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Colors of Noise

White noise equally
contains all frequencies
across the spectrum

of audible sound.

White Noise

Television
Static

20 Hz 20 kHz

Brown noise is deep
pitched, and the power
behind frequencies
decreases twice as
much as pink noise.

G

Brown Noise

Rumbling
Thunder

20 Hz 20 kHz

Pink noise frequencies
decrease in power with
each higher octave to
create a lower pitch.

Pink Noise

20Hz

20 kHz

Green noise amplifies
mid-range frequencies,
limiting the harsh high
tones of white noise.
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20 kHz

Green Noise

20 Hz
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Einfiihrung

Die neuesten Fortschritte bei der Herstellung und der
hohen Leistung von Leuchtdioden haben dazu gefihrt,
dass sie nicht nur in der Beleuchtung offentlicher Geb-
dude, sondern auch in der optischen Kommunikation, der
Medizin und vielen anderen verschiedenen Bereichen
Aufmerksamkeit finden. Aufgrund dieses breiten An-
wendungsspektrums ist die Verbesserung der optischen
und elektrischen Eigenschaften von Leuchtdioden ein
wichtiges Anliegen. Der Hauptvorteil von Leuchtdioden
besteht darin, dass sie Licht durch Rekombination von
Ladungstragern erzeugen, im Gegensatz zu Gliihlampen,
die keine Warmeerzeugung zur Lichterzeugung beno-
tigen. Theoretisch kdnnen sie alle elektrische Energie in
Licht umwandeln. Darliber hinaus fiihrt jeder Prozess, der
zu Warmeerzeugung im Gerat fihrt, zu einer Erhéhung
der nichtstrahlenden Rekombination, was zu einem
Rickgang der Gesamtwirkungsgrad des Gerats fihrt.
bestehen Leuchtdioden in der Regel aus einer Halbleit-
er-P-N-Verbindung. Durch Anlegen einer Vorwartsspan-
nung werden Locher aus dem P-Bereich und Elektronen
aus dem N-Bereich in den aktiven Bereich des Gerats get-
rieben und emittieren Energie in Form von Photonen.

Die emittierten Photonenenergie in diesen Gerdten
entspricht der Bandllickenenergie des aktiven Bereichs.
Die Wellenlange des emittierten Photons hangt von der
Bandliicke des Materials ab. Die Verteilung der Ladung-
strager in der aktiven Region des Halbleiters, die Erzeu-
gung und Rekombination von Ladungstragern und die
direkte und indirekte Bandllicke der Materialien sind
drei Eigenschaften, die die Wellenldnge und Intensitat
des emittierten Photons beeinflussen. Die aktive Region
des Leuchtdioden kann in homogene und inhomogene
Verbindungen hergestellt werden[2].

ist einer der wichtigsten Parameter zur Bestimmung der
Eigenschaften des emittierten Lichts die Bandliickenener-
gie des aktiven Bereichs des Leuchtdioden -Materials. Im
Allgemeinen werden die Bandllickenenergien von Halb-
leitermaterialien in direkte und indirekte Bandliickenen-
ergien unterteilt. In einem Halbleitermaterial mit direkter
Bandllicke erfolgt der Rekombinationsprozess von Elek-
tronen und Lochern direkt und ohne Phononenemission,
wodurch ein Photon emittiert wird. In einem Halbleiter-
material mit indirekter Bandllicke erfolgt der Rekombina-
tionsprozess von Elektronen und Lochern indirekt, wobei
die Elektronen zunachst Phononen emittieren und dann



ein Photon freigesetzt wird. Daher fihrt dieser Rekom-
binationsprozess zur Erzeugung von Warme im Material
und beeintrachtigt auch die interne quantenmechanische
Effizienz. Aus diesem Grund sind Halbleiter mit direkter
Bandllicke fir optoelektronische Anwendungen von be-
sonderer Bedeutung.
Gerate mit homogenen Verkniipfungen

In der Struktur von inhomogenen Halbleitern werden
zwei ungleiche Halbleiter mit unterschiedlichen Bandlick-
en nebeneinander platziert, was diese Struktur fiir die
Herstellung von Quantenpunkten in optisch-elektrischen
Softwaren geeignet macht. In einem inhomogenen Quan-
tenpunkt-Struktur wird ein Halbleiter mit einer kleineren
Bandliicke zwischen zwei Halbleitern mit einer groReren
Bandliicke platziert, um einen Quantenpunkt nebenein-
ander zu erzeugen. Die kleinere Bandliicke fungiert wie
ein Brunnen und die gréRere Bandliicke wie eine Barriere.
Alle Ladungstrager in dieser Struktur werden im Bereich
des Quantenpunkts gefangen gehalten, und dieser Bere-
ich wird als aktiver Bereich der Software bezeichnet.
Gerate mit homogenen Verkniipfungen

Dariber hinaus werden im Prozess der nichtstrahlenden
Rekombination, der in der Regel mit der Emission von
Photonen einhergeht, Schottky-Reed-Hall in den Leucht-
dioden definiert[3].

Quellen
1. “thermal-management-for-led-applications-2014.
pdf” .

2. “Handbook of Optoelectronic Device Model-
ing and Simulation,” Handbook of Optoelectron-
ic Device Modeling and Simulation. 2017, doi:
10.4324/9781315152318.

3. F Balestra, “New semiconductor devices,” Acta Physi-
ca Polonica A, vol. 114, no. 5. pp. 945-974, 2008, doi:
10.12693/APhysPolA.114.945.
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Giriig
Holografinin uygulanmasi, geleneksel iki boyutlu fo-

tograf ve videolarin holografik (¢ boyutlu gorintilerle
degistirilmesi konsepti oldukga ilgi ¢ekicidir. Bununla bir-
likte, geleneksel holografik tekniklerin siki gereksinim-
leri, pratik uygulamalarin kapsamini hala 6nemli dl¢tide
sinirlamaktadir. Yillar siren ilerlemelere ragmen, tiiketici
uygulamalarinda veya yiiksek kaliteli hacimsel ekranlarda
Uc boyutlu renkli holografik gortintiler kullanimi oldukca
uzak bir hedef olarak durmaktadir. Bununla birlikte, bazi
uygulamalar halihazirda gelistirilmistir ve bu konuya simdi
deginecegiz:
Holografinin faydal bir uygulamasi mikroskopidir

Dijital holografik mikroskopi, mikrografide kullanilan bir
dijital holografi tlirtidir. Bu yontemin diger mikroskopik
tekniklerden farkli oldugu nokta ise yansitilan gortiintiiniin
kaydedilmemesidir.

Isik kaynag olarak tutarl bir kaynaga (6rnegin lazer) ih-
tiya¢ duyularak girisim desenini veya hologrami olustur-

kiye ayrilir. Genigl

ak gerekmektedir. Lazer 15181, nesne isini ve referans

ornegi aydinlatir ve bdylelikle nesnenin dalga cephesi
meydana gelir. Isik, mikroskop objektif mercegi tarafin-
dan toplandiktan sonra, nesne ve referans dalga cepheleri
Isin ayirici ile birlestirilerek girisime girer ve bir hologram
olusturur. Bilgisayar tarafindan islenen kaydedilen dijital
hologram sayesinde, nesnenin dalga cephesinin gorsel
goruintlsu hesaplanarak yeniden yapilandirilir.
Holografik Bellekte Bilgi Saklama

Holografik goriintulerin kaydedilmesi gibi bilgilerin ho-
lografik hafizalarda saklanmasi, lazer isini, 15in ayirici ve
kayit ortami gibi unsurlar bir arada gerektirir. Kayit islemi,
verinin elektrik sinyalinden optik sinyale dondstirilmesi
esasina dayanmaktadir. Esasen lazer 15181 referans ve siny-
al isinlarina ayrilmaktadir. Referans isini kayit materyaline
yonlendirilirken, sinyal 1sini uzaysal moddlatorden geger-
ek ikili dijital verileri optik ozelliklere sahip acik ve koyu
desenlere donustiirmektedir. Sonrasinda ise bilgi, kayit
materyalinin icerisindeki referans isini ile etkilesime gir-

erek depolanmaktadir. Holografik kayit ortaminin bellek

n sebebi ise bilgileri ar



halinde ve paralel plakalar biciminde saklamasidir; bu du-

rum ylizeyde gerceklesen diger depolama metodlarina

gore daha fazla bellek kapasitesine olanak tanimaktadir.

Holografik hafiza teknolojisi, pek cok engelle karsilasan ve

biiylik gelisme potansiyeline sahip olan nispeten yeni bir

alandir. Ancak bu teknolojinin genislemesi gesitli zorluklar-
la karsilasmaktadir:

e Yeterli holografik kayit ortaminin bulunmayisi; sistem
gurdltiistine oranla ytiksek sinyale ihtiya¢ duyulmasi
Optik teknolojinin ilerlemesini engelleyen faktorler
arasinda yariiletkenlerle manyetik teknolojilerin kar-
masikligl yer almaktadir.

Holografik sistem, sinyali SLM'den dedektorlere ak-
taran veya referans i1sinin agisini degistirmek igin kul-
lanilan bir mercege ihtiya¢ duymaktadir. Bu iki unsur
hem maliyetleri arttirmakta hem de kayit ortaminin
hacmini genisletmektedir.

Lazer, uygun dalga boyunu saglayacak sekilde verimli
ve glicli olmalidir; ayni zamanda sistem genel boyut-
lar agisindan kabul edilebilir ve gerekgelendirilebilir
derecede kiiclik olmalidir. Boyutlar, maliyet ve ver-
imlilik arasindaki dengeyi muhafaza edecek bicimde
dengelenmelidir; aksi takdirde bu hedefe yonelik bir
ozelligi vurgulamak mimkiin olmayabilir.

Holografinin tipta uygulanmasi

Son zamanlarda holografik kayit teknikleri ve holo-
gram yorumlama araglarindaki ilerlemeler ile holografik
tekniklerin doku, oftalmoloji, dis hekimligi, Groloji, pa-
toloji ve ortopedi alanlarinda goriintlileme basarisinin
artmasi, tibbi alandaki gliclii holografik araglarin ortaya
cikisini umut vaat etmektedir. Gozlin 3 boyutlu holografik
gorintilerinin yani sira insan disleri ve nefes alma sirasin-
daki gogus hareketinin test edilmesi gibi calismalar da son
zamanlarda gerceklestirilmistir.

Holografik interferometrik yontemlerin bircogu biyome-
dikal uygulamalarda kullaniimistir. X-isini holografisi ise
numune hazirligl gerektirmeksizin viicudun i¢ boélgelerini
ve biyolojik 6rnekleri yiiksek ¢oziintrliikte goriintilemek
icin kullanilabilir durumdadir.

Endoskopik holografi, yliksek ¢ozlinlrlikte temassiz 3
boyutlu gorintiler elde etme imkani sunmaktadir. Ayrica
bu teknoloji, viicudun i¢ dokularina ve organlarina invaziv
olmayan 6l¢lim yapma imkani saglamaktadir.

Cesitli holografik yontemler kullanarak biyolojik 6rnekler-
in U¢ boyutlu gorintilerinin sentezlenebilmesi mim-
kiindur. Holografik kontur Giretimi ise biyolojik numuneler
Uzerinde yapilan 6l¢lim ¢alismalarinda oldukga faydalidir.
Referanslar
1. Optik Konusuna Giris — Pedrotti
2. Optik—Jenkins, Francis Arthur
3. Vikipedi: Ozgiir Ansiklopedi
4. Cesitli internet siteleri
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Abstract

Lidar is a device that uses laser light instead of radio
waves to record data. This device is usually used for earth
monitoring, autonomous vehicles and military applica-
tions. In this article, we intend to introduce lidar applica-
tions in meteorology.

L.Introduction

Lidar, which stands for Light Detection and Ranging, is
a remote sensing method that uses light in the form of
a pulsed laser to measure ranges (variable distances) to
the Earth. These light pulses combined with other data re-
corded by the airborne system generate precise, three-di-
mensional information about the shape of the Earth and
its surface characteristics.

A lidar instrument principally consists of a laser, a scan-
ner, and a specialized GPS receiver. Airplanes and helicop-
ters are the most commonly used platforms for acquiring
lidar data over broad areas. Two types of lidar are topo-
graphic and bathymetric. Topographic lidar typically uses
a near-infrared laser to map the land, while bathymetric
lidar uses water-penetrating green light to also measure
seafloor and riverbed elevations.

Lidar systems allow scientists and mapping profession-
als to examine both natural and manmade environments
with accuracy, precision, and flexibility.

Lidar is commonly used to make high-resolution maps,
with applications in surveying, geodesy, geomatics, ar-
chaeology, geography, geology, geomorphology, seismol-
ogy, forestry, atmospheric physics, laser guidance, air-
borne laser swathe mapping (ALSM), and laser altimetry.
It is used to make digital 3-D representations of areas on
the Earth’s surface and ocean bottom of the intertidal and
near coastal zone by varying the wavelength of light. It has
also been increasingly used in control and navigation for
autonomous cars and for the helicopter Ingenuity on its
record-setting flights over the terrain of Mars.

The evolution of quantum technology has given rise to
the emergence of Quantum LiDAR, demonstrating higher
efficiency and sensitivity when compared to conventional
LiDAR systems.

2. Lidar application in meteorology

The ‘Light detection and Ranging’ technique, or Lidar, is
a laser application to remote sensing that operates day
and night, contrary to passive remote sensors that rely on
solar light. In the infrared Lidar offers much better vertical

resolution due to poor thermal contrast between lower
atmosphere and the underlying surface. Lidar was in the
laboratory stage in the 1960s when the first laser was
demonstrated. In less than 40 years it became a serious
candidate for space applications at the turn of the 21st
century. The geophysical applications cover short and
long ranges up to hundreds of kilometers either from the
ground to track satellite or Earth observation from space.
Over the years, Lidar applications have spanned a broad
range of applications in research and industry. The Lidar
technique has been applied to (i) atmospheric sounding,
(i) terrain and city mapping, (iii) canopy and vegetation
characterization, (iv) bathymetry, and (v) geologic fea-
tures and the Earth’s surface.

Four range-resolved Lidar techniques based on pulsed
Lidar are currently used in atmospheric sciences. They are
based on elastic scattering by particles and molecules,
non-elastic Raman scattering by molecules, differential
absorption by minor gaseous species such as H20, 03,
CO2, Doppler frequency shift associated to the motion of
particles and molecules. In most cases, quantitative Lidar
analysis requires careful instrument calibration. The direct
problem consists of expressing the Lidar signal as a func-
tion of atmospheric and system variables. The inverse
problem consists in the retrieval of atmospheric variables
from the Lidar signal using appropriate estimator and ad-
ditional information. The estimator performance is evalu-



ated in terms of statistical error and bias, and compared
to the statistical limit set by the Cramer—Rao lower bound
or maximum likelihood. This aspect of Lidar processing
had made tremendous progress in the last decade in as-
sociation with expanding computer capability.
3. Atmospheric lidar

Aerosols are tiny particles and droplets that float in
the air. Aerosols with diameters less than 2.5 um can be
harmful to human health, making them one of the pri-
mary pollutants in assessing air quality. In addition, some
particles can serve as agents triggering the formation of
cloud droplets, ice crystals, and precipitation, known as
“aerosol cloud interactions”. By doing so, aerosols can
impose strong impacts on the Earth’s radiation balance
through direct and in-direct effects, which ultimately af-
fect the global climate. All these effects make aerosols
one of the most complex and fascinating components in
atmospheric research. Understanding the roles of aero-
sols and clouds in the Earth system is of vital importance
for improving air quality, numerical weather forecast, and
future climate change projections.

Atmospheric lidar is an important active remote sens-
ing instrument for monitoring the distribution of aerosols
and clouds with a very high spatiotemporal resolution.
Along with the development of laser technology, optical
mechanics, and detectors, the capabilities of atmospheric
lidars have been improved substantially over the past de-
cade. These improvements have also triggered research
into lidar retrievals and the exploration of lidar applica-
tions in different fields in return.

Volcanic aerosols are harmful for aviation safety and can
be important drivers of global radiative forcing and ozone
depletion. Atmospheric lidar techniques are the only
things that can monitor the vertical distributions of volca-
nic aerosols in the stratosphere with very high spatial and

temporal resolution.

Polarization observations of atmospheric aerosols are
beneficial to differentiate the particle types and phases
of hydrometeors. Such a capability has been standardized
for direct detection lidar over the past two decades; how-
ever, for coherent detection lidar, the polarization detec-
tion capability is still under technical development.

Particle size distribution (PSD) is a key property in assess-
ing the intensity of laser beam attenuation at different
wavelength bands. The attenuation caused by fog, smoke
screens, dust, and other aerosol particles determines the
available detection range of lidars. However, very limited
studies are available for the variation of aerosol particle
attenuation at different laser wavelengths, in particular
ground dust, soil explosion dust, as well as smoke screens,
in a land battlefield.

Applications of atmospheric lidar on meteorological
and climatic studies depend on the lidar retrievals of an
ice-nucleating particle (INP) and cloud condensation nu-
clei (CCN), which is a central player in aerosol—cloud inter-
actions.

4. Doppler Lidar

Doppler light detection and ranging (lidar) systems are
becoming extensively used for measuring wind parame-
ters, aerosol data, and cloud layers over airports and at
high levels. They can cover large horizontal and vertical
areas depending on weather conditions compared with
ground-based in situ observations. For this reason, they
may be more applicable for aviation operations. Using
measurements of Doppler velocities and backscatter
fields, lidars can be used to obtain high-impact weather
variables such as vertical air velocity, gust, low-level wind
shear, clear-air turbulence (CAT), and wake vortices. These
parameters are very important for aviation operations.

Following the introduction of solid-state yttrium alumi-
num garnet (YAG) lasers in the 1980s, the first coherent
Doppler lidars (CDLs) were developed. At the end of the
1990s, Coherent Technologies Inc. (CTl) developed the
first commercialized lidar, based on emission wavelengths
of 2 um and 1.6 um. In the late 1990s, due to the rapid
development of optical-fiber telecommunications tech-
nology, optoelectronic components including laser trans-
mitters, optical amplifiers, and fast detectors operating at
1.5 um started to be used because of the lower attenua-
tion in optical fibers. Presently, roughly 15 airports world-
wide are equipped with Doppler lidars for measuring
wind-related parameters (including low-level wind shear),
aerosols, ash, or wake turbulence generated by aircraft.

A technological summary of lidars available for opera-
tions was performed by Steen et al. (2010), who provided
information on the maturity, update rate, latency, cover-
age, range, accuracy, weather resilience, and cost of CDLs
operating at wavelengths of 1.5, 1.6, and 2 um based on
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regular and solid-state lasers. It is known that the costs of
CDLs based on optical-fiber lasers are significantly lower
than those using solid-state lasers.

5. Raman lidar

Raman lidar techniques provide vertical profiles of the
key parameters needed for better understanding of
meteorological and air pollution processes. The time
sequence of atmospheric profiles is most valuable for
understanding meteorological processes and describ-
ing the evolution of episodes and exposure associated
with air pollution. The vibrational and rotational Raman
lidar signals provide simultaneous profiles of ozone and
airborne particulate matter, as well as several meteoro-
logical properties. The first operational prototype Raman
lidar, Lidar Atmospheric Profile Sensor (LAPS), makes use
of 2nd and 4th harmonic generated beams of a Nd:YAG
laser to provide both daytime and nighttime measure-
ments. The Raman scatter signals from vibrational states
of water vapor and nitrogen provide robust profiles of the
specific humidity in the lower atmosphere. The tempera-
ture profiles are measured using the ratio of rotational
Raman signals at 530 and 528 nm from the 532 nm beam
of the Nd:YAG laser. Optical extinction profiles can be de-
termined from the measured gradients in each of several
molecular species’ profiles by comparing with the molec-
ular scale height. Wavelengths at 284 nm, 530 nm and
607 nm have been used routinely to determine profiles of
optical extinction. The ozone profiles in the lower tropo-
sphere are measured using a DIAL analysis of the ratio of
the vibrational Raman signals for nitrogen (284 nm) and
oxygen (278 nm), which are on the steep side of the Hart-
ley band of ozone. Examples from several measurement
campaigns are used to demonstrate the utility of Raman
lidar for describing the evolution of air pollution events.
The examples presented have been selected to show the
new level of understanding of air pollution events and
meteorological processes that is gained from applications
of lidar techniques.

Raman lidar techniques provide vertical profiles of the
key parameters needed for better understanding of
meteorological and air pollution processes. The time
sequence of atmospheric profiles is most valuable for
understanding meteorological processes and describ-
ing the evolution of episodes and exposure associated
with air pollution. The vibrational and rotational Raman
lidar signals provide simultaneous profiles of ozone and
airborne particulate matter, as well as several meteoro-
logical properties. The first operational prototype Raman
lidar, Lidar Atmospheric Profile Sensor (LAPS), makes use
of 2nd and 4th harmonic generated beams of a Nd:YAG
laser to provide both daytime and nighttime measure-
ments. The Raman scatter signals from vibrational states
of water vapor and nitrogen provide robust profiles of the

specific humidity in the lower atmosphere. The tempera-
ture profiles are measured using the ratio of rotational
Raman signals at 530 and 528 nm from the 532 nm beam
of the Nd:YAG laser. Optical extinction profiles can be de-
termined from the measured gradients in each of several
molecular species’ profiles by comparing with the molec-
ular scale height. Wavelengths at 284 nm, 530 nm and
607 nm have been used routinely to determine profiles of
optical extinction. The ozone profiles in the lower tropo-
sphere are measured using a DIAL analysis of the ratio of
the vibrational Raman signals for nitrogen (284 nm) and
oxygen (278 nm), which are on the steep side of the Hart-
ley band of ozone. Examples from several measurement
campaigns are used to demonstrate the utility of Raman
lidar for describing the evolution of air pollution events.
The examples presented have been selected to show the
new level of understanding of air pollution events and
meteorological processes that is gained from applications
of lidar techniques.

Raman lidar has been used to provide vertical profiles
of several of the key parameters needed during investi-
gations of air quality and has contributed to our under-
standing of the evolution of air pollution episodes. Many
of the physical processes, which are important in our at-
mosphere, are described in the literature of meteorology,
however the Raman lidar has provided the first opportu-
nity to observe those processes evolving in real time in
the atmosphere.

The Raman lidar is applied as a tool to gain better un-
derstanding of the physical and chemical processes asso-
ciated with air pollution episodes. The LAPS Raman Lidar
developed at Penn State University is the first operational
prototype Raman lidar. Raman lidar is a robust tool with
a multi-function capability that can be employed to mea-



sure a wide range of meteorological and environmental
properties.6 The most important parameters for testing
our understanding of air pollution models and calcula-
tions are the measured vertical profiles of ozone and
particulate matter. The profiles of water vapor provide
the best information on the dynamical processes in the
atmosphere. An understanding and evaluation of models
and calculations requires knowledge of the vertical pro-
files of the atmospheric properties and cannot be gained
from either large network of ground sites with local inside
measurements or from infrequent flights of instrument-
ed aircraft. Only remote sensing of the vertical profiles of
specific parameters can provide the needed data, and Ra-
man lidar has the highest value in providing these results.
Raman lidar provides continuous time sequences of
the vertical profiles of the key parameters in the lower
atmosphere. The examples of lidar profiles shown here
demonstrate some of the capabilities for measuring the
atmospheric properties. The ozone profiles in the lower
atmosphere are measured directly from the absorption
by ozone in the Hartley band. The particulate matter pro-
files are determined from the measurements of optical
extinction and backscatter at both visible and ultraviolet
wavelengths. The important meteorological parameters,
temperature and water vapor, are measured with high
resolution in time and altitude. Temperature profiles are
obtained from the rotational Raman scattered intensity.
The water vapor profiles of the specific humidity are ob-
tained directly from the ratio of the vibrational Raman
radiation scattered by water vapor and molecular nitro-
gen. The water vapor is a particularly important tracer of
the tropospheric dynamics and is the best marker of the
thickness of the planetary boundary layer that describes
the dilution volume for the chemical species emissions.

5.1. How Raman lidar works

Raman scattering is one of the processes that occurs
when optical radiation is scattered from the molecules of
the atmosphere. It is most useful because the vibration-
al Raman scattering provides distinct wavelength shifts
for species according to specific vibrational energy states
of the molecules, and rotational Raman signals provide
measurements directly related to the atmospheric tem-
perature. When a photon scatters from a molecule, the
redistribution of the charge cloud results in a virtual en-
ergy state. Most of the atmospheric molecules reside in
the ground vibrational level because the vibrational exci-
tation corresponds to relatively large energy transitions
(tenths of eV for simple molecules like nitrogen and ox-
ygen) compared to the thermal energy available. After
scattering occurs, most of the events result in the return
of the molecule to the ground state and the emitted pho-
ton has the energy of the initial photon plus/minus the
random thermal velocity of the molecule that is the Dop-
pler broadening. A small fraction of the transitions (order
of 0.1%) result in giving part of the photon energy to the
molecule, and ending in the first vibrational level (a Stokes
transition). The emitted photon energy is decreased by
exactly the energy of the vibrational quanta for that mol-
ecule. For the small fraction of molecules existing in the
vibrational excited level, the unlikely anti Stokes transition
is possible. The wavelengths of vibrational Raman back
scatter signals from the molecules of the water vapor
and molecular nitrogen are widely separated from the
exciting laser radiation and can be easily isolated for mea-
surement using modern filter technology and sensitive
photon counting detectors. The ratio of rotational Raman
signals at 528 nm and 530 nm provides a measurement
of atmospheric temperature. All of the molecules of the
lower atmosphere are distributed in the rotational states
according the local temperature. By measuring the ratio
of scattered signals at two wavelengths in this distribu-
tion, the temperature can be directly measured. In order
to push the lidar measurement capability into the daylight
conditions, we use the “solar blind” region of the spec-
trum between 260 and 300 nm. The “solar blind” region
is darkened by the stratospheric ozone absorption of ul-
traviolet radiation. Night time measurements are made
using the 660nm/607nm (H20/N2) signal ratio from
the doubled Nd:YAG laser radiation at 532 nm. Daylight
measurements are obtained using the 295nm/284nm
(H20/N2) ratio from the quadruple Nd:YAG laser radia-
tion at 266 nm. A small correction for the tropospheric
ozone must be applied. That correction can be obtained
from the ratio of the 02/N2 signals 278nm/284nm, and
this analysis also provides a direct measure of the ozone
profiles in the lower troposphere. The Raman techniques,
which use ratios of the signals for measurements of wa-
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ter vapor and temperature, have the major advantage of
removing essentially all of measurement uncertainties,
such as any requirement for knowledge of the absolute
sensitivity and non-linear factors. Optical extinction pro-
files are measured using the gradient of the measured
molecular profile compared with that expected for the
density gradient.
5.2. Water Vapor Measurements
The specific humidity, or water vapor mixing ratios, are
determined by taking the ratio of the signals from the 1st
Stokes vibrational Raman shifts for water vapor and nitro-
gen. The measurements are made with laser lines at vis-
ible (532 nm) and ultraviolet (266 nm) wavelengths. The
visible measurements (660/607) are available at night
and the ultraviolet measurements (294/284) are available
day and night. The ultraviolet profiles are limited to the
first 3 km because of signal loss due to the large scatter-
ing cross-section. The ultraviolet water vapor instrument
calibration value has remained relatively constant for the
LAPS during the past five years; however, the visible sen-
sitivity has shown significant changes on a few occasions,
possibly due to an inadvertent overload the photomulti-
plier tube during daylight. Investigation of the stability of
the instrument has shown that the variations between
the meteorological balloon sonde water vapor and the
lidar are about +4%, and this is approximately the value
expected due to the spatial and temporal differences.
5.3. Ozone Measurements
The Raman vibrational 1st Stokes shifts from molecular
nitrogen and oxygen are used to obtain the ozone pro-
files. Since the concentration ratio of these two principal
molecular constituents is constant within 10 ppm in the
~lower atmosphere, any variation in the vertical profile of
 this ratio can be associated with the integrated absorption
[ e laboratory measured cross-sec-
ysis, the concentrations
hnique eliminates the
frequency and relative
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power of transmitted wavelengths as required for typ-
ical DIAL measurements. The fact that the nitrogen and
oxygen molecules scatter a known fraction of the two
Raman wavelengths in each volume element makes the
technique a very robust measurement that depends only
on the absorption cross sections and the statistical errors
in the signals.
5.4. Optical Extinction Measurements

The extinction coefficient is made up of components
due to absorption by chemical species and particles, and
scattering by molecules and particles. The Raman scatter
signals from the major molecular species provide direct
measurements of the optical extinction. The backscatter
signal at the transmitted wavelength exhibits a profile
that combines molecular and particle scattering, and it is
difficult to analyze for significant properties, except cloud
height. However, analysis of the Raman profiles from mo-
lecular scattering signals can provide unique vertical pro-
files of optical extinction. The LAPS instrument measures
the optical extinction profiles from the gradients in each
of the measured molecular profiles, at 607, 530 and 284
nm. The wavelength dependent optical extinction can be
used to describe changes in the particle size distribution
as a function of altitude for the important small particle
sizes. These measurements can also be interpreted to
describe the air mass parameter and atmospheric opti-
cal density. Measurements of optical extinction are based
upon gradients in the molecular profiles, using the N2 vi-
brational Raman scattering or the rotational Raman lines
in a region with weak temperature dependence. The cal-
culation is easily applied to the rotational Raman signal at
530 nm because it is so close to the 532 nm transmitted




6. Conclusions

In the early days, building Lidar was difficult and the tech-
nique developed a reputation as something of an arcane
art. Even single wavelength elastic backscatter systems
were complex and extremely costly and they required
highly trained operators and too many frequent adjust-
ments that made impossible to achieve long time series.
For broad acceptance, Lidar systems in general need-
ed simpler operation, much better reliability, software
to produce real time reduced data, eye safety, standard
and standardized measurement techniques and retriev-
al methods, and, last but not least, lower costs. Lidar re-
searchers have made tremendous progress in all of these
areas.
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