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Abstract

Atmospheric boundary layer, which is closest to the surface of the earth, influences the
activity of human being. The human activities in day-to-day directly affect the state of the
atmospheric boundary layer. Therefore the study of atmospheric boundary layer is though of
very importance for the solar radiation and heat transfer geodynamics, explanation of global
warming phenomenon, improvement of local weather forecast accuracy, prevention and
treatment of air pollution, especially for urban meteorological change. Atmospheric lidar, as an
active remote sensing tool, has been proved to be powerful in atmospheric measurement, with a
large detection range, high spatial resolution, continuous monitoring with high accuracy and
real-time. It has been widely used in the research fields of laser atmospheric transmission,
global climate prediction, radiation effect of the atmospheric aerosol and environment
monitoring.

This thesis mainly focuses on the fine detection of atmospheric temperature profiles in the
boundary layer and the aerosol profiles in the troposphere. Methods and key techniques of
rotational Raman scattering lidar with high-accuracy detection of lower atmospheric
temperature during daytime are studied. Characteristics of Xi’an urban aerosol spatial variations
are also observed and analyzed with Mie scattering lidar. A kind of high-spectral-resolution
lidar for accurate profiling of atmospheric aerosol optical properties is proposed.

In order to eliminate the strong solar background during daytime and high-density aerosol
influence on the temperature detection in the lower atmosphere, a new spectroscopic filter is
proposed for the UV temperature lidar system based on rotational Raman scattering. With the

help of combination of high-spectral-resolution grating and an edge-mirror, the major portion
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backgrounds yielded from the solar and Mie and Rayleigh scattering are blocked. To achieve a
high noise suppression rate, narrow-band interference filter is used to reject the remaining
Mie-Rayleigh scattering signal in each Raman scattering channel. Theoretical analysis and
experimental results show that the lidar system and the detection methods can suppress system
noise effectively. And the accurate profiling of the lower atmospheric temperature during
daytime can be achieved. The temperature error less than 1K is obtained up to 2.3 km for
nighttime and 1.8 km for daytime measurement with 250 mJ laser pulse energy and 4 minutes
observation time.

For the needs of urban aerosol profiling in Xi’an and sand storms forecasting, the research
of the aerosol observation experiment by Mie lidar and corresponding data procession of
aerosol optical properties has been developed. The aerosol distribution data in Xi’an was given
firstly. For real-time observing three-dimensional profiles of aerosol, a small portable scanning
lidar system was designed to detect the optical properties of atmospheric aerosols and cirrus,
horizontal visibility and so on.

For fine detection of atmospheric aerosol profiles, an UV high-spectral-resolution lidar
system was proposed and established on the basis of analyzing the existing technique of aerosol
detection and data inversion. The system uses a high-spectral resolution grating to split solar
background spatially to meet the requirement of daytime detection. Since the system uses a
Fabry-Perot etalon to split out the Doppler broadened Rayleigh scattering signal, the
concentration of aerosols have no influence for the detection results. By use of the diffraction

effect of the grating, the system may detect the water vapor profiles simultaneously.

Keywords: Rotational Raman lidar; Temperature; Aerosol; High-spectral-resolution lidar;
Boundary layer
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FEBKLBER . ZRRKKSHEYEL, FEERRE TR, BT ALEBHBRER,
SIENE CO IREERMMBEIGIE M. O; WEERBEREAMEMERBR, HBARKIE
BEFRERE. WHEAKUERE, AREIFTFERRR NOxEid i Rkt
P4 050

BESABE ALK, Bey. BLPmimE, coR—MFFESE, WAL
REFE, BEWEREMR, BIHTFAREINMTE. BT P SO, HS MRS
RS ANRFEN, XEMSESHTHERMEYEY R SRAEY, SO, K5
KB KLBRY), H,S KEH BHYEL, ARRET IR ERAH K —EE
H#E. BEADEEEMANOY FE (NH,), EAEKKEER G 2 —NliEsEA
&, NOx RIET A&z M mRR T .

1.3.3 AATIXHEXERE

WOL B R RERN TR 5 EEFERMU, RN RARRE-MET, 5ERE
AFA R EE SRR RGN EIAE, URBAFRFER. FRKEBOCEXNRSHE
SHBAER, SEETEEBELREMBRBALL, FRKEERSL. REAAREHTEK
K, TEHMNADRSHKE B AR, MHTEERRENBOCEK —BREMKEL, FM
RER TERIUAR A ORI 43 F



BEBEIKFREFERL

" Laser

Acquisition / | J

Controler

Detecter

1-3 WAEKEE
Fig1-3 Principle of lidar

BB ENEARREME 1-3 iR, SBERKH—HREK N, BEN t, Kk,
SEEY REEEFAKRS, Sk faEd XS 22 M=, 15 RSBk
N Ar BB REBR, B z LSRG RBGHE SRR RERP,

P(A,2)=P, -Y(z)-%-fz’--ﬂ(x,z)-rz(z,z) 1.1)

K, AAHEKEINBSEGE SR, Po ARG FIBOEKPHIEEINER, Y)hKE
REBRBERKIIVNESRE, ¢ AtE, PO, 2) IKEBEBREHES R, TO,2)
ARERRESER, HEAEEETHM:

T(4,2)=expl- [ (A, 2')dz'] 1.2)

A, o, 2) AKREMEERE. NEE L, B, z) A RSEFENGE) SHES AT
do/d Q (TR, Bl
ﬂ(A,z):N(z)%‘;~ (1.3)

WA, KPS HOCHE AR M AR LR )G W B E S B 8E T KR4
FFRRERRT, T 4T R, Bri= L rBe AR 858, BRI B i SR
KEIPURTTBUR H, KA SE LT SO B A K B W — WO Bk i B
K 7S EEE XSS TFRKETRAEZL, ERRBHAHRE S, RTRE
S ARSI BRLF 3T 53 3R o XS IR F B BRI &, BT A TCiE R 2
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1351 %

Bl H ST . T4 B 07 RS B A vh i, REE RS BB R
EEHR[EE. EAMBETTRE .

Bk, ERERSGHREREHREMRSEARERCTTHINES: 4 TR
AR E BB, B

B(2)=B,(2)+B,(2) (1.4

a(z)=ea,(2)+a,(z) (1.5)
THr a BAEBKR, mBERIKRRASF.

BEESWE 1-4 Fiz, £ 0-A B, REARERIEANERKNG, BERAFZERE
SHES, WHBINESERER 0. 7£ A-B B, RENREIHFANSG, RETHBEHEBRN
EBRYZHHKR, BRINERBENGFESRENER, £ B AN, EBRH Y21,
BREINGESEE. WERENGARERBRIINE, BhTREERIPERMNE
2 RERE, EERE S RS, B+ B-C &, HEBISHBREEN
R BB TERE RN TN, BlgkE SR, ZX—EE L (P D R) kB &K,
BEE NS BEHBERE RE LTI A L.

»
»

Intensity of received signal

o
>
w
@]
v

14 BAERBEUMES
Fig.1-4 Lidar received signal
1.3.4 MABEAENR
BOLERHEIRM T oL RIS S 5T NIR R B R R, B tay L
RILBOLFERMBIMERES, Bl RBELFETE, REFXRSHERNER. B
METEBOCEEFTETA, BT HOEERREMCARMBEKBIGRIEIKESHE,
LARBOLSRBEMAGEHUS, FRPEFUANREE: - FRSERAFE BN R
P2 B2 AR ENTHIME N R E on(2)s 0u(z)e T TFHHFBIEE, HEH REBL(2)
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BEBIXFHLFLAX

FH TR Bl (2) T LA AR KA BB R SRS BE . EHISHAEERSE,
B EEHETRE T LIEROFENREB Mo AR . AT RKBEXANHTE, A
BHFEHE, BOEBEXHBIRRAZEEER: FEE, Klett IR Fernald .
a. #X%

ERHHKESER, BNEAEAREBQMEARFaEXTHARER, X
MERT, e ABRNAERRA. BEXHFE (1.D BT

P(z)=C-z? -ﬂ(Z).e-ZL'a(w (1.8)
¥ P)FLh 2, BEERNHE:

D(z)=InP(z)-2* =InC- f(z) -2 [ a(z)dz (1.7)
X D(z)k 313

dl;iz) = ,B:z) - d'f,iz) ~2a(z) (1.8)
WK, WP (2) Ma(z) HAEE, dB(z)/dz=0, alz) HTFREH:

a(z)=—%-i’;—iz—) (1.9)

Bt fhk D) T B /D ikl e, K R MR R AR R G RKE R L.

FEEHTERIKRKAMENESF, LHREREBRBEN, BEIB@Mau)EX—BE
FEEFARES, FEmXFHAEREERIREAEE, BEESTKERA.

b. Klett 3%

A TRBRBEEGE, DAERRSuz)Z AKX R. Klett £, 3T S,
BREREZBHELUWTRER:

B=B-a* (1.10)
XEB,B Mk 25EOLTEEBEKMKERKTHBLURKZSAE RO R RIBEKHE,
k MIETEEA: 0.67<k<1.3, —BBHT, Bk=1,

BHAN (1.8) &, 5:

dD(z) _ 1 .da(z)—Z-a(z) (1.1
dz  a(z) dz

WZ 5 L AR 2o FTELAFRER D) B(z)s ofz), Klett KB T %A R
EfRR -

a(z) = DE) - (1.12)

D(z,) A
. (zci+2 [ D(z)dz




131 %

D(z)

D) 2 fp
B(z,) B‘r e

EBRp, BFSRPRIMOFSRHIE, BERSRENEM QRENRES
MEwsHL, BGRNRRESRIFREE.

BMRENRRET REEUFMEREREXSELE T@)B/D, W TRHBMERE
oz )R o] RIE AN BN az). —BRIBERT, oz) LA EMAEEH,
A BRIy E, BT ERRBESEKSRVEREERZ SE N BE A B R
TR K.

c. Fernald 7%

BFOLEXS AR, BZIRASTFASBRATHRFAER, BmEEsES
B o) LR NAERERSY, BIAFEON B MR B .

Klett ZRBAHHR RS HREARYE, T XEHESHRESEHBEKK-(1~
2) R BB, B BOHE S RRE SR K4 KRS, EEKEKIRE =R
SEBRBEBRAFRT, XKREIBESHREHES HEEERS, RN ESH
RS, WLAZE, EXHRAFTERE—RSNERT, EH Klett ERBFHTH.

R, ERKEE, HREFIERREAKR, M HEESERN, WA
SHE S HEMMAREZME T o Fernald IKER X TR T H I T HEGT A SERES 2 7R %
£, B

B(2)=5,(2)+5,(2) (1.14)

(1.13)

B(2)=

a(2)=a,(2)+a,(2) (1.15)
Thr a RR[HR, m RAKKRGTF, RABOEERTE:
P(z)=F, Y(z)-;tl-—A—o-[ﬂ (2)+B.(2)]- exp{—2f[a (2)+a,(2))dz} (1. 16)

HF BRI RIORET, EADERECS R S REEEN Sra()/B@):

FATIRNBAES, SRR M R B2 LB E T %5
5,2 %) 8%
B.(2) 3

RABZFER (1.16), FETRHBLRAEUL 2, 55

1.17)

22-P(z)= Y (z)

2o Ay (2 exp -2 [ (S, B,(2)+ S, B, (2))dzl)

28, [ B2)dz-2(8,-5)) [B.@dz1 (118
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BHEEIRFHEF08EL

2" - P(z)- exp[2(S; - 5)) [ B, (2)dz)

c-t
2

=B -Y(2)-—% 4 B@)-exp[-25, [ B(2)dz]

ct, 1 dlexpl-25, [ p)ael}
G 2S.] = (1.19)

=P -Y(z)-

# ERFARRS, B
(25) [ {z* - P(z)-expl2(S, - §,) [ B, (z')dz' Dz

dfewpl-25, [ pa)de]}
dz

=E‘.Y(z).£2£i’_.,40.f

ct,

=P, -Y(2) >

- A, -{exp[-28, [ B(z)dz]-1} (1. 20)

R EAUB L B

4y (25) [ &P expl2(5, - 5) [ B, (z')dz']}dz>

1n<13, Y(2)-

ct,
2

=In[B, - ¥(2)-—2- 4]+ In{exp[-25, [ A(z)dz]}

C

=In[P,-Y(z)- 2"’ - 4,1-25, [ B(z)dz (1.21)

ERFLA 2 KR, B
P(z)-2* -exp[2(S, - 5,)- [ B, (2)dz]

P, -Y(z)-c—';—’i-Ao -25, [(P(2)-2* - expl2(S, - 5,) B, (2)dz T}z

(1.22)

B(z)=

HEIUA T B 2, TR B 2 ALH S (R RHB MM R Mo(z), AR,
3% D(2)=P(2)*2, Dulz)=P(z)*z’» B3
D(z)-expl2(S; =5,)- [ B, ()]

PO=55 (1.23)
Btz =25 [ 0@ x0(2(S, =8) [ 4,2z
RIS IE 5 M R
D(z)-expl2(S, - 5,)- [ B,(2)dz] (1. 2

ﬁa(z) = —ﬂm(Z) + po(z)

ﬂ(zc) "'2S| [ {D(Z) . CXp[Z(Sz - Sl) '[ ﬂm (Z')dz']}dz
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BESBRHEEREEERBHRENAR, PaRESEREARE:
() AR 2 UTEENSERELXRENY RRRS):
S .
D(z)-exp[2(--1) |, (2)dz]
S, f (1.25)
+2 [ D(z)-exp[2(§—; -1 [ a, (z)dz')dz

a,@)=-3ta @+
2

DO (zc)

aa(zc)+s—;'a,,(z¢)

(2) BHRR z U ERERSEREAREY GIRRD):

D(z)-exp[-2( 5. D] a,(2)dz]
aa(z)=—§l-a,,,(z)+ 5 S, [ 3 (1. 26)
5, b(Z.) —ZID(z)-exp[—Z(S—‘—l)[am (2)d2')dz

a,,(zc)+3'j-am(zc)

EEXEESPRBRESTUZ, ERRLAE (HE—5) b8 E
BRRABERE. NTHRAUBHES, s BNEHE STREHES, S 5ABKRR
TSR, RS HABRER X, RETEE—MEE 10sr~100sr 2/, K5 FHIH
67 BT LUK 3 B A KSR 52
1.3.5 BREXSER

KEMBERSBESR, TAKEE. EH. BESHEIEREOSMRL, XES
%, MABMRREEFEF AP LRT O B, AR RS2 500 S
BB, MUE T — b5t B 5 B P39 A B B SRR KR B SRS, AR SRR,
ERABHEE LAANRENKSEE. EHMEEOHEENN, BINARISTZHE
% 1976 EHEAERTEEY, M FRERNSER, SBRETRAS) FEIEMER
Bt AR S MR T A LR ARER:

(1) Mie &5t
B.(A,z)={2.47-10"° exp(_—z) +5.13-107° exp[—(

BESHE RGBS RE S H R A 50, .
a,(4,z)=50-8,(4,2) (1.28)

z-20000,,
6000

’I-E (1.27)

(2) Rayleigh it

B,(1,z)=1.54-10"°- (532

(1.29)

7000
am(ﬂ,z)=?ﬂm(/1,z) (1. 30)
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BHEBIXFELFERL

[ W avelbength: 355nm
532nm

-
. e
Taase

107® 1078 107 107 107
Volim e Backscatterng Coeffcent [m sr']
W 1-5 HFRERSERBHREOHES 6
Fig. 1-5 Standard atmosphere backscattering coefficient versus height

B 1-5 e T HRASARERETHEA BRSO TRSBRAARE r B R Y=
FERAR 2. AT LIE M, KSEOKEE RamFI B SRR RN, H SRR
AR, B KRB, KEAOKHETBK, BrCRE RN SRR R EAR,
EEAENFEKSH, NRERUGESHERILEAEAUBEESAN. BREN, XA
Hi R SO AR, RN T LRB BRI B BAHRME S, TUFE AR HRE
SHESRARREDN: RADKBEERNN, BEHEEKRHRIEK, TLERBBRKKAS
TWRES, TR B E S RANES.

1.4 BXFEFEHRAR

WX A T EED A —REX B i BOL R IA KB R U E R ——
KAIU TR PIRBE A5 B30 LA e 1 R ER0 77 465 R T BF 90 #R85° R ) 2 PR 0 R A SR
KB KR SREARFEHEEN &M T ESREEAR; “RINBARERVIBRKIEHE
WEARRITHF, FTEIE D BRBOFEERMATIRBERARBEA, HITRMAS
IBRERHRNE LRI, YRR SERENROCE ER LR A .

BXB—HRR T KREERIM B BRI L EZE, MBRTBOCFEERSHEN
R E, ZENHTBE & PO E S0 B 7 R R U R A BRI L, 1% 2830/
MR AR EEHANE.

RYBZBERASTROCEER R RN O EAR R SRBEORM AR L, BF
R T HBRE B E AL ARKERREERNNER ST, i THH &%
AHBAR, FRIEH R BONE S SHA — REBUHE S B, DLEKRHE RO
R, FEAFRR EWRAE T RIS S % 8 B0 B ik S A KRR K B R BRI B T AT
. '
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RXB=BAAT FHIERE NN EROLBELRAAREE KRR E LR
FHERERSRE, FRTHERTZRENIRENE, URLREIELE T, BLLRS
FAEH T 2 8 BOLE AR E R T ERATAT .

BXFENFEEEMAT FARBSH BT SR AR R KR RN
RMEURDLRBERITROLRAR T, FFRT —F AT RRSX 15 ReR 0 2R s LB
& K E 1D ROK U BOL B R R AR T RV

RXERFEFEASHT HSRL FERM RSB EAER, AU RRLEH
MKBEARMEM L, FRT AT ARLE, HFAZBERIREZRE RIS
HEBOLBEAERERN BRI T, HEhTiHERER.

RYBAENSXMHATARTT BE, HRUTSEHRAATESTMH.
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BHRELKFHEFEEX

2. HYWSHHHAEZRAVBREXSBESHHATHR
2.1 [EE AR Y |

FERHEAT KSR, RRTURAR KRS HMEI LRI E RS F, K
[SBERZXEEN NS KSEERES XS BRERKE, M EHTEX
SOt RIAZNES, FFRKKER, BEEBED, sBREF-RIMRKIERAR
G2 E, AARREENREARKE L.

MABOCER#AT KRB ERUATIR TS T 20 A 60 FR4], ERX—THAK
EXFENAANR, 2R T EHARNYT &, REANRAE, FR&RE, XARRF
BORMRRE NG REC), B WETHRATENERER. IRERFEAYE ETLH
MIRZE, RELARHEE. KAFHREENE, FHFHFRRRNATFEHNONRRL.
JLTER, FEAGHRRTERE T —RIIKHER, RETEERBHBR, CLATL
BRI B BFXTREEARFEKISHE,

EER, BEEBOLER. X THRUETENEARN CERE, BOLFEETKSE
RHEB R ANNARENTF R TAESRRR, DA —ERE LA, XS
ARBU LR KSBES AN BEARA R, ELARERERESY, BX[Y
FEABES AN REERUNSR, BTRIEERTAPRERK[EROZ M, B
TR BOEE AR FIRZME K — NI R RE,

AR SR RIS ) R R B A U RO B I R 3% 2 B BOL B IE
A, BRROEEKRMFAABRREN, EAMRAAREEZRMELFNA LESHRE. ¥
B ERSCI RS,

2.1.1 WmHABHHABERVAXSEES®

R P U BOE B AT LURIEC SRR, FAEF R X RRENE+ B R 4FrI
Ko MFRERSHBERNY, BTZARFKRERKASERZ W, EcIsmEm
i 2 LU RS o

DrHua %5 U O B & B H AT TRAMBIRD, @LRH—AN=EE
Fabry-Perot (F-P) FWAX, 4rHIZREAA A FISR B0 5 F U 5 S KBS E S,
MY, HFX=AF-PEOLR R — A0, EEEERE—H, FHNTRERRER
o AR EPES— RSN BEM, BB T KO aRABEE RO, €51
FGREHHTERAE, BIELRTIRE RSB SRR

R SO SO B E FEROL R AR, AR ENEREE, A
EIEMEERI S, X4 6B MR, FEMBAERE TREOER, BUFRESHWER
#* BAKE, LKRANE—ERE.

2.1.2 WS BB HATERWXSBE KK
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2 A HERMBATARAREXLRES A BARR

BB EARAXST N, HFR 0, A FHEFHBEEBRES KR
B EE#ITRSBERY. B THIBBERSHGRE, SRIBCLEKFESIKE
g%, Rt SmABHBOEEEH, ¥3mH 88U BoLE XX T BOLR MK K%
TREWERER, XoNRHsRREESPREEERENEE, BALERLHR. BH
FRIZHEGHE SRS, EXLARBERE, DHERMK—HABHESERFG RN
E, UMRERZRARMERL, XRLAEFWSMEAXRBEAR. A ELHARN
B, BT AMEYRICHTENME. Y.Arshinov®, A Behrendt 2317 #155)% 8
HEHEERREENFEUARTHECTE T RIFER, BELHAMKE. KEERAETH
BREENE, PHRTEXEBHIIEEM.

2.1.3 AMRITEMNESR

A ROBETATIE, BARRIIEARTRMF AT, Y LREEX
SERRRERMNXRE RN RELA. EETFR O RLL ORI BAE
w9 BRI R A B 5 S BISE L

PR TAER A R MO E A BR RS R, EATEM B 5K — 5t
R BLRARIH BB AR, STBNREANE, FFIN Rk — BRI
FEITBMAE, SUREAHIRR 2 M B RO AMBEE, REUKTRE;
BRSUATTRAOE SRMRATok, WM S, LSRR MRS B 0L B
BRRAMII R Bt 4077 TR HOR 8 B ALA v 5 R AL HIRIRRAE T £ )
HHLA, TARFRRNEEHE, KARENRE.

2.2 FAE R m RN AR

RIFRCEE S RAK S, DL EWRERTIR, TR T EA KRS RA—
BSCF T B HSOEE AR R TR 2R B PR
ﬁm&ﬂm%ﬁm&% A S HIE SRR R BRI A T 2 YRS

B BRI O S R B R AT, SRR ERT B B A
Kﬂ%%m,u&%%¢%%ﬁiﬁiﬁm§§@%,ﬁ SRR =HITER TR,
R AT A MAEAN AT,

2.2.1 EH9WUCE

2 3 MR O AR R IR FEE 5 A [ L ) Y S Sk 9 B B b 2 e o B K
TRE, ZAREHOCEXRER AR KABER B —REBOCHIBRAEER AR
B K hon &by T3~ RBOLT KA L AR FRRM B A A o AL, BRI AN [E]
Befa S, WASEESRXHMEK ERRRERAE SRE 2 AR, Wi RIE s RS
B,

{E 2SRRI KSR B WO S ZRAR B, RAE S, R HRE I R 25 ) 43
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BHEBLXFHLFEAX

BEAR, RERAER, BRiATEIENBERIERAREEERR.
2.2.2 ERIEGE

R BSHERR RSB E M EEF G EEEN LTS HEED,
(1) SEEEE

SAEREERFARAEBRAESHEIGER, BELAREFRREHASR
B
NGy,
N(2)
Hb N KRESFEESM, Ne) AKX EREE 20 EHOBEE, g NEHMEE.

SAEE R EERRGRI TR E U ERX SR, SRE R BRI B TR B R S
FIEMELR, BAESAEERRMRERK, SREMENZHERKA, FrUAEHTHEY
XU A KSR BE A -
(2) ®ERES PR

Rl e T 43 e A ) P T O 4 9 5 T B A A T BRI B KR T R T
B HSTFRREETIR, 4FREF=ESE I, TERKTERES M5 HhE TR
R—BUREBXRPENBEER, BUXISFRELIE T HRABHERTE. £
HH L R AV SRE T HIXRA:
32’;2 in2 : (2.2)
Hep, K ABUREREE, m ADTRE, MAKHOBOERK.

T(z,)+ ["N(z)g( "dz! 2.1

ey NG)

Av, =

LENN N s St aane NN S ey MEs s uns Sun NS Saes Suat S mam amas

f  Temperature Mie Spectrum
— 300K
e 250K

Transmission

M1e Filter

Intensity & Transmittance (a.u)

v PP . 3 J
-6 -4 -2 0 2 4 6
Relative frequency (v-v,) (GHz)

B 2-1 K-F MR SR E sk A i
Fig.2-1 Spectral diagram of Mie-Rayleigh scattering signal and filters
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2 S ZHARAE AERNRE X AR AP ABAAR

2-1 A T KSERAEN 250K A1 300K K MFARGHELD, WESTLIEZ], BE
HRENEE, ZEHETMA. ERABERNARAERRER I HRAEAS, ¥
~— AN R 0 P SRR MR B I SR B O SR BE R BUE, B — M DR ETE IER
R, 4B EIXE A BB AT R B H R RIE S AR R AR AL, BT R H K
[EE. BTRABH SXENEKNPORKHER, BERESR, FERGEIHE
FIBEE R EAT 2k

B EEMSNTFRAEA R - R THIGE R TREELESE R T RSB
IEtA81E. Dr. Hua ZEEA —KEUH EIAP B T —AZHlE F-P 6488, HPwmAMEE
RATHRMEHBHES, AB=AEERBKEHES, BT X5 5 FEE R RKE
WESHBIE, RIMERTHEREENFHREERU. BIXF BB HR
RN EROERRE, REAGHER.

2.2.3 ExMS B

KRR SR ARERET KUEERN, RETHENARE TRELRNBRES
REE BRI FH RT3 Bl DRI R, 5% 2 BOLE R ERMRIXA BN, Bl R4 FR
BT XPAMELKIBAKSE MBS SR KSBER. B 2-2 ZRAEHKSSTH
) B BT R I AR LR RER RN, o T AKSEE, 1hIRLRE,
VASE, XBRRE TI<T2<T13. HETR, LB, v, EEEoE 5% 255
SRIERER, Ty, ELBAHZIMRIERREEK. ARBRATRENMELS, H
BRI DRGSR RN AR E RS, H— AP OMREE ERER
kb, U HXHANBA ARG R RE S RE, RTMMESREMNEREX
REEHE.

Mie-Rayleigh Scattering
T1<T2<T3 /

I(T)

V2 V1 Vo
B 2-2 KA 51550 5 B R 1A 4 4% 53 R R RE AR 1 th 2%

Fig.2-2 Intensity of rotational Raman scattering spectral envelope

with temperature change
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HEZBLRFHEFERL

R AT BRI KSR, MEOER KRR EERMENIAHE, STAREBAE
%, HTEAk. EdaTRHERFESHMNK—RABHEFSERBL, AUMNK-FHMEH
E S MAREMHRA A RERBBA.

2.3 HEWSHSAAEEREFRMNEL

2.3.1 XSSFRREWESHHE

N S FRREFHBREERS, REUN, 4T A6, EREEROLFEEHAKRNWE
ﬂ'ﬁ%ﬁﬁ[ﬂ-ﬂ]o

N, #FR—BRAGN_EFST, I FHRTRTHENN,, FHNRTEFHIN
BEidwsh, BN TFEAGEZEANES, BMFEFSARNREIEHE, Bv=0,12, ..
R, MER—MRRESED, XAEEFLFRBENER U 1=0,12,. %K. £&
EHERT, 2 FHLERTESL, TN O TR ERFEERK, FERZHN T
WA BT RAENRIKIRSIEE (B v=0) L, T V=0 FMiRshReR K& HaReg L, N
ERBRUENTNEREE DT

Xt N FWE, BFHEMNSTFHLT V=0 8% L, BGHEELSTUIHEREIZ] V=0 A2
%, WHUHATERSBEEARERUT R T HIRRMBR, RIVKZ A% 2 HH.
it EHI N, 4T H30% £ % mi 2-3 B

L " 1 . [
Mie-Rayleigh
~ 2.0 (AJ=0) N
K
Ng 154 Raman anti-Stokes Raman Stokes |
% (ad=-2) (aJ=2)
§ 1.0 |
3]
7]
(7]
3
o 0.5- l N
) ‘ ,
0.0 v ',‘Jlll SEE RN ] 1"”1".
352 353 354 355 356 357

Wavelength (nm)

Bl 2-3 N, FHBHE %
Fig.2-3 Spectrum of N, rotational Raman lines

H T O S U AR R BE AR/ R B B R 53R, TR il & AU 1 OB R 5 A A3
BB KM EWA K, BXHIBSAEANFEOCRENFEM . HHAJ=0 KU E LR
REEBURHTE VA SRR, FIIHRE 5 NS RO, HATK. S
SIS AT=+2 IO R S E 43 B 7 Butin 2 g0l 72, FUREBA S #OL
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2 SN E R RAT AR EX RS ARAST

HRRER, DHBEANBENARN, A S THEWE, KN Stokes #. FIFE, AJ=2
IR A EA SRR AW, A O W W, MM anti-Stokes . HT N2 7T
£ V=0 FIRENRER I & B LI A AR LS, DR Beani4 5wl 2% 60 Stokes Al
anti-Stokes BB EAR K. WRBEH /G THAEBERKFRSIEEL L, Nk S B 6
B FRAETHIREFRIBRMFNSE, XFEERA RS2 .

BAVBI KR BELRRUT R A #e 5o 8 B HEAT , B 0 FH 45 3 o) 2 O3 R 00 DK S JEE
RIS R AT AR Z RS, W AT LA3RTS SE B ARG BE o R MEAE X B e Bh
W ATV R

2.3.2 ¥@mSHSRERNELR
BRI REZ) W BRI RFE RN, AT UREZBTOESHEW. R
4 B B A B 815 5 105 1 U RTE Mo [msr), Moy, 7T 6 T R4 14,

647" ng,hcBy(vo +AV)*-y* J(J-1) -exp(- £) (2.3)
(21 +1)%kT (27-1 kT

0,(J,T)=

Hoft, o BRI, h WEBEES, k HEREBEM, Bo WA THAEY, 0 AP
FHKNER, 1 HEEE, ¢ WRESMAHE, T AKTRE, vo WM MHE,
AHBBHE, yAATRARYE, ] WENRTH, ENRIER, EHFRLH

E=[B,J(J +1)-DyJ*(J +1)*JAc (2.4)

KA, Dy ABELBZER.
mi) S A AvA] i TR
Av =2B,(2J +3)-D,[3(2J +3) +(2J +3)*] (2.5)

DA SIES A =3.0¢10°8 [m/s], k=1.38x10% [J/K], h=6.62x10>*[J].
BASHHES FRES FHHEHGEEL, o T5 0,4 FHEERTE 2-1.

£2-1 N, FH O, 3 THHK
Table 2-1 Constant of N, and O,

Constant N2 0,
I 1 0
gi(even J,odd J) 6,3 0,1
Do[m™] 5.48x10-4 4.85x10-4
Bo[m™] 198.950 143.768

Y (X 10%n") 0.52 14
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¥ (23) MK 2-1 BSERABOCEAFE, TR RIHNEFH T M S 8t
FEHRSKSBEZFEMRR:
P(z,T,J)=E,-C--]l(z—);:T”(w—-T2(z,A) (2.6)

B, NRKXSEEE. BIEE3H 8% EMEE AL, TR HE N FERE
AE BE S, WIF B X B2 E SRIIES 58 Pz, T Py(z,T), A ELH
HXHANBEHESHRENL, REHXSEESF. RHMHEHHESRELA
H(zT), WE:

~RED _ __B
H(Z,T)—PZ(Z,T) Aexp[ T(z)] QD

Hih A BARLHEH, TUUBELEZREZUNBEERE R ER S WXKEEBERT
Pl (2.7) AT H:

T(z)=——o©>D (2.8

In[H(z)/ A]
X R & AT HOE B A X R BRI £ A .
2.4 HHPSHANTEXRETARBOBALENE AR

FERTEM TS, EiR LA T #3)% SRS A THRUATBERNSER. Aot
FEREY, EEEAZREBKRAGE, BETRTRME. EELHFERME, M
MAE—LBRENEME. ENRNFIMER, EROLERRNNFEST, WEBHFES.
BUFRBEES. KEERLES. BREOME S SRR, %502 MEE rm B
155 WS A B S S ISR ARG, TU SR BUN (5 5 IR S EL I 2 U E 5 19
BERAE R 3-4 N EL . I RAEW B HUAHE S BRI E o A R R O R SRR R
WHIE, BAESERKEBRANRBERE =R AERMFIER S, TEERHEIAS
B, EEEWSHEHE SRR, B, ffIxEiE ks R BeE s SEE
ik, BRI 8 BN BOLE & KR SR R BRI o8

Hob, BERBARME, XAAER MRS FOLREE, KHHE G EEE
P AR S HME R A — e AR

AR ERBARKRR, KBEHEENRIEBEMNESR, X—FRRAEZATE
PR, BIERAN L, PREX— SRR A FTHESMTRNMBRANRR
YRR LR TER, FEXTAERL 7 A s R E B 10 BRI IR 2 A LA 9

241 ETTFHEARFNZEAE
244 FirR—AHEMNRBLEESAHNETTHELF®Z AN (D
Behrendt, 1998 £ & R, %0 8 F ik R L% Nd:YAG BOL 2881 = i B % K 532.25nm
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2 $3hH R HAIMAT RIEAE KRR A H BAKR

TEABRBBAC, BEHRP BN N, 2 7% 8803 K554 530.850m M 529.35n0m.

M 2-4 ZELHR
Fig.2-4 Setup of the polychromator

KEBIFEESENA OF EAZEAL, 532.25mm KBS EIHNTHEXLR
IFla. IF1b, ND ¥ (A TFHBEESRGES), BLER L2 K5 Bt afNE PMTI
B, MESIHE LA Fla k. T8t F2a fil IF2b ik A 530.85nm
FUREEIm S bEiE, 2 L3 &%, H1 PMT2 Bi. MTHELA R 529.350m KI5
MEDWE K, 2 14 2%, th PMT3 Bll. 85— MEUEER FEEPLOBEKN
607.63nm H N, 7+ FHRk —H B 215 5.

Hep, IF3 RAMREEEAS, H—ABHM—NEWELR AR, F2a #1 [F2b &
—MENBNAE 3 MG XA TR 2 MR B E A S ALK TR, XM
SHESIERERT 10" B4, LRERERY, WA 0E 30min B, 76 10-20km FETE
R, BERIRZE/NF£IK.

ENMEABEEREES TEANTRBERSEE RN, s oS aEs,
BAMERK, BARE, BREEHTREEN.

2.4.2 FHEXRZ*

& 2-5 BR—ANFH T3 8 MR BOLEER TR 4R (Dr. Vaughan 1991
FEREPD), RYUER NAYAG FASER K KKK 532.050m fEARMBKK, %
BRI N, 1 O, 2 F B4 5wl B FEHE 4 Stokes 32, H0 i 14379 4 533.33nm A1 536.1nm.

AREEGFESEARE DA —ATHN TR T E R, BT OBKS AR
533.33nm 1 536.1nm # T8 H Filterl« Filter2 B FH A, H1ARBIK2E BS K Hs
KA, BFHEH . LS, S5 HENRERE. FRNTHEZET 4
R, AT B RS, e o-R A U TR AR A —E
FAEASHIEE A T TFRNE, EmETHELA SHRMBZERET — gk,
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AP R EALBR SR T A e 2 I Fi i, JF 3050 2R B R &R B A0k

Spatial filters

Detector

E 2-5 THIERIHRE
Fig.2-5 Schematic of beam splitter by interference filters
XA FEFRGEHE 532.05nm HIFMEBSHE S HMHIRXT 105 LRERRH, ZF
ZEnT AR 3-20km TEHE A MR SEE, B THRMREXE 1K,
ZRAE SR RBENBEPEROBE D4, DNRATERAM.

2.4.3 X5 RFHERIEXRE

#E ) Dr. Zeyn T 1996 it T —EH M BMEAFTERLEY), LRETHER
BERER, URTARNE. BAEXMEHERBTA KF 868, 45892508
%, WHPK 276.787nm HIEOL, XAMEKEFSEEFRRRKE —B. Bk, &
46K — M R F 2 UE R 38 T LLIEBR K384 B O 0%, SHEBI— e b8, 8
DU AN i R SRR FE R TR R R K 0K, R 2 MR B N F O, 3 FRIAE 3 8 6 1)
Stokes 32, 2 /MK B anti-Stokes 3. RN EHWME 2-6 Fis.

Thallium
atomic-vapor
filter |

Mimor Y|

Bl 2-6 St R T RSB INRE

Fig.2-6 Schematic of beam splitter by grating and atomic-vapor filter
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2 NI RABAT AR XBESABARR

AR R A R B, (R 15 S AR A SR HEK, BRRURAS A 5T
BXH S RER NS, BRI ENRER TR RRS.

ERARKY, ZRARBLAARMERBENE, WEHEA 2km, B2
WBREEAR.
2.5 AREEXSERENRENWSALBTEAREAROEL

B LSRRI CLE 2, B HGATR A R 5 2 SR SR F BUAT UK BN LR RBAR
FERSNEEERERN; SHEEXHBERMZE ML, BHEREISHE;
BRABRRBABEH — AR

AVRB—FFHEDWENEEEREFT R, BENSNREEH—PREE
SHENM S — MG RET R BEHR B E S 5EX —HAHESURKRE R
MR L4 B FF, AR TWIENH, KIK — B A BN 5 S MR E RO BB .

¢ Atmosphere #

i ; ; N A=355nm

Y y Beam / Nd:YAG
expander Laser

Telescope

Bl 2.7 Hexhm BEGTRCE R RS

Fig.2-7 Diagram of the rotational Raman lidar system

S BB E R RGN E 2-7 Fizw, A T ERSW 2B ELRENFRIN L
RETHERAE ROGRERBOBRE, REEM NAYAG BkrbBObR K =K K
355nm KIBOLIESRIR, BAKPEEE 300m), 2WEY REHAKS. KAHKE MBS tH
Himg R, Saobd. BOUH L1, BETREDRIE S B R L. FIRDC R S RN,
Fe F R HE B RS U 1R 5 BUROK B G i N R B 0T, B &% R B
Edge m, ¥EWBM KRG RBHEETRAHME LR RIERTELS

27



BEALKFHEFERL

Mie-Rayleigh S5 i LA K KB M 815 FF, B F 44k = 41 85 ik Mie-Rayleigh 55
Eit, dEHRMEHE PMT1 i, PMTI MESTT&AENSERENA. X8, KkE
T KBS Mie-Rayleigh BHHE SHABE RAMES; KK Raman [FS5LEH L3
AFBEHTHELR F1 £, & IF1 BE52 14 BERHEREEE PMT2 I
kB 1; B IF1 REWMES, HFEERTHELR IF2, Bl F2 FFSLLs RER
A PMT3 B, HOUEE 2. AX 2 MEHEXR, S3ERT POoEkKh
353.9nm M 353.1nm K%M B BUHE S, FNX LRREESHT 2 KEREEER, U
WREARKBEESARE RMRENEEX.
FRGUER 355nm PWKAE S HERBA, HNTF 532em BHKAS, AUTRHA:
(1) BEAMARZEYE (I 5320m & 3—4 MIESD):
(2) BERARER CKBEERLES).

2.6 IEHEEHRAATEISHAT

2.6.1 FHELARPLBEKHTE

BRI N, 2 F B4 5 8 6 i RETE TS, B RT3 1=0,0+27.30,
B TR E K SEEEEZE 200K-300K, X B 4HIE T=200K 1 T=300K #17it&. ME\ELA
K (2.3) R 2-1 HEIEAT LA AR SIH B E SR A B Hc0, T 5WEMB KX
A, £TE2-8 M EEE.
HTHHRBEBELNBRKABRERENBXNERERETNNAEK, &
ou(J, T)MHR 1 S 5L
4=%quﬁ) (247 BEBE 1 )

o, =0 (% ] ALH 1 )

B2 BB LR RE, RSN ESREMEEZNELE, LTH2-8HT¥H.
FEl 2-8 RIR T Np 43 F 7E AN R A AR ) 8 030 AT 9 P R AL DA Sl PE AR 3 e e
RECRMUMETT R, 7E 353.9nm Mikkt, WEFESHEENAZEERK, % 353.1nm
Stikit, WRESHEEMERKENRK. HiNKE)%E4E ,=35390m
M=353.1nm 1AW 8 BOE B ERP MR, HNKEIIETHSHH J=6 Hl I=14.
Bk My #0153 505 A B TH IS IF1 R IF2 M908, F1 A IF2 M98 &
#H £ s T B P B A4

HF RS B IR NIKE 7 HN AR T 08 & KRS SRR R T & 2 5
WO RIMER, A R 2 At KA B F S HATIRA, I3 2 M BE S HITES
B, RGN B BUREE RN 2 N E IR BRI, BT DL R AR R
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2 BN EHM AT AEREEXRBRESABARRL

181 + T=300K Filter1 Laser 4 07
- 141 L= T=20K|  ay=3539 =BT 1 oe
lE - A 0
N 1.2 e
E 05 3
& 1.0 £
3 Filter2 04 B
Q [=
T 081 12=353.1 8
€ W L03 5
L 06 : T <2
3 =
@ 04 i 0.2
8 o’
9 <4
5 02 0.1

] 1 IIII o
0.0 aaytad iy ! F ' 0.0
4 L T ¥ ? L] ¥ 1
) f N\ L

[H] |

+ T=300K A
21 |- T=200K e

Temperature coefficient ('10'37)
L

3520 3525 3530 3535 3540 3545
Wavelength / nm

K 2-8 L3 2 U S SRR T R IESE Y B &
(EED, EEHRERE (TED
Fig.2-8 Intensity of RRS spectra and filter transmittance (above),

temperature coefficient of RRS spectra (below).

2.6.2 TMZHEFWESK-RHHHFESHBEHXBEAR

BTSN BN R A EEEREIMKAERGESHREE THIM S/ ES,
% T Mie-Rayleigh HUHES, THEAMERE. BEXEESHIT, REHEHESE
B/, X Mie-Rayleigh B E S BB EFE 5K 34 MEL, ARESHPAERE
HEXRBLHBREESZP. B 2-9RH T RES I FEEWEBIN & BNE TR, M
BB B& ok — B FIRUHE S EME MU E S RERRE .. Fit, ZRARSFSE
AMBEES, BMOHEKRME Mie-Rayleigh HIFHFEST. BLUABEME, REx
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Mie-Rayleigh B35 5 MMEIREXD 7 M BB %, HEELRARUE, TEMHIKMH
HEOb.

0 .

-
(o]

107 ; — Mie F
1 0'2 ------ Rayleigh

10 3 | | Raman6

1 0-4 N - Raman14

Power of scattering signal (W)

Height (km)

29 KRB NBIBLHTHIRBIBAE SRES
Fig.2-9 Intensity distributions of the lidar return signals before passed
through the spectroscopic filter

SR G R —Rmm i 4 HE M, A M AT R X R G BRI B B KSR
SHESHATHE, BIHEMAIRILE A 2400g/mm, MR F: 25mmX25mm, RYEHE
HI R ZIEH R

N, =2400x25=6x10*

REZ I BN B R A -

by, P35
m-N, 1x6x10

~6 (pm)

B EAR A 2 3E % 6pm, XF m ARTHK K, B m=1.
) el AR T LA B AT A e B R A
6, 06,,mi)= arcsin[’—n'—l—sin(a." —”—))EQ (2.9)
d 180°) =
Hep, AHAFARMEK, dARMER. BOCHAS f0,=15.6° » B EBRAXRITRKH
B 5 A A=354.6Tam A=353.91nm FX,=353.12nm K =FHHE SECMETHIE, 47
S AR, B

00141_0 = Hom (0 1:35467 * 10—9) =35.61164 °

in?
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2 HahH E R T RIERARER LR RS A RARL

Bre 1 =0,,(6,,,1,353.91-10°) =35.4832 °

By 2=6,,(6,,1,353.12-107) =35.3499 °
Ao BIH Mie-Rayleigh AU B4, Ay Fh, BUAELRTEIRAN N, 2+ FHIAWEE S K.
BRI AREKE £=300mm, ENEENERER, BH M A A BATHCHEN T
B D Ao HIRTH R R B LR IR EE S 5 4 -

X_4=f- tan[(e,,,._o —00,,,_1)‘&] =0.66 (mm)

X._22 =f'ml:(9m_o—0m_l)'f78r—0]=l-37 (mm)

AR, FIAXMATS, WL Raman BUHESEPEKE L M L OBHESH
Mie-Rayleigh HU {55 W8] _LAGIE LB TFR, FHRNBK B X ES .

ELNMATH . BERER, EEATVHLRE - MUERHE, HRBALEEME
Mie-Rayleigh HU 5 5 /R ATRERIE L, TR/ M8 HBUSTHEL B g RFERH, BRE
REE 2-10 PHIRH.

Edge m A2=353.1nm

A1=353.9nm

B 2-10 GHRHHI N
Fig.2-10 Beam splitting by the edge_ mirror

M ESETRAAEHEER, HTHAAXTUEREEM SRS,
Mie-Rayleigh fUH5 538 & | mr. #3182 7%k I #53) Raman 558K L ¥ x #1H
A

I_mr(x)=3-10""" —2——.:(;] (2.10)
T

2
1,
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v 5 _2(1:-){ 4‘(1))’
I_rr(x,T,J)=0,(J,T)- /”.rz -e fo 21D
()

Hrp, T AKSERE, o AHFERB, 3X10° m?sr'] 2 Mie-Rayleigh 15 S KBS &RE X
N o FBBOERER dy = 0.30mm, BFE T=300K, ¥3HETFHIHH J=6 M =14 K3
Raman #5115 S 98E 5 Mie-Rayleigh B5HE 558 H x BMHm A 2-11 Fir.

=
o
PN

0.6

o
T

Intensity of cross section (*10'30)
[=}
[« ]

5

0.0+
02 04

—

T *1 — )
06 08 10 12 14 16 18
X/mm

B 2-11 BifgBh% kA6 B 2 AR BUNE S RIS

Fig.2-11 Intensity distribution of the two RRS spectra (J =6,14) imaged on the Edge-mirror

& 2-11 81, D% RFEFENN B IRE 043mm &, BATLUE Mie-Rayleigh
B E S UK KRS KR SOEES, MW 2 HEES REREFELR .. B FA%KR
SBRABOLTIER M ABIH L 0.43mm &b, W HEHIATHIAREAHAE, BIFEEEHD WAT
SR GHER, RREEHRF. it EEHEEE L3 HEAVES L ERPLESR, &
BN R A IF1, BTCAERGIBR FE AT _ERIRTH 2060 m, 75 RR w5
A 0] BEEAIE

R E 2-11 FiRleigir s, Rids% e ENELA ERE 043mm &b, X &
155 ML 4 = B2 (9807 B TRV x BT

S mr= £r51_mr(x)dx=1.11-10""'

.0025 4
S_rr_6=[ " I_rr(x300,6)dx=1.199-10
ige
S_rr_14= ["°I_rr_14(x30014)dx=0.62-10™
Ige
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BT =6 BEHNEE | MW 2 HHBERE S m_6-1.199X10-34m’sr"], I =14
BRHNEE 2 K% HHRERE S m_14=0.62X10-34m’sr"), FAZBEANEK
KEH AR BN BERDBRE S mre1.11X1034m’r"]. XEXHEAHR d=0.25mm,
Mie-Rayleigh S SRS AR 3 PRBRSH, BOE, BIAAANSEEARR
ISR ERE N 1.1X10-35[m?sr "), FEREXRET M EER.

Bl BT, RIS K, HEBA%G RS, %t Mie-Rayleigh HUR{ESH
MHEIET LA R 4 MRS, B FR R BRI S BT S X FREHETHEE
For, BN FERESREERNE, LM EL%RNENRARELRBE
TFHER MR RBERBRE, FRTER MicRayleigh BN ES RARYEROL, AR
ST X085 SRR KA.

HMNESEME, BAMNELERTWELR IF1 1 1IF2, XfF Mie-Rayleigh s}
FEHEME 3 MEL. Tk, BMEBARSN Mie-Rayleigh B S HIMFIZREER] 7
ABEHZLLL, EBTHKRREN Mie-Rayleigh HEHESHMEIRER. MHLRLEHN
MEFERZ A THEERRELH.,

2.6.3 AZMEHHESEEITH

BEBAFTERERRBINE LB, 2 LR RRANINNE, BERAZIREH
HHHESHRERTURATIIBLT AL ETEB/E:

P_Mie(z)=K -E, ~£5£'i41-Y(z) B_mie(z)-T(z,A) (2.12)

zZ
P _Rayleigh(z)=K -E,- 021' Ar B _ray(z)-T*(z,4) (2.13) |
P_ Raman(z)=K - Eoﬁl--A—’-Y(z) N(z)-0,(J,T)- T*(2,A) (2.14)

He, K ARERENE, B hBthkaeR, « ABOLIKrRBEE T, Ar AEZT
BZAHER, YOARESENBIERILMERRE, z ARNEE, NQAKRSHE
B, TeM)AKRKEBLE, Bk iEHEANEEREHN & B ESHRE,

BANEBREHIAPHYE FOEBE Y.

P_BGN=K-Ar-S_B~A/1-%-92 (2.15)

H, S BAKHERCNENGKEEE, A ABNBENLILERE, 6 vETENA.
HHW A TERESHFTE 2-2, MAA=1nm, 6=0.1X10"rad, WIWEEREXHA
FAE SO BARCY, EFEENMKEENRAMYE SRR TE 2-12, ERA
RGMEABRNBEER, NESRTLLER, FERREK Ao HIERKHE RCMES
BHEEAN 03(WmZsr'nm!], FRIEAR (215 kK 22 MRLESHE, TMEEHE
B M R A IR, REHI BRI BOERE A 3.7X10- 11 [W]. %5 2 E i
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KRS FRAMLUMRIIERESERURE 22 NRESH, FERIIT ARG
Mie-Rayleigh B E 5F 7 MR BANEERE, BEBAERFETHHENHFNEEIRSE
B & B RS RARHE RO BRERENEE S, KERWHE 2-13 Fir.

Solar irradiance (Wmsr’'nm™)

I

o
i

0.5+

0.4+

0.3-

0.2-

0.1

0.0 ~

50 550

Wavelength (nm)

2-12 KFHEEHNEELE
Fig.2-12 Solar irradiance spectrum

F 22 HHMBELRASHE
Table2-2. Parameters of the rotational Raman lidar system

Light source: Nd:YAG Laser
Wavelength
Pulse energy
Pulse repetition rate
Telescope:
Efficient aperture
Field of view
Optics:
Grating:
Grooves
Filters:
Filter-1: (CWL, FWHM)
Filter-2: (CWL, FWHM)

354.7 nm
300 mJ
20Hz

250 mm

0.1 mrad

2400 gr/mm

353.9 nm, 0.5 nm
353.1 nm, 1.0 nm




2 53 H B HARAT AXAKEX LB R XA RAHRR

104 1 X 1 1 | ISP VRSP | 1 1

— Mie

----- Rayleigh

—— Raman(J=6)
----- Raman(J=14)
-------- Solar background

Power of scattering signal /W

Height / km

2-13 &5 RIS FIRRBIBAE 5 5RBE
Fig.2-13 Intensity distributions of the lidar return signals after passed
through the spectroscopic filter

THER PR A R E W Mie BN 5 SRR E 2 AL A 2-14.

10-4 1 1 1 TP | 1 1 Lo .

B_model (sr')

Range (km)

Bl 2-14 STENAAIK T 1o B 2R B A 43 A i 2%

Fig.2-14 Real-detected Mie backscattering coefficient versus height
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e AT L, 2043 1 4 S B £ DA R AR T BB O OB K, X Mie-Rayleigh
B 5 S B RIAR) 7 MRS, FRCARIET MBHTRHRAFGW, FERME%
81557 2.5km REUTERARER R, BOWHULRARKEXNTRETN.

2.6.4 BESHEREFUNRENELMAHR

10 ..............
----- T_standard
8- —T_real i Cloud
E e ; :
E
2
Q
I 4
2
Aerosol
o LA B A B L] L] ML T Ll T T
220 230 240 250 260 270 280 290 10 20
Temperature / K Backscatter ratio

& 2-15 (FHABMERES KRBEEHNFES
(EED) BRSEREHT RED
Fig.2-15 Temperature profiles versus height obtained by simulation and
standard model (left panel), and the backscatter ratio (right panel)

CUEHOTE B AR E A S % i, BRI AR R SRR B RSB R Mie il
A, MASBENEHTRENEE, HEHHER0AE 2-15 . B 2-15 0k
BRRKSEEEEI A, BEIRKSPEERIERE S, LEAE Mie BEHERITHHE
MiZBERRLENBIEE D4, HEA Mie 5 Rayleigh /5 RIAUN . MEFRTR, &£X
RIAREL, BT 2,50, BEMERRZETUARDT 1K, TIE6—7km &K
i, BT Mie BUHESHR, FRRENEERERK.

R 2 AMEE S BB 2 HaHE S F UL REE R Mie-Rayleigh bt
FEENFHEMAKAE SOLRETH, T EHRALSFMRE SNR.

&: V———f."
A

BEZWMETEA:
N(z)= 2@ (2.16)
h-v
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2 M HERARATRAENRE X AR RS ABAKE

e, h AR EE, P ZEE BB E S ERE, dibvh S HiEE 1 4 Raman
HAHE S THN N_16(z), iBIE 2 i Raman HHHE S FHN N_r14(z), Mie-Rayleigh
FEERFHAN N_mr(z), KFHEREMATFTEAH N, W,

HIE 1 R,
SN,(z) = Jn-N_ré) (2.17)
JN_r6(z)+Rj-N_mr(z)+N_b
THIE 2 MEMeEL A
SN, (z) = Jn-N_rl4z) (2.18)
JN_r4z2)+Rj-N_mr(z)+N _b
REKBEREA:
SN =[(SN,)2 +(SN,)?] 2 (2.19)

Hep, n ATk E, Rj A RSN Mie-Rayleigh U E S HIFEAZE. B n =10,
Rj= 107, HEBHARG ERULEFENEENTHME, ~THE 2-160

108 - 1 A 1 " 1 N n N 10
——— SNR_daytime
104 L SNR_nighttime f

"""" ’ "‘—-”’ k4
N /S T -1 E
10" g
g ;
® S —— Temp. error_daytime S
1071 v AC Lo Temp. error_nighttime ®
01 ©
""""" £
ol /T k3

101 ’ i M M T Y T T 0.01

0 1 2 3 4 5
Height /km

B 2-16 A HIBIIE AW 5 W L AR BE IR 2 O R BE 20 AR
Fig.2-16 Profile of SNRs and temperature errors versus height

for daytime and nighttime measurement
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SEERBE N
__ 1 dS_rD
0(T(2))= S @) dr (2.20)

S r(MNFMEERMAHHEF T, BT HZRAE R FREHRMIRE:

1
e(Z)—m (2.21)

B SOE B A EISHE S R AR M PMT 8K, PMT KBIHESKA—1 8
1425 IR0 P A BEL P UG G P B R RN EHUR SR, IX B BRRESRE U BT (015 S SR
P, NEEREBKRRERY . BUNERE 10 24, EERMK R ER 300ns, RN
HIEESPER 45m, BIREZEEFNFE z KR HE R THE 2-16, EETH
I T BRI R B2 AL 2% o

2.7 XE/NG

ABERAMTEATEHRMASBENEARREXBEANEM L, BHT—
FhBT R B0 & MR BOEE A REH R A0 T R3S HGF 55X - mAMNES
PR KRR BN Z RS BIF, KA T — Rt PR, FFE— A% RH
FERT KBSREES: AT AR 2 MNEKNAKNRERS, AT 2M%EHET
WEE K, FIE i —BIE TR — WA . XA R B AR Tt A |
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RBEN, HERXSBSTET 2.5 BERT, WEBREDT K. EHTERRETE
EEAULHAEEERNKSUFERNEZNE.
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3. XRIREHNMEBHHATXRERNLEHR

3.1 5|18
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BARRTERG R ARK B E ST H5b, AREKMAFRAHEEROLTRKS
FEES2TELWE R ARG LR FARTR R X R XS 5 E TR s 5P A e A
9t R o A A R AT T RE

3.2.1 fx#dgit

8 H A RER R EXNKEUE SRR YRR B RRMNHI S AE
WA TSR PR BLRT &0, KA 2 B E SERSS, A TWREE LK) WE
75, HEERARERMIEES, A REENELTHIWERSHMRE. BIEHRELR
HRE SN, KPR FOEHIRE Zwmak bz .

BT 2 B E S E R —WABHES D 34 MEH, AT RIEEEFUEE,
FEW B 15 5 38 28 P Rk L ORAE X K AU KA LSS S M IERR Rk B 107 B4 L L.

FRBEAE R RN, 57RO  H K R ST SRR P TOVE T R
BER, Fit, mERE_FEPRERSNE, W BSLEAETET, RA—1EK
W5 PR S — N % RS B LR T IR A & A S M T B BURIERT K —
RS E S RAKBHE ROLE 2% SRR .

it MR L ECh 2400gr/mm, YR F: 25mmX25mm, ESHER 6pm. B
3-1 RAHE LI

mﬁ%‘ﬂEzwmﬂ BT HTET A, THEAR BN Ny Al O 53 F R B 2 061 R
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Fig.3-1 Picture of grating Fig.3-2 Picture of interference filter
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Fig.3-3 Curves of interference filters transmittance

3.2.2 XWRGHIA

HEMEWATE L LB REMRRTE 3-4, KSR BEHITEMMOEER
%, HERBRAEDIEPENES, FHik, RHEBERREMLERITRAMER,
FEREESBENT 60m. HEBIHMFII RBOCEK, RIMIIEBEKAEBR S
B AR SHREH HHBOER A AR Z 25, %A NdYAG BkrtBot#m=
KB 354.70m 1B 4 BT K, KRMBAE S HER 250mm MEERE — R EBHKE
TR, HBEAHANR 0.lmm KORE, XA LUK BT B LI A BEE H 3
0.lmrad, BAIPHIKBAE .

KAMBHALBE L1 BEEHREEES M, FIFEMEATHEBN, £
XS 5 5mAHGHE S ET KLY B, RE—LTHAEEE L2 REFHPA
e RS R M0 % R $HE Bdge mirror, K BEHIN G I RN B & B EFE R MRKK
HYWBHHES RS, MK —mARSESEL, W 3-4 FiEETR, EdrH
e eSS PMT 3 Blt, fEAFEMERERN. B A 353.9nm F1 352.50m KA
HHWEHRHNES, ERFERN, BRELIWMER, HRTYIELR IF 2, IF 2K+
DK K 352.5nm. B, 352.5nm #5530 2 BAHE SE&ED, H L AEHE PMT 2
B 2 IF 2 R RS 353.90m KIE3)% 2 HUHE S & 08K KR 353.9nm KT
WA IF_1, HEHESE PMT 1 HI.

e FERERMVFASHER 3-1 hFIH,
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Fig.3-4 Schematic of the rotational Raman lidar experiment system

% 3-1 HEH B HEEILRESH
Table 3-1 Parameters of the rotational Raman lidar system

Laser: Continuum Inc. USA Model: 8020

Wavelength (nm) 354.7
Energy per pulse (ml]) 250
Pulse repetition rate (Hz) 20
Telescope: Takahashi Japan
Diameter (mm) 250
Field of view (mrad) 0.1
Grating: Daheng Inc. China
Grooves (gr/mm) 2400
Efficiency (%) 60
Interference filter; BARR Inc. USA (CWL, FWHM, AOI)
Filter-1 353.815,0.6, 5
Filter-2 352.5,1.1,7

Detector: Hamamatsu Inc. Japan
Photomultiplier tubes R3896
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3.3 XBHBABSRERE

%)% 8 BOLERLZREHERFMBE (35.67°N, 139.65°E) AT, S B (8] 4 2005
#£2HA218ZF27 B. ATHEERGEHITIRE, EERRENMELFANBRER LR
HMEREEZ SR BObR MRS sW, R ESHE 20Hz. A TRATE
RSRERLE, WMEEREESH 4800 MkrP (294 5040 157, MBI EIFRE
3m B, HEPRAER 6om KE, K¥ERLEHVFERRERKMEAE 450m 4.

MATEBEZUFETEREANER, E— N EEBRZUMELES, FLE4
SHEPI R — AR, ELENE 3 A,

3.3. 1 TEXEATE

BRI 18 B 4 KSR B A T DUR R R AN 2 08 E 1 B AR 7 L RIEE T, s R
AW E S SRE P, P, 2 Hg b:

=0 3.1)
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A 23 B 11:30 MEBIN—HLEE, BPLANAHTEIDWERATERESHEEFHE
IEHZR (a) RAGWINFE Hs B (b).
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Fig.3-5 Range corrected data (a) and curves of response (b)
taken by lidar on 21 Feb. 2005
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Response Hs
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Fig.3-6 Range corrected data (a) and curves of response (b)

taken by lidar on 22 Feb. 2005
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Fig.3-7 Range corrected data (a) and curves of response (b)
taken by lidar on 23 Feb. 2005

3.3.2 RGHESZE

B L, ®5mSkal 4t RN B KSEE, hEZWEFEEHETUESHES)
EFHESHI N MR E2 M SEEESREZW, RSN EE Hs(z,T)N:

Bn@D o B
Hy(z,T)= PT) A exp[T(z)] (3.2)
LT DAHE R RS T BRI
-___ B
T(z)= T REY (3.3)

H1, A, BB LLEL RS € HE.

HIXA IS FRE AR RES NEEEIRNS TR EIETHRELES
HE. TSEBRREF, h T HMBEN R S5 SHRE, EvtFHEAhRAEREHR
IR, X, EFNMEET KRN EIIWERSHRELT N HIIETHIRLR
B2z, B .

ZP“(Z,T)

HS(Z,TFW (3.4)
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Hif, ERMEREETRERE EARRF. 1B A Behrendt Fl J. Reichardt® BB 3T AR,
Hs SASEE TRXAZATHTHBERHER:

Hg =exp[(T—Az+§+C)] (3.5)
HETHESHEET b
T=-B—\/BZ-4-A.(C—1nH,) 3.6
2-(C-InH,)

REFREZBEZFERRASH A BAMC, RTLUIKBRSERK.

ELERHET RS EN, BRA—-AE5RRBBOCHEENERN ] Rt &7 2 S
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Fig.3-8 Atmospheric temperature profile taken by radiosonde
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------

FIR B/ FEELEEEA, BRI RECY: A=-7.2598x10°, B= 6.8834x10°, C=-16.04636.
s

7.25;28x10 +6.883;x10 _16.04636) 3.7)

Hg = exp(

B 3-9 R T ERRAMBFR N EEWNE RS Hs SEERIRXRML (measured curve),
PR L R E IR A B 21 Hs SBERXRMEA (fitted curve). HEFAR,
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82— T ]
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E 2741 i
a ! ]
272 L -
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Fig.3-9 Curves of temperature response

3.3.3 ZWERSH

B EMEBEIM A B. C EAEERAAR 3.6), MAHHHBERHESER
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Fig.3-10 Temperature profiles taken by lidar and radiosonde on 21 Feb. 2005
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Fig.3-11 Temperature profiles taken by lidar and radiosonde on 22 Feb. 2005
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Fig.3-12 Temperature profiles taken by lidar and radiosonde on 23 Feb. 2005
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29 1.8km A, FANEENBEIESEEBEZUNBEYE RYE, LFAMRNEN 4
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3.4 HENBRGHE

ST R A AR A4 PMT_1 A1 PMT_2 BB 8 BU RS,
% B A BOLE R AR B RURINA M SHBEURBME SHBER, 565
Gl R RBE R RGATESH, REBKXTEEHE. HdF A ERR 8R B
BAS TG 2R 8 AR SHERE, RERBAHBEHEURE.

RgtrE it HiE A 3-13.

vl

305 w53
T A I Sonde _T

Y
FEHsHi 2k EBU0ANEE A
z1,22,-,210, S5 5]
Hs1,Hs2,:--,Hs10

/

7ESonde THIZR b, ENEE A

z1,22,...z1043 HI 5+ R 38 1
T1,T2,..T10

43 BN M . B F AR Y
Hs=exp(A/T 2+B/T+C)

Y o
FF B b —RiEAR et
BlE, KREHREH
A, B. C

(w )
Kl 3-13 RGihrEvHE IR

Fig. Flowchart of the system calibrating algorithm
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Fig.3-14 Flowchart of the data processing taken by lidar

3.5 ZE/G

AR IE SR TR R W R H B R UG BOL R R KRR BRI T R B R E Al _E BT
RELRREV, IR THEELREMIRENE, URLREI ATk, KRER
R, IRIMKHHRBHABERAT RELTULRLFBERK VBRI E, 8
K ThE 250m], HRSE 4 PR T, BERIREDT 1K HEREHRNE
HRHAIA 1.8km, BHEATIA 2. Skmo XAMSEFRME S RERRUIHERMYIE, EWT X
BRUTTIERTATHE, B RIRHER T RATPTR R 05 3% 2 F AR R A E I v H 7 M IE
it FRIERTIRA TR — PR LRARIZRALAEITT TEISEM.

52



4. BRREXAVERAMEZLHAT

4. ARBRERASSEZRANLRHAR
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FHIR, —HERSZR .. FMREIIENFREE. 52 2R TREIL R T L4
MR ESEE N ERRMXE, PARRERA—ANEENHERIAERNE, R, 2
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BERRMESERDERHSEATRARER T T R. TERRNELEUTHAIBS:
H—. FFRIAREZLH 3550m BKBSTBOLERLR AL, LHAXNTRHX L
RSB RS ERRN . BT RME AL 24 PELRR, RIK
HAWEIE RS, NTIBBISEREN 20 BB R R4 T L 5
WFE, BiTeAREImR S T k.

2. ITETHETESEEES U K, XEALGH) BXSHRERBRY R
BRI FEHTEN . SERBN, BEHHR—FREF A% ERER D
BB BB A RA R AR, B HE I RAATHEH#TIE.

4.2 HARRLMKBHAATARS R

4.2.1 KBHBABTEAXLERR

KB BT R LR REMBRTE 4-1. REFXAH NdEYAG Ik BOtREER, A
TREARMBOGNHERIAREZ S, BAKSKERBEK 3550m ERRMEK.
BARZEET REZEHAKRS, KANERBSECHMSAR 0.1mad. HRH
250mm HIEEEEN, HFRMEHAZERT . ARG SERERAN I —RAEE
S ORMI 2RISR 2400 gr/mm, 4N 6pm), TS ERAEERE
SLEHEEE, £ATVE LRREES M, FAMOLE, SBHERNAIERRES

OREUH IR, R HIRAES KR R REREBHE S, REKBH MR
RIS LA (PMT) Bl iXE, Xl BHEEERART —HEHN 1om
RIS RL, PMT HUBIMEEHE S EEAT VS ITRRELARE S HRR. BOEEX
REZH TR 4L
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Fig.4-1 Schematic of the Mie scattering lidar experiment system
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#4-1 KEHBEELRESH
Table 4-1 Specification of the Mie lidar system

Laser: Nd:YAG Laser

Wavelength 355 nm
Pulse energy 30m]
Pulse repetition rate 20 Hz
Telescope:
Efficient aperture 250 mm
Field of view 0.1 mrad
Optics:
Fiber core diameter 100 pm
Grating:
Grooves 2400gr/mm
Efficiency 60%
Detector:
Photomultiplier tubes Hamamatsu R3896
Quantum efficiency 23% at 355 nm

SRR B F R T 4-2 oh, SRS R T P9 2B TOE S HE 13 EHETI.
H T 355nm BKEOER AT WO, FBBFEBCR, M 5320m BKBOLK LRI AT
Tmﬁﬂ

(a) ShmEM (h) S5 HI%
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Fig.4-2 Pictures of the experiment scene

4.2.2 SEREXARBNERE X
BOG T LR B 2 AL RS UM 135 5 s B P(2) SO 5 ik R OGE -

P(z)=BC-z? ﬁ(z)exp[—z]'a(z')dz'] (4.1)
0

K Py MR MM, C MEOETERL TR, 2 WRWFEE, B@Ma@)7 &
JE 2 Ab KRR R BOH Z2 BOR  R 5
CEFI T BOG TR IE S 5 RS R R B S, LLiH HIMHA Klett 7:1# Fernald
U, XM KRBT, HR A Klett V5RO R Klett rh i IS 1)
U REPRITE N R Moz (A AW T RITREK R
p=B-a* (4.2)
Herfr, B Ak 5ot i i 46 BL SO Bk B P TR JURE i A 45 9%, k HIIUEALE 0.67
—1.3 08, fEHI k=1, 34 S=1/ B, WA a/B=S, S F A #OL Tk L, X FLER % s=40 s,
(321560 PGV SERE O AR Vi A /O F
D(z) = P(z)- 2} (4.3)
mRE LA S T zo A RE I R oz 5 B R Bz, N
z B LA R & E A IR T I R Bloa(2) 85 7 U R B Ba(2) 50 A :
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Fig.4-4 A, B, C and D are the profiles of aerosol extinction coefficient taken by lidar on July,1 8,2006,
1:00, 10:00,17:00 and 21:00 LST, respectively.
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Fig.4-5 The temporal and spatial distribution of atmospheric aerosols of 24 hours taken by
continuous observation with lidar at Xi’an city , on July, 18, 2006.
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4.3 EHXPMERBFHATERZRIIAR

NBUKBOR SO B & B TR BN, GiHEEe, W1 CUT (@ s BRI TR
FIRTR, EUURA TR TR IE AR, RESREURSRWERKE, &L
FI FRIBRKSK TR RE. REPHBELZBHN. REVEFRRFMREFRAEEL
IR T RBBIK B BOE B A MR T, B8 T — 2R R0, BEREEIE R,
TEW. SRk, =Rk LEER/THIT KRB AMIFR L. B aTE AR
KEERILEABEGRT OO, FHi, BIRERSETAE. FREENEFE,
Af %A AN BERSENSEREUSREE™H, REEENHARIR
R .

AT 2B TRFHOLTRBHF PO, FHAZREROCRBN NAYAG B4
HBM AR (532 0m) BUEKERE, BT —ESRBRA TR /MR EHOK
M BOL B R R AR H R,

A EERRARGH BB REMR. SRS, FEEN R RAS
BT RENGE, R T REMTITHE.

4.3.1 MEXBSHHATERGEH T

%42 WHELRESH
Table 4-2 The system parameters of Mie lidar

Transmitter LD-pumped Nd:YAG
Laser wavelength (nm) 532
Pulse energy (pJ) 20
Pulse duration (ns) 2
Pulse repetition frequency (Hz) 2500
Beam divergence (mrad) 0.2
Receiver: Schmidt-Cassegrain telescope
Diameter (mm) 200
Field of view (mrad) 0.2
Filter bandwidth (nm) 0.5
Data system
Detector type, detection mode PMT, Analog and photon counting
Range resolution (m) 7.5, 15, 30 (programmable)
Operation Automated, or manual

Weight (kg) <40kg (3 parts)
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Fig. 4-10 The configuration of the Mie scattering lidar system
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4.3.2 REHHMH

RAENWEIH Mie BUH 5 S Rayleigh HUHME S LR KRB ROEBRENBOLER 2
550

P_Mie(z)=P,-C-z72-B_Mie(z)-T*(z,4,) 4.7
P_Rayleigh(z) = P,-C-27 - f_R(z,4q)-T*(z, %) “8)
P_BGN=C-S_B-M-%-0’ 4.9)

Hep, PoARFHIBOEIIPEER, CABRREES, z WFEUEE, B_Mie HKE M
HEH, BR AWAGHBHN AL, S B AAHEFOLMBEHERETEE, AMNFANEE
HIkIE R, O T BEMIMA, T(z ) KB E . HE I EAA=1 nm, 6=0.1X 107 rad,
BREARBK Ao MK KFAE ROEMEHEEFEEN 05 [Wm’sr'om™]. K ES
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Fig. 4-11 Mie scattering model

Hoet, SKERAREUHE SRR, B4 KB E SRR SHE, Bt TR
KoR:

T(z,4) = exp{— [a _Mie(z)+a_R(z, 10)]dz}

KRR FHIFHR B ASSBERAKHSHER IR U R RE S (K 4-2) 29
RARK (A7), (4.8) 1 (4.9), BIAIHEHKSKES (Mie). HFIES (Rayleigh) &
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Fig. 4-12 The intensity of lidar return signal versus height
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N(2) =(%)P(Z)At (4.10)

Ho, nAKRMUBHNEFRE, Mom] A RSB K, hJs]h Plank %%, h =
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by b, BTREEEXS NG S B R 2, BT AREBOCE &R
S RAE SOLM R R, BRIETSh, EF AN B RS (RS, 5
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Wl TR EAER:
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Fig. 4-13 The ratio of signal to noise and measurement error versus height
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FERFUSHOITE 4-3:

% 4-3 PMT X484

Table 4-3 Main Parameter of PMT
Parameter Value Unit
Spectral Response 300 to 900 nm
Wavelength of Maximum Response 600 nm
Photocathode Material Extended red multialkali | -
Minimum Effective Aera 46 mm dia.
Supply Voltage | Between Anode and Cathode 2700 Vdc
Between Anode and Last Dynode | 500 Vdc
Average Anode Current 0.2 mA
Radiant Sensitivity of Cathode at 600 nm 50 mA/W
Gain 4.3X105 -
Dark Current ( after 30 min ) 30 (Typ.), 100 (Max.) nA
Time Response 2.6 (Typ.) ns
R2257 (S B b ph 28R T 18] 4-14, SRAEVE 25454 th 28R T8 4-15.
102 [PeenEn 108 TPMHB0XSEE =
.
‘\ /
£ AN === S
§ [ J \
10! £ - \ 4
- i e < Y 7
|.>: é 1 # “ 106 E
25 1 N >
EQ ~=
a8 I h v \ A
ﬁ 0 " t \‘ Z 10 il pd
+ i :
- t [
e )
€ 1 ) L —=—= s
&3 1 r
S 10! X V4
§ 10 E% ssa
] A 8
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Bl 4-14 R2257 S i 7 ph %

Fig.4-14 Typical spectral response of R2257

SUPPLY VOLTAGE (V)

K 4-15 R2257 S RIS 51 sk

Fig.4-15 Typical gain characteristics of R2257
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EREL~THE 4-16.

) P ‘-—-]———Vo
e $ K

Dyt Dy2 Dy} Dy4 Dy5 Dy6é Dyl Dy8 Dyl0 Dyll Dyl2
0 Lo Lo Lo Lo Lo L L L fﬁ t
-
HY 0.01uF -
B 4-16 PMT #:4:
Fig.4-16 Hookup of PMT
b. XFit¥a&

FF s R —AME B R I /3888 ok Se AR A E L [R) [ A% PMT Bk B 73
B 5 PMT BT 6 A e, BRA LTI Eadxt RS Atk E 52017 vH 8, R
BUERE. YT i3k A #E Becker&Hickl 2 7 ) PMS-400A &, PMS-400A £ 2 i
¥ 800MHz # [ 1N TiH 5%, FEHASEFITER 4-4, SMEEFRTHE 4-17,

# 4-4 PMS400A TERASH
Table 4-4 Main parameters of PMS-400A

Parameter Value Unit
Counter Channels 2 -
Counter Rate 800 MHz
Min. Counter Pulse Width 800 Ps
Min. Gate Width 1 Ns
Min. Trigger Pulse Width 1 Ns
Counter Inputs -1to+1 \"
Gate Inputs -2to+2 v
Trigger Input 2to+2 \'%
Input Connectors 50 Q
Counter Width 32 Bit

Bus Master PCI -
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Fig.4-17 The picture of PMT-400A product
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Fig.4-18 Flowchart of system program

4.3.5 /&

R T —FEE X TR BOLE R R AR R, FIH ZREROL RN
NA:YAG [ B0 88 9 53038 K (532 nm)PE IR, BEM RN REN K IIBREE R
IR AR KUK P RE ML E S R T /N EUK #5 BOE T I8 R b A B B0 I i
BAR, FIRRSHER RERITT R, TEARRY, EHEMNREMT 10%H R
G A RAB G MR = BE 5> 54 6 km F1 13 kmo %R GEE B HE ST R ARR NS A,
AT T RS A (XK, REARGH) MASFERN, aETFUoRgR
B R HC T AR AR BT
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4. 4 K5 /G

AEEIL R —ERABRZEMKBEFABABLLREAR, HEREX EZXTIE
BGHATT 24 DBTESEURM, BRRB T ZHMEKEEXRIUFBIRENRE S %R, H
Klett R E TAHERHEAREEHME, HEHTRELER,

DK BB IEMP R R ST T LM, THRERERBEUREES N,
IR RS %, RU B BENNE 2 ERAFREATEE—PHALLHER
R R ERE T AR,

R I T —F A T BB TS FAR B0 B BE IR 0 B 1 4% 2/ UK U ok
FBRRERU TR, B BUENG AN AR ERT TERRIE. ZRATEER T
MEAREGE (W X, KEAGH) fXSHESEEN, wfHTRHEXKERLE,
TR TY R RER R ERRE AT,
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5. BAENREHARABERSSBREMNZATR

SR RARBIFERS K E AR, Sl mmEe. B BEY. =
HEHBRTBR. SERMABESFEEERNREAOEWE, KSTRT BRFHHRHS
WK TS, BEARHRB KT RERAERE RS RTARRAT.

SEBREARKSAFHENEESH, B SHRRA N LS RENAKEZ BB
Ko ST FHEOR BT H FRARSIERA, FHRIDEERERENNE 51
5 BRI KBS AFEENEW, XEFERETNEELE, RREEL R
RS R T SETE P M LR BT TR B SE N B SR, BT A TR B F BRI IEK
TN 5 Y T P ) B 0 B 33 0 L 000 3 PR 18 AT L DR R L B E T IR B2
RFHHMER, 44 TEMESEEEATARROLEERNEN. EEA T LR
5HR, KRR 5Hi%%. Bk, SAERBRITIAR AR EZNERH A NHE
SRR X

KERRKEYENR —ANEERLZSH, AR RRLER SBREKESN
HHKFERE, SBRBAEAZERKIBNZEREE, ERzBRTRETENE
EXER. RN SR AERAKESEEORN, HHARVEN, zZEK, X
SARFERSYERZ A REZNE L.

5.1 MinHE=R

5.1.1 EEERYEH

BOLE R R ASSHE, Bl EERAKEHBOLEERA'Y, RELHE R,
ST

R, RBNESBHBEATE, HBEFIMNASERARA R NMEEEEHKRS
LR EES, TERME KAS FHREFRIBSE BMARATRXEERER, €
IR EEBE—R. B, HERFEEFETM, FEHEPESHELREN)E
FH R A ORI R EORG 1 U REE R BOLE AR ERBH RS Y.
i, BERMEXFE, JELR 2 AAKRIAESY, RETETRFETHRUH KK
R R AR T e A BB A U E BAE— g, ik, AR K BOLE R T
MBI RS (I AR FREHRR. BotERLS SHNEHUE.

BRIE S BT ISR AR (High-Spectral-Resolution Lidar, HSRL) R 7EXK AU Hik
BOAR MR b & R T 5K 69— Fh B R B SIS IR B AR, BR) F S R 1 S AN IR T3
fi s 3, A AR K R O R, B AR T AL RFRBEL SRS TR
TR BRI S PR, MKSHBUEHE S 4 B KU R 5 R U % GESES RS
BEEX) 55, AFERRRAARS, RTUEESHEERE. Fbiw wikfsd
KGO EIERIBRE, MMAZIRSH RS EROF R E 0.
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5.1.2 HSRL &P RAMS AHEAR
a. Fabry-Perot (F_P) HRAERE

S E LIRS P EIOLE S FEM SR ROTRITAZE 20 HEN\HERVESSRER
i, 3E Wisconsin K%M S.T.Shipley % F 1983 RER T Btk M HRBOL T AR KR
SEBNFRE R ES, W\B2/E, FRAENHEMNNERSNSBHR, URIEES
SOE TS EHAT T RIEANR . RENBRBWED: BB THEEREE—
M=/ F_P taE RMBMIE RSB EE SEasHE, BH—ANEH F_P irEREXRE S
Mie BSHE S5, B—HEEmEMEEN, F_P RE RS Rayleigh H4HE S A —B
FE SRR, HPMEREHHRINE 5-1 fim. AXHTETUERSE Mie.
Rayleigh B S, HHERARELARIE, HXMREMWERNRITHREARZETERR
F_P iZH( Mie 851155, ZSERKERKN, FPRARHUSEREHNESSMRK,
EZKFHTFHIES, 1f Rayleigh 5 EHER, UETEENR.

L1

1.5nm Filter

w72 X770

Etlonl

Etlon2

PMT

Etlon3

Rayleigh_ch A

L2

-
=:= _____ |
-

- ——
——

Quad Aperture Mirror

K 5-1 BT F-P SRAERIIE6DS
Fig.5-1 The filter based on F-P etalon

b. RFRUBIE NG

R IR TR M 3 SR i, HROEH 5 R LR M i Y 28 VR TR T D 28
UG T 6 5 38 R A4 A RRIR K I Be ok 88 . 32 Wisconsin K22/ P.Piironen %(''%
E 1994 SEARIE T 2T BURKIE 281 HSRL, FRZKA Nd:YAG B A0 Rk ik
KA R G, B AR 2 KRR AE 5 seilid — AN i i — MR 73 B bR
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HR, WEHFOLRA. EDHERAD IR AP, —BREMBEIEEE, Htd
ERERR Mic BHES, H—BEZdtREYNERENGESERT SRR
FHEHERS, BAREHME 5-2 Fim. FIFRBREEES) B Mie. Rayleigh B
SWHE, MUAETRANEESTERE ZHFENS S ETHTHRM, 3 Ak EEtE
S ERERE N FERBE, EXHIRREGHETBEER.

L

3
~ .
v d o EMH
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P 5-2 WU KCEE L 28 AR
Fig.5-2 Schematic of an iodine cell filter

5.1.3 XEMWHRBRHF

HSRL R K S ABRIIBARAEE SR BRI, HR P EBERERFETHX
WA AN, B 67 E A AT R B P s AR SR Il i — 25 HSRL R sk A
e, FRGHBAHITRISR, STREMES, ENME, SIhRkk.

BATTF 2006 FEFFLEIFREA F-P 43 AR K HKIMBER I 5K ¥ HSRL BA RS A48
KRBT TR B R ERERBEAZIRRRAEW, HAEESERKER
SRAIE AL T BRI SOG4 1 ERERIT L, WEKEHHRSW S %L IRER
MEE, FEseIKESFBERERE. T SAKKE R, FAERTFAMLRA RS
SEWHE, EXRNEESZNFEN, HRIARSER R, 5TENR.

5.2 HSRL S8 KFENEE

5.2.1 XERBRMH TR il

SRR T2 MBS T UM T Mie OGPISHETHE, At 5w
R FE . 62 TS S R Y BT %, IS ALIEE B A OIS R
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FOLIEREABRT RSSARETRENIES, EmtERER DS, —RaTLUERUA R
SHBOLRK iR
KESFHREHEISER 5B (Rayleigh) &S, HESEER TR TFHH
BEHEBRNEZEYRE. ERSENT, [ESFREESATELH Maxwellian 57
RN
n, | m f m’
=\ 5T exp( 2kT) (5.1)
e, ng—FFHEE,
m — N TFRE,
V_ﬁ?ﬁgr
k—BRUEBEY,
T— KRG
J5 U I B BB s R
dv _ ¢
do 20, (5.2)
ﬁqj’ C—ﬂjﬁﬁ,
o— Jo 8l B AR AT R B
co— KRS .
BRI 43 F 5 1R B R 3 A A

- . 2 o . 2
L. dN, (o) = |- 2c expl — m zc (o —0'0)2 v (5.3)
N, do 8mo kT 80,kT

Hef, Np REEE RS OEATE. GBS, J5 8t & 7E 8oL R 5%

KB ERRTE.
FRUTHFHIELLSE D FRMES) T4 £ BT, ARSI g

TR, XRAEB S B KBEE S 5HR S S BT R,

5.2.2 HSRL SiBKIRNEIL

HSRL BAEZFH sl et ™12, b SBRs RMKEHESS
KA FHIREmRMBIHFSHDES .

HSRL RZF A B IER KBS 50 A WA GEEE, —MAREN ARG R
)G BB 6, 53— BRI B 238 56 1) 20 7 Ja R R O, XA/ TE 2 M 4 F
J& R A F E S S RE R U L T 2T A SR I T H IS T B ROR

AOEOArt O'a(Z) IR;(”aZ)
Noz) = 2h - 2 4r

- exp[-2 [ a(z')dz'] (5.4)

81



BEELKFHEFEBL

N, (2) ==k Zn2. 2o 22 expl=2 [ a(z')dz'] (5. 5)

K, z—HFRHE,
Gas Om— 7 AR BRSBTS 4T U 8,
a— KSEBHLRE,
IP, (m, z) — S5 B B M R
P, (n) /4n=3/8n— 4 FJ& Pl B AH R 2K
Bo— Rk HIRE &,
A—BaFEEEH,
Ao— ASHERIB A,
h—E L,
tp— WGP IR I 1]
FIX BN B IE T FE AT DL H U H S(2):
N.@) _0,(2)- IR (7,2) 5.6
N,(z)  o,()-IP,(n)

SR T I 1) PSS AR AT e O EE SRR ISR 0 i 78 2

8(z) =

o.(2)- Fe"D _gy.0 (1) > (5.7)

47 87

Bl, SERHE REBSH RETURRA:
£ =520, o (5.8)

K, on@BERSKRERRLH.
Bz Bl o RS EBREEETHN (5.6) f (5.7) Fili:

0,(z,) Z/N,(z)) (5.9
am(zl) ngm(ZZ)

7(zy)—1(z) = %ln[

KRABHER o™ b2 BT H AR

2(@)= 5;22) N T(Z;)::(Zn) (5. 10)

5.3 XESBRMAZSEERUKAMR

5.3.1 HSRL R%Himk

HSRL RZiHI s 5-3 FiRl2128, R # A FIEA K Nd:YAG BRgOt S 1E6UR,
ATREAKXMERRES, FEEIIARLEMNTE, EHBOLHRH=XKIEEE K 3551m
TERERM B K. BOLBLWEEEHF RS, KRGS S, FEe
AL, FUEMISAN 0.1mrad. AT LMARNE, REATRE T —hEtiga xR
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K, ARG SLER L1 MERH M, NETHEERIINGE NBS L
WATH IS, K— BB % S5 KRE SO ENER L BEIFR. XK—WmABHNES
ME—ERTH AL EHE —RFHRHE M, REEHRHAES N BS F#K
NAFE, —HESHEMERMEHE PMT | B8, 3—BESBLF PHRERRE, B
HOER I E PMT 2 . XH, F_PAERMENTRRERESHEE, ARER
TREZHE. KRYE LM F P RERASZHT REENMHE, NmE—2RK
ETRERBAEARKITHE. KMEATHESRANSE T —MEKA 407.5nm FIKES
AW EFHETHTFREKESEE, 2THEXFTF, BH L 6 BE, hPMT 3#
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B 5-4 i T HEERBIMEFIAKE mBSHE S kg, REAMH—A F_P iR
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X UBAKEKRAFSHFH. B, A F_P iR, SHXEHGESSE
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Fig.5-3 Schematic of the HSRL system
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84

& 5-1 HSRL R4S %

Table 1 Parameters of the HSRL
Light source: Nd:YAG laser
Wavelength 354.7 nm
Pulse energy 200 mJ
Pulse repetition rate 20Hz
Telescope:
Efficient aperture 250 mm
Field of view 0.1 mrad
Focal length 1.0m
Optics:
Fiber core diameter 100 pm
Grating
Grooves 2400 gr/mm
Efficiency 60%
Fabry-Perot etalon :
Frequency shift 2.5GHz
FWHM 500 MHz
Peak transmission 60%
Interference filter
CWL 407.5 nm
FWHM 1.0 nm
Detector: Photomultiplier tubes Hamamatsu R3896
Quantum efficiency 23% at 355 nm

Mie scattering

Rayleigh scattering Filter transmission

Filter

Intensity and transmission (a.u.)

-4 -2 0 2 4
Relative frequency ( v-v, ) (GHz)

B 5-4 BOLE & BMURE ) BUH 5 5 R L %
Fig.5-4 Spectral diagram of the backscattered lidar signals and the filter
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5.3.2 Fabry-Perot ¥RAEERESF1E

F-P FRERALS T RN, MARBEKEFARANENE, ATHAGENERY

ZiH, HBHERE K THTARRP.

IO
Ir = 4R . ,6
1+———-sin® =
(1-R) 2

(5.11)

Hep, I ANGEMGEE, R ARERN ALK RHE, SHMHE. BOERAS A

A0lrad], AHEHIIERVHZ], AVET BLHETEE FSR, EXER:

1,

1 4F* . ,(nvcosd
+“‘{—'Sln
/4 Av

I, =

AF: FARARRE.

FomVR
1-R

ZIBFERKBAS F-P EFERAEN, LHENEHETHTAERER:
2 1
T(v,0)=0—2f 4.F? .z(mzcoso)’e'da
1+ -sin
V4 Av

2

XHFRBE L, TR TAHR:

4-m2 -2
JueW) = e
Mi, ( ) ﬂ'oAVoz

(5.12)

(5.13)

(5.14)

(5.15)

Hef, Av=150MHz RK B IR R R E TR . B, frMER KRG E SHENZA:

10°
T .0)= [ eV =v)-T(7,6)-dV

(5.16)

R4tk HA SLS Optics 2 747K F-P Etalon, #15: A304, SHF|ITE 52+,

# 5-2 A304 IS %
Table 5-2 Parameters of A304

Parameter Value

FSR 10 GHz

Effective finesse, F 33 at 355 nm, over 20 nm aperture
Wavelength 355 nm

Clear aperture, dc 30 nm

Effective aperture, dc 20 nm

Peak transmission 60 %
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Fig.5-5 The picture of A304
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Fig.5-6 Transmission characteristics of A304

WRIEA (5.27) LIEE 5-2 IBH, af LI AR KA E S Lk s T8 5-7. &
eI R R A FE IE 0.5mrad.
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Fig.5-7 Transmission curves of A304 with different beam divergence

5.3.3 BHERN*E
a. S[EBEAFHERREE
WIRTTH 5. 3. 1 PR, HSRL X RSK TR RIS 54 BF i, —BERH PMT 1
B, HESHASTARSTHERENGES, X8 TARKREFREREHNGES:
A—EE F-PRRHERSS, BIPMT 2 8l, WESHREFXRSTHERMHES. X
BB SRR E T L BB E AR RIR R A
P,(2)= K-%:%(Z—)-exp{-zf [a,(2) +a, (2)}dz} (5.17)

£@=k BBELON o2 [0, () +a, ()12 (5. 18)

Hi, Po(2)fl P(2)A HIRH KRS FRRERN FRERKINEE z ARG SH
hE, K REEAZRENNE, ERRENKMESHRER, A RBBKETENER,
B F1Ba 45 A KA F AR BRLF B 1R U R B o Ml 53500 KR4 F AR
BFHIEE RS Wd (5.17). (5.18) RATLIB2jE M EUEEH S@)k:

£,(2) _B.(2)+5,(2) (5.19)
B, (2) B, (2)

e, B ULEE I RS SBEERE. T£ KBERERENEETHLEXE
H:

S(z) =

B.(2)=[S()-1]-B,(2) (5.20)
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NSERERRETH (5.17) RFEHKH:

_ 1 dinR,()2"] 1 dB,()
X RO (5.21)
tHFE z1 B 22 MBI EREA:
7, = [lza,,(z)dz—— K d[ln(Pdiz) ! ﬂl(z)-dﬂ;z(z)}dz (5.22)

b. KFSEERREZ
AKESEBIE PMT_3 RMBINASDERER Py TR T BATERR:

P,(z)=K- -‘-EA'—Z'B;'LZ) -exp[-2 [ a(z')dz'] (5. 23)

He, Bu(z)R/KZASIRSH R B R z LRSS R
BRKIEL R K Frg B LR, MK SRR SHAER L Su(z)

A

_B.(2)

SH @)= ﬂH @ (5. 24)
KIS B R MR
d

ﬂH(z>=N,,<z)-[%;—§i’l] (5. 25)

Hep, Ny@AKESEE, don(n)/dQAKESWEBH MRS EE, FHEKEIER
ATHEHEAT (5.24) 1 (5.25) JBHi:

B,(2)
Ny(@)=—""—"—— (5. 26)
S, (2)- do.ﬂ(”)

5.4 ﬁk%%ﬁﬂ@ﬁ*ﬁ—'ﬁ%ﬁﬁi

ERLIENHRBEFEERRE P, ERKPELBEAERMAHFIIE, BHER,
PARAREMISNE, T Nd:YAG FkrbBotasth T2 . TSR A 0 Bk g L i) AR 23
B AL RA, MELAMMBIRAE T /. A0, Nd:YAG Bk#OL 28 60 A RSt B i A &
ERG R AR — 124132,

AV FHMILIR T HRAE HSRL RS RAM FENELI NA:YAG RkrP oL 5.4
Wik, FERT NdYAG BEABOLS M .

5.4.1 HAERME PRI
WO W ARS AN PUE IR 2 22 Avg BR A PRI, 7T T Rom!™):

Av, =v -V = (5.27)
7 2nl
e U=nL —— EREREEKE
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WE A AT

c HEPHEE
XE, BRNEERGEEREA, BRAGHLHERY BEEMFNE, 4 RERA%
BRFEfE. IRGHIRERMNH:

G° z? (5. 28)

AH CHBFENMFH/MESHBERE, SHBARERIGE | hBEYROKE. FU
Avy R IR w T RE RS AR A, W] RER A ¥R 3% M B KR EOA -

Av,
Aq:I:Avq]H (5.29)
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Fig.5-8 Schematic of the multiple longitudinal mode oscilation of laser

5.4.2 MFENBIIHBA
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DIRBELRRE. BmIIRHOL. EHRAMSORGBAR, WERARTROLE, FERY
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ARG BENMETHAR o, MBS B P EENESRIENHAEAE o,
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BT RIGERBERK, MARENESHEWKHEYEMRN B RIBSH RS
. HTEAGSHBELREGBEKRBL, Fblo, BEEMAEY, MinFB4H
RETR, dhit i THIMEN TSI, REHERBNE, RALIAYE R
o

C/2L
Ffr/// \\\\x%
;
e A o
VIAVc N V
HAES Bm

B 5-9 MEASUERE
Fig.5-9 Principle of the frequency locking by seed injection
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6. REERE
6.1 B4

RXEEHARERNKTEE R SEROBEFERREAR . KB HERRER
RAAKXKDTF (N»,02) HIFEZWEBLRENBREEFE, BB AT/
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BRKEEFOCIBRAA 0. 300 sr 'nm 16, REBMBARBEABE 2. 5km LLFHIAK
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Wit E T ER BRI,
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