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ABSTRACT

The applications of lasers to env;romental monitoring have been
drawing much attention as a developmenf of laser industry. For the
last decade, the field of these researches has been studied in many
industrialized contries, and many informations are now opening through
research papers or periodical magazines. Therefore, the international
cooperations are expected to be relatively easy to perform from now
on.. We have many research experiences on laser applications to
academic studies or industries. And, on the bases of the experiences
and the related informations, we tried to analyze a state of the art
for LIDAR (’Laser Identification, Detection and Ranging’ or ‘Light
Detection and Ranging’) technology and to demonstrate a feasibility of
the application of laser to environméntal remote sensing.

One ofthe most sefious problems faced by many modern industrialized
contries must be a enﬁiromental pollution. Various pollution sources
are generating various types and kinds of pollutions, of which the
freon compounds, the nitric oxides, the sulfur compounds, the carbon
dioxides, the photochemical smog, oily disposals, acid rain and the
volcanic ashes are drawing much attentions. These are disclosed to be
the main causes of weather fluctuation.

Primarily, the most important thing to solve the environmental

pollution problems are to establish a measurement technique to detect
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the kind and the type of pollution timely, quantitatively and
qualitatively with accuracy and precision.

The conventional measurement techniques such as wet analysis methods
and spectrophotomet;ic methods are generally time-consuming and
require many man-powers, so it is apt to induce relatively higher
errors in analytical processes. Furthgrmore. so the methods take much
times to do a single batch amalytical process that it is limited to
perform a real-time analysis. This is the fundamental restfiction of
the conventional methods.

The application of laser for environmental remote sensing is the
most powerful candidate to overcome the above-mentioned drawbacks of
the conventional methods.

In this report, we propose the possibility of laser application and
analyse the usage of lase; for environmental sensing. We expect that

the application of laser ip this field would bring about the following
effects.

1. Concentration measurements including both major and minor
constituents, and are therefore well suited to pollution surveillance
and monitoring. |

2. Evaluation of thermal, structural, and dynamic properties.

3. Threshold detection of specific constituents, and are therefore
well suited for alarm purposes.

4, Mapping of effluent plume dispersal as a function of time.
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According to a specialist for Kurchatov Institute in USSR, the LIDAR
would be a powerful method not only for measurement of pollutants but
also for that of weather factors such as temperature profile and wind
velocity, etc. Such a function of LIDAR would make us avoidable from
unexpected enviromental disasters such as nuclear power accident or

chemical factory accident by a prediction of damage diffusion.
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t}. Receiver Optics

Receiver optics 2+ telescope 71 AMS-E3 glch. % 3 oA n:
ujo} ko] Newtonian, Gregorian ¥= Cassegrainian #ej7} Qglon,
°l%‘-°ll’§ vlsa px7p 34w Newtonian %= Cassegrainian =7}
Wol A8 gicl. &3] Cassegrainian Ye= 25 23 H Bulohyw}
R2AAZYE v} UojA <A77t A4, Telescope ¢ 372 A48 optics
o] AF Jlexd FAs e Fr=Tol wel FAH WY, Raman scattering &
Y FeE W) A 7Ho) 30-40 inch BE<Q telescope & Al&3tm
At

@}, Spectrum-Analyzer

Telés}_:opé. o) 433sl Y& spectrum analyzer & A=A '%ﬁéﬂlfi
EolZtY. S}:e;:trum analyzer = #& MAYHE 493z %Q-ﬂ;ﬁr
B4 - &S HolA AFoly background HRHF - & AASFEH
AH8dY, &sl< interference filter 7t o] 8=Y o $& R3sd A7
L‘-’-I*ﬂ*i-‘& Fabry-Perot A} grating monochromat.or' 7} - Arg-E v,

polychromator = Wo] AR&-xx i,



Paraboloid

l {a) Newtoman
o

Eltipsord =2 ——— ba
(b) Gregonan
Hyperboloid Parabolod
<::m\\\§ ba

(c) Cassegrainian

-

2% 3. Telescope configuration : (a) Newtonian; {b) Gregorian; (c)

Cassegrainian.

uh. FH&7

FHEIC A R Aol wet AR NG HdHSloop 3=,
spectral response, quantum efficiency, frequency response, current

gain, dark current 5% 3131‘3}0413'?‘_@1?‘55}. olgJo|= Z7], AaA,



NEBFE A9 Fa aojd, o]EF AT HA| 717 7o HE L
o] = A&E7Ie Aol @ 4 Y, FHBVIREHY zE
analog Y digital *$Hel o8 Ae==dl, HIo= ni¢ ®|E yaveform
digitizer 7} /Y=o z AL ATAY7 758,

dwtde = 200 nm o4 1 um 3o+ photomultiplier tube (PH
tube) 7} 2 Asin], PM tube & AP 8AoZ A= (1) photocathode
o] spectral response, (2) photocathode 2| dark current &4, (3)
dynode chain 1Al gain, (4) A7} dynode & AU o AT HA,
(5) wrA gt @;ode" o} anode AlelojA 9] Al F3} FEASoit, HId:
gain °] 33 WL spectral BHoj4 {=7t L photocathode =7}
7it=lo] PM tube ¢ §874e] A FuU=n U

AH Pa/AE =24 2 A PR FRE ¢ Asd sus
photodetector type eoli, Y& 3tys= thermal detector type olti.
Ax7t 713 $& Y8 A&7 wEAZA Yol AStA quantum
interaction G‘ﬂ ks cilafgé c«zirrier 7t 44498, olg ¥ photodetector

5

52 CV:I ;;L;tdvoltaic device ﬁ}‘photoconductive device & Y& £
qAd, o]FolA photodiode $ Z-& photovoltaic device 7} © W@o]
A8 B7hE axeld. Ay &¥o] 3yl wid FHAPE
Aoldt= do] len, thermal noise °o 2}3] W& Agg W&o,
713 de 2eln AEs 2 AdM HaY 2o sud liguidle

cooled InSb ZA&7l= 1-5.5 m WAGHolA v {85 c}e6.7],

- 14_



3, 97 B Z2x4 $4EHE 223 WA SA

7t dukd 54

Holzx Wy /A JFAqAME U4 AF® uispzdo] Rayleigh
scattering, Mie scattering, Raman scattering, resonance scattering,
fluorescence, absorption, differential absorption and scattering(DAS)
5o BelRAe olgwTh
* Mie scattering ¢ 9Wa-2 o9 AA & HfHo| o A==
ATES 943 "ol v¥ 4 Y& Axo|n, wztA AFHE 79 dust
Y aerosol o FolF 4] B8 4 Ul

Resonance scattering ( €™ atomic or resonance fluorescence ) %=
i 2 ddAg spAs ey dgrige dE EAETRS] 54 g%
quenching "°1 37} w8 o] HeE I7I7 HWE H w& oy
HEo Al nF 4§ ATl ZE&=a .

‘Laser-induced fluorescence & TUiZf 400 nm ©l3t9] o7]utgo] <f3f
FEHE AL F71EE9 A& AHEEA Y. olH ¥ €4 &Y ¥UHE
laser fluorosensor 2} Hst=dH, AAR FFo U= HAWH
A&7I12 uitlo {289 H4{F ET AFUEESY HE&A AEE ul
enlsl, 428 §59 FAE FAHs}cHE AHEsta YT,

Raman scattering & ¥/} ol <93 743 o7 AHR
of Zl= izt oF 10-14 = ojUo] ®EA A4 AR HA= gE

g Y& P& uldAd scattering FAF o= ojsjHn YUY, AF@
- 15 -



upsjzto] W&ol ofyjmAs chE Mol EAolu, ola® By 2ol
gxe AEGA USHEE SHRRS 2o WAL W FAEY
Z1%5-3]3 Raman spectra 7} Inaba <} Kobayasi © <3 &% Aej=o)
SR g0l
Yura) o ' FF 4 BiaL flyorescence Y Raman scattering e o
wstel wle mnh weld, 52 Bae §4 wgol FAs tuning B
Aol wel BT BAE FAVoEAN A FF EE G & U
54 229 FF5o A dolAW AAE g -gdd @ P
388 W AAAE FA dold wge AestE differential FHE
@ F, sue AL #xe F4Y oo Foo] YN,
OE WAL F4ue spgazel FolA Mdsid T owpge zasEE
AEol We B4 229 FEE AT + A DR ool@ Aesa
e 28 AF-SH Hojof 7AF EA F5 WP HYH FAo-
+9 gitH11-17] -
3L BISE FodM A & ARFE d¢ T A= WHel
Schotlandf181 ‘o) ‘ejsled AetEgitdl, o W$Pe differential
absrption # scattering & W7 AMSE Wu( DS etk o]
PHAME B 24 F4%F] tuning B FolA W3 detuning @
dold WA& ASsM, Mie scattering o &8 HEol ot We|
Z5& &Aslo differential absorption & Ueoldl= Holc), ulelAy
differential absorption °l &3 &4 2ol X8 & T i, Mie
scattering ol o3 I EIXE & 4 71 g, o WHL oy

EAFo dste] Ao We do HA F& AER FHo|
- 16 -



7Vest7] W&ol wlg f83A AHgEn qiglie-27],

A&re Bk BAR A3e visible ol a4 G oA 2] DAS 7}
F BA ForR dxHel fou, LM JHY FHEV|7t uwigAem
YA o3 U] wEe] M JolAe DAS = A YL Pa
gl r}i28. 291,

3 o= differential absorption o] 71%% DIAL(differential
absorption lidar) el H#iAxn U=dl, o714 DAS oj4)et o]
scattering ® W& o|887|x 3dl3, AHAE target oA wHirl=o] o=

Yo AHE ol &3y = #YH.

L, o[ &3] ujA

LIDAR o #H&=H: $£4L& 339 wet da2d. #olx e
backscattering & o]&& 7Z¢ ojZle] @/old ulddol Zte] ulmH
23] ¥ 4 gloh. 28} laser-induced fluorescence & o83t

L= Alo] Hs A:d, olw: target media <9 optical depth }
detector ¢ integration period ¥ laser pulse duration S& 12 3}ejo}
doitsor,  oduioz L[IDAR AEE 3Astedl= HolAWA receiver
optics Ztel 71351812l wjdel EAI7} HE R oo t# mBk F a3
Measures[311 = LIDAR A& 48] Azt WEsFon, oH7A

2AME HWA 8T F UES B&H AR

- 17..



1). 47ZdA HolA F3
Holask UG FAYR wo] WA TE musy Aoy e
Soz oste dolAWe WA WA Hu =@ 4o, z

L]

_),-_-_
Yo r WPt HolA Wl dsie] Yo Fx WSE Y& Aoz
Uehd 4 3.

glv

I(x,z) = I(a,0) exp { ~ I x(1) dz } — (1)

o714, I(2,0) &= YAHE g1 9 W 27| A X, I(A,z) & volume
attenuation coefficient 7} x(1) ¢ wjA&HE T3 Yol Al z oA
el o] #Hxolty, Uwralo 2 attenuation coefficient, »(A) £

g2 gol Yehd 4 Q.
2A) = 3 {KE(Q) + mBQ) + wA))} + M) ———— (2

0471*1, i ‘: 7 2o &Zﬂs}—- 2}7}7‘1 T8 9n]sid, x"’(l) xB(1),
XA (1) ‘;! ™M) = g% elast1c scattering, Raman scattering,
absorption 12|31 Mie scattering A& yYeEldc}. o]Fo]A Raman
scattering 9 7lei= ¥A® + & ’éii Ao wide 348 el
dola w4 Fd F5E °la9l“ 30l *%ﬂa}i 48 o
Aol Flojo] o A FEFHAA Jebdd. 200 nm olste wAefA
7l At49 Schumann-Runge band o dFoz @A &#FPsicl,

wio] S8l 250 nm F =7} Ellgj, Abdo] o) FSE n)opsjAa
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B71Fd 2F SASc 2T ¥ F4vt dgdoizg, Ao
dHAME W FFol TIddE driFe ¥l UF @] gfd
FegHon AL F 31-& window 7} A423] Alw=e] . a9 4
th7iFelAle] Wel R} AYMEI JFFgo vl 4 HBe
UERA QI TH 331

2 4 o Y5 eHEA Yo UYrFoA FE BESFE olmI:
‘43L& Ha0 < 00z & & 4 3lth 300 nn 9 1 im Apo]o] R $79
EF4uW7t Ql+ed, ol Rayleigh-Mie scattering o 71QstE Zeo=
43 A Ud.

Os, S0z, N0z $& A4 e BAFAME ol&S] Aol
o F&4-71 185 nm o]3te] YA G EAEH, H0 o AE-3A
delo] @ 28 4L 6.27 m AN Aol etk 5.5 m oA
7.5 m A= BE AAMr AdHa dSE ¢ F Y. = &
H:0 & s34 o] F$WE 2.73, 2.66, 1.87, 1.38, 1.10, 0.94,
0.81, 0.71 m oj4 doidth. H0 £ A2 RUEJ} vj$ 37 GEo
2% AA) FEFYE Holm glon], o= 8 m dARE dIYH
d97tA ol2: .

€0z #4= 4.3 m o 15 m o4 2@ ALY F4us A,
ole]o & overtone ©]u} combination %+ hot band o <3} 10.4, 9.4,
5.2, 4.3, 2.7, 2.0, 1.6, 1.4 m A F+E Holmu lev, 14 m
oldol X et FFE FE (02 o FF+ 7Idda sd.

03 ¢ AxAMol= 340 nm o}stol Hartley and Huggins wiztz 3= %3t

ZAdM F571 3, =/ 450 - 740 nm  Alolol= w3 k% Chappius
- m -



3 4. Measured Absorption Cross Sections for Gaseous Species

o’ (\) ke (A) at STP
Molzcule fem 1) A (10 " em?) [(ppm cm) '}
Acciylenc. C,H, 719 9 13 89 um 92 2.48 x 10 *
Ammonia. NH, 1.084 6 9 220 pm 36 968 x 10 °
Benzene, CoH, 1.037 5 9 639 um 009 242 x 10 °
1.3-Butadiene, C,H,, 1,609 0 ° 6 215 um 027 7.26 x 107°
1-Butene, C H, 927 0 10 787 pm 013 350 x 10°°
Carbon monoxide,

Cco 21237 4 709 pm 28 753 x 10 °
Carbon

tetrachlonde,

CCl, 793 0 12 610 um 4.8 1.29 x 10°*
Ethylene, C H, 949 5 10.531 pm 1.34 3.60 x 10 °

950 10 526 pm 170 457 x 107}
Fluorocarbon-11, 847 11 806 um 44 1.18 x 107

CCI4F (Freon-11) 1,084 6 9 220 um | 24 3.34 x 10°°
Fluorocarbon-12, 920.8 10 860 pm 110 2.96 x 107*

CCLF, (Freon- 9230 10 834 pm 368 990 x 10°°

12)

Fluorocarbon-113,

C,CI4F, 1.041 2 9 604 um 077 207 x 107°

Methanc, CH, 2,948 7 3 391 um 06 1.61 x 10°°
3.057.7 3270 um 20 538 x 107°
Nitnc oxide, NO . 1.900.1 5265 um 06 1.61 x 10°%
' 1.917 5 5.215 pm 067 180 x 10°°
Nitrogen dioxide, 1.605 4 6 229 pm 268 7.21 x 10°°
'NO, 22.311.0 448 2 nm 02 538 x 10 ¢
Ozone, O, 1.051 8 9 508 um 09 242 x 10°°
.- 1.052.2 9 504 um 056 151 x 10°°
394250 253 6 mm 120 323 x 1074

Perchlorocthylene,

C,Cl, 923.0 10 834 pym 114 307 x 1073
Propane, CHy 2.948.7 3 39} um 08 215 x 10°%
Propylene, CyH, 1,647 7 6 069 pm 009 242 x 107°
Sulfur dioxidc, 1.108 2 9 024 um 025 673 x 107°

SO, 1,126.0 8 880 um 0.2 5.38 x 10°¢

2,499.1 4 001 pm 002" 538 x 1077
33.330.0 300 | nm 1.0 269 x 107°
Trichloroethylene, :

C,HCl, 944 .2 10.591 pm 056 151 x 107
Vinyl chloride,

. CHyCI 940.0 10 638 um 04 1.08 x 1073

“Based on the data presented by Hinkley et al (88)
PRecent measurements (36) indicate an absorption cross section of 0 416 x 10™'® cm? for SO, at
3 9843 um, comresponding to the P,(6) line of a DF laser.

..21..



T Eo] ct. F UF-FHAAo|= 9.0, 14.1, 9.6 mm o] 3len], oledr
5.75, 4.75, 3.59; 3.27, 2.7 m o °k& F4wWr =AU, oy
2o gr1eqd BAES BEF4UE E 4 o Yehidch

@ BT HAL vl AW YNl FFY HolAw Wy
olNdol5e 714 ZZo] nje Ad¥ FF& WAL R WM
TepM, olW® scattering o HA% AWK scatterer o WFom
Aol M(1) o FHE $A F/HBGE e A HAS Yolnh

2). Rayleigh‘and Mie Scattering

Aytzioz AU QlAte] ofs] A" ALEFL ¥ 5 o4 n:=
upeldo] HSRAE dshdo. WM JE& A Fo ol Y@
v ¥ g 3(differential cross section) & o(6,¢)=do/dQ ¢} o] A2J3}o
Btz qid. WEBE  FolAFo] Ead 3 AdR By

nEgdae gadst g,

do® w2 - 1)2 .
- { cos26 cos2¢ + sin2¢}—(3).
d Nz a4

o 7]4 oR & Rayleigh At&dHal& u & {Ae] background ufj 3o} ﬂlﬁ
4UHY 2Aee YHUY, N & 229 $U5E A = AR i
0 = AYZE, 1% ¢ £ AWM BE npoge BIAE Yuld.
Su4 Akel B9l dofdoo/dx 7 =W, olde] o & AdHYoAS
total cross section & uehdth  nl¥F HolAFY ALl ¢ Ze
g Axrt JF2es 7l°=l?'5}‘fl 25-‘1_94 W ¥Bo] (cosz 0 + 1)/2 =



33 R¥¥ 4 o, 4n steradian ol thsto] 2 F HA)2ql Rayleigh

Addde gga A,

8n n2 (u2 - 1)2
oR(L) = [ ]

3 Nz a4

T % backscattering 9H3-& 34 o2 HHAHAY,

nz (p2 - 1)2 3
oR(m,A) = = oR(1) — (5)
Ne a4 8n

Auta o 2 aerosol °olY UzEC] o&fA Ago] Aojd wW= ¢t
azle W& AR, a=2ar/A, & J3 Fojof @l 7A r & YA}
yt7golct, ulg 22 dielectric % YA ( a < 0.5 )9 3¢ Rayleigh

AL oest go] RHHTM,

‘I { cos? 0 cos? ¢ + sin2 ¢ } — (6)

a 21 ool Hul G Ao nj> ERHAA H o] HLo Mie

T3 A 71HE AHgSte] 9l S B SHFHCHIS), Nie

elr

AEE AFT "ol = i Ar)e RefE FE3S] siedof § Y.
- 23 -



Las2r beam direcuion
of propagation

into solid angle dS2

{ Radiation scattered
centered around (8, @)

a9 5. Angular Distribution of Laser-scattered Radiation. -

AA2 g8 7Y A2 4go 4SS NYeie AW Y oo Fd
AGFAY olfdox qId WFoRS JJW A& IFY F U4
o|ggho] Mie AEL v TUYW FHE o]FojA7] W 2Y 1 of4
B uiepgo] Addwiae] 37| 49k FWL A42 EXda g,

914 (4) o4 B Xo] Rayleigh A& g9 4 s Hul{st A Mie

gge

Ae WA FE& A9

YA 3A B J¥FE WAE: ge=u. webA, Rayleigh

FAsFAT Mie Atehe 7HA1H FHoly

2320 9HoM T Az,



Nilsson[36]1 & 0.2-40 m A G HolA AE7A J|42Aq b2 g7
7 AL AL g,
Gedld vdg AMgEte B iyl A AS M) visibility ¢

#RA o] AHA o a3 T2 UAE 5 datyl GBS HGLIT],

3.91 [ 550 14
xM(1) = { t km! (7)
Ro L A ]

q = 0.585 Rot/3 for Ro < 6 km

% 1.3 for average seeing conditions

d7]4, A = nanometer 2 HA|E We] wgols, Ro £ kilometer 2
EAE ZHAAZREA 550 om o We] F£Ye= AFYSq 2 [ 9
transmission & Holt ¢l 7tAZ Fo=o] 3. Woodmanl371 o) ojsidd
(7)) 21L& 2 mm oo e dsto:= 2835771 &AL 7143
FHANAE AULTgA UZAHAE RIATWY Re 2HRY M) &
FAstcH #E6¥S URIUY. AU o] E UWEA AF
A &371d< otF #AZ Ue Aoz wIEH Y.

3). Raman Scattering
Raman Aste] 9wl e Rayleigh A dwizluch oF 17103 A X9

B33sln ArgsE Yol HAy3E Rxie] B oA Ao wel o7k
_25_



Aolxo]l Yedo. olyw FHolo FEI} Ao 5L el 3=
2 4 307] "&e] Raman PP f71Fo ujF ¥ Ao noj¢
8% +9o|th. Raman. 41" HA e AFEE 2§ 6 Hehdsich

Raman spectrumn & 2 ¥z} A ¥Aeix oj$ F @A, Az
RUEs 0 A vig de® Bx Rde] FLo] AT-3ddolo] Y

A9L&L i3t 24,

Av =0, ]

AT =0, 22

o] o] Raman spectrur & 7R FE FAo2E &4 BAAo]
spectrun ©lelol 3 sle] FriEe AR PAHA Hid Aol
W S (AT =+2), Q(AT=0), 0(AJ=-2) 2 788}, Inaba 9

—_————— 7([ —~— — Virtual state

Stokes .
Anti-Stokes line
jine

==
Jo

==

3% 6. Schematic representation of Raman vibrational Stokes and

anti-Stokes scattering



Kobayasil!0l = 300 K ¢ Ao} thsled Stoke shift (Av = +1)
spectrun & ol&3o= ﬁl’&ff}ﬁi’-“i ;>l§ a¥ 7 o JeRgid
YA RXo] Q-branch (AJ = 0) & BE HEL uj$ A& g7
2o 43 Bzt #7155k, a8y S- ¢ O-branch & Z# AJ =0
Holdg Aoz 4Fo & Helgo UeUam USE B £ Y. S- 9
O-branch & A=+ &X9 P& o] WA Q-branch © &< FF&
AA FA G AeE dA g

~29
10 | T T |
Q-branch
10730 |— (af = 0) ]
T
- 10—31 — —
E O—branch S—branch
k=) — (A = =2) (af = +2) -
5 ot
g ) . .
= 10-32 -
§ 10732 |—
(s} = -
10—33 f— W —
0(26) “ 5(26)

2000 2200 2400 2600
Frequency (cm~'"})

3% 7. Theoretical distribution of vibrational-rotational Raman
spectrun (Av=0—1 vibrational transition) at 300 K, showing the O-,

Q-, and S-branch structures.



Y3 % 57 £ scatterer- 2 ¥ 9 S- Y 0-Raman side band =
u)g4ael Q-branch & 7MY +E glon, AA2 €41 AU
QoIM UERE 4 UE WAtels] WEd ojHol EANeE UAET UG,

‘Og& 298 ot 468 m o WolAE odrFde: AHAE e,

z) A 9] Raman spectrum & A4l H.

Rayleigh and Mie scattering intensity

Stokes spectrum Anti—Stokes spectrum

j=8
J=6 4

J=2

| C
4830 4880 4870 4860 4850
.Wavelength, A

1% 8. Experimentally measured pure rotational Raman spectrum of

Nitrogen. Laser excitation wavglength 488.0.nm.
- 28 -



4), LIDAR Equation for Scattering and DAS
Hx Yz F53ta 3= system o4l Azl R 3 AR Alo]ojlA] At

FAT7 J7 & o] = 9] signal powver & S Aleg BHHAT,

Ar
P(x, R) = I(R) ¢(R) Ae(R) AR };

[do(l, A1) ] {
X ?Ni(R) l"————-— . Te(A’) Te(X’,R) LX) dA’ — ( 8)

)il

oA7]A I(R) (W cm2) & Azl R (cm) oAl #lolA¥e] power density,
Ni(R) (cm3) & R o)A i F9 number density, [de(x, A1)/dQ]i (cm2
sr'l) & i Fo dsle laser A u 2 AN E o HF A &
FAHe®2 W& emission band © integrated differential cross

section & ¢nj@d, L(A’) dA' + emission o] (1A', dA") Ajo]e

(]

¥U &S Jejm, ¢(R) & R A field-of-view el ¥
‘dolAyle &3 H#AAJF 713518 A Q) gverlap factor & YEAT. Ae(R)
(cm2) & Az R oA Holad] o5 A= WL yehlsm, AR 2
HA&7)0] FAlol AE7 EE@UR AAY U AAAY A= HAE
yeldo}, Ar (cm?2) & receiver optics 9] effective aperture, Tr(A’,R)
& FANFANAY transmission factor, Tr(R’) & receiver optics ¢
transmission efficiency & uEldTh o]l¢ AAY &L 1Y 9 4
eEpd gl e,

Receiver optics ¢} bandwidth 7} interaction process ( scattering or

absorption ) 9|49 bandwidth Bt} A & AL ( U9 FHFLer
- Zg -



a8% )el= L") & delta function, L(A)). = 8(A-17), 2.2 714% 4

Nen, olu AL ggt Ay,

Ar
P(x, R) = I(R) E(R) Ae(R) Ir{2) T(2,R)AR E ‘_ZNI(R)

do(r, A1)
X [———] ’ —(9) .«
do i

dA YolaAo &9 oA & E1 o|e}slial time duration & 71 ojgsiwl

_ b T(A1,R)
71 Re(R)

1(R) (W cm2) ——— ( 10 )

o714 T(ai,R) £ t713olMe transmission factor 24 T(u1,R) <
TR & 22 w3 aest a9 do] grlFolAd FAFE-SHeS
dehdxn, #Holade =7 dride] o® HFE YA g4& uF
%3 doa 7HgstE dS% @2 Beer-lambert WAL ALY + o,

R

| r
T(A1,R) = exp i - J x(11,R)dR } ) (11)

0

R

f ]
T(:x, R) = exp { - j x(1, R)dRJ} (12)

o

o714 x(rx1,R)3 #(A,R) & ZAZ UriFoAe HolA =HF u I
ZAMNA L o ZAAAS( attenuation coefficient )& 2jvjdel,

-3 -
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19 9. Geometric arrangement of basic remote laser sensor.
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A5 2-go] v W7 Yol = Rayleigh, Raman ¥+ Mie scattering
3 AL WASE FAY "ol AR £ cr/2, & ¥ 10 oA B:=
utepgho] ozl WA Yojo Welztm Y 5 Ao (9)4L das
Zol ved 4 3.

C Ar
P(a, R) = ? E1 T(A1,R) T(A,R) Te(1) Z(R) — 1 Ni(R)
i

R

do(Xx, A1)

X | — -— (13 )
dQ i

AAR FEIEL YA F&A130 (response time) & 7HA 5L 317] W&o
UAA# Al Alo] (t, 7a) oA A& 719 integration time (va) F<Hof
A&7|o) =9% radiative energy E(A,R) & &A= ol ¢
ddFold. t(=2R/c) & HelA7t LAY A%t} A R G4 HEohe

Az oo A A1HE yygdy, E(A,R) & 4g4ez wddd,

t+1q .
E(A,R) = J P(A, R) dt = P(A, R) ma (1), ==

t

CTd ) Ar
E(A,R) = Ei —2- T(r1,R) T(A,R) Tr(2) &(R) —R—z ?N:(R)
do(r, A1) l
X | — -—( 14 )
do i .

3% 10 o4 B uozol oWy AT wels
- 32 -
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Laser pulse
space—time path

Range of leading edqe of laser
pulse at time R/c

Range, R
F]

Spatial extent of /
laser pulse at

tme R/c

AN
N
/ ,° Space—time path of
radiation observed N
/ a1 ume 2R/c \\

% 10. Spatial resolution for scattering phenomena as seen from

space-time diagram of propagating rectangular-shaped laser pulse

A2 Ro 1A R 744 i F shunt ol 43 8L wdcia 3,
ozl MAe] ZAMAT x = x(d) + x(h) o] YA FHA3], scattering

o] 5¥4E& fAUYA /IARNE o Sl4L g3 Ao] A,

ctd Ar gi(A, A1)
E(A,R}) = E1r Ir(2) T(Ro) E{R) — — Ni ———
2 4n

x exp[-#(R-Ro}J] -— (15)

o714 eil(A, A1) = AL Agdd A o),
T(x1,R) T(A,R) = T(Ro) exp[-x(R-Ro)1 ©o]ui,

T(Ro) = T(ll,Ro)T(l,Ro) OIC},
- 33 -



Mie Atgde]l 39 Nioi(r, A1) Mie volume backscattering coefficient

M) B AT 5 gleon, AL o4 g4 o] EHHAT

cta Ar BM(11) { IR

E(A1,R) = E1r — — Tr(n1) ¥E(R) exp 1 ~2] =(a)dR } —(16)
2 R?

0
o] 9o Eolet W HFL upHA WUt Zew TFIAY.

S A A9 AN ZHASF x(M) = US4 AFE upeAe] g3 g
4EER F4=0 U,

J ,”‘x(‘hi = x"(.h’) + HB(L) + 3 mAN) —— (17)

.

DAS ¢ gl H4ug center line 22 A3V u
E5abgels Wel Wold mauel HolH W L + 8L FAY oA
B4e Aoz ojm:

x(A1) = 2(01) + mA(Ay) —————- (18)

x(A1 + 51) = x(A1 + 8A) + xiA(A1 + BA)

= x(\1) + XiA(A} + BA) -————— (19)

714 (M) & BAYA B FSo o soE wiA® YnH
A% BHASE oulwt}. olAo] nE 27 JMHE FolA B Ay

35 dolA zhel W o] g o i Fol diEle) oa FALMT
—- 34 -



AR AolE BY F UEF LYool = ol =¥ F 347e}°ﬂ'
th 3t receiver transmission efficiency Tr(A) < tj7lSol4e] volume

back-scattering coefficient 8 & 61 2] MSojs A o) FH3itxn 713 Y

4 slojo ®. &,

Tr(x1 + 8A) =~ Te(A1)

B(a + 8r) = B(h1)

ol ¥ FFE L3 YSHE H5 5 3Udh

E(rr + 81, R) ! [ R
= exp { =21 [x:A(A1 + 81) - xiA(A1)1dR } ——- (20)
E(x1, R) L Jo

5T Ao =g w4 ulE J(R,A1,8) i std o3 Pol i Fo

density € 78 4 U+ 4o FEdHY.

1 dl1n J(R,A1,61)]

Ni(R) = (21)
2 €i{r1,81) dR

714 ei(d1,80) € ATETEHALEA O3 Ao] HHHT,

IA(M+6A) ]
€i(A1,81) = giAM1) | 1 - (22)
LA(M)

ciA(M) = Holal wF m dAe peak FFYWAL 9unlin,

T

IA(A1+8L) /LA (M) & 3o A 9 %_?c&@amg o|n)sta 9o},



5). Fluorescence & #3% -2 LIDAR 4

".’-Fluﬁi'eécénce B 3R A= fluorescence signal ©} oletsje}
Uzts @Ae sejsfoior @ Kildal 3t Byerf3sl 7} olajdt HAS -
3?:31751'01 s (13) 41E& fesiqid. §, A&7 H&x T T4(t,74)
3 Aaswy d9(LMe) oM A&E= FaddA= d-&3 g

Ar  Nr(R) oF(21,1) c7d
E(r, R) = E1 Ko(1) T(R) &(R) 7(R) —- (23)
R2 4n 2

o714, Mo = VAU HAFAFola, Ko(d) £ receiver 9 #H&7] 9
filter function,. Nr(R) # oF(AL,A) & ZZ fluorescence & ‘i}é‘d—
Ao $uUx< fluorescence ©wizl& Yepdth. Receiver system °l]/«1
7:1%@ = = WA dFol flyorescence HFHVFRT A& o fllter f

function & 1‘—}—"— (24) 2oz BEAL,

Ko(n) = l ga) dd ——- (24)
Ao

7(R) & fluorescence Aol AFELE FT Az o8y HI4S&
THdoz mYsn glev, ojzdlo] AR thin 3ta, EU HolA
"2 duration o oj71#ze lifetine Rt 2 A¢ 1 2 /AT 4
glcHsol,

4o thick ¥ AUAME (23) 4 ohe (25 Aoz A
+ glen, oNe #ERIY 23Tl A8%m FWH laser

-



fluorosensor equation o] {2t}

Ar Nr(R) oF(A1,1)
E(A, R) = E1 Ko(A) T(R) C(R) ’ (25)
Rz 4a{x(r1)+x(1)}

Ag7tA 2 wviepzlo] LIDAR 412 A Fd ?ﬂlfiﬂ‘ﬂﬂ} 49 B%A Y 5
azja Yol FH(Sle PiFe EAL FAE HoFa UdY. +3E
FNTE o] 834, AEsa U= JFRAE AU JrE) Ao
LIDAR 4}& &ojop @3N, It ol4& A% &7 AHMT= =%
W Ans apsEmn gtk HgPol ¥ background FEXE Adw
YL v addeltt, E¥ 10 m SANMHE 943 S 9@ 4¥=
AA Z-&sv], airborne LIDAR ¢ 79 H&717 AXFE Fsa o9
A4 Al == AdE H@FRe dFel 433 A dYHdm e
A7 ojileol,

..37-



A3 % dled ¥ w4U% FYAY LR ¥4

HolA & ol8% HF FA Jlgo] IF&3] WA owry dF uFY
FAjejA o] Holx e Mol FTdEm A& Fukohsy, ofq
uletdttul A ALSE oFn e AW sld. olsize
golzjel 4L o P& F+ A WA 7144 ¥E 2d&
4T 4 & Bdoiysel, AFY AR 44 J€& Wil dpdx
#835la e Aoz 4yAa i, & FojM= LIARR & fAHAAES
Wi 33 FHEAY HAl AH8-¥ & E4Sax @4,

1. #3AA q@ &8 a1
Zh 97 F48e] W &3

drle Axs a0 FARoz A5 €0z o §Fx vl¢ ad.
715y A2k FYPe A2EF AN JdEe F YA 44835
uiche] {2 H WEE Holsts dxolw, A9 Ao WHEE
AFF7h BN AR A4 Axo P& Yo Schwiesow 9 Derr =
Laser Raman scattering &3 ‘& A183lo], W79 0N ¥ S
FA%1% Y. 180 34¢ A A8 98 WHd ujs] 100 ¥ ol4
AYY Zojglen, A2~ ue FAHL 0.3 ppn 7HA VAN
ulel AL 0.006 pem 7HAS HUEE AUdn sl

ol U AL-YAIA-HUL T #YE FriFer FAsHE
- 38 -



o ulg /&% ez A

A2 olA(337 nm)E AHE- ¥ Raman scattering &FAYHo= 7|9
A2(365.9 nm) S} AF2(355.7 nm) & F¥ 1 lcm' o dig &3¢ dAs
Leonard ol <& %13151312_14“21,’ 25 MW, Q-switched Ruby #lo|A&
o] g%t l'—ll?l' dx 7ol Cooney o o}s] Fajzcile3l, Garvey‘ﬂ} Kent
£ ol WL AHEEe] A3A( AR 4 0 km )7HA9 AL UxE FH
wxsga, 2 P U.S. Standard Atmosphere °of 7l€&=ol U= @
balloon-mounted radiosonde FAYPo= HFAY #A% A UAd= AH}E

AT AL,

v W73 37 £ &%

d7iFoxe $571 98 e Fasdt, Bo] JUBE ol2YU o
W&dE Fde drl <@ ¥5Yo| 513 A, =¥ 570
7] FoA A& FFsies FA -ﬁ«‘_‘ﬂ?l'i sjjl4s.461, Oyv=2
F571€ 02 & dio AFe 25& WEIA 3= T8 d¥E
g3ata A7l J|F wsefAe] oL FAY EY AUl vF
Easton o4 A¥ workshop A= AFA Z2d u} qiriles],

ul= NASA ofjxl= 1980 dd xuiig drjdlAe Eeo Fa4s
AXsta thrl|F #5719 £XE A4olA FAY 4 U= Raman LIDAR &
Jdstgici49-501  Raman FAYUL A8t Wr1Fe £357 REXE

23 =237 ol EL Melfil511 <9} (Cooneyl52.53]1 =24 o]E&
..39..



frequency-doubled, Q-switched ruby laser & Al&3lo] $FZ7|24H
HEgol 2 FUTE J&EHUR, UL AFRE=o] o Ramen U39
=8 7|1E2R ARESAo FF79 FE FAHAG. olEcl HAY
#® X radiosonde &AYe2 FAT A A A= FA{E B,
il Raman £7do] 712 % LIDAR #3L uol= siyle] o A@
Feoz Qslo] ofgtovt FAsfol = A o] UY. o]HY EAANE
FHT F U= WA YL §ANFE 29 solar blind i BYee
230-300 ne thHofA HAZNE 4% Aot 2¥Y o] YA
713 & @ A# FF5SE AdF A HolAY AxE E8A
Fulolyel Raman-back scattered A3 % H4A| #A3HEE = GUE A2
kMol wAg¥T. ==, Raman scattering & o8 T4
A @A e 32 3 km olvie] 2A FA3 VeI U4,
dolxe &L AASIE & A8 WUT ¢ U2y o o] wFP
gjo] £o] PPo| T Joluz ¥ BT FuoA EAJ HG,
¥, Rayleigh ¥+ Mie scattering 3} WL @44 o]8% F$ H0
Raman scattering & ©]&% o] B¢ 105 ¥ o|4 457 A=z YA
FAoA o|y@ WY& o] &% differential absorption and scattering
(DAS) 33 Wio) ®B K&}, Murray 52 1 J/pulse ¢ TEA CO2
HolAE ol4d DAS Hez FIA 1 km cMY +T7 BFE
ZASAHS4, NMurray 71 4% LIDAR AEE 0¥ 11 of JYehdd.

o] 2 of3td R(20) ofM H0 o] o o= A% A&d A57}
o} line of uls] A Yein S5E& & 4+ A

<3 9H 49 ( 724.37 nn 9] Ho0 E54 )ollA FF3e 48 A=s1
- 40 -



#& differential absorption lidar { DIAL ) 7} Browell L5510 o]3j4
MEESA=d, o FA+= 1.5 J Q-switched ruby laser & 4143ta
U<, beam splitter & AH&3te] AR+ H20 ol of @ off-line( 694.3
nm ) o2 Al83sx, U¥+= dye laser ©] pumping source 2 A}-4-3}o
on-line %7 ( 724.37 nm ) & WA F=d AHS@c. 3212 Ha0 9
X E AYPAor A BoFa 3= ARE I¥ 12 o YERGITHSST,

Zuev(58] S 2 temperature-tuned ruby laser & Al23%o H0 ¢
F597419 694.38 nm oA AN % 17 km 7tA FAFHE Hd g,
aYtdlx w7y shuttle Sl ®A2 DIAL Fuj& ol4% HO0 &F
Axrl Wol WEE ul glon, oYW ARE ¥l UFAY H43H
Aol o] {4 B89 BAY AAA 2t VA AuA Q8P E A7
T A

L% B¥el 23L VT Py 2d dAolY J4 duSE st
e Fasicth JdEEY, FFLE AEc e 4HE #AN
oo, EY wolU /MAUSE $594 259 IFL d=d. 53
gEA] AFoA dojys & A WAL we Agd JFHEAE
e, H22 Yol Y IV UE FHPLR SEE A= AH
Elterman of 2j3te] At QcHs7.581, a& d25& AHS3sgen,

Rayleigh scattering & A3t A4 10-67 km Alo]9 &5 & A=
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¥ 11. LIDAR backscatter signal for R(12), R(18),and R(20) lines on.
the 10 m band. of a CO2 laser. The R(20) is more strongly absorbed by
ambient Hz20 vapor than is R(12) or R(18). |
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2% 12. Vertical distribution of water vapor determined by a DIAL
system.
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WAl A8t SandfordiS®l & @ HYolAHE A&se AL
Wale) AL A 2§ FAsden, dx4E a7 13 o YEsY.
o] A=+ U.S. Standard Atmosphere ol & A A3t Aslold,

Cooneyl69] = N2 2] 3] Raman scattering & ©l83l= YPyo] 2%
EXE FA%cY w¢ 88 TEUL AUsHA=d, ol 3 Raman
spectrun °©] &x9] ¥ Zx7} uj¢ F 3 scattering ZEX ulma =37
Rolagtn FA35%. =8 differential WHE ALY o o Fo
ZEE ¥& F U3, 9B A AzES ¥Wal eSS ANAY 4
ervg differential *¥He A18E& HAS: o, Salzmanlé!l o)
differential & A183to] Ao 2= ¥¥ & 20 € o4 30 T 71A
FAT o 100 m WAGA AYEHeL 5 n, FH AYUEE 2 3 T
olditt. JAAlE 2 7B interference filter & Al§3le 3siuyE
oq7lggo] Zi7te HFLAE, Y& e ving oA UEYE 3A
anti-Stokes A& &Aoo AT nmsHY, F fFHe] FrEo ul:=
25 o] o35t eEid.

2k 5719 1.9 m F+HYE o|83l= differential absorption
BT ASEE=dY, o]ul= Nd:YAG @lolalel optical parametric
oscillator & R Z3lo] AL tuning Stod ALE3H%a, 4442 770 mn
A-band oA F4E o]&St= DIAL = Ud. A442E 33 =
A&z krypton #HolAE pumping FYEe=: A8Ed  Fiie dye
ol A& AT, = Ao 768.38 nm ol W3, ©E i o]
Hdez28¥ 59 X 1002 nn ¢EF "ol H& reference Hog A9

AHE-EY. AL E ALER B éskm 9 &FH AzgdA 1.0 C <l
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:l% 13. Upper atmospheric temperature prof 1le deduced from lidar
- elastic backscattering measurementi K

O
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gaves Aol AsHRe, & FEE 0.3 T AEAG. a8
BB Fo AAUE A Uw Hemol ©y Wie vx 23
Az FRADE & 4 AL

ch. fFAS ] GFPol 2 n|F P9 I

iz 2g=e gt U ARE 97 82 dsl at- Jge
slg. (0 & 78RS 42 Yol Boisn, 03 = = 5% 200 m
olstel AN Austel AWAE LSS, OB radical & oiHAA
sSuaeg deslnes AAuAs) 2 44 Aoisa s ane
o1&l A%l Z}g& e 3 asio. 5

Schofieldf$21 & olg® wF 4uel =Ad laser-indued
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fluorescence ¥Hel {-&ditn FAAY. U dRA FHAA=
a1 Wxst =37 &9 fluorescence quenching ¥Ale] =¥ Aeg
A-go] #AZE UG, WEA, o] WHLE F2 AHASAdAY ulF ¥
4o 83t} McIlrathl63! = 4ZFdAo)A laser-induced fluorescence
Yoz AW 4 gl nF AR dte O FAYA B3 5L
2% ¥

OH radical & 3332l #Ado] vl A2 YrFos AgY7A
3ot 48 do|= ujF Aol £ oS C0 & (02 & HWAAIE=
@l?% gom Yol lew, FE ARIE doyj: FU WiER
AAAR gld. = AFFdAE 03 o HAox Tt F A
( mesosphere ) 339} A5A ARAAY 03 35 8 A4 9L
e ez A Y. olge 03 9o % ¥4l laser-induced
fluorgsgence Yylo] Algsxn o, 2% 14 = 2¥We Kurchatov
YR A2 100 W = XeCl excimer laser & ALg3to AR &
44 LIDAR 7AfEoltt. 538 FHIel= excimer Heolx v 7jet 3943
Aulgol 2A FAsgeng of Yy o] §E vdo] ST AYeld.

Heapsi€4! S& A4 34-37 km °o] Wisty HLHH 7t {‘3?“& 2
AZERA O & Alzte] wet SAsiglen, o 40 ppt ¥ <k 5 ppt 71A
FE7 e A& #wASHUGY. A8 Fule A¥XE a9 15 9
vetdigith. o] AnlE balloon-borne Hel24 400 ml/pulse 2} Nd:YAG
d o)A & pumping source &, &7 30 cm o Cassegrain telescope &
receiver 2 AH&3l3 U3, ol&# 43WL 03 FAHAR ALH Aoz

Ha=, Ao A% LIDAR 24 322 43d °F 15-30 kn 94
- 45 -



O3 BXE 243 22 Uchino 322 o]&-2 16 ns, 50 nJ, XeCl excimer
HolAE A}§3IA TS5, Receiver ¥ 27 50 cm 2| Newtonian
telescope & A1&3 %Y. AFE 2EL AuE MAdd A4 4-12 kn
o dFd dgolAx A&, olwl= 308 nm 9 XeCl olxe}
209.4 nmn ©] KrF-Raman hybrid #°lx& 4}4%d 2 =3 LIDAR H-&
A-g-81gich o] dHdA HAH 03 =X 9 1012 cnd AE2 el

NASA oA 7fa3%t airborne DIAL systemf66.671 2 dFdJe oy
&S BT FEE FAY = UA 2AHUY. o] FulE W FYHAA
2= Y 0s oY S0z o 58 ST 5 den, JHAIF AGoAE N2
9o FEE Z2HYH YoM H0 o 558 FAE 4 3ok, o] LIDAR
Au)e 2 719 Nd:YAG pumped dye laser & Abgsta g, Sus
on-wavelength o4l d& 3#u+= off-wavelength oA ¢F 100 ps AAHE
F5 2 er AFdA Ho| Stk Dye laser €W quartz 2 €
27 40 cm ¢ optics. & B3 WEHw, VA Ful= v THAjH
lth. Optics — steering Aol 23] n|8ro HFoljy ojfFoz
Mesta] F& + UA Feojx UY. Receiver £ 2% 36 cn 2
Cassegrain telescope < PM tube 2 FA4=HSUAY. o] Aule] Al
AATAEE 19 16 o UdEhjd.

o] AuE A&t UFdAdA 45 Alo] AW ZANM (03 &
&FA3% dx& a9 17 o] Jehdidal, ozonesonde W o2 HA4% Ads
slxslgd. ¥ &3 A3 vi$ # dAFE noFgi.
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1% 15. The layout of the balloon-borne lidar system.
ot, Fu]F Sodium ¥+ ¥ 9 §HA

229 dye laser & 2Wo2 U71W A3¥oIMe] 1Y 4% napping
o) laser-induced (resonance) fluorescence ¥H& A1&4¥ 4 SlA
5t Bowman 52 tiZld 4549 37 €=t Hupg A9
sodium #£X& ¥ WYL ol&ste] A4dA A TH68], Gibson #
Sandford(69) + sodium sk AW UHE FANHAR, Hake T

49 A A]lH sodium FEe] AAE QTSI Hake 9
- 48 -



ot @49 QA sodium o FEIF FEFI FrsE How
U Fen, ol 24| sodium & F 83 source U Hew 2Asn
sltt. Hake 7} A& dolx:= two-stage (oscillator-amplifier)
Rhodamine—6G dye laser 24| 589.0 nm oA 0.5 J, 300 ns & &9¥ 54 &
7Z}AR glth.  Megie <t Blamont(71] & o] of7lF 9 sodium F X2
HEE ZASR o]& W3 TS BT wgor MyYsidA ofo=
oj¢t e st Yol o3 sodium o & 7 fAEta FAIIAC

a% o RE PulE AE3te] W6k sodiun o) BEE FXY

1l

Na + Os NaO + 02

NaO + O

W

Na + 02
A Hsleu, oloAe dr7]Fe] sodium & BEHI= 4o 9%

QYT WAZho] A Aol Y= Aol +H2AY o] FPE WA USE
dA =, '
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1% 16. The NASA DIAL system.
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2% 17. Comparison of DIAL and ozonesonde measurements of ozone
layers in the vicinity of the tropopause.
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2. VHAAAgA Y BE

U7l 3est AAe gl wA: FFL cgdez go| Ao
gon, W& Yiefd trl eqBMel g wWa HNeE Al
FAes: Au. £ Ao HolAE AlE3le Autad FEH FFd
dE ARE A= $UH A8 ool dste Aestaz woh

dAe] AA 2ABA) Bl A YolAE ALsH Haxsi:
kejo] 60 Wrl Futol Hanst < Morreal of o8] FazTH72l, olgL
00z FolAY I #AolAE ol8d AT FHYe A}%s}ef A&
MAge 9 A 1 kn @94 + ppn =9 C0, NO, S0z, 0s S°
SEE AFY + UL E HAFAUY, A5 F4UE 24 systen of @
Al el ZA(calibration)o] Wax %7 wEel ALgAre] uje Welw
Mol itk o E 5 o= (0z LIDAR & ol83te) &4ol ssd 2%
43 BAFYESS YERIPHIII,  o]&L TRy (0 HolA
Fold 28 FFSWUE AL e BASoIG.

Hinkleyl74] & WE=4 dolAs Insh 4 HAB7E AHgse] nl3
St. Louis AlYi 00 55& 1 kn of @A 24% AAE wUusH&
utolyal, Cambridge AlUolME 39 F533yes WAMHES
A3, 2% 18 £ Cambridge AlUlold 2% +To] we YAaAsE
S5 dslg 3% dsjo|th, oYY FAA WAHE A4 UES
50 € A= JFAYAXLU 5 den, ppb TE FEAA A&l eE
BubolyeH751- heterodynel?s) - A&7 AHg5td WY P2 AEE

Y 4 9t Moz AA Ut
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¥ 5. Expected minor pollutants available for COz LIDAR.

Substance On res. Off res. Sensit.
line line ppm * km
freon - 12 9R28 10P12
CF,Cl, 10P32
10P34 0.07
freon - 11 9R28 9P, 10R
CFCl, 9R24 0.07
ethylene 10P14 10P20
C,H, 10P28 0.085
10P32
ammonia 9R30 9R26 0.05
NH, 10R8 10R12
10R6 10R10
thrichloro- 10P20 9R20
ethylene 1018 10R30 0.2
C.,iiCl, 10P30 10R18
chloroprene 10R18 10P24 0.3
CH,.CI
hydrazine 10P22 9R26 0.45
N,H, 10P32
methanol 9P32 1028 012
CH,OH 10P30
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Menzies o Shumatef771 & CO < C0z HolAE AMgste} AL Es}
22, 1ea ethylene & 0.8-3.75 kn ¥HYdA 25 F4ye=:
A5G, ojd Arg%t oz H}FL 5.2, 9.5, 10.5 m °]51 
heterodyne A% Z&HE A45%T. 512 m 9H)A heterodyne
AT E FAstd Yut3d P& ‘3‘%1"1] "3} 4 orders WEolyY #Hx7}
F& o= YA U ';

Bthylene & AFaSoA Hl&=HE: XAl Fa FHEA F9
s}ijolct, Murrayl16]l F2& FW 5 km d<ejA 1 J, 100 ns TEA CO:

golael P(14) < P(16) line & AR&® #HolA scattering Wio=z
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ethylene & H 58 24383t old A8# receiver system < 2|3
31.75 cn <] telescope °lnj, Z&7lE detectivity D* = 1.1 x 1010 cm
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Killinger 52 TEA COz #elA& A}83 % AT ate] o8 fusH= 0
& HAsei7el,  oju:= (CdGeAsz FANE A8-3o (02 HolAe
P(18) =3& frequency-doubling AlH 4.65 m & Al8-3i%T. olufe]
9L 1 ] °lx, &7 InSb, telescope + A 30 cm U
Cassegrain type & A}4-3t2d. o] 34 dH-& C0 o 28 F571 Asa
EE e dr] B o Uit s REe vl§ KdY. o]
Wgeg 13 ANE¢ AL 500 m Wl Ae] C0 s =& 0.35-1.0 ppn
74 &390, |

2L Bulg AHEsto] N0 o 2% /% GFo] FAHNGUI, ojnf&
NO o &43g 53 m 7t AHeHien, 1.4 m FY04 A
B E ofsf virHole s Y& FASNR, 57 & dolx Ahgo]
7Fe g B, o] FulE o|&ste] §54 rocket dRE 0.5-5 kn
of 22 100 ppb 7HA U&W HAAE & 6 o Urhyceel,

Nd:YAG #lo]Al& pumping source = AH&3}o] optical parametric
oscillator (OP0) <1 LiNb0s & ZAMA|719 1.4-4.2 m GHNA < 20 n)
olde] a&EI} XAF 1.0 cn! AxS HYHs A& 4 U4
Baumgartner <} Byerf8!.szl = o]&]d HojAle} 2|7 41 cn 9 telescope,
323 InSb photovoltaic Z&71( at 77 K ) & A&-3lo] 4.0 mm o]A SOz
&, 3.3 m ¢ 1.66 m °iAx CHe &, 2%n 1.7 m A H0 &
&3,

Alden $-& LIDAR & col83le] t7]|39 +&& &3], olge
AYEL ol8s= AT &FF FAYE A8y, N:YAG HolA&E

FYhog 3l dye HolAE frequency-doubling Al# Z+Z on-wavelength
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<} off-wavelength & 253.65 nm <} 253.68 nm & € 35}o] Al&3%x, 2A
25 cm, f/4 Newtonian telescope & AH&3tgith WA 2 km o)A 8

pg/m3 7tA EA® 4 .

¥ 6. Absorption parameters for laser remote sensing of several
hydrazine rocket fuels.

Absorption Coefficients «,
(cm™' atm™")

Interfenng
: Hydrazine Species Atmosphenc
CO, Laser  Wavelength Attenuation
Transition A (um) N-,H, NH, C.H, k, (km™")
P(22) 10.611 477 0.045 109 0.1142
P(28) 10.675 2.06 036 130 0 0976
Unsymmetncal Intertering
Dimethyihydrazine Specics
(CH:)}N:H, NH; C.H,
P(30) 10 696 22 0 86 163 0 0907
R(10Q) 10 318 018 078 151 01142
Monomethyl- Interfenng
hydrazine Species
CH:N-H, NH, C.H,
R3O 10 182 169 0.029 056 01137
R(18) 9.282 0 3t 013 0 61} 0.1418
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3.0 SR A W

AZ7A mote A AW A5 FFULS UL Wio) viE KAV Mol
W adeE #7383 o] Wae] RAAN A5 A4e ogedes
A% ez WL @Fr Wal em mAY oddol I
3l AjZtzeg FAHS QU= AL F, s.‘ﬂﬁ_;i,%ﬂsl 2y vjge
Ao R FARE BoolE ne Wil Bedos ¥Ed & U

Laser-induced fluo;gsqe'nce gol oYW A% AUY e
I 3, liédz. Nz, Iz, 05 % W& s4ast 719 serosol 59
FAE a2 Fea9. 2uu ¥ e Fo wlg am
tﬂ7l%‘°ﬂ*1“ 2 &9 9% quenching °l 39, =#{ backscattermg °l]
% o] 3B Y FAJE= AT ST

Raman scattering &3 o]zl i WE A dddE 2a 97
dEol 42 24 ofE W& A2 ANY 2, FHEA Wode
#AEH= W AHSE § U= 271A 5AE JtA: Qo &, (1) Raman
backscattered radi@t‘,ion Lz FAYAY 31 d2 a{e @3
#ol(spectral shift)& XojFt}, (2) Raman scattered radiation £}
ZEE FRAYAY B sxd vidsta g8 Fx50] o Wafs gig.
weta] gr)1Fol FE SN & 712 R 3o} AWEHE W B &
435 uadid Wkl HA AL AXA Yol: AFR4AS € 4 U
(3) Raman shift ¥ W H#ZZHL o] F7] W&o} solar background
Ex @4ado osle] HEole = HolA Yoz HH Rt o],

(4) Raman process +~ ©®i-¢- ®E A|ZhJo] Uoju7] wjio] ojy @ At
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54X background noise & &Eolcd A4 ‘-’i‘-‘ . (5) @A e
%42 o37] HelArt dass] Wl EL-E- %‘%Q T &R disjA
%*HI Raman Spectréx & ﬁ% 4 glen, IOIEIi} multiplexing &3}&
°l%§‘-’|‘~ S’JE Aol UY. (6) Backsca£tering Aol XTHEH7] W&o
Al . ‘%12_‘}81 é‘sﬂ%ﬂ FTi= HAo] azlojd, |

a8y -’:“-’8&9..'5;-‘%’-5]#'—1 scattering 41371 Y& F3d A vF
& AFANI 4A Yo oA —E—Rﬂ’ﬂé inabé o} Kobayasi(10. 841
7t dy3dtgien, a9 20 o JEMUEH, o g A¥Fol F& JY
filter & A8smEM o A= gAde AdE + Udnx
H 533, |

Hirschfeld %-& Raman scattering & °]43l= FAAANE wEUcH,
frequency-doubled, Q-switched, 2-J, 2 pps ruby #Hlejx < 2]7 91.4 cm,
f/6.8 < Cassegrain telescope, polychromator 2|32 multiplex
detection ©l 7158 5& photomultiplier array 2 F43lgd. o]
A& S0z < kerosene. °] &=+ 2FojA AM&3E dat oF 200 m
HelolA tiyde] 10 n A o E4o] e dss), aFdx
o] ¥y M E 71%%};'4 Aol 9 m. o] HYAA B2 /d4-of
tistedl 100 ppn BE7IA FA o] rPFestA=Honide]l, XN 38 YAL
2% WaEE S0 & 33T dutx ¢xd up g,

2% F4 09w AJOAS) YL Aulel HFAI AT A

g golx ¥idan doly ol FHEHN EFAI Ftedta =@
T &ate] oid map tdol Ztestyl G f4% FA sdold.

AAFoE AFse AQue BAE 24187 HEte] o] W& Wol
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Argsta Y. FAdAE ojn] 1974 dof 1 mJ, 300 ns, flashlamp
pumped tunable dye laser & A}831of 455—4';0 nm %G oA ﬂ‘};&"&
25gA &S N2 58 750 m AzlelA 200 ppb 7AA FAE
237} glenl, oj& ¥ 21 of yehigicH24.251, o] ul: 1980 Wel
ARITRAME B8 JAdF 2AGM] 57 RE ethylene 9
Uax HAW v Arpissl,
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107"} ~— —
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¥ 20. Theoretical distribution of Raman volume backscattering
coefficient due to a mqlecular mixture contained in a typical oil
smoke as a function of Raman-shifted frequency.

-m_



N\
2 o

———
0 100m 200m

N Industrial

area

1% 21. NO2 distribution over a chemical factory as derived from DAS
measurements performed in the indicated directions at an altitude of

about 45 m. The concentrations are given in ppm.
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n| 2o 4] = Electric Power Research Institute (EPRI) & F4le =2 3}
F78 M ARE AR5 utility & S5d4 wi&== S02 Y N0z <€
2a ® OIS A EFew 01%-5{ mobile DIAL system &

gsigicr. of A3+ SRI Internationa‘,l',"Califomia oA Az

¥ L
o ey gk

Nd:YAG pumped dye laser 2 /A2 ?’dﬁlﬁ‘iﬂj};@g\:&iq{m <} BOQJnm + S02
gg dsiel, aum M8l m o A6S m o N 2 HAsiol
A18-8t3 Qi o] Fule #HolA oA 10 ml, 317‘3,,,5_1/_0111 telescope &
A9 &w S0 of Hstel 2 pom meter o =& AR Ao, % 3 kn
8 FHoA AT £ e AeR HIARYG. | I¥ zé € ol FAE
Bahe van 3 U B Qe HelFa U9,

2949 Space Corporation oAM= 1979 Yol UAAA VHLAI<}
AJE B3or 7Y mobile LIDAR system 7R& W39}, 7| =
250 nJ, 7 ns, 10 pps Nd:YAG laser & frequency doubling <= tripling
8lo] Algalglon], olw ZZ 100 nJ 3} 50 m] o] HolH &Y nlT),
o] do]la &9& dye laser 2] pumping energy & A}&-3isich. 2939.30 nm
s} 300.05 nm = S0z ¥4& 918tof, 4] 448.1 nm < 446.5 nm = NO:2
N & -‘ﬂff}a‘ 1:}:8-%}31 glct. Receiver system 2= 2% 30 cm, £/3.3
] Newtoni_an telescope, EMI 9817 photé)mult;i'pl'i‘ér, a83 i‘\;‘li 21 E{%
4 8to] Biomation 8100 transient digitizer % A4-3l51 qlth. #w)

749 AREE 2% 23,9 UerdicHen,



%Y 22. SRI International mobile lidar (a) shows the van with
receiver telescope, (b} reveals dual laser system and receiver

electronics.
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O 23. Optical and electronic arrangement of a LIDAR system
operated by National Swedish Environmental Protection Board.
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¥ 24. Principle of operation of the laser fluorosensor.

BESE FAHstcs ddx gola €4 JFAYol #8=Ha Y. 2%
w2}l Ha0 7} monomer 2 £A]3l+= v]&3 polymer & £afdt= Hl &9
g A 7] o ole &4 u&& B3 JFYT-E 7Y 2EF Y T
9it}.  Raman spectra FAYHo & Labrador #F< Gulf sifFe &%
BYE AW dAans wuFHUH) £33} AW Kurchatov Y=}
A2 V.Yu. Baranov uAp7b ‘91 @ 10 o] #IQAYAT2E
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2HBAEY FA Wutopvz} Doppler LIDAR & o] &3t nuide] W§s
EEE ZAY 5 USES JHE v U 3Y 25 £ WA Az @
o] 54} Doppler LIDAR 3!' ¥4 34 s/fdxolv). Doppler LIDAR 2] Alz:=
A4 vl Na';.ional Oceanic and Atmospheric Administration 4-4¢] Wave
Propagation Lab.(WPL) ejzt & 4 Ql&dl, ol&E2 1980 4dd Rig
2% C0z dFolAE AHEsio nF UYHE ZHE (Canada < Hawaii
Aol vigdddE &3 23 o o] WHES AHEsIE dF-AN A
Z7) olFolylod]l ZF WA 2% FUo EESE #FY 4 olal,
T3 FAEAUY HAELE dAHEHN A AP S YL ¥ F
A& ez ZidEy., 53] U4 QdolA= ¢E AolA vt Chernobyl ¥A
Apaigt 22 Almzh doidE A% ol WHeR FF-FHE A3 43
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13 25. Wind measurements by Doppler LIDAR
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