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Rocket Observation of Nitric Oxide Density Profile 

and Ground Observations of the 5200 A Emission 

at Syowa Station, Antarctica 

Naomoto IWAGAMI*, Toshihiro OGAWA* and Yutaka KONDO** 

Abstract: The nitric oxide density profile between 72 and 120 km was measured 
with a specially designed ultraviolet radiometer making use of the resonant fluores­
cence in the r(l, 0) band near 2150 A aboard a sounding rocket launched at Syowa 
Station (69°S, 39.6°E) under geomagnetically quiet conditions. The observed 
nitric oxide density was found to be much larger than those obtained at middle and 
low latitudes. It can be attributed to the after-effect of particle precipitations during 
the previous night. 

The 5200 A emission from metastable atomic nitrogen, N(2D), was measured at 
Syowa Station by the tilting filter method. The characteristic of observed 520(} A 
emission seems to show the dominance of particle im::n.:::t excitations rather than 
dissociative recombination excitation. 
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ti��� 11:k�i:pO) NO, N(2D) t.r. C O)�*��:l:n\tJtO)Jt11J:to J: UfftE:l:iJ�, � rf.ftr 

v:.J: --?""C:k�t.r_�fl�? vJ"Q"'c'�6? t. cvi KONDO and OGAWA (1976) t.r.c+O)�{w[-=E-7/v 

it•v:. J: "'.) ""(7 i§ � ;h, NO v:. '0\, ,""( villitE"i "'c'lrC, RUSCH and BARTH (1975), GERARD and 

BARTH (1977), CRAVENS and STEWART
1 
(1978) vc J: Q ffi£ � J=!h ,ts: NO 0)3tJUiiiuv:. J: "? ""C 

-tO)-$iJ��Ui�:h"?-0�Q. L�� Lffi�vc:tovtQ NO 5trW�O)�J!tJt11JO)fil!iUvi, t. 

.ti "i "'c' vi c I\/ c' ¥1H!r � n ""C "' , t.r. 1., , . "i ts: N (2D) 0) 1vc lli i'" Q 5200 A :tvcM v:.-01., , ""C i GERARD 

(1974) v:. J: Q ��JE, vc{f? * - P 7 0) ch c "'c'O)fil!iU, FREDERICK and HAYS (1978) vc J: Q ffi 

£ � Jih ,t-:MiUt.r. ciJ�ffl�� n ""C 1.,, Q iJ\ 4-tacffi�t-:vt"'c-t.r. < 4tiftl!!t vc:to1.,, ""C � x. cb -tO) 

�ttv:.vt�§}jt.r.,Bil�drt.r. < t.r_1.,,. 

2. HE ;¥a£ :r!fH c. j:o vt G NO 5t-=f � Pl 5t :ro- 0) o 7 ·:; 1- JJUff1J 

2.1. �ilcfo ct��ll 

4-@J, No 5trWI!t5t11JO)iu5EvcJfl1.,, G:htdtl:vt, � � tJ� t. n "i "'c'l*J�oot.r. c"'c'ff "'.) ""C 

�t-=��"'c'Jfl 1., ,""( �ts: cb 0) c [P]m10)1vcMH"'c'� 9, NO Jtrvc J: "'.) ""C ��iEfJvCM'flsL � ;ht-:::t 

�;W7f.::/t0) ? '0il� GYBt:llt 2150 A #ili':vc� Q r(l, O) .... � :,,- r O)n5(JMO).;_ ��u lli L, -t 0)1vcM 

$0)�J!t�1ttJ�G NO 7trWI!t7t11J�>l<6bJ:? ci'"QcbO)"'c'�Q. �v:.t.0)1vcMft"'c'�i, 

ff.1.J 200 torr 0) NO jf :?-A 9 :to J: U�O) 2 '00)1:i��/V��1D:.1vcMH::ltnJ::v:.§: < t. c 

vc J: "'.) ""C, r(l, O) .... � :,,- f 1vcMnlt5t c v - !J -�!L::ltt.r. c O)�:ffl"::ltnlt7t�7t� L ""C 1.,, Q. �I: 

O)�*IH�i, ToHMATsu and lwAGAMI (1975, 1976) vcjztt"" G:h ""C 1.,, Q. 

��vi1977i:j:. 8 Ji 108 1247 UT, am�11£:1:!B (69°S, 39.6°E) ii� G}1'0J::vf G:ht-: S-210JA-27 

%�vc J: "'.) ""C ff:b:ht-:. ���O):;t�:XJJ[ftiHt:iJZ:Iey 91.8°, 'i t-:f1B;f1J£:l:!B vc:tovt Q :1:!BJ::WiiUvc 

J::hvi, :l:!B��:to J: u 30 MHz !J * � 3l -vtvivtffffit.r.�Jt��7.G L""(1.,,t-:il�. 7-1' * / Jl' 

7 AfC..vt�m!/&J!:£0)t-:6bIEmt.r..:r. ::.z -iJ�di-G:ht.r.iJ� --?t-:. P 7 ,y r O)���i�rmv:.J: <, J:: 

:n�O)�[!t 72-120 km, r��O) 120-83 km vcbt-:--?""C��0)7-3l��Q t. ciJ�"'c-�t-:. 

2.2. M:tli' 

� 1 v:., NO jf:?-AQ �1viJ�::/tnl:vc�Q��G:ht-:lli1J-JA% (NC) c, ��1viJ�::ltnl: 

v:.� Q �� G:ht-:lli1.J-JA% (BC) �:xmnlPJ0)1vcM*v:.�• Lt-: cb 0), :to J: u:1:,J" EI *r*vc 
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Fig. 1. Output signal of the radiometer with NO filled cell (NC) and with blank cell 

(BC) corrected in the zenith direction. 
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Fig. 2. Observed r (1, 0) band emission rate ( 4nl10) and the sum of the emission rate 
of Rayleigh scattering of sunlight ( 4nlR) and that of background ( 4nls). 
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J: v::>'"O:J<2sbt-:�.:h,GO)fm-1tat!ti�ffii"", ffl",:il[{W:-c-vi BC c NC O)�i:J� r(l,O) .... � :/ r�afc 

M$�. "it-: NC viv-!J -f{!L�-tO)ft!!O)af(!-j-$0)fr:J�ffii""c�x.G:h:Oi:J�. ��O)jff 

trvca;t-: 'Q --c vi",< v:>i:J-,.O)tmiEi:J� t.r.. � :h --c ", :o. 

� 2 vc � 1 vcffi L, t-: 3Fm-1t at! *7'Ri:J.,. G • f:B 1.,, t-: rO, O) ,,� :/ r 0) atcM$ ( 41rI10), :to J: � v -!J 

-f{!L�O)af(!-j-$ (4tr/R) c ft!!O) ���O)af(!-j-$ (4tr!B) O)fQ� l:Jf.�O) t 0)0).;_ffii"". t.. t.. 

--c:-� G.:ht-: v -!J -f{!L�O)af(!-j-$�, -1:- 7 1v:;k� (CIRA 1972: February 1, 70°N) i:J.,. GH 

• L,f-:afcM$ c Jt�i"" :o t.. c vc J: ":) --c� afcM$0)�J;f{iii:J��x. G.:h --c ", :o. ffftrvc -0" ,--c 0) 

WftHHi, Js.t-:t-:� ToHMATSU and IWAGAMI (1976) ����;ht-:"'· 

2.3. it� 

� 2 vcffi l,k r(l, O) ,,� :/ F'O)af(Af$i:J.,. G. �O)J:t��$ c L, --c 7.88 x 10-6 sec-1 � ffl"'· 

El B?&Ji>t:to J: � NO tA7f-0)*�5J'rvc J: :O*��j'f-�O)����ri L, --c•f:B L,f-: NO n'r 

Wl!tn'1fl�� 3 vcffii"". J:Jf.�O)M*J:vcffi L,f-:.:r.. 7 _,,� -vi, 30%0)�xtfli��c � 1 vc 

ffi L, t-: T - � -� 0) vi G -0 � i:J.,. G:1: r.? :o ��O)fr:J�* L, --c ", :o. r'&Jl!t 75, 90, 105 km #:iuvc 

108 cm-a �J!tO):ffi*�fifv::>-trtf>t.r.. NO 5J'rWl!tn'1fli:J�� G.:ht-:. 

� 4 vc� /.{ i:J� t.. ;h "i --c:-!A]� O)af(Afgt� ffl" \ '"(' l*Jzni (31 °N), 1 :/ r� 0) /' :/ /� (9°N) :to J: 

� S-210JA-22 %:rlvc J: v::> --Cf!BfQ�:l:f!Hc:to",'"(iJ!U5E L,f-: NO n'rWl!tn'1JJ c 4'-@10)*5* c 0) 

J:t��ffii"". S-210JA-22 %:rlO)��vi, 1976i¥- 1 }j 26 B 0) B 0) f:B�vc, �vi 1J :1:l!H��Ef9vcD 

fflt.r..��O) t c vcrrb.:hk t 0)--C:·a; Qi:J�. i:z -r-:; r 0)��0)�1tvcJ: 1J *�wI��i:J��A L, 
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Fig. 3. Observed NO density profiles on upleg and downleg. 
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� 4 l:!lffO£ttln::-� G;h,tc. NO 73-rWJ5t%1JJ c r:p{fiJI\ti5t--C'� Ghtc.Wi5t7J-1JJO)Jt'5l 
Fig. 4. Comparison of the NO density profiles observed at Syowa Station with those 

at middle and low latitudes. 

t:t-:ob 7 -!7 O)ji}i J: < tJ:J, ,. Lil� L1J,ffi,�0)*1t:i�Ht�IJ c V'C, 10 km �OCO) .7' ?:" -1v'1:'vi 

IE L < NO 51--J-WI!t51-1ff'a:'� V'(l;,Q c�x. Gh, Q. 4'@10)��"(-� G.tit-: NO 51--J-Woc 

51-1!JvtF"Jzw, 'Y :/ ..,� tJ: c'q:i{1£�oc'1:-� G.nt-: '1b 0) vc.Jt�. �I!t 100 km tJJ:'1:·vt 5 ffi-�oc. 

100 km LlT"t:'v"H} c ffi� Q 1; 'vi-t.nUJ: '1b * � tdl11"a:'ffi L --C 1;, Q. t. 0) tf: JHt, KONDO 

and OGAWA (1976), GERARD and BARTH (1977) 0)�{[11-=c-7'1v!Hfvc.J: -?"'Cffi� .nt-:J:? vc.� 

Tf.ftrvC.J: Q�-c�x.Gh, Q. t-:cx.vi., KONDO and OGAWA (1976) 0)*5;!,f!JC.J:h,vi., 

5 keV O)!f.ftt.:x:.;z.1v:¥-"a:'�'?k. IBC II !J 7.7'0):;t-1=2 :i:!l�vc.�ltl�i'"Q�Tf.ft-J-JR0)30 

51-FsiO)mmvc. J: '? "'(�[!t 105 km #;ftvc. 4 X 108 cm-3 0) NO 51-I-WI!tO):fiJii::kh\Mnlt� ;(l,Q. 

"ik 40 keV O)!f.ft:i.:x:.;t.1v:¥-"a:'�'?td.ft-=fJRvi, �OC 85 km #;fl:vc.:fii::k"a:'%n\ti'" Q t. ch� 

"c' � Q. Lil� L���O):JmJ:ffJjUvc. J: .nvi., :lm?itt�, Y :;t � !7 -, VLF 13 �m�:att-J-0) 1;, 

f.ti 1b h�fitffitdk�"a:'ffi L--C:to 9, ���VC.-tO) J: 5 tJ:*� tJ:f.ft-=fviEAh�� '? kc vt�x. vc. 

< 1; '· ti' L0, 4'@JO)mU�rWJI!till�vc:tovt Q NO 71-=fO){t:�B"JfJ:Miph;, 1 B � Q 1; 'vi-th, 

tJJ:c:l�'h,t. c"a:'�x..nvi., wmu � .nt-:::k�tJ: NO 51--=fWI!tvi KONDO and OGAWA (1976) 

ire. '4) ffi � .ti"'( I;' Q J: ? vc., HUt5Z� QI;' vi-t .tit!-fir 0) C J: ? !L�vc.%nlt � .tit-: '4) 0) 0) 1=. � � I) 

c�x. tdi? h;IE LI;, C ,�;b;(l, Q. *�;:. O)�,�O)fiJt5{vC.viq:tffi.�O):Jm�� CJ: ? !Lil;, � 

3 �Fsifirvc.vt -2dB vc.�i'"QPVtzh; Y :;t � -!7 -vc.ic.�� .n--C:to I), t.,ti.,GO) CJ:? !Lii;-t 

h.:f .ti� keV, :to J: tf�-t keV O)� rf.ftr vc. J: '? --C 1:. Ct-: c i'" Q c, �I!t 110 km :to J: tf 90 
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km #i'IvC:lj.. G:h,Q NO 5trW�(J) e.· - !I ��00-t Q;:. c "/J�'"'c-� Q. it.::.;:. (J)jflj��vcj:c", 

""Ctt, ��j:olry��(J)��RtRB@�(!)*�����k�. ��(J)M*K:lj..G:h,Q@� 

(J) NO 71-=f(J)W�1;J§c. t RB rsiviHll?ihi':a:' c c� Q;:. c 'IJ�W]�'"'c-� Q. S-210JA-22 -@-WHc l 

-?""C&��hkifli�lOOkmUr(J)*��N05trW�t�aKM���Qc�bhQ. 

3.1. �-

aiuvcJjh, GhtdllU1c�vi, N(2D) (J):M(fH-t Q 5200 A *'*11*:5t C 'W�16'1x:7t':a:'7t•-t Q 

t.::.�, T -1 Jv T -1 './ !I• 7 -1 Jv pr 1J��i*ffl l., ""C"' Q. �ffl l., t.::.�f�jt=f� 7 -1 Jv pr vi��i:p 

,t.,rJt* 5212 A, ��¥fil!�i 4.6 A (J) i (J) '"'c', 0° "/J· G 15° (J) r -1 Jv r -1 './ p·vc l IJ iu1t�vi 

*945f:Prsi'"'c·¥J1-R 5212A "/J•G 5130A (/)rs,�¥lt-R1W5l-tQ. 'it.::.*l�f1£�(!)t.::.�1tffl:�1t$ 

vi -30°C vc�i!JV·C�ffl�hk. &iU1JrtHi7(JJ{vc6@5£, ti!rvi�� 2.5° (J)P3%""(;·t5Q. 

fflU1(:�(J)�)(;j��vi EOA101 ��16�� ffl ",--c�IE l.,f.::.. 

3.2. iJUJ1JM* 

aiuvi, 19771¥- 2 J3 "/J• G 11}3 (J)Pj7((/)15(rs,j:o l ryf_f 00�. 145 tlvCbk-? ""Cfibht.::.. � 

Sa, b vc-t:"(!):!J4mJ.Ei"JtJ:17lJ cl., ""C 5 }316/17 B j:o l ry 7 }312/13 B (J)&iUM*�ffi-t. � i:f:r vc vi 

N2
+ 1st. negative (0, 1) ... � './ F', 4278 A (/)7(:JJ{1Jrt](!):M(:!af$(J)&iU{il!tffi�h""C"'Q. � 

5a (J) 5 }316/17B vcvi, 2030 LST �ii• G��%;t-P 7"/J��7(vcfHm 1..,, 0000 LST �7(:JJ{ 

vc ... � './ F'"/J�mh, -t:"(J)r�.bt.::.t.::.ry�5E%c tJ: I), 0500 LST �ii• Gvi..,{Jv-t-r -1 './ p·;t­

P 7"/J����.ti--c"'0. � Sb(!) 11312/13BvcviBr!s!'.f&n•Gi-?t.::.< ;t-P 7(/)��G.titJ: 

"'��'IJ�iwt�, 0230 LST �vi c�--c ... � './ F'"/J�m.ti, 0400 LST �"/J· G��%;t-P 7 c tJ: I), 

0730 LST li{'IJ• G..,{ Jv-t -r -1 './ p·;t -P 7 "/J� llim 1.., ""C ", Q. 5 }316/17 B j:o l ry 7 }312/13 B 

(!)}3�tt-t:"h�:h,Wj:clryV, 7(-tt�ffi�-?k. 

3.3. PB��itf!1:llll1J � ht.: 5200 A fJtt-f(7)*¥tt 

J3 "/J�� J3 vcJt�B"Ji'I <, :Rf�t �il· -?td315t(J)&iUM*��tt 1..,f.::.M*, ?Jz(!) l? tJ:5200 

A :aJcM(!)�ft'IJ�J!fH �ht.::.. (1) j:oj:otJ;n. s200 A :McM$vi 4278 A :McM$ c �-(!)ifJrtJ�ffi 

-t. (2) � 5 b (J) 0230 LST UlVJ(!){JU(!) l? r::., i -?t.::. < CJ:? !Li7��� G.titJ:"'��'"'c-t 

5200A (J)n:f(:!af$vi 2 v- Y -fi�Urvz:.vitJ: GtJ:"'· (3) � 5a (J) 2030-0000 LST vz:.:lj.. Gh 

Q l ? vc��%;t- J:? 7 (J)q:i""(;·vi, 5200 A :McM$(!) 4278 A n:f(:!af$vcxt-t QJt"/J�*� "'· 



122 

(a) 

(b) 

( R) o 
5200A 

100 

10 

( R) o 
5200A 

100 

10 

: 0 

r
fflA 

0 

10 
May16/17, 1977 ( kR) 

421sl. 

0.1 

Sh LST 

10 July12/13, 1977 ( kR) 0 

42 78A 

Iv
----

s2ool. j 

... ..,,,,,' ....... ___ ,,,--...... ..,,l 
0.1 

18h O Sh LST 

� 5 IJB:fQ�:L1!r·eftillU�nt-:5200A c 4278AC'Y/v(M�, LST=UT+3�rfcl, 
Fig. 5. The 5200 A and 4278 A emission rates observed at Syowa Station, LST= UT +3 hours. 

4278 A :a:U1��i, � rfil-=fv::. J: 0 ;:r. .:¥- Iv=¥ -W:A'a:' vfvi-:tO) "£ "£ 13[� L -C 1., \ 0 c � x. 0 
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-1-�ffii'). "it.::.., �It (2) il;WvcJ:G<bO):o,.�iitiJ"ct>Gt-:covc, Fiut:lUJ't��ffl1.,,--c*� 

�trli!Rd (36°N) vc;to1.,,--c .lt�tilll�fi--> t.::... -tO)�*� � 6 vcffii'. trli!Rd vc:to vt G 15{ rai 0) 

5200 A :azM$�i*9 4 �raiO)�JE�-c-�& L--C11> �, 1 v - !J -tJ-rvc "i-c-�i' G. "it.::.. c. 

c. 6.7,1.vcjE?}�-c-� 1?.ht.::.. foF2, h'F � ffl 1., ,--c, 6300 A azt,j-0)1jlf�vc L�i L�iffl1.,, G.h --C � 

tu:. 1v 1:=." .::r.O)����trli!Rd-C'O)�*vcj@jffli' G c, :azt,j-$0)�rai�1t�viViff§'.ffl.i' Gt. c ;o; 

��G�, m���K:tovtG9ffi�O)�*K�L--C�, -�-J:90cffi�"i9���-� 

�x.G. e,O)c. c�ttrliflq]-c-�1?.nt.::.. s200A:azt,t;o;, viVif� (1) O)Jx.LtvcJ:-->--C»m'A:9�.n--c 

"'G O)vC� L, m���-C'O)-t;h�iti-ffi�0)15{rsivc;to1.,,--c <b � (2) t� cO)}x,Lt-c-�rf1-1-vc 

J: -->Lml�Pm'A:9�.h--C\,,G C. c�ffiL--C\,,G, 

�It (3) vC"".)\,,""(�i, �5E:}fJ:;t-P :Jvc::t;J-.Lti'G�rf1-r}RO)�lt.::r..:f)v�-t.J�, 7,,r 7-

� !J - rt� :;t - P :J vcx;J-.Lti' G -t.hvcJ:t-"--C {.!h ,t.::..co c � x. G c. c :o;-c-� G. "".) "i 9 � rf1 

r}RO)�lt.::r..:f Jv� -:o�::k� < ,  Lt.::..il� -->"'C�n\tli��b�{f1.,,�{nc�t, azM � 1lp 0) * 1.,, 

N(2D) �i 0, 02 t� c�vc J: --> --C W43't� ;h G t.::..ob, � rf1-r }RO) �It .::r. .:f Jv� -;o�,J\ �\,'��tr. 

J:G-"L �J't�jJ$;o;{fri' G t.::..co C � X. G.hG. 

4. NO 5}-=f�It c 5200 A. 1ix:!fI$0) Ml1*' 

,ffl�Ji*�i:pvc:tovtG NO 71-J-O)�n\t�i, r\%� 130 km tJ,J:-c-�:t 
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N+02 - NO +O (3) 

�gt 130 km Llr-C' vi 

N(2D) +02 - NO +O (4) 

vc 1 "'.) -c rrbti-c to 9 ,  �rfilriJ;� Q ��vc vi 

N2 +e* - N(2D) +N+e* (2) 

vc J: "'.) -C�nlt 2- titc. N(2D) iJ; , lx.�:i'\ (4) �im l,-C;ti:f:.glUl:Iir'fflli::k3'<tr:f:tO) NO �OCO)tftkvc 

��i'" Q ;:. c iJ; , KONDO and OGAWA (1976), ROBLE and REES (1977) tJ:- c' O) .:i:: 7' 1vH}�OC J: 

"'.) -C±.�2- ti -c \, ,  Q .  5200 A -�J.Rvi ,  

N(2D) - N+hv (5) 

vc J: "'.) -C :Jizl:B 2-ti Q iJ; , l:!aO) .:i:: T 1Hc J: Q c -t tiLl?"l-0) N(2D) iJ;-j-.,,z-C NO vc�� � ti 

Q 0) -C' vitJ:- < ,  �oc 130 km �gtLlJ:-C' vi, 

N(2D) +O - N+O (6) 

vc J: "'.) -c ��2- ti -c L, i 5 .  L,iJ� t �oc 200 km veto \,  ,-c 2- x.:i'\ (6) 0) N.�vi'A (5) vc.l:t"" 

103 {{Hioc t :if\, , . 'A (6) to J: rf'A (2) -C'�nlt � titc. N vi , 'A (3) vc J: "'.) -C  NO ��nlti'" 

NO +N - N2 + 0  (7) 

vc J: "? L  NO � ;:. b l, i -j- Q fc.6b ,  N O)�n\tvi NO Wgt O):lt'f::k�*s* l,tJ:_ \, , . '0 '£  I) ,  

NO WociJ;:it'fi'"tc.6bvc vi ,  r'fflOC 130 km Llrvc N(2D) iJ;�nlt2- ti Q &:,�iJ;� Q iJ\ ;:. 0) J: 

5 t.df�oc-c- vi'A C 4) , (5) 0) N.�iJ;Jl\, ,fc.6b 5200 A *'ll1lzl:B 0) 3t:1J$vi���vc� < tJ:- Q .  

�O)��. 5200 A *'ll1lzl:B 0)3t:1J$vi 1 < tJ:- Q iJ; , No Wocvivi c Ai c':lt'fx. tJ:- \, ' .  l,tc.iJ; "'.) 

-C 3 ffiHcffi l,tc. 5200 A :JizM$0) � Q i 1,, , vilx.�'A (2) vc J: "'.) -C N(2D) iJ;�nlt 2- ti ,  Ix.� 

A (4) vc J: '? L  NO vc.��2- ti-C \i ' Q ;:. c �ffi l,-C vi\, , Q i]; ,  5200 A :JizM$0)j!l!lU{l([iJd;i ,  

NO 7t=f"O)�n\t�JE:l:® vcfnaf Q ;:.  c vi� i 9 i':*iJ;tJ:- \i ,  c \i ,  x. Q .  

�f&vcl:!2.0)Jla{Uvc�tc. "'.) -c �::ktJ:-mJJ� \i ,t-=.t.:.. \i  ,tdJ08?x1¥Jffi:Lm�tmatU�O)�jt� �vc 

� <  ��O) ��� L- "i -t. 
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