 133 15 15
3 (WL1) 252.399 n.a. n.a. n.a. 131 20 19
3 (WL2) 252.650 n.a. n.a. n.a. 134 9 8
1 3084.67 n.a. n.a. n.a. 44 8 12
3 (WL1) 3084.67 n.a. n.a. n.a. 45 11 15
3 (WL2) 3036.75 n.a. n.a. n.a. 38 9 15

between tests. The energy values are consistent for the difected wavelengths are indicated in the experimentally re-
ferent setups and wavelength regions. corded spectrum of methane. The lower part of Fig. 7 shows
A critical second test was performed using the absorpthe absorbance at the marked wavelengths as a function of
tion in a methane cell with the wavelengths selected to matctime. Every point corresponds to an average of ten cycles,
sharp peaks in the absorption spectrum. In Fig. 7, the sewith one shot at each wavelength in one cycle. The results
show that the system is able to emit a wavelength sequence
with a good precision. No indication of degradation of the

13 original OPO performance after the modifications could be
z found.
1.0 . . . . . . .
E To investigate the influence of the outliers in linewidth a
Soz- wavelength scan of a separated mercury isotSf#i) line
Q . . .
go.s— e e Ports was performed at 253.652 nm. The result is shown in Fig. 8,
8 0a where the absorption profile of mercury is recorded as a
< function of different linewidths. When performing a mea-
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FIG. 7. Scan of five methane peaks in an absorption cell as a function of Wavelength (nm)

time. The selected wavelengths are indicated in an experimentally recorded

spectrum of methane. The lower part of the figure shows the absorbance BtG. 8. Wavelength scan of a separated mercury isotéfeld) in an ab-
the marked wavelengths as a function of time. Every point corresponds to asorption cell. Transmission profile is shown as a function of different line-
average of ten cycles, with one shot at each wavelength in one cycle.  widths.
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surement the system measures the actual linewidth of eadtve for several applications such as the monitoring of petro-
shot and categorizes and stores the acquired data in the cahemical industries, pipeline leakage detection and surveil-
responding cross section. When the concentration of a spéance monitoring of diffuse emissions in urban areas. The
cies is evaluated every linewidth category is calculated sepantegration and performance of the new transmitter in a mo-
rately and then summed up with the other linewidthbile lidar system is discussed in a forthcoming publication.
categories. In this way a greater fraction of the shots can be
utilized.
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