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Abstract: Lidar observations of the middle atmosphere in the Antarctic are 

proposed. Vertical profiles and their time variabilities of air molecules and minor 

constituents of the atmosphere, such as aerosols and ozone in the stratosphere and 

alkali metal atoms and aerosols in the mesosphere and the lower thermosphere, will be 

measured accurately by using a lidar system, the transmitter of which consists of a 

Y AG laser and a dye laser pumped by the Y AG laser. 

The lidar observations in the Antarctic are very significant in knowing the global 

structure of atmospheric constituents and dynamics in the middle atmosphere. 

Moreover, they will provide important information about the response of the middle 

atmosphere to the electromagnetic disturbance such as aurora in the polar region 

ionosphere. 

�Ii: 71 !J. - �� .t 7.) wJffiO) i:f:t Ji::k�IIO)fUt���i"" 7.). ;:. ;h�'l: YAG v --lf

:fo .t � YAG v--lf-m};,1§�* Y --lf-� 71 !J. - nsm.*��ffl 1.,, '""C, JiltJillO) .:r. 7 i:z 

:/1v, :;t:l:,;-\°i:f:tFai!II, r'lm�II0)71v:h !J��J]Ff, =7i=z :l1v�O)�:l:Ji\tztc, 

*�zr�m•m�O)��zr�:ro.1:a�O)�oo1¥.J�•�•mKM�L.t5ci""7.)tO)� 
�7.). wJffi0)71 !J·-il!alU�t. i:f:tli::k�!IIO)ffi.fflt!¥.J, 1J�1¥.J:ffil�O)fli=z -... �,vt,d!IUW 
O)f-:6M� �:b6b--c:mJ!'.··c-'5 1J, it-:, *- i=z 7 tJ: c·O)ffi�m•111��:rovt Qm��!¥.J c 
�,aK�i"°7.)i:f:tJi::k�O)�g�n�Q���:b6b--c�••��Q. 

181 

w:JillltJ� G rim�!llvc.�Q J:f:r Ji:*:�!IIO)!J9'fW£�'l. *�O)JIIJJ, mw:. t&M c ",? 3 --::>O)� 

*iJq{llDC.iJ� G.7,i.i?i? flffltvc.a; Q C � n Q vi ct!.iJ� G, ;: O)�f!t�J{��:lm��flE�ITTVC. � 

'b � c :flEMi" Qt.: 2sb vc.�'l:, ", 'i t!.�.S. {t � .n --C ", tJ:", 1b 0) � 1b �2sb --C � � < 0) �flE • {t�:I: 

c-=t-O)�iJ)O)�;@�' m.-tttm.ITTtdN.ffl;··c-jUJE L --Cfi < C "'? �;@�� GtJ:vt.n�itJ: GtJ:"'t!. 

6 ? . Li.7� L-=t- 0) J:f:r--C�vc.;Hi�O) J:f:r li*�lll�'l:. �ra1::kffi:ffl c iJ'-, ��*�mw:� S M::i:O) 

-f!t�{t C iJ'-, J:ga 3 �*O) c·O)-$�� *-L 7b' �ft 0t.:�fWl�fif"?ffi�--Ca;Q;: C iJ�T 

* ;ftfli::k�J.i�'lmif'foJ.i�feft�. Department of Physics, Kyushu University, Hakozaki, Higashi-ku, 

Fukuoka 812. 



182 

� � :h Q 71� G, c. 0) i1l� 0) *FtHttJ: wln1Ht, $ li::k� [II 0) !f t=1 - ,,� 1v td!M 0) t-:. 6b 0) i!-C· tis Q 

ct\t,;tQ. 

� GK.ffi�-C·O)fJL'.r�T�m�!ffl'!t�O)��vc.J:: Q:? =i- -1v;/J1:J�71;, �lffi��O).:r..:r-1v:¥ 

-mntvc. i -C' �b©'t£�fJ:{�i1fUz-*t-:. L "( \t \QC. CZ'� ;z_ Q C' ffi�tj=t Ji::*:�[IJO)J::$-C' 

���. t.O)J::5�•m��c�,�K�--tQtj=ttt::k�O):tJ�����m�O)@�O)��� 

2::, m��vc.�*�\t,rP,mI71;\t, < "?tmw�nQ-c·tis0,. 

�c.�ak�, t.O)ffi�tj=tJi::k�rlJO)��O)kbbK, ffiffi�0)51Y-amz-m�--tQ. 

51 !l'-li, %i:tJtJ: v --if-�,,{1v 7-z-ht>J::tf't, ::*:�$0)tt!L!lmJt71:. GO)f&jjtt!L�z-, 

�OCO)��cL't�%i"°G�����7'�A�. tj=tJi::k�Bz-%m�K&mL�Q�V©L 

� y tJ: \t , � tJt 0) 1 "? -c-tis Q . :1:3li 0) v --if -tt m 0) ;i � vc. J:: '? --c , c. 0) � oc il� 0) ::k� 5t r 

��fiO)::*:��:ll:�JtO)Jt:fp71;, i'Wmvc..B!\t,�Fsj • �oc5t:Mf3!§-c·!U%-c-� Q J:: 5 vc.tJ: -?t-:.. 

mtEO)c c.0vi, F-;, 7
°
5-�7 rz-!U%L--C::k�O)JiltJz-ffif�tmx.J:: ::i c'"t0�d,l.vi, )(f 

mrlll*Jvc.�!% 2- :h --c \t, Q 71;, ::k�$0)-*�5tvi, � 0) �f6p-�Fsj l*J-C·vi::*:�JiltJO) r v --v -

c � x. G:hQ 71" G, �O)�fflOCO)!U%71� GviJilbvc.�--t Q1lt¥1i'z' <b �QC. c 71;-C' � Q. 

1¥.fffi-C'O) 51 Ji' -vc. J:: Q tj=t Ji::k�lffi&!Uvc.� L 't vi C. O)H@i71;il)bb't fJ: 0)-C', 1¥.fffi&!Uffl 

51Y-�7'�AO)M�z-��Q�K. 51Y-KJ::Qtj=tJi::*:�!fflamO)m�z-••K•a 

L 't � � t-:. \t , . 

2. :1 -1 3r - tr. J: Q i:t:i !i * m III JJUJl1J 0) :EJUJc. 

51 3t -vc. J:: Q tj=t Ji::k�!IIO)B!Uvi, 1*W!'I"J vc.vi��mvc.� < 0) AJi!§t:iz-�--t Q 71;, m;(E i 

-c·vc.ffl � 0) �Moc-c·mU%71; AJt!§ vc. tJ: '? t-:: i 0) ti, ?>z 0) 4110)4o/JJt-c· tis Q. � n..'f nvc. "? \t, --c 

amuO)m�z-��Q. 

2.1. q:i railll, ""F!B�lll (!) *5fi �T 

Rayley tt!Lz-fUffl L --c, ::k�JtrO){��Woc�oc;t§)(;f{� c �O)�Fsj��1tz-!U%--t Q c. 

C iJ;-c-� Q. tt!L�ffl�vi�\t ,iJ:ltJTffiffliJ:,J\ � \t 'k© vc., ffl� O)::k/:B :tJ l/ --if - C ::k'.:Jl:m� 

z-£,� c '":t Q. KENT et al. (1972), KENT and KEENLISIDE (1975) vi, ,,{;t,, 7' tisk I) 7 J 0) Jv 

l:' - v --if- (0.6943 µm) z-*9 0.1 pps -c·js!,t L, 15 m2 0) '.:Jl:m�z-ffl \t, 't �OC 60-100 km 

O)::k�wJil:9?Blz-�/:B Lk (� 1 ). c. 0) 51 !/'--C·vi&!U�Fsj 2 �Fsj-C·, �oc0-:Mt!§ 2 km, 

:1:��oc-c·O)!U%Wt��%UPJ'·e 1 "?O)::k�5tr{��Woc�oc 7
° 

P 7 711viJ:� G:hQ. fth 

vc. c. 0) J: 5 fJ:::k'.:Jl:{t�z-�"? c c. '6 iJ: fJ: < , i: t-=.1v 1::· - v --if --c·vi c. ntJJ::O) /:B :tJz-�ffl. 



No. 69. 1980] 
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KENT et al. (1972) .t IJ 
Fig. 1. Atmospheric tides observed by lidar. Contours show the fluctuation of atmospheric 

density in unit of the standard error a. After KENT et al. (1972). 
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FIGURE C 

LOCAL START TIME (CST) 

mi 2 71 31· � ic J:: �d&J\loM::k�?Ht!tbO)ftll?J!U{fflJ. :r r v 17 A /10)*9155NiJO) 7° 

p 7 -r ,, Jv 

ic (a) low pass ( <3.5 k.m-1), (b) low pass ( <7.3 k.m-1), (c) band pass (0-15.4 km-1, 

7 .3-5.5 km-1) 0) 7 1 Jv 3l � ·-e:-�Ui l, t.::. i 0). ROWLETT et al. (1978) J:: 9 . 
Fig. 2. Atmospheric waves of short period observed by lidar. Profiles of sodium obtained 

in successive time intervals of about 15 minutes, using (a) low pass ( < 3.5 km-1), 
(b) low pass ( <7.3 km-1) and (c) band pass (0-15.4 km-1, 7.3-5.5 km-1) filters. 
After ROWLETT et al. (1978). 
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Fig. 3. Atmospheric sodium and potassium observed by lidar. Seasonal variation of 
column densities of sodium and potassium and of their ratio. After MEGIE et al. 
(1978). 
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RECORDER 

� 4 YAG-�* '71 3l"-Cl) ·:f r:z ·:; ?7 � 

Fig. 4. Block diagram of YAG-Dye lidar system proposed. 

� 1 '71 3l
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Table 1. Characteristics of laser radar 

Transmitter Lasers YAG, Dye 

Pulse repetition rate 10 /s 

Pulse duration 15 ns 

Band width 0.003 nm 

Telescope refractive 10 cm 

Beam width 0.3 mrad 

Receiver Telescope cassegrain 1 m 

Photomultipliers 

Filters 

Photon counter 2 chi 100 gate 

30 MHz 

Lasers Wavelength Output EFF. PM 

YAG-1 1064 nm 1500 mj 3% 

II 532 500 15 

III 355 150 22 

Dye-I RHGG 555-570 110 15 

IRHB 580-600 85 15 

I RH101 605-620 90 13 
Dye II RHB 290-300 17 25 

II RH101 303-310 18 25 
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� s ::k�?Frffil��gt�fflift 3 % (ti:fJlUO) Elf£ 9) :to 
.t� s % <ti-Oltl) 1::-mu�-tG�r.�-tG�r"', 

Fig. 5. Time required for the measurement of atmo
spheric density with relative errors 3% (left-hand 
ordinate) and 5% (right-hand ordinate). 
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Table 2. Time required for the measurement of minor constituents. 

Aerosols 
HR=l km 

Alkali metals 
HR=l km 

Ozone 
HR=2 km 

Height 

20 km 

80 km 
90 km 

100km 

10 km 
15 km 
20 km 
25 km 
30 km 

Time 

30 s (YAG-I) 
30 m (YAG-II) 

Na 
40 s 
10 s 
2m 

10 s 
10 s 
10 s 
3m 

40 m 

Li 
10m 
3m 

30 m 

Error (%) 

3 

3 

3 
3 
3 

20 
12 
10 
10 
10 
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