
Lecture 17. Temperature Lidar (1)

 Introduction to Topical Lidars
 Motivations to Measure Temperature & Wind
 Techniques for Temperature Measurements
(Temperature-Dependent Effects)
 Doppler Technique for T and W Measurements
 Resonance Fluorescence Na Doppler Lidar
(Principle, Metrics, Calibration)
 Na Doppler Lidar Instrumentation
 Summary



Introduction to Topical Lidars
 Topics we will discuss in this class are
1. Temperature (structure from ground to thermosphere,
diurnal/seasonal/interannual variations, etc.)
2. Wind (structure from ground to upper atmosphere, its
variations, etc.)
3. Constituents (O3, CO2, H2O, O2, N2

+, He, metal atoms
like Na, Fe, K, Ca, pollution, etc)
4. Aerosols and clouds (distribution, extinction, composition,
size, shape, and variations spatially and temporally)
5. Solid target, altimetry (identification, accurate height &
range determination, fish, vibration, etc.)



Why Topical Lidars ?
 To compare different lidar techniques that
address the same topic, e.g., how many ways to
measure temperature, and what’s the essential
point among these different lidars?
 To illustrate the strengths and limitations of
each different type of lidars, and give an insight of
when and where to use what kind of lidars?
 To encourage students to explore new
phenomena or effects to invent novel lidars /
methods.



Why These Five Topics ?
 These are five most interesting and hot topics in the
atmospheric/space science, environmental research, and
climate study.
 They also have wide applications in environmental
monitoring, national defense, and industry applications.
 The lidar technologies used to address these five topics
represent the key technology advancement in the past 20
years.
 There are also high potentials of future advancement in
these aspects, so encouraging creative students to pursue
technology innovation, development, implementation, as well
as applying the existing and future technology to conduct
novel science/environmental research.
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Motivations
For T/W

Measurement
 Model validations
 Atmospheric
dynamics study
 Global climate
change monitoring
 Proxy to study
gravity waves, tides,
planetary waves,
etc. dynamical
processes
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How to Measure Temperature ?

 Doppler Technique - Doppler broadening (not only for Na,
K, and Fe, but also for Rayleigh scattering, as long as
Doppler broadening dominate and can be detected)
 Boltzmann Technique - population ratio (not only for Fe,
but also for molecular spectroscopy in optical remote
sensing and rotational Raman lidar)
 Rayleigh technique - integration lidar technique using
ideal gas law and assuming hydrostatic equilibrium (not only
for modern lidar, but also for cw searchlight and rocket
falling sphere - something to measure atmos density)
 Rotational Raman technique - temperature dependence of
population ratio, same as Boltzmann technique

Use temperature-dependent effects or phenomena



Doppler Technique
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Boltzmann Technique

Atomic Fe Energy Level
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kB -- Boltzmann constant
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Rayleigh Integration Technique

T(z0) - Seeding Temperature; ρ -  number density
R -  gas constant for dry air; g -  gravitational acceleration
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Doppler Technique to Measure
Temperature and Wind

 Doppler effect is commonly experienced by moving
particles, such as atoms, molecules, and aerosols. It is the
apparent frequency change of radiation or wave that is
perceived by the particles moving relative to the source of
the radiation or wave. This is called Doppler shift.
 Doppler frequency shift is proportional to the radial
velocity along the line of sight (LOS) of the radiation -
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where ω0 is the radiation frequency at rest, ω is the shifted
frequency, k is the wave vector of the radiation (k=2π/λ), and
v is the particle velocity.
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Doppler Technique to Measure
Temperature and Wind
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 Due to particles’ thermal motions in the atmosphere, the
distribution of perceived frequencies for all particles mirrors
their velocity distribution. According to the Maxwellian
velocity distribution, the perceived frequencies by moving
particles has a Gaussian lineshape, given by

 The peak is at ω = ω0 and the rms
width is give by
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Doppler Shift For Wind Measurement

Same direction
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 The velocity measurements of lidar, radar, and sodar all
base on the Doppler shift principle !



Doppler Broadening For Temperature
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Doppler Effect in Na D2 Line
Resonance Fluorescence

 Na D2 absorption linewidth
is temperature dependent

 Na D2 absorption peak freq
is wind dependent



Na Atomic Energy Levels



Na Atomic Parameters



Na Spectroscopy

νa νb νc

νc =(νa+νb)/2



Metrics: Scanning Technique
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Scanning Na Lidar Results



Metrics: 2-Frequency Technique



Metrics: 3-Frequency Technique



Na Doppler Lidar Calibration



3-Frequency Results

SOR



Na Lidar Instrumentation
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Na Wind/Temperature Lidar

Shutter

Drive

Trigger

IN

Crystal

Oscillator

315MHz

AO

Driver

CH1 CH2

Trigger

IN

Trigger

IN

Isolator

Na Vapor
Cell

Temperature
Control

Ring Laser Control
Verdi Laser

Power Supply

PD

Pre-Amplifier
(Optical Power Meter)

Amplifier

I/O BoxLPFilter

Wavemeter

CW Ring Dye LaserCW Nd:YVO4

Verdi Laser

EXT

SCAN

A/D

A/D

States

Shifter

Frequency

Divider (/50)
Selector

+

Computer
Control
Bit In

Delayed
Trigger In

Pulsed Dye Amplifier

Scaler 1
SRS430 (8)

Divider Scaler 2
SRS430 (9)

Scaler 3
SRS430 (10)

DiscriminatorPre-AmplifierPMT

HV
Power Supply

Interference

Filter
Delay
DG535

EXT
TRIG

IN
T0

Na Wind/Temperature Lidar Diagram

Computer

GPIB

GPIB

Osci. Sync.Q-Switch Sync.

Trigger In

Collimator

AO Shifter AO Shifter

+ _

Collimation

Lens

Cathode

Signal In

Signal In

Signal

In

Trigger In

Trigger In

Trigger In

AO

-

AO

+

Shutter

Shutter

!/2!/4

Mirror

Shutter

P.B.S. B.S.

Oscilloscope
X

Y

589nm

0.5-0.6 W

17.5W@50pps

532nm

1.5-2W@50pps

589nm

5mW@

1064nmFrequency Doubled
Pulsed Nd:YAG Laser

Shifter
Trigger In

!/2

Data

Sensor
Heater
Current

PMT Housing
And Chiller

Power Supply
PMT Chiller

Power Supply

Chopper

Anode

Injection Seeder
CW YAG Laser

Neutral Density

Filter

Outgoing
Beam

532 nm

4 - 5 W

Receiving
Telescope

Na Cell

BP1 P2

Faraday

Filter

Optical

Fiber



Summary
 The key point to measure temperature and wind is to find
and use temperature-dependent and wind-dependent effects
and phenomena to make measurements.
 Doppler technique utilizes the Doppler effect (frequency
shift and linewidth broadening) by moving particles to infer
wind and temperature information.
 It is widely applied in lidar, radar and sodar technique as
well as passive optical remote sensing.
 Resonance fluorescence Doppler lidar technique applies
scanning or ratio technique to infer the temperature and
wind from the Doppler spectroscopy, while the Doppler
spectroscopy is inferred from intensity ratio at different
frequencies.



HW Project #2
 Derive temperature and wind from Maui Na
wind/temperature lidar on April 11, 2002.
 The first step is to derive the T-W calibration curve.
Let’s use the simple metrics of 3-frequency technique
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 Also note: f± = fa ± 630 MHz
 Then draw a flowchart of the procedure. We will
compare yours with routine flowchart in next lecture.
 Update your code to derive temperature, wind and
density from the AR1102 data.


