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3-l Temperatures derived from [Ol] 630.0 nm Doppler line 
profiles during magnetically quiet periods in May, June 
and July, 1978 whcn Kp ~ 2 as a function of universal 
time. The solid curve is the least squares 
fit of our ternperature values. The dashed curves give 
the highest (May 8, 1978) and lowest (July 2, 1978) 
temperatures calculated from the MSIS model for 
latitude 42.6' N where our nleasurements were made. 
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4-2 

4~3 

4-4 

5-l 

52a 

5-2b 

5-2c 

Locations of magnetic stations and Albany~ New York in 
geomagnetic coordinates. Also see Table 4-1 for names 
and coordinates of the stations. 

The plots of the oneminute average8 of Xm (Inagnetic 
north) and Z (downward) components observed at stations 
in the Fort Churchill chain on September 2, 1978 (UT) . 

AXm and AZ values at 0720 UT on September 2, 1978 from 
each station were plotted and the bestfitted curves 
were drawn through AXm and AZ data, respectively, in 
order to determine the pdsition and intensity of the 
westward electrojet. 

The position of electrojet and (AX~Imax) 2 value that 
were obtained by the analysis of Inagnetograms from the 
IMS Fort Churchill meridian chain stations and thermo-
spheric temperature measured from Albany, New York are 
plotted as a function of universal time from tpp to 
bottoni, respectively. 

40 

42 

43 

45 

The observed 630.0 mn line profile at 0307 UT on June 5~ 1978 48 
is shown by dots. The dashed curve is the instrument 
function of the interferometer. The solid curve is the best-
fit theoretical profile calculated from the convolution of 
the instrument functlon and the Gaussian function corres-

ponding to a source telnperature of 1090e K. 

Time variations of lmin values of AE index for May, 1978 51 
(UT) are shown in the upper panel. In the lower panel 
measured temperatures (indicated by circles) and 630.0 nnl 
emission rates (indicated by triangles) are grouped into 
three categories according to the observatioh zenith angle; 
(R,A:X~ 45"N,Oi.~: 450N>X<45'S, O.A: ~450S). The solid 
curve is the least squares fit of the measured temperatures 
during the quiet periods. 

Same as Figure 5=2a for June .2, 1978 (UT) 

Same as Figure 5-2a for June 5, 1978 (UT) 
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5-2d 

5~2 ~ 
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6=1 

6~2 

6-3 

6~4 

6=5 

vi 

Same as Figure 5=2a for June ll, 1978 (UT) 

Same as Figure 52a for June 30, 1978 (UT) 

Locations of AE (12) stations and Alb~ny in geornagnetic 
coordinates. Also see Table 5-1 for abbreviated names 

and coordinates of the stations. 

Three hourly planetary geomagnetic indices Kp and values 
of Dst for the geomagnetic storm on July 5, 1978. The 
observation period for telr}perature measurements are 

indicated by a horizontal bar. 

Temperatures derived from [Ol] 630.0 nln Doppler line profiles 
during the geomagnetic storm periods on July S, 1978 as a 

function of universal time. The open and half shaded 
synbols indicate the direction (zenith angle~ X ) in which 

the measurements were Inade in the meridian plane. 

The emission rate of [Ol] 630.0 nm line measured by the 
Fabry-Perot interferolneter as a function of universal 

time on July 5 , 1978. The open and half shaded symbols 
indicate the direction (zenith angle: X) in which the 

measurelnents were made in the meridian plane. 

Observed 630.0 nm line profile at 0710 UT on July 5, 1978 
is shown by dots. The inner-most solid curve is the 
instrument function of the interferometer. The dashed 
curve is the bestfit theoretical profile that is a 

convolution of the instruu~ent function and the single 
Gaussian function corresponding to the source temperature 
of 2610' K. The background continuum obtained for this 

theoretical profile is negative (-54 counts) and is 
shown by the dashed line. The dash=dotted curve is the 
theoretical profile calculated from the convolution of 

the intrument function and the combination of the Gaussian 
function for a source teznperature of 1800' K and the 

= 3900' K and k = O.32. The baclcground function for T' 
continuum obtained froln this theoretical curve, 63 cps, 

is also shown by a dash-dotted line. 

Calculated residual between the smoothed observed profile 
obtained at 0710 UT on July 5, 1978 and the theoretical 

profile. Residual is an integraticn for one period of the 
squares of difference between those two profiles. The 

theoretical profile is the convolution 6f the instrument 
function and a combination of two Gaussian functions , each 
corresponding to a different source temperature. T and T~ . 
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8-l 

82 
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Vii 

The residual is plotted as a function of the source 
temperature T~ and the weight k of the second component. 
The source temperature of the first component is fixed 
at 1800' K. The dash-dotted line connects points giving 
the minilnuln residual value at each weight . The hatched 
area gives reasonable values for the background continuum 
i.e.,. 20-70 counts per second. 

Zenith angles of the peak intensity, the half-maximum 
intensity and the interferometric measurement in the 
meridian plane as a function of universal time durlng 
the night of Septeniber 25/26, 1978. 

Calculated L values of the,peak intensity position of the 
SAR arc in the geomagnetic equatorial plane as a function 
of lo.cal time. 

Peak intensities of the SAR arc reduced to zenith values 
over the background 630.0 mn emission as a function of tilne.-

The neutral gas temperatures measured with a high resolution 
Fabry=Perot interferoll~eter as a function of time. The open 
circles are for temperatures outside the SAR arc and the 
closed cireles are for teTnperatures within the arc. 

Plots of the one-minute averages of Xm (magnetic north) and 
Z (downward) components observed at stations in the Fort 
Churchill chain on September 26, 1978 (UT). 

Latitudinal profiles of AXm and AZ at two typical times : 
(a) 0520 UT, and (b) 0430 UT. 

Time variations of, from top to bottom, (a) positions of 
the intercept points of the field line threading the arc 
at heights of 400 knl (solid circles) and of llO km (open 
circles), and locations of the centers of the concurrent 
westward (double circles) and eastward (crosses) auroral 
eleetrojets, all in geomagnetic latitude. The height of 
the ?eak intensity of the arc was assumed to be 400 kin. 
(b) I AX{nmax I , absolute values of determined extreTnum in 
latitudinal profiles of Xm' and (c) peak inten8ities 
reduced to the zenith values of the arc over the back-
ground 630.0 ml emlsslon 
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Variations of three geomagnetic indices; AE index, 109 
hourly value of Dst, and Kp during the two-day period, 
September 26-27, 1979 (UT). Observed SAR arc duration 
is indicated by a horizontal bar. 

An example of raw data on chart record of the photometer. IIO 

Variations of the SAR arc intensity froTn the two stations. 112 
Typical observational uncertainties for each station are 
indieated by error bars. 

Movements of emission peak positions of the SAR arc in a ll3 
vertical plane containing the two stations from which 
triangulation was Inade. The number of each point 
corresponds to that of the time marks in Figure 93. For 
points l, 4, lO, 17, the areas of uncertainty arising from 
an error in zenith angle measurements (*1') are shown by 
rhombus. Projection of field lines are also included. 

 Locations of ~nagnetic stations and the'･two optical stations ll6 
in geomagnetic coordinates. Also see Table 9l for names 
and coordinates of the stations. A trajectory of DMSP-r2 
satellite at n.0335 UT on September 27, 1979 is shown. Thick 
part of the trajectory indicates the extent of auroral 
particle precipitation. 

ll 7 Stuck-up magnetogram of horizontal componeht , 
observed at stations listed in Table 9-1 on Septeniber 27, 
1979. Note that the data for GWC and OTT are geographic north 
conrpbnent while.the rest are local g~0magnetic riorth component. 
Also n6te that scales are different for GWC and OTT. 

Stuck-up magnetogra~n of vertical component observed at ll8 
stations listed in Table 91 on September 27, 1979. Note 
that scales are different for GWC and OTT. 

Observation of electron precipitation made from DMSPF2 120 
satellite. Three traces are, from top to bottom, the 

integrat~d electron flux (el/cm2 sr s), energy flux (ergs/cm sr s), and the average energy (eV) between 50eV 
and 20keV. The I erg/cm2 sr s and 100 eV Ievel are at log 
scale 6 and O, respectively. The satellite trajectory in 
the Inagnetic' Iocal time (~LT), the geo~nagnetic latitude 
(MLAT) , and the geographical latitude at 100 km altitude 
of the field line threading through the Isatellite (CLAT) 
is given above the panel. 
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CHAPTER I 

Introduction 

Thermos here 

The earth?s therTnosphere is the region of the upper atn~osphere above 

the mesopause (80-90 km) where the neutral gas telnperature begins a steep 

increase with height. The temperature may re-ach values as high as 2000e K 

in the i~sotherinal regime above 200 km. The upper boundary of the thermo-

sphere is customarily associated with the exobase (500-600 km) , where the 

tenuous particle population becornes collisionless. The most impo~tant 

energy source on a global scale for the thermosphere above 150 km i8 heating 

due to the absorption of the extreme ultraviolet (EUV) radiation from the 

sun, which is highly dependent on solar activity [e.g., Roble and Dickinson, 

1973; Torr et al., 1980 a, b]. 

The thermosphere also receilyes solar energy through the magnetosphere 

in the form of heating by precipitating particles and the heating due to 

Joule dissipation of electric fields. The local heating rate due to this 

' energy input, which is highly st~uctured both spatially and temporally, is 

at times comparable to or even exceeds that from solar EUV absorption. The 

energy input at high latitudes in this form is the source of auroral processes 

and causes profound perturbations in the therntosphere. Intensification of 

magnetospheric convection at high latitudes during periods of geomagnetic 

disturbances causes the expansion uf the auroral oval to lower latitudes as 

auroral activity increases. 
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 The憩id-ILatitudet頁emospherethusco凪esundertheinfiuenceo£the

 iargeenergyinpuεthatgeneraily・ccursathig鼓1aむi雛de.甑eni就ense

 auroraoccursat冠ghlatitudeシthether租osphericperturbati・Rsextend

 event・1・wlat伽desand£inallycauseg1・ba1士edis仁ributi・R・£dynam土c

 propertieso£thethermosphere額

皿

 工twasalreadysuggestledinearlyst越dieso翌aurora!pheao醗enaaad

 ・£i。n・sphericpe伽rbati・Rst敷attheae瞭alt賀e㈱sphere磁ig比behea登ed

 6uringgeo鶏agnet:icstorms[e、9。,翌eterse豊シ1927;ApPietonand工Rgra皿31935;

 K工rbyeta工噂1935;Chapエnan,1937]。Rowever蓼directevidencewasonまy

 obtai簸edmanyyearslaterwheaJacchia[IL959]detected磁agneticstor観一

 associatedchangesint抜eorbitaエdecayrateo£arti斑ciais8tellites・

 Sincethen,職agneticstGr礪一associatedpert雛rbatio簸softhethe孤osphere

 re拠aiRoneo£themostchalle潰gingsubコectsoだaerono斑y・丁数isisbecau8e

 thesepert雛bationsR・t・nly鼓aveasigni£icantinfluence・ntheglob8i

 m・rp難・1・gyo£撫eup2era撫。shpere,b眈als・c・nstitu仁eanimp・rtantlink

 intheco搬Plexchaino£solaひterrestrialrelations3sincetheenergyis

 ultiτaatelysupPlie(ibyt狙eso工arwind。

 Ge・憩agneticsむ・伽一associatedperturbati・ns・£t姦e漁er猟osphereat

 F-regio獄heightshavebeeninve8tigatedusingavarietyoftechniques・

 翌roτ豆theobservationalside,the狙et熱odsinci鷲degrouRd圭)asedopticalaRd

 iτ}cohe窪fent二scatterradar盈easurements多directandremotesatellite

 measure憩lentsofwindsシtemperature,aRdco鶏pos工tion多andi貸directmeasure-

 Hlentsfτo皿in£erenceso£measuredio且osphericpτopertiesも

 耳『f『■『“脳1齢■一三一黙1『催恥聾「騨“じ『黙脇一献『.撃鶴1姻#瓢
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 Asobservatio獄alknowledgewasaccumulat二ed翁theoreticalstudieshave

 alsobeendevelopedtocreat:eandi磁provevariousempまricalo蓄numerica1

 職odelso至t裁ethe惣nosphere。慧owevergwearestill£&r£rom8co撮pre一

 飯ensiveunde士stan(iingo£the?ro麺工e獄。Arecent霊reviewo至t盤i8窃ubjecti8

 9手venbyRob工e[工983]・

 Thereεretwootherpossible瓢echanis斑so{energy£工owi簑tot急e

 the㎜・spherefr・狙t簸e照gnet・s凶erew磁。簸takepiace就磁農成就itudes

 d鷹ingaperi・d・£ge・獺gneticst・r撮s。Onei8翫eprecipit就i・盤。至

十牽
 eaergeticOions・Obse瓢vationso£energeticO套iuxes&紅蹴iδ一1aセit二udes

 havebeenrepolftedduringsevera1驚ag撫et:icstorms[She!ieyeta工。,IL972,

 i974多SharpetaL,エ974,1976a,bLTheaヒm・spherice鉦ectstobe

 e即eCted£rOmthepreCipitatiOnO£雛eSe£1uXeSWereinVeStigatedby

 T・rretaL11974LaRdTorrandT・rr11979LAccordingt・the8es・urces
十

 thefastOionI)roduces£a8tOat:o磁s(peakproductio漉at500k窺alt:itude)

 t難ro緑ghchargeexchangeand狙。搬en七umtrans歪fer,yieldiagatomicoxygea

 e租issionso董630。0㎜that二搬ayt)easbrig薮tas・200R。Recently,りじorreta1。

 l1982]rep・rtedare旦艶dstudy・至thedynamic驚sp・nse・£thether撤・sphere

十

 totheenergyin£luxresuエting丘ome獄ergeticOions.τheresultso董a

 雛肥一dependentcalcuエati・nbyT・麗etal護1982]sh・wedセhat聡eatingduet・
十

 precipitatingenergeticOionsp簾foducesasigni£icantperturbat:Lontothe

 the誓租。$pbericstructureaboveabout300k徹。工naddi紅ionうY蔓}e㊧ta1。[1980〕

 reportedtheexistenceo£anat・micoxygenc・roR8・verエyi慧9むhet簸erm・sp翫ere

 面rまngthesolarmaximumperioα,£r・ma$eries・£twiiightinter{ero紐etric

 十2
 0bservationsofthenearin至raredO(P)doubiet8at732and733nm。
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They detected exc.essive amounts of emission at slladow helghts above 550 km 

and the scale height ded~ced from the vertical brightness profile showed a 

Inarked increase above 550 km, estimating the equivalent temperature as 

being 4000' K or higher. 

It is apparent froin these reports that nonthermal O atoms exist in the 

500 km altitude region. However, ground-based observations of these non-

thermal O atoms have not yet been reported in the literature 

SAR Arcs 

The other form of energy coupling between the magnetosphere and the 

thennosphere is Tnanifested as a d~stinct optical phenomenon; that i8 the 

stable auroral red arc (SAR arc). Numerous observations of the SAR arcs 

spanning more than two deeades after the initial report of their existence 

by Barbier [1958] have provided the charaeteristic propertles of the 

phenomena. They include (a) nearly monochromatic emission at 630.0 nnl 

[O(lD)] S (b) occurrence predominantly.within the latitude interval 2~L~4 

[Marovich and Roach, 1963; Roach and Roach, 1963; Hoch and Smith, 197l],. 

and at r~ther hight altitude (-400 km) [Roach and Roach, 1963; Tohmatsu and 

Roach, 1962j; (c) wide longitudinal extent, at laeast over the entire night-

side of the earth, along nearly the same L shell [Roach and Roach, 1963; 

Craven et al., 1982]; and (d) occurrence during periods of large geomagnetic 

stonns [Rees and Roble, 1975]. Rees and Alcasofu [1963] found that SAR arc 

intensities have stron,~ ositive correlation with the D index. This . p st 

finding directed attention to the ring current as the likely energy source 

for maintenance bf the arcs. On the other hand, observations made from 

satellites revealed that the SAR arc is generally located in L value near 

 **~ ~*= ~~~~~･;..･++',~~~~~~i~<~ ~~!*+~..+~*"*<~~~~~~,~~~ ~ ~ 
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 thep・siti・n・蛋thepias隠pauselCarpenヒer,1971;ChapP81ietaLμ971L

 T・expiainthese・bservedS畝arcpr・perties,C・エelエ9651。riginaliy

 s慧99estedaheatc・礁ducti。nm・delinw瓢。盤eRe誓gytra捻s£eπ8d£rG磁

 energetiCringC町e就i・nSt・9エaSmaSpheriCeleC紅獅Sat癒e鐙q t・ria1
 でegま・nthr・ug1}C・ui・mbc・11isi・無sisc・慧d犠ctedδ・煕w&rd&1・獄99e・織ag混etic

 £ieldlinesinthe{。m。£熟eat知徳eelectr・漁gas.血eeエec鉱r。航卿era-

 ture8ati・鷹・sp盤ericaltitudesareia灘漁舳a爲ceds・t翫就號脚£ere就ial

l
 excitati・R・胎t・磁ic・xygent・tbeDstate(駐xcitati。a撫驚s蝕・エαiβL96eV)

 byeleCtr・濾i娃h曲ig姦e聡ergyt3i1・棄a晦鼎ellia漁e鷹gydi灘ib嘘i・ntakeS

 place.Later,C・mwalletaLli9川費r・P・sedan。漁ere朧gy雛3鴛s£er

 meC聡aniSmwMChreiies。ngene戴i。n。{i。蕊CyCエ・t蜜・鴛照VeS麓t蝕eεqUat・ria1

 ・脚smapause-r塊curre就inte蓄acti・nregiG訟£・エ1・wedbyabs・堪i。鷺・£t薮e

 wavee痘ergybyplas鵬s凶ericelectr・薦viaLa磁aud磁ping・㎞・t難er聯r・ach

 was鵬deby猛asegawa翻磁鶏&119781。煕eysuggesteδt簸就t盤epr・ducti・n

 o£kまneticAl£v拳nwav色s農鉱t:翫e1)1a8瓢a歪〉&慧se至oilowedby?recipit;atio窺。£

 suprat難e漁alelectr。総iscapabエe・£generatingtheS醸a夏。・工七stiU

 &PPear8t胤繍eact雛a1騨蝕ysica麹r。cess(es)resg・nsibie{。rthepr・ducti・n

 3捻d組ai就en3nceo£theSARarc簸as(慕&ve)y就tobeεま血1yestablished

 (e.9.,seeG慧rgi・1・etぎLt1982])・G・・dr建view8・窺allaspects・£S憾

 &駕cs痛vebeeapre8e慧tedわyR・ac烈a魏dR。ac“19631婁Nagyet8L11970L

 恥。穏11973璽,aRdReesa盤dRoblelエ975彊・

 ObectivesahdOutiineo{むheDissertatio捻

 1Ihe㎜・sphericresp・nse紅・撫eabQve噸enti・nedeなergyc・upユiRgs

 鳳ween紅he鵬agnセt・sp航ere8ndt数ethe㎜・spherecanbe憩・nit・τed歪r・m

 grouadby・pticalmea震sd冠ringPeri・ds・£ge・組agneticdist撫ba捻ces・

 臨e

Or}eof
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 膿os七usefulmethodsist駐e烈easure鳳e就。£面ermospherictemper&tures

 andwi漉dst)yahigh誓eso1縫t二io窺Fabry-Pero紅inむer£eご。撚et二er。Th(睾neutral

 gaste獄perature3t∬一regio魏heights(一250k孤)canbedetermined鴛・鍛

 theDoPPle蓄もroadenedlinepro£まleso£t慕eoxygen630・On膿e搬i8sion

 i獄the3urora3adairgiow,Thistechniquehasbeenwideiyused至or

 more醸飢twodecades.Agoodre▽iewontheapPlicationo£hig数

 resolutionF&bry-Perotinter蓋erometeでstothestudyo韮t:he犠PPer

 atmosphereispresentedby雛ernandez8ndRoble[1979L

 Locatior}sat磁id-1atitudesεres犠itabie£oropticalobservations

 £rom仁heground£orstudieso£thet難ermosphereduでingPeriodso£

 geomagneticdisturb&nce鼻becauset銭eheat孟ngei!£ec紅causedt}yauroral

 processesisexpectedセoreachthis驚gionandtheprecipitationo£.

 十、
 energeticO:LonsaRdtheSARa置csaresup茎)osedt二〇8pPearoverbead。

 The8utlloro至t難ep壌f∈}se筑tstudy数adaRopportunitytoc3rryo慧t

 suc短・bserv就io粥就Alba町,醤ewY・rk(ge・graphiclatitude42・68。Ng

 lo捻git二ude286。18⇔E多geo獄agneticIatitude54。30)f三業。雄May1978t難rough

 Septe凱ber!979。丁麗speriod,whichwasveryclosetot駐emax孟mu磁。£

 solarcyc!e2i,wasねvorablat・脚akeSARarcobser▽atio鷺8sincethe

 occ雛rreRce£requencyo£thearcsfollowsthe801aractiviしy・正)銭ringthe

 precedingyear撃e££ortswerecoacentratedo貸cons紅ructingandtestingthe

 instr懸賞1en仁:呂15-c職aperturehig且re80!域tion∬abry-Perotinter五ero臓eter

 whichutiii2es3臓蟻itiplLezo獄eapert球re董orincreasingtheth算。犠ghput。

 Theiineo薮1・gic・£t鼠sdissertatio簑consists旦s£0110ws・The

 descri2ti・n・董instru餓eatati・漁andthe灘eth・d豊sedf・rdete蓄mination・f

 thene就ralga8temperatureisgive簸inChapter2茎itisf・11・wedbythe
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 observationa工resu二Lt二sdividedintotwoparts。

 工nPartI,the£ocuso£廿}estudyis1)iace(董oRthet麗e惣nosp難e雲fic

 t二e磁peratureτesponsetohea仁ingassociatedwithgeo斑agne七ic孤i鱈鉱慧rb8nces。

 丁蔽etem蚕}erat二UreS磁ea8Ure(至dUringgeO搬agηetiCally璽斌ieむP縫riO(量目δ1f総8}}0磁

 inGh&pter3as&basis£orreだe質encetoheatinge££ect二s。1慧C壼apter4鼻

 atypicalte獄peτatuむeresp・獄seo董t難etherm・s凶ere曲ic敷wasobtai艶d

 duri数gaperiodinwhic負a且isoiate(isuもs紅。蹴Hoccurredisgr駐$e爲豊e6・The

 tempeむat駄resobtai獄edduring董ivegeomag且etica工1ydisturわe(豊艶eriod83re

 giveni蕊C薮apter5andthe・bservedheatiage鉦ectsa驚遣iscussedin

 temSO£the1・ngi憩dina11・C就i・n・至馳e皿OSti就e鷺Sep・rtiORO£繍e

 aur・raleiectr・jetcurre鍛t。Signi£ica就te鍛pe罫at蟹ee窪hance殿e就・btained

 duringthe」uly5,i978st・rmperi・dsugges七edthep・ssibleexistence・£

十

 t蝕enonther懸工atomicoxyge鍛dueto龍eprecipitatioRo五energeticOions

 andt敷eresultsareprese慧仁edi雛C}1a碧teご6。

 王～art工工・i8concen七τatedonob$ervationalrestlltso£theSARarcs。

 Chapteむ7present8顧e一・bservedt駐mperatureeRhancementwithinanSARarc・

 エnChapter8,c1・$ec・群eエatio痘between馳e-intensity・£aSARarcaRd臨at

 o£t二hewestwardauroでa!eiectrojet豊whichwasde、ter凪ined£む。騰magnetogra獄s

 obt二aまned£roτnstationsaiongageomagneセicmeridiancioseto紅敷e8it:eo£

 opticalobservation,isgiven。Are撮arkablecoincidenc曾。£紅短eons$to£a

 SARarcandt}1atofanisolatedsubstor韓撃whichhasnotbeenrepo蜜ted

 hit鼓erto,工ss無。㎜inChapter9。工訟Cbapter103satelli七emeasuごe欝ヒent80至

 t敷eso£telectron£1uxduτingaRSARalfceve穏taregiven。

 Finaエ1y,t強eC・nCIUSi・nSdra轍thrOUg姦t翫eS色・bSerVati・nalreSUltSare

 8u搬marizedinCh&pteri1。
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 cnAPTER工工

 工nstruInent8tio鍛andNet駐odo£A盤alysis

 As負asbeendescribedinthepreviousc薮apter,theFabry-Per・t(EP。)

 inter£ero臓eterisavery廿sefult・01εorre矯・te猟easurement80£temper就航τes

 andwindsiR雛eupPeratmospheretbro“ghe鶏issionliaesinthe寵rglowa獄d

 aurora・However隻theprimarydi冠icultyiR曲osestudies麟eretheiiRe

 e肛tssionisquitelowis甑at臨eavailablesigaaiまsextremeiy棄eeble,even

 wit難t二be蓄atherlargeじ}}roughP讐toξt為eF。P。inter∫ero澱eヒer,t董1ereby

 requiring1・ngi就egrati・nt軸es・The・nefeasiblemeth・d£・rincreasi捻9

 仁hethr・ugゆutistheuseo董themultiplezoneaperねu艶(巡ZA)through

 whichp3ssesthera(iiatio窺。蛋s雛ccessiveinter至erence£ringes3whiletbe

 conveR七ionalpin畦}01eagertureut:ilizesonlyaportionρ薮tberadiation

 coRstitt比ingthecentra1至ri椴ge。Todate£ewstudieswithsuchan}{ZA.

 havebeenτeported[〉ieε}bu㌶資舞ユ968峯βio捻diet二a1。,i985〕奇

 Intもisc難apter皐thedesignoi…呂n麓ZAwithoptimizedaperturewidth

 f・rD・やPlertem碧era磯re鶏easure膿e漉sisgive織firs仁alongwi臨adisc犠ssi・n

 ・athee鷲ectsc融se6byits加P益r{ecti・ns.

 A15-c…nFabry-PerotiRter£ero蓄neterwbich疑tiiizesan翅Ahasbeen

 coastτ登ctedaRdt:ested。Asuccess至uiexperimentalres甘1twillbedescribed。

 1)escri碧tiono£amuitico工oryneridia良一scanΩ土RgPhot二met二erw熱ま。無wasused

 £orphoto顕etric凱eas葛reme就sinthepresentresearc益isgivenalso

 iRdliscbapt二er。Theanalysismeヒhodused£orde仁er期inationof

 DoPPlertemperat蟹es£romanobservedi就er£ero田etric£riロge

 蚕0110ws徳edescriptioPo£i鷺s紅r慧mentation.
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一

 Let慧snowconsidert鼓ecasei椴癩ic蓑radiatiORhaving龍e照ve-

 numberσOgivesa£ringepeak・nthe・Pむicalaxis・工蛋伽£ri裁gep段ak・蛋

 thesa瓢eorderapPearsatt聡eangieXduetoradiaセiono五wavenumberσ卑

 theordero£inter£ereτ}ceisgivenby

 n鴛2μtσ0瓢2μtσc・SX(2 i)

 whereμi8t盤eindexo£re{三ractioao£thegasbetweent穀e∈沈alo跳P13セes

 andtILstheetaio直spacing・

 工tまspossibieセoincreaset簸e801idanglesub紅e且dedbythe8ky男

 hencethet薮roughput葺byinsertinga工iquidhavi鍛ghighre董…ractiveindex

 り[逼eabum,19681.エRsuc為acase,Xs員・uldberegiacedbyarcsin(sinφ/碁)9

 whereφisanextr㈱eangleo£難eldo至view・礁thesky・Howeve罫3tMs

 e貿ectcanbe肥glected{・rac・nventi・照lgas-spacedeta1・n・〕旨here£・re,the

 di£董erencei鼎ave醜曲er2£鯉σ一σOcan・berelatedt・thege・metrybyth

 至0110wingequation:

1nη
 董訟一(一)
22μtcOSX2μt

ひ

 翼0(i_1)(2-2)
2cOSX

2

 Thelatteris・£tenapPr・xi斑atedbyσo(ro/L)/4・w員ereLis融£・ca口ength

 ・£the・b」ectivelensa澄drOistheape珈reradius獄easu「ed£「omt薮e
 ・pticalaxis・丑the£・caiplane多theapPr・ximati・nresuits無・mrO《<L・

 鷺ere£giveshal£噌idthatha亘砲eight・£the&perture£uncti・n£・rac・薙皿

 ve就i。nalpiRh。ieaperture.工加ec。nsidera」th一且inge・££ is,gr・vided

 thattheanglebetwee且甑is£ringepeakandt舞eaxisisX,3繍e・rder・£コ
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 inte「至erence畔sgiveRas

 賠 j認2vtσOc・sxfnc・8xj(2一3)

 職enwe就i!i the」thzgneape晦麟avinga賀al£一width卜(σ一σ0)/2
 (σOandσarethewavenumberswhichc・rresp・ndt・theinnerand・就eredge

 ・£t急ez・ne3respectively)3漁e五。!1・w加gequ3tま・awillapP手y書

in
 Fnづ=2脚oc・8Xコ(2鱗)

out

 閣2μtσc・SX」(2-5)

 顧eX」■nandX」outaretheang・esbe仁wee軸e撫ner・r・uteredgeaRd
 axisrespectiveiy。丁難enwecanag&inobtaintherelationshipbetweenthe

 broadeniRginwavenumbeirsaRdti窪egeo斑etryas

in
 c・sx、驚(距」)/簸(2-6)コ

out

 c・SX」嵩(n-」)/(n+2n£/σd)(2-7)

inout

 Er・獄e儀uati・ns(2-2)豊(2-6)gand(2-7)wecande仁erminerO9誓j・and「」・
 the誓&diuso歪…雛ユecentralLholeandinnerando鷲t二erradiio£thezone,

 res2ective!y・

1/2
 1f(掬。)3

 r鵠2L(2-8)
0σ0

 [2」/n一(」/n)211/2
in
 r,嵩L(2-9)
 」レ」/R

 卜
…
一
-・
-…
ー
ー
ー
。
一
--一

。
-、
:ー
ゼ
ミ
一
町
…
1i野

『
“
乱
-レ
…
一
∬
誓
…
ζ
、
一
罫
奏
}さ
}ぎ
匙
io…

“
馨
艶
紛
鍔
ゑ
誉
・
“
u奪
も
艦
籍
、
馨
.欝
“
棚
鼕
鼕
ざ
圏
畿
鷲
塗
彰
彰
“
欝

欝
襲

 簿
疑
』
,
.  、
》
ぎ
鷺
}
 華
・
瓢
蓑

 毛
笹
・
…
馨

 ■
{
『
一

 “
ゼ
i
… i己
一
一

 }
t
日

 ㌢
三
一
一

 5『
隔



)
 

)
 

)
 

.;;;.~. 
{..~ 

11 

112 

r. - L [ (2~j/n+2f/(,O) (j/n+2f/ao)] (2_10) out _ 

j 1-j In 

Let us now consider solid angles subtended by the central hole and the jth 

zone. For the central hole, 

4Trf (2l l) ~O = aO(1+2f/cro) 

For the jth zone, 

~ 41Tf (1 /n) (2_1 2 ) 
j = crO(1+2f/(JO) 

Since f/(70 is usually negligible colnpared to unity, when j is negligible 
compared to n, then both solid angles described above are almost the same 

constant value 

~i * 41Tf (2_13) (TO 

Therefore, if we can u8e an MZA consisting of J zones besides the usual 

central hole, the gain of throughput will be J+1 times greater than that 

of the central hole alone. P~acrically, the gain may be somewhat reduced 

because of the relatively large incident angles to an interference filter; 

which is usually used as a premonochromator, and the transmittance of the 

substrate of the MZA. 

O timum Width of A erture 

Since the throughput of the F.P. interferometer is proportional to 

the solid angle ~ su~tended by the aperture, it is obvious that the wider the 

apertures the more iptense the resulting signal becomes. However, wide 

aperture reduces resolving power simultaneously. therefore, we have to 

find the optimum value of aperture width which gives the best results for 
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 temper&t二ure穣easure憩e箕ts。Chabba![1953ユ£oundt極atシw衰enthesource

 ま…unct二ioRiscomple七ely銀onoc員roπ1atic鼻anapertureha.vingawidt負w1}ichis

 alm.sttheSa獄eaSthat.至theeta1.n£慧ncむi.ngiveSthe阻axi澱u無va!膿a一 
 ・£tbepr・duct罐1u搬in・sitya瞬res・luti・n・加thecasewherethes・urce

 至uncti。曲asadefinitewi繭轟esuggestedthatan亭peごtuごewhich飯asa

 w工dthequalto紅hato五t藏e£unctionwhichisaconvolutionof…t:heetalon

 £琶ncti・nandthes・u;ce£uncti・Rgivesthemaximumvalue一・ftbepご・duct・f

 iu厳nosityandreso1就io且.夏owever,hedidno仁reportananalytic臓e仁bod

 whic難rela紅es.t雑eaperturewidt簸tot二heproducto£1u憩ino8まtyandresolution

 £or甑egeneralcasewhe誓e就aloncha誓acteristics&nd馳ewidt数ofヒhe

 sourcefunctio窺aregivenaprio罫i。

 Furthermore,itisbynomeanscleart員ata搬aximu厩1UHd=nosity-

 resolut二ionproductcorrespondstot薮eoptimu撮experimenta18it讐a紅ionin

 te㎜ISO量質鍵alerrOrin七empe鷺tUre飢eaSUrementS。エnthei就e艶StO£

 且Rding臨ebe就experi撮enta1εrrange搬ent.wehave呂d・ptedt猛eapProach

 of£in(iingεrelatio鶏s盤ipbetweenthetemperat:ureerrorandt二難eaperture

 wid晦£or騨rtic鷲1arexperi斑entaico魏diti・ns(etaionparameter8andsource

 regi・穏te即就a雛re)顧enthe無eas慧re灘e就sa蓄et・bemadewiththepboton

 co琶nt孟ng雛et裁od。

 丁員ei _en…sP。nse£u繊cti・n8(x,T),whichis・b  dthr・ugha馨…l
 MZい一ussi-te搬pera-br・adeneds・urce・inei8giv-herebythe/r
 £oilowi雛gequa紅ionaccordingtoexp崖fession(2-11)o£Haysan{iRoble【1971】。
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 S(x}T)慧工。【A。+磐Amexp(一、・YT)c・s甑達+C(2一・4)
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where 

A = 1 
 ･ O 2?r 

-1 In m2 2 m 2lnf 
A = IT R exp(- - D ) sinc ( ) sinc (-~1(; ) 4 ND f m 

IT 

D NDg (In2 ) 1/2 
a 

Y 7 3 x 10~12 1 ( O 2 M~~) 

T
 

IO 5xlOsA( ~ ~j) RY Ta Tt Pe (1 R) (1+R) I (2_15) 
j =0 

sinc(8) = sin (1T~)/(1T~) 

Here x = 4T~Vtacosx is related to the phase difference between the various 

rays emerging from the etalon, R is the reflectivity of the etalon coating, 

ND is the finesse representing the microscopic roughness defect of the 

g
 

etalon, ND is the finesse representing the spherical defect, Ac?= (2lj:tcosX) 1 f
 

is the free spectral range, M is the molecular weight of the light-emitting 

atom, T is the gas kinetic temperature, A is the effective collecting area 

of the interferometer, is the brightness of the source in rayleighs, Ta 

RY 

is the transmission coefficient that includes the effects of absorption and 

scattering of the etalon coatings, Tt is'the transmission of various optical 

surfaces of the interferometer and premonochromator, Pe is the quantum 

efficiency of the photomultiplier and C Is the continuum background. This 

formulation of the final response function is described in detail in the 

works by Hays and Roble [197l] and Hernande2~ [1966j . 
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The function of equation (2l4) can be expressed in the form 

which excludes the nolnalizing factor and continuum background as 

* 2 
m 

Y(x,T) = 1+2 ~ Aim exp (- --'4- YT) cosmx (2-16) 
m=1 

where A~ = ITA . 
m m 

The actual recorded signal with a photon counting method contains 

inevitable noise superimposed on the function expressed by equation (2l4). 

When the standard deviation of the noise is the square root of the counting 

rate of the signals the Inean square temperature errors which we will use 

in our analysis, is given by the following equation according to the 

expression (2-21) of Hays and Robel [197l]. 

ee (1 + iiJ;) J 1/2 (2-17) AT = [ NlO oe IO 

Here N is the number of data points over one free spectral range, and c~ and 

~ are expressed as 

_ I N-1 S(xi'T) 
~ ~~ I ~(xi) ~x c~ ~ 

?r o i* 1 

N-l l
 

~ = ~ ~(xi)6x T~ i=1 

3 2Tr M 2 
~(xi) = ~~2 ~ cos (mxi) 

m=1 

i~;::' ; 
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2
 

2 2 

Am exp ( m~lr4 T) m2Am exp ( nl 
2 2 2 
{A } {m A } 
m m 

x 

{m4A 2 } {In2A ~} 
m m 

{m2A 2 } {A 2} 
m m 

21T 

where 6x = N~i~l 

2Tr i-l xi ~ N1 

M 2 

{Qm} = ~ (~n exp ( m - 7 YT) 
m=1 

As seen from e uation 2-15 1 contains ~~ which is related to the q ( ), O * 
half-width of the aperture function f through the equation (2=13). Therefore, 

the mean square temperature error can be written in a form containing f as 

follows : 

) J 112 - c; ~ C 
AT = [-- (2-18) (1 + N~of ~ Kof 

wh er e 

4 (l-R) 

Ko = (JO(1+R) BO 

Bo 5 x l05 A RY ~a Tt Pe (J+1) 
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 ThemeanS鯛aretempe罫atureerrOrc8!culated£Or仁}・eeta1・亘whOSe

 cbaracter工sticsaregiveninTabie2-1isp!o鉦tedinFigure2-iasa

 至unctiono£曲eiユa1卜widthof捻eaperture£臓ction。艶ecaicula仁ions

 wereIn&de至orthreedi£ferentte獄peratures皇7000K,10000K,and15000K,

4-i
 aτ1d£orB踏!x1.09(cou取ts。sec.sterθd)andN嵩100。Theごe訊王工t80

 aregivenherefiorthetwocaseswheret鼓ereisnoco難tinuumbackgroundg

 an(iw難ere20countso蓋contin犠u無backgroundexist8。工瓜Eigure2-1シcounting

 rates・£面epeaksigna1£orthreedi鉦ere就te猟perature8and甑eoverall

 inS亡拠menむa王£ineSSea誓ea1SOgiVenaSa魚nCti・漁・ft董1eape耽UreWid甑舶

 canbeseeninEigure2-1童acertaiade£initewidt二ho£aperturegivest薮e

 loWeStValueO£temperatUreerrOr董OragiVente搬peratUre・エtiSSeenin

 磁gu蓄e2畦tha仁theopti臓照aper撫rewidth3wh±chgives証nimu皿temperature

 error,increaseswithincreasingte脚erature。C・nsider加gthehighest

 9・ssiblevalue・btained至r・狐鹿eD・PP!erte孤peratuτe狙e呂sure灘e砿s・£630・On無

 emissi・R(一i500⑪K),wedesignedtheha1卜width・£theapα纐re鎚ncti・a・£

 ・縫r藪ZAt・be30mk.煕e鼠gherthetemperatureis,the斑・rethes・urceline

 pr・寵!ei8br・ade貧edanditspeak1。wered・Thusthe1・werpea猛signaland

 甑egrea仁ertemperatureerr・でareresulting£r・mthe盤ig漉rtempera雛re3as

 seeniaEigure2-LT難echa簸geinBO3whicMnturnrelate8iinea「1ytothe
 ch3nge加so壁cei就e簑sity,a貿ectslittlethevalue・fthe・ptimu鶏aperture

 wid甑、E・rexample,αsingtheetai・鍛par餓etersgivenin里able2-1and

 捜諾!00,驚誠1500。K,theoptimu肌aper紅urewidthstaysat30凪koverthe

 rangeQ£E。・nxi・8叩ix・。10w仙n・backg-dc・n仁ま一・職en20c・unts
 o至backgroundco且tinuumaτeiutroduced夢theopti皿u職apertu3fewidthvaries
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TABLE 

The Operating Paralneters for 

Etalon Plates 

Effective diameter 

Fl atness 

Roughness defect finesse,NDg 
Ref lectivity 

Reflective finesse, NR 

Spherical defect finesse, NDf 
Spacing 

Coll imator 

Focal length 

Multiple Zone Aperture 

Number of zones 

Half -width 

Interference Filter 

Diameter 

Half-width at half-height 

Peak transmission 

Peak wavelength 

Wavelength of Airglow Line 

2=1 

the Fabry-Perot Interf erometer 

14.6 cm 

X1120 

30 

0.96 at 

77 

20 

1.504 cm 

73.31 cm 

10 

0.030 cm 

7.62 cm 

7 . 6 cml 

53~ 

6303 A 

6300 ~ 

6300 

-1 

~
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Figure 2-l 

l,O 3 O 4 O 5 O ZO 

f (mk) 

Mean square temperature error as a function of an aperture 
half-width. These values are calculated for temperatures 
of 7000 K9 1000e K5 and 1500e K. Solid lines are for zero 
and dashed lines are for 20 counts of continuum background, 
respectively. Also plotted are the peak counting rates of 
a recorded signal (fine solid lines) for the three different 
temperatures, and the over-all instrumental finesses. The 
instrumental pararneters used are given in Table 2l. 
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from 38 mk at Bo I x 10 to 30 mk at Bo = I x 1010 
Effects of Defects of the MZA 

The MZA could be fabricated by several methods. Recent developments 

of the semiconductor industry make the photographic reduction process the 

most suitable for our purpose. The flrst step is making an enlarged drawing 

of a single zone aperture which can be done using an automatic plotting 

machine. The next step is a photographic reduction of the original artwork 

to generate the desired dimensions on a photographic plate. The defects in 

fabricating the zone aperture are inevitable; therefore the effects arising 

from such defects have to be estimated. These defects may be classified 

into two groups according to their characteristics. The defect of the first 

type is a systematic error in the radii of the zones. For example, this 

may be caused by errors of the photographic reduction, or by errors in 

measurements of the focal length of the objective lens or etalon spacing. 

The defect of the second type is a random error of the radius of the zone. 

This may be caused by an error in drawing the original artwork, by the 

roughness of the grain of the photographic plate, etc. This error is 

considered to have normal distribution and leads to a Gaussian broadening 

function. 

At first, Iet us consider the defect of the first type, which we may 

call systematic defect. Here, Iet us assume that the inner and outer radius 

of every zone (including the central hole) is multiplied by the same factor, 

l + k, from the designed value. When we take the discrepancy in radii from 

their designed value to be Ar in in + Ar in _ and Ar .out , we can express r. j j j J 

*
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Using the instrumental parameters listed in Table 2=1, the value of equation 

(2=27) is 2 x 10 for k: = I x 10 over the range of j from I to 10. 

Therefore, the variation of the halfwidth at half-height of the aperture 

function can be neglected. Thus the output profile of the jth zone having 

a defect of the first type, excluding the normalizing factor and continuum 

background, can be obtained by replacing x in equation (2-16) with 

x - 6,av When the MZA consists of J zones besides the central hole, the j
 

output profile is expressed by the sum of the contribution of each zone. 

In the following discussion all of the contributions of each zone are assumed 

to be the same unless stated otherwise. Thus, the resulting profile is 

expressed as follows; 

J ~ 2 
~ av [1+2 ~ Ami exp (- m4 Ya(x,T) = - YT) cos m (x-6j )] (2 28) 
j =0 m=1 

For the defect of the second type, that is the defect arising from 

the random error of the radius of the zone, provided that Ar in out and Ar. j
 j
 

are distributed around zero in a nomal distribution with standard devia-

tion ~, the probability functions are 
in 2 

in (Arj ) 
M(Arj ) = I exp [ (2-29): 2 ~2 l ~/~r 

(Arout) 2 
out I exp [  j N(Arj ) = I (2-30) ~/~T 2~2 

These functions are expressed in terms of x as: 

1 2 
M(x) = x B in/r exp [ (2-31) 

J
 

in 2 

J ( Bj ) 
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2
 

l x 

N(x) = B.outv~r exp [ I (2_32) out 2 

( Bj ) j
 

where 

B.in _ 4/~ IT (n-') ~ (2_33) 
j in 

nr . j
 

B.out 4/~ IT (j+2nf/aO) (n-j ) (234) ~
 

J out 
nr . j

 
Here, when the average value, B av between B in and B.out 

j * J 

j
 

B in + B.out 
B.av _ 2 (2_35), O

 
av out is introduced, the values of (B. - j )/Bjln and (Bjout _ j )lBj ILn av B

 B
 

J
 

range from 4 x 10~2 for j = I to 4 x l0~3 for j=10, using the parameters 
given in Table 2-1. Such small amounts of these values permit us to use 

the average value. B av in and B.out j ' as the representative value of both Bj j 
Therefore, the probablility function in terms of x denoting the defect of 

the second type is expressed as: 

l 2 
O(x) = x (236) , 

J
 exp [- av 2 B , av/r (B . ) 

3 j 

The output profile of an MZA having the defect of the second type can 

be obtalned now as a convolution of equatlon (2 14) and (2 36). When expressed, 

excluding the normalizing factor and continuum background, this function is 

J 2 2 " 

Yb(x.T) = ~ [1-F2 ~ A~ exp ( In m av 2 (2_37) - - (B ) }cos mx] 
4 j 

j =0 m= l 

,~ 
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It is now possible to estimate the degree to which these defects ~'!;i~ 

cause a temperature error in the determination of the Doppler temperature. ;~,ii;i:: iij'it 

When the output profile (again excluding the normalizing factor and con S~ ~ ~ 

tinuum background) is recorded with the defect-free MZA consisting of J ~;:1! lij
;
 

zoness the integral over one free spectral range of the square of the ji:' *++;< 

difference between the output profile for telnperature T (equation (216)) i;;;;, 

and that for temperature T + AT is expressed as "i::' 

P(AT) = 2lt [ (J+1)Y(x~T+AT)(J+1)Y(x.T)]2dx = i{: f
 

o t.I  ;･･*~: 

4 (J+1) ~ A~ exp ( - 7 YAT)]2 (2-38)j-
co 2 

2
 

2 m 2 ~ m 

~: YT)[1 exp( 
m= l 

i
j
 

The values of P(AT) are calculated for the instrulnental parameters given in ;,~; 

Table 2 -1 and for T 1000 K and plotted in Figure 2-2. ";; 
On the other hand~ the integral over one free spectral range of the ij; 

square of the difference between the defect-free output profile and the 

output profile given in equation (2 28) Is ;i. 
J J f. 

Q(k) = 21T [ ~ Y(xsT) = J~0 Ya(xsT)]2dx 

J
 

O j=0 ' 

eo 2 

J
 2 av 2 

4 YT)cos nl5 j~0 Am exp( In4 = 41T ~ [{ (J+1)A~ln exp ( m _ YT)cos m6j ) 
m=1 

2 2 av2 

J
 

j ~0A~luexp ( ni4 + {(J+1)Am~exp( ~~ YT)sln m6 - - YT)sin m6 } I (2 39) j
 

Here~ the difference between the peaks of these two profiless Y(xsT) and 

i 6 av/2. Ya(x~T) is adjusted to coincide by 6 = J
 

The integral over one free spectral range of the square of the 

difference between the defect-free output profile and the output profile 

~~ 

+~~ 
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given in equation (237) is 

21T J J 

=j . R(~) [ ~ Y(x,T) - ~ Yb(x,T)]2dx 
O j =0 j =0 

* 2 2 

J
 

2 m m av 2 2 
= 4Tr ~ A7m exp (- l~ YT)[(J+1) = - (B ) }] (2-40) - ~ exp{ 
m=1 j =0 4 j 

The values of Q(k) and R (~) are calculated for the instrumental 

parameters given in Table 2-1and for T = 1000" K and plotted in Figure 23. 
out out 

lr At the top of Figure 2-3, k, which is obtained through k =Ar 10 lO , 

where rlOout is calculated using the parameters given in Table 2-1, is 
also scaled, 

From Figures 22 and 2-3 it can be concluded that if the errors in 

out  30Vm or manufacturing a MZA are within the tolerances of about ArlO ~ 
k=2xlO~ for the defect of the first type and about ~=10 um for the defect 

of the second type, the apparent increases in temperature are substantially 

lower than 20' K and are comparable or smaller than the usual observantional 

error caused by the statistical noise. This value of tolerance is quite 

attainable in the fabrication of the MZA. It is obvious that the greater 

the j value, the greater the need for accuracy. The linear thermal expan-

sion coefficient of a glass substrate ( lO~3/'K) gives the defects of the 
first type well below the tolerance mentioned above, k = 2xlO , fcr 

expected temperature variations. 

The Actual Use of the MZA 

An MZA consisting of 10 zones besides the central pin-hole was 

constructed with photographic reduction techniques. The half-width is 

designed to be 30 mk for the optimum condition described before for the 

i
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measurements of the airglow OI 630.0 nm line. The Fabry-Perot interferometer 

for these measurements is characterized by its Newtonian telescope-type 

collilnator optics and the use of a Maksutov lens which reduces the aberration. 

These optics are employed for easy adjustment of the MZA and for gaining 

cornpactness and rigiditywhich is necessary for field use. The total acceptance= 

halfangle for these optics combined with the MZA described above is 1.18'. 

The MZA is mounted on a 3 axis stage and its position can be adjusted with 

micrometers so the reflected image of the illuminated MZA can be made to 

coincide with the actual MZA. The scanning of wavelength is accomplished 

by changing the pressure of dry air in the etalon chamber. The temperature 

of the etalon chamber, together with the whole collimator optics and 

scaming gas, is kept constant by circulating a constant temperature liquid 

in a water jacket surrounding them. The accuracy of the temperature is 

+ o I C at 30@ C. Vibration absorbing rubber mountings are installed to the 

platform. 

An interference filter having 7.6 K half-width at half height and 

centered at 15862 K Is used as a prefilter. The half-angle of the field 

of view at the filter is 2.4'. The effects of tilt and field of view on an 

interference filter were discussed by Hernandez [1974 b], and were estimated 

for our case. The filter was tilted by 2.2' in order to be centered at 

15867 K~ the wavenumber of the OI 630.0 nm emission. This caused the half-

width of the filter to be broadened to 9.2 K and the peak transmis8ion to 

be lowered froln 54Z which is the value for the collimated light parallel 

to the axis, to 48~. 
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 inte捻sエtyvariatio犠swereso磁etimessorapid臨attherecorde媛pro£iles

 weredistQrted。Eort嘉is謡feason30bservedprG£ilesweresuわ5ectedto&

 vis犠a:L工nsPect二iontoreject二thepro£ileswhichwereasy㎜(3trico盈fs駄owed

 toolargeav&riationinpe8kinteasitiesduetoiargeintens鷲yc捻&窺ges

duringascanperiod.

 Abo慧teve罫ythreehotぼsduri窺gt}1eτ真ight茸t}}ei無ter£e暫。芸neむe罫was

 ca1土bτated£orinstru搬e捻ta工broadeRingwit壼anevenlydiだ歪use磁632。8n磁

 lineofa£equencystabilizedHe噌e13ser曲ic盤P蓄ovidesillu醗加atio惣over

 thefullapertureQ£theinter£erometer.

 A瓢ulticolorMeridian-ScanninPhotometer

 A磁ulticolor皿eridian-sca煎ingP鼓otometerwas鷲sedaエongwi甑the

 inter£erO魚etertOmOnitOrthenOrt卜SO就hdiStrib就ionSQ£thai紘e鵬ityO£

 the630。On珊and557。7鰍1inesa難d漁ato£theOHiまnes顧ic娠mayinter-

 feτewまむhtheinter£erometricobse㌶vatまGns[HE姻ANDEZg1974a]。

 Thep強oto短eterscaast敷eskyevery5.5滋nutesinaver七icalcircle

 a工oagt難egeomag慧eticτ蕪erまdia窺betweeτ1750nort稔and750sout爺inzenith

 &ngleanαrecordsthee掘issionsat630.0τ1磁皇557。7nm頸6工0。On盤9530.Omn,

 a爲(1near800蕊m。Thefiie工do£vまewo董t益ep難otomete誓is4。70。

 Determinationo£DolerTe斑e諏『atuユfe

 The£0110w工ngmethodwas

 £ro狙a箆observed£ringe,

 A皿observedprofi工ewas董irstt:むans董or狙edi窺toEourier$e瓢ies卑w飯まch

canbeexpressedas
Y4
CO

 Y(x)罵+ΣYcos(駆一α)
 2m鶏

 魚鴛1

 usedin龍isresearc為toderive&七e飢perat鷹e

 (2一破)
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where Y = (Ycm2 + Ysm2) ~ c~m = tanl (Ysm/Ycm) s and Ycm and Ysm are the Tn 

Fourier cosine and sine transform of the observed profile for one free 

j
i
i
;
i
 spectral rang~ respectively. :: 

The first four Fourier transforms (including both cosine and sine : ji, 

I
;
 transform) were calculated for each fringe to filter out the noise super- i ~: 

~
;
-

imposed on the raw data. These low order Fourier coefficients which con- . =!i 

tribute to the fringe profile were subjected to a non-linear least 8quares :: ~.. 
,i.' 

fit with the Fourier decomposition, of a theoretical profile. The theoretical i '<~' 

profile~ which was already given by equation (2=14)s has also a form of ; 

series expansion and is presented here again with the orders up to four. : 

4 2 

S(x T) Io[Ao + ~ Am exp (- r YT) cos Inx] + c (2-14~j m 

m=1 

The Doppler temperature T is then obtained in a least squares 

sense by minimizing the equation~ 

R(T) = f [Y(x)S(x~T)]2dx (2-42):: 

Choosing the values of r and C that minimize R(T) and evaluating (2=42) we ~ 

obtain 

4 2 2 

4
 

4
 

2 m R(T) -~ Y 2 - - YT)] / ~ Am2 exp (- ~ YT) (2-43)j m = [ ~ AlnY~n exp ( ul:4 
m=1 m=1 m= 1 

and 

4 2 4 2 

Io ~ ~ AnlYm exp ( E2~ Yr) [ - ~~ YT)] l ' ~ A 2 exp( In 
m.=1 m=1 nl 

Y 

and C = co  A I 
2 oo 

~
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 丁数eむefore,weca瓜obtai織甑eDoPPlertemperaturewhichmi爲i雌zeR(丁)

 byevalLuatingtheequ3tion(2-43)豊andatthes&meti珊ethevaiueso{1,
o

 whまchエsgrop・魏i・照1to臨ee磁ssi・nrate;andC,tぬec・膿t加9撚艶due

 tocontinなu凪backgroundandt短edarkcu駕rentcountingrate{慧f総calLcIユ1atedφ

 Thetech瓢que薮orderivi難gatemperaturedescribedabovew&8融$e罎onthe

 metぬodgive臓byHaysa訟dRoble[197!]。丁赴istechτ}i{甚uealso夢鴛ovi{ia$t薮e

 backgr・undandt簸e630・On癒工iaei就ensitiessimultaae・慧sly磁撫紘e

 te孤peratureo

 11戴eins櫨膿e就alparametersrelatedt・t振eadj讐s撫e就&祕蘊econdition

 ・£theeta1・natthe七i搬e・£eac数・bservatibnweredeter磁nedbyiaterpolating

 thevaluesobt&inedbycalibratioRscansmadebe£ore,d欝血9,8磁a£terthe

 e就ireObSe獅atiOnuSingaStabiliZed猛e一翼elaSeremiSSiOnaSa80urCe.

 H・wever鼻血es七abiiity・£t賀eetal・nwas慧sua!lyg・・da磁雛e崔e£ectpara一

 磁etersremaina工組ost“o鷺stantthro鷺ghoutt負e猛ig翫t。

 宏heerro雲ran81ysiso£te裏ngeraturewasmadeforeach萎むi礁gealsoba8ed

 ont二hetechniquedesc蓄ibedbyHaysaRdRoble[IL971]。TheerrorscalLculated

 bythis飢ethodusiτ}9ε(1雌atio蕊(2一工8)τeprese無仁8tat工stica工error。丁妓e

 ot飯erpossibilityexists£orsystematicerror・arisi鴛9£ro猟in就ru職e就al

 d雄島丁烈ete即eratureTaaRdTbwerecalculatedtoesti撮atesuch

 syste孤aticerrorわyusingthese仁so£instrume爲ta1薯)ara蹴etersobtainedfro瓢

 thecaエibrati・nscansmadebe萱・reaRda實erthe・bservati・a.窯esgectively。

 Thegreaterval慧e・£ITa-TRlan司Tb-Tnlwastakeat・bet敷eiazge就P・ssible

 syst:e照tictemperat二ureerむ。τ。Theerroむbarsshowninthe£土gureso£t二e願per-

 at慧redaセarepresentt鼓egreatervalueoj!t短esta七ist二icalerro罫a礁dthe

 systematicerror£oreachpoint.
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PART I Ihermospheric lemperatures 

CHAPTER 111 

Thermospherlc Temperatures during Geo~lagnetically Quiet Periods 

The temperatures measured during geomagnetically quiet periods in May, 

June and July, 1978 when Kp ~i 2 Plotted as a function of time in 

Figure 3-1. The dashed curves shown in the figure give the highest (May 8, 

1978) and the lowest (July 2, 1978) exospheric temperature8 over one night 

among those calculat,ed from the MSIS model IHedin et al., 1977j for the 

corresponding quiet nights. The solar l0.7 cm flux, the planetary geo 

magnetic index Ap' the day count frQm January l, and the latitude where our 

~leasurements were made were taken into account for the calculation of the 

model temperatures. 

The height of the nighttime 630.0 nm emission for normal airglow is 

peaked slightly below the F2 peak at altitudes above about 250 km [Greer 

and Best, 1967]. Since the ternperature gradient at these heights is quite 

small, it has been shown both theoretically [Roble et al., 1968] and 

experimentally [Hernandez et al., 1975; Hays et al., 1970] that 

temperatures obtained from Doppler profile Ineasurements of 630.0 nnl 

nightglow enlission follow closely the exospheric temperature variation. 

Our quiet time telnperature data appear to be consistent within the range 

of experimental errors with the exospheric temperatures calculated from 

the MSIS model, which is primarily a magnetically quiet model. 

The solid line given in Figure 3-1 represents the least squares fit 

of the Ineasured temperature for the quiet time. 
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 £orlatitude42。60魏w圭1ereourmeasure1難entswe質㊧made。
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 C玉{APり口ER工V

 Ther獄ospbericTe凱茎}eratureResponsetoan工solatedSubstor蹴

 丁慕eJouleheatiagProdttcedby&u罫oralelectrojet二sandits

 thennosp赴ericrespoτ}seca鷺best縫diedbymonitoringt二hetbeτmo$P}1erまc

 te揃peraturesby難ea飛s・£・pticalme仁h・ds茎simultane・u怠lyi登vestig3ting

 theCOnC騒嬬e就aUrOraleleCt置OjetaCtiVitieSU8inggeO無agnetiCreCOrδS

 obtained£むomstatioRsaio獄ga紐eridi段簸close{二〇tbeobservation8iteo£

 OP紅ica1斑easure無ents・

 Coletエ97110rま9まnaUysuggestedthattheJouleheatingまngutinto

 thether猟osphereシwぬic紅areproducedbyauroralelectrojet二$,cou工dbe

 estim3tedbytheuseQ{9τound-based搬agnetomet£rs。工ndeed,theJoule

 heat短ginputa慮thesubseque就thermGs油ereむesp・雛secanbe8tudまedby

 moni紅oringtbethennopheric七emgeraturesby窺eansofopt二ica1獄et盤ods鼻and

 simu!ta蹴eouslyinvestigatingthecoRcurrentaurorale工ectrojetactiv工tie8

 総ingge・撮agneticrec・rd60b捻加ed&tstεti・n8a1・nga田eでまdianci・set・

 癒eobs蟹v撫gsite研£ogticai醗eas鷲rements・

 訟t城8Ch呂pter3t擁measu鷺狙entsof曲enRosp盤e蓄icres》onseto

 aur・職工隷ctiv跳ies顧ic痕were照de・Rthenig賀t・fSepte鵬ber1/2う1978

 (EST)whe鷺a夏isolatedsubstor磁occurred,arepresented。Theintensities

 andi&紅itudinalpos:Ltionso£auror&ielectrojetswereoわt&inedわythe

 &n&1ysiso£飢agnet・gra狙sfromtheエMSEortC頁urc薮i1工斑eridia窺statio瓜s・

 蕪anetometerDataand漉thodo至Anaisis

 遡agneticdatausedinthlLsstudyareむhethree-componentmagnetic

 recordso五レmi墓averages實。撮曲eIMSFor七Churckillmeridia飛chain

 stationslistedinTable4-1.Locationso£magRetまcob8eごvaむoriesand
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TABLE4-1

 andLocation80£ theStations

Station Code

 聾ame

Geographic  Geo磁agnetic
 Latまtude(。N) Longtitude(OE)  Lati雛d駐(。N)  Lo漁gitude(OE)
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 AlbanyareshowninFigure4-LBaseline至ort:hese撮ag鷺eticdatawe蓄e

 determinedbychoo8i獄gtheq犠ietestperiodclosesttotheoaseto£thesub～

 st・m,usingPubli曲edAEindex[Ka搬eiaad顛a色da,1981]・丁数eselectedtime

 isO2工OUTonSept∈懸ber2夕i978。

 丁数e囎eec・mp・ne盆dataweretrans萎・㎜edint・X瓢(組ag舵tまcn・r臨)3Y掘

 (m8gneticeast),a貧dZ(dow雛ward)co撮po捻entsttsing撮ag羅e紅icdipoiecoordinates;

 stuck-up瓢agnet・gra姫s・nSepte孤ber2,1978(UT)were撫eac・翻8t撚cted(難g膿re

 4-2).Fr・磁Figure4-2wecanseet薮atawestwardelectr・コetwa8磁・wingbe卜

 wee血Back&組エslandLakeatO720UT.丁境sisin籔erred£romt翻epositive△Z

 variatio盤srecordedat二3ackandat二highe虻iati七udesand量質。磁t飯e捻egative△Z

 variations芸ecordedatエslandLakeandatiowe虻latitude$,工織or6鍵todeter一

 徹i鍛et難epositionandi鍛t:ensityo£tぬewestwardeiect二rojetatO720Uコじon

 Septe磁ber2,i978,whe簸the8ubst・mactivityhadreac薮edits撮axi斑讐磁,△X狙and

 △Zva1穏esatO720UT£ro凪eachsta仁ioRwereplot:tedinEigure4-3。Theわest-

 fittedc慧rvesweredra瓢thro斌gh△X磁aRd△Zdata,respect二ively・T}teposition

 ofthewestwarde王ectまfojetlwaslocatedat・thepointwねere△Zva工uescha於ged

 fro磁positivet・Regativea磁thecorrespondi織ginむensity・至△X磁atthat

 エocationwasdete㎜inedby皿easuringt薮emax麺騰negativeexcursi・nof△Xm

 ・ntbecurvedra職thr・ugh△㌔data・エntぬis聡mer・t猛ep・siti・nsand

 inte稲itiesofauroralelectr・jetattheEortC難urchiii窺eriδianweredetemined

 everylO無inutes曲eneveritwasp・ssibie・

 Asseeni盤Figure4-1タ矯agneticlocalti磁e(ii££erencesbetween紅heFort

 C短urc薮iまlmeridianandAlba雛yisapProxi斑ateiy2難ours。Sinceo萎》tical

 observationsatAlbanywere斑adealo嚢gthe斑eri6ian,wee孤P1・yedanalyticai

 aur。ral。valdistributi。獄spresentedb蝉enget81』119771t・c・rrecttheelec-

 tr・jetp・siti・n。Thecenter・£撫isaur・ralcirciei84・2。c・iatitude・f董the

 geomagneticpoleai・ngt難eOO15magneticloca!ti磁e孤eridian・

き
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CHAPTER V 

Thermospheric Temperatures during Geomagnetically Distrubed Perlods 

In Chapter 4, the Joule heating input and the subsequent thermospheric 

temperature response was investigated when an isolated substorm occurred. 

In this Chapter, measurements of thermospheric tenrperatures which 

were made during five geomagnetically disturbed periods will be given. The 

observed temperature enhancements are discussed in terms of AEJ activitie8 

inferred from the published daily graph of lmin AE indices (AE, AL, and AU) , 

and the plots of the contributing stations to AL and AU values EKamei and 

Maeda, 198l]; from these values the longitudinal locations of the maximum 

intensity of an AEJ was determined. 

Results 

Within the period during which the temperatures of quiet time were 

obtained, several geomagnetic disturbances occurred. The temperatures were 

obtained for five geomagnetically disturbed periods on the nights of May 4, 

June 2 June 5 June ll, and June 30 1978 (UT) 

One of the fringes obtained at 0307 UT on June 5, 1978, which gives 

the value of the temperature close to the quiet tilne value, is shown by 

dots in Figure 5-1 as an example. The background continuum is subtracted 

from the raw data. The solid curve in the figure is the best fit theo 

retical profile, which is a convolution of the instrunlent function and 

the Gaussian function corresponding to source temperature of 1090' K, 

while the dashed curve is the theoretlcal instrument function calculated 

I
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fronl the four instrumental parameters which were obtained from calibration 

scans made before and after the observation. 

The temperatures obtained during these five periods are plotted as a 

function of time in Figures 52 a = 5-2 e (shown by circles), along with 

our temperature curve for magnetically quiet periods which is taken from 

Figure 3-1. 

The emission rate derived from the analysis of the observed profiles 

are also given in Figures S=2 a - S2 e (shown by triangles). Time 

variations of 1min AE values are also given in the upper part of Figures 

5-2 a = 5-2 e in order to see the degree of AEJ activity. 

The distribution of twelve magnetic stations that contribute to the 

construction of AE indices as well as the location of Albany are shown in 

Figure 5-3 in geomagnetic coordinates. It should be noted that Great 

Whale River (GWO is located in close proximity to the Albany (ALB) meridian. 

A Iist of AE (12) stations is given in Table 5-1. 

The stations which contributed to AL and AU values and the ranges of 

AL and AU values for hourly intervals during the five disturbed periods 

were read from the published plots of the contributing stations and the 

daily graph of lTnin AL and AU indices [Kamei and Maeda, 198l] and tab 

ulated in Table 5 2 a S 2 e 

A. Ma 4, 1978 

The geomagnetic storm began with a sudden commencement at 0828 UT 

on May l, 1978. The sky was overcast on the nights of May 2=3 but it was 

clear over Albany on the night of ~jay 4 (UT) . When observations began 
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TABLE5-1

 Locatio蕊so£theAE(i2) Stations

Stations  Aわbreviations
Geographic
 Laむ。(ON)Loug。(OE)

GeomagRetic
 Lat撃(o蕪)Long。(OE)

Abisko

 Dixon工sland

 CapeChely犠skin

TixieBay

CapeWellen

Barrow

College

 Yellowkni£e

 玉ortChurc薮まユ1

 GreatW急aleRiver

 Narssarss鰍q

Leirvogur

 棚
㎎
螂
獄
㎝
脚
Ω
⑩
照
贈
㎝
職
脚

 68。36

73.55

 77。72

 71。58

 66。17

 71。30

 64。87

62.40

58.80

 55。27

 61。20

64.18

 18。82

 80。57

 104。28

 129。00

 190。17

 203。25

 212。17

 245。60

 265。90

 282。22

 314。16

 338。30

 66。04

 63。02

 66。26

 60。44

61.79

 68。54

 64。63

 69。00

68.70

 66。58

 71。21

 70。22

 1工5。08

 161。57

176.46

 191。4工

 237。10

 241。15

 256。52

 292。80

322.77

347.36

 36。79

 71。04
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at around 0200 UT on the night of May 4, brightening of the aurora was 

visible to the naked eye at low elevations in the northern sky. As the 

night progressed, the aurora becalne very active. Around local midnight 

the aurora covered even south of the zenith, and it remained until the 

end of the observation by morning twilight. The temperature measurements 

were made by looking north of the zenith before local midnight and by 

looking at the southern sky after midnight. As seen in Figure 5-2 a, the 

measured temperatures indicate a rapid increase around 0300 UT. The 

temperature increased from about 960'K, which is close to the quiet 

period value, at 0226 UT to about 1610' K at 0344 UT with a rate of about 

8' K/min. During the latter half of the observation period, the values of 

the temperature remained above 1500' K until 0844 UT. The AE value shows 

quite disturbed conditions throughout the night as seen in Figure 5=2 a. 

An examination of the AL index showed that, for the period between 

OOOO and OIOO UT, the primary contributing station to AL was ABK, which is 

located approximately 121' east of the ALB meridian. TIK and LRV were AL 

contributing stations only for a very short duration at the beginning of 

the period. For the period between OIOO and 0400 UT, the AL contributing 

station shifted mainly among ABK, LRV and NAO. YKC was also an AL 

contributing station but for a very short duration around 0130 UT. The 

first enhanced'temperature (_1260' K) was obtained at 0301 UT. NAQ (which 

is located elosest to tlle ALB meridian in the east, approximately 42' east 

of it) became an AL contributing station for the periods 0138-0140 UT, 

01450155 UT, 0210-0211 UT, and 0240=0250 UT, with corresponding AL values 
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of 600 nT 480~ 570 nT 630 nT and 600rv 800 nT, respectively. When an 

intensification of AL occurred around 0450 UT the AL contributing station 

was GWC (which is located closest to the ALB meridian in the west, only 7' 

west of it). For the period between 0500 and 0700 UT, the AL contributing 

station shifted mainly between LRV and GWC, east and west of the ALB 

meridian, , respectively. Around 0540 UT, a quite lar~e intensification of 

AL occurred. The Al contributing station at this time was LRV. FCC, CMO, 

BRW and CCS occasionally became AL contributing stations but only for a 

very short duration during this period (0500=0700 UT) . For the period 

between 0700 and 0900 UT, the AL coutributing stations shifted mainly 

between CWO and CWE. NAQ, FCC and TIK occasionally.became AL contributing 

stations but for a very short duration. 

The values of AL throughout the night were quite large. They 

occasionally exceeded 1500 nT, reaching as large as ~2500 nT at 0545 UT. 

In summary, before :local midnight at ALB the primary AL contributing 

station shifted from as far east as Ai3K to GWC, which is in cl08e proximity 

to the Albany meridian. After local midnight, primary contributing 

stations were GWC and one of the stations located west of the Albany 

meridian. The intensity of the westward AEJ was considerably large through= 

out the nlght. The position and intensity of the westward AEJ thus appeared 

to be well reflected on the Ineasured temperatures which showed substantial 

enhancement over the quiet tirne value. 

The AU contributing station closest to the ALB meridian was CMO, which 

is still quite distant from it (98' west of it). 
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The AU values never exceeded 500 nT throughout the night. Therefore, 

eastward AEJ could not have significant effect in the heating . 

B. June 2, 1978 

As seen in Figure 52 b, the temperatures before 0408 UT did not 

show any signifieant enhancement from the quiet time value. The AE 

values were relatively small, indicating relatively calm condidions before 

~0600 UT, and then they began to increase. The temperatures obtained 

during the period between O655 and 0726 UT increased from about 1250' K to 

about 1440' K showing an enhancement aznounting to ~400' K over the quiet 

time value. Visible aurora was not observed from ALB throughout this 

night. Therefore, the cause of the temperature enhancements could not be 

the particle precipitation associated with visible aurora. 

The AL value for the period between 0600 and 0800 UT are not so 

l ' large (IAL ~ 450 nT), but the AL contributing stations for this period were 

mainly GWC and NAQ (GWC for the periods 06000630 UT and 0731-0800 UT; NAQ 

for the period 0630-0727 UT; and YKC for the period 0727-0731 UT). This 

implies that the location of the maximum intensity of the westward AEJ was 

either in the near east or west of in close proximity to the ALB meridian, ~ 

it . 

During the same period (0600-0800 UT), the range of AU values was 

almost the same as that of AL, but the primary AU contributing station was 

BRW, which is located far west of the ALB Ineridian (113' west of it). 

Therefore, the cause of the observed temperature enhancement could not be 

the Joule heating arising from the the eastward AEJ. 

C June 5, 1978 

Although the storm started with SSC at 1211 UT on June 4, the 
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TABLE5-2b

 stat二ionswhic薮contrib犠tedtoALεndAUandthe

 ALaadAU£orhour工yinterv31sonJune2豊1978(UT)

 [£imeperiod
(UT)

 ALcontrまbuting
8t&tions

ALrange
(nT)

 AUCO礁t蜜ib舷t二i纂9
stations

 AU駕3登ge
 (蝦)

0000-0100

0100-0200

0200-0300

0300-0400

0400-0500

0500-0600

0600-0700

0700-0800

 LRV3玉3RW3CWEg
CCS

LRV3BRW,CCS

 LRV3塾RW3CCS

 NAQgLRV鼻GWC,
 BRW製CWE,CCS

 DIK2NA曾・CCS
 NAQ雪GWCヨFCC

 魏AQ頸Gwc

 NAQ3GWC豊YKC

 一20～一30

 -30～一90

 -20邸一60

 一工0一一90

 -60～一130

 -70～一130

 -120～一450

 -300御一塩30

 D王K讃AQ雪.Gwc豊
FFCgYKC

 NAQ雪LRV》ECC聾
YKC

 NAQ夕GWC卑FCC卑
 YKCgT工K

 GWC茸ECC事YKC襲
 丁工K

 YKC箪3RW5丁王K

YKC3BRW

BRW

 BR協CGS

 30～60

 30～60

 20～80

 40～80

 20畦30

 80～130

 130～470

 220細340

き
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disturbance was not as great as that of the storm of May l-4. A faint 

diffuse aurora was visible in the northern sky around local midnight 

(0500 UT). 

The results of temperature measurements on this night showed that 

temperatures were mOderately enhanced. The temperature, measured in the 

southern sky at 0421 UT, was about 300' K above the quiet period value. 

The remainder of the temperature measurements did not show any enhancement 

greater than 150' K from the quiet period value, even for the :neasure~nent 

made ih the middle of diffuse aurora around 0520 UT. 

The AL contributing station for the period between 0200 and OSOO UT 

shifted among NAQ, LRV, and ABK; all of which are located in the east of 

the ALB meridian. LRV, which is located 77' east of the ALB meridian, 

contributed to AL for the most part of the period, and NAQ, which is 

located 42' east of the ALB meridian contributed to AL for the period 

between 0308 and 0319 UT with corresponding AL values from 570 nT to 

-670 nT. The temperature enhancenlent observed at 0421 UT appears to be a 

reflection of this shifting of the most intense portion of the westward 

AEJ to the proximity of the ALB meridian. The ranges of AL value were -630 

to 930 nT 530 to 1020 nT and 520 to 1270 nT for the time intervals of 

0200 to 0300 UT, 0300 to 0400 UT, and 0400 to 0500 UTS respectively. For 

the period between 0500 and 0600 UT, the AL contributing stations shifted 

widely in longitude from ABK at the easternmost to BRW at the westernmost. 

A sharp increase in AL around 0520 UT was due to contribution from YKC. 

The temperature obtained within the faint diffuse aurora at this time 

showed no enhancement from the quiet period value. GWC contributed to AL 
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TABLE5-2c

 実員e8ta仁ionsw飯ic飽co且tributedtoALandAUandtbe

 rangeso五AI・andAU£or簸ourlyintervalso鍛JuRe5,i978(UT)

TimepeτiodALcontributiR9
(UT)$tations

ALrange
(nT)

 AUcont二ributing
 statまOnS

AUτange
(n1[)

0000-0100

 010〔)一〇200

0200-0300

0300-0400

0400-0500

0500-0600

0600-0700

0700-0800

 亙)工K,

 翼AQ聾
FCC

LRVg

 餌AQg

 LRVシ

 凶AQ翁
 Gwc卑
BRW

 餌AQ食

 餌AQg

ABKg

 LRV争

ABK

LRVg

ABK

LRVg
 FCC舞

LRV

LRV

CCS

AβK

AEK

 ABK撃
 YKC聾

 心220～一600

 -230～一940

 -630～一930

 -530釦一1020

 -520～一1270

 -330艸一io80

 -370～一870

 -3io叩一730

 YKCgCMOシ

YKC3CMOg

CMO

CMO

 CM。』CWE
 CWE,宝IKg

 C廼OgCWE,

 CWE鼻丁工K皐

BRW

βRW
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for a very short duration (0530-0533 UT). For the period between 0600 and 

0800 UT, the AL contributing station shifted between NAQ and LRV. The 

I l values of AL during this period did not exceed -870 nT. 

The AU contributing station which was closest to the ALB meridian 

for the entire period (0200-0800 UT) was CMO, and the AU value never 

exceeded 520 nT during this period~ 

D. June 11, 1978 

Visible aurora was not seen from ALB on this night. The cibserved 

temperatures showed a general decrease throughout the observation period 

from about ll60' K at 0247 UT. No significant enhancement was seen in the 

temperature data. The primary AL contributing station was LRV for the 

period between 0130 and 0525 UT, and NAQ for the period between 052S and 

l I 0700 UT. The maximum value of AL for these periods were 570 nT and 180 nTS 

respectively. During' the entire period (01300700 UT ) , the AL 

contribution station shifted, from time to time, to various locations for 

only short periods, as shown in Table 52 d. GWC became an AL contributing 

station only for a very short duration (0213-0215 UT). The AL value at 

this time was about -200 nT. Throughout the entire period~ the intense ' 

portion of the westard AEJ was located far away in the east of the ALB 

meridian, and the value of AL was modest. These may be the reasons for the 

lack of significant heating effect in the temperature data. For the entire 

period, the closest AU contributing station to the ALB meridian was YKC and 

the value of AU never exceeded 380 nT throughout the period. 
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TABLE5-2d

 Thestatio捻swhichcont二ributedto

 o£ALandAU£Grhouriyintervals

 L
論
A
O

 andAU&ndt二惣e

 J鰍e11孕1978(鞭)

 Ti凪epe芸iod
(UT)

 ALcont鴛ibuting
 8tatio無S

ALrange
(RT)

 AUcontrib慧紅ing
 st晟tion呂

 AU駕ange
 (鷺丁)

0000-OlOO

O100-0200

0200-0300

0300-0400

0400-0500

0500-0600

060G-0700

LRV3AβK

NAQ3LRVgABK
GWC

 餌AQ車LRV3ABK夢
GWC

 NAQ3LRV夕FCC

NAQ,LRV

 暮合1・LRγ・職
 NAQ駐LRV畠ccs

 一・90～一470

 -60～一240

 -i60～一290

 -240～一430

 -320～一570

 -30一一330

 -20一一工50

 YKC豊βRW

 FCC顕YKCヨ
BRW

 D工K豊YKC食
BRW

CMO,BRW

 C麗O

 YKC聾CMO,

 LRV箪DIK3
 BRW3丁工Kシ

 ヨ
き

0
0

 滋
M
C
C

 BR』w

 CMO鼻
CCS

 90碍210

 90～200

 70～330

 170～380

 10Q柑280

 20柑110

 20殉210
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E. June 30 1978 

The AE indices were large (AE f~+ 500 nT) during the period between 

2100 UT on June 29 and OIOO UT on June 30 and then subsided. The AE indices 

began to increase again around 0545 UT, after when the diffuse aurora was 

seen from ALB in the northern sky. The temperatures measured in the southern 

sky at 0233 UT and 0247 UT were about 1010' K and ll20' K, respectively and 

did not show any significant heating effect. 

There was an abrupt decrease in the AL value (intensification of the 

westward AEJ) around 0545 UT. The value of ljALII remained above 400 nT 

until 0730 UT; the value reached 620 nT around 0615 UT with the primary 

contributing station at that time being GWC. For the period after the 

onset of the AEJ intensification (05450730 UT), the AL contributing 

station shifted among LRV, NAQ, GWC~ FCC, and YKC; indicating that the 

westward AEJ extended across the ALB meridian. GWC became the AL 

contributing station for the period 0440-0605 UT and 0612-0617 UT. The 

corresponding temperature measured in the northern sky at 0723 UT was 

substantially increased to 1380' K. However, the temperature obtained at 

0609 UT was only about 1090' K. Although this was measured within the 

dlffuse aurora, it was not significantly enhanced from the quiet time 

value. This implies that the heating effect produced by the AEJ is much 

more effective than that produced by particle precipitation and that there 

is a tilne lag between the intensification of the AEJ and the tenrperature 

enhancement observed fronl ALB~ which is located equatorward of the AEJ. 
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TABLE5-2e

 statio簸swhic蕪co獄trib雛仁edtoALandAUandtbe

 ALandAU£or薮ourlyin仁ervalsonJune30,1978 (UT)

e
)

 磁
T
i
U
T
( period  ALcontrib縫ting

 stat;io漉s
ALrange
(nT)

AUcontribut:ing
 st3仁ions

 AUra捻ge
 (欝丁)

0000-0100

0100-0200

0200-0300

0300-0400

0400-0500

0500-0600

0600-0700

0700-0800

  
シ
き
ゑ
リ
ヨ
ヨ
き
シ
お
シ
タ

 賦
皿
駅
即
酌
鹸
鹸
撒
鹸
㏄
鹸
㏄
鹸

 A
T
A
L
C
N
醤
T
N
G
狐
E
潤
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 GWC浄

 一igO～一780

 一90叩一230
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 一400御一620

 一210柑一590

YKC

YKC

 D工K童

GWCg
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CMO
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 D王K葺YKC舞
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GWC became an AU contributing station at 0319 UT but only for one 

minute. However, the AU value at that time was as low as 60 nT. Except 

for GWC, the AU contributing station which was closest to the ALB meridian 

for the period between 0545 to 0730 UT was CMO. The AU value never 

exceeded 400 nT for this period. 

Discussion 

The results of our measurements of the thermospheric response to AEJ 

activity Tnade during the five geomagnetically disturbed periods can be 

eategorized into the following two groups; 

(A) GWC bccame the primary AL contributing station during the 

period preceding the temperature enhancement. This implies that 

the most intense portion of the westward AEJ was located in the 

close vicinity of the ALB meridian during this period. This 

group includes : 

(a=1) After local midnight (0500 UT) on May 4, 1978, GWC was, 

from time to time, the primary AL contributing station 

I I and the values of IALI occasionally exceeded 1500 nT, 

reaching -2500 nT at one instance. The corresponding 

temperatures obtained between 0648 and 0844 UT showed 

signifieant enhancements ranging -500- -750' K over the 

quiet time value. 

(a2) During the period between 0600 and 0630 UT on June 2, 1978 

l l GWC was the AL contributing station with the values of AL 

less than 450 nT. The corresponding temperatures obtained 
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between 0655 and 0726 UT showed substantial enhancements 

alnounting to -400' K over the quiet time value, even 

though the AL values were not very large. 

(a-3) During the periods between 0550 and 0605 UT, and 0612 and 

0617 UT on June 30, 1978. GWC was the AL contributing 

I I station with values of AL ranging 450=620 nT. The 

corresponding temperatures obtained at 0723 UT showed an 

enhancement of -400' K over the quiet time value. 

GWC was not the primary AL contributing station. Instead, 

stations far away from the ALB meridian, such as NAQ or LRV, 

became the primary AL contributing stations during the period 

preceding the temperature enhancement . This implies that the most 

intense portion of the westward AEJ was loc~ted far away from the 

ALB meridian during this period. This group includes: 

(bl) During the period between 0138 and 0250 UT on May 4, 1978, 

NAQ became the AL contributing station four times with 

I I values of AL ranging 480800 nT. The corresponding 

temperatures obtained between 0301 and 0403 UT showed 

enhancements ranging -300- -600 K over the quiet time 

value . 

(b=2) During the period between 0308 and 0319 UT on June 5, 

1978, NAQ became the AL contributing station with 

I l values of AL ranging 570=670 nT. The corresponding 

temperature obtained at 0421 UT showed an enhancement 
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of 300 K over the quiet time value. 

(b 3) During the perlod between 0130 and 0535 UT on June lls 

1978~ LRV was the prlmary AL contributing station with 

i I the values of AL not exceeding -570 'nT. For the period 

between 0525 and O700 UT, NAQ became the primary AL 

l I coutributing station with the values of AL not exceeding 

-180 nT. The temperatures obtained throughout this night 

did not show any significant enhancemejnt . 

From the results listed above, we can draw the following conclusions: 

When the most intense portion of the westward AEJ is located at 

GWC~ which is in close proximity to the ALB meridian~ for a 

considerable duration, the Joule heating produces a temperature 

enhancement of at least 400e K of the thermospheric region in the 

field of view from ALB, even If the values of ljALll is as moderate 

as 450 nT. When the intensity of the westward AEJ is quite larges 

the temperature enhancement becomes as high as -7500 K. 

The Joule hea~ing effect observable in the field of view from ALB 

is not very large when the Tnost intense portion of the westward 

AEJ is located at NAQ or LRVS which is far away from the ALB 

meridian. To produce a temperature enhancement of -3000 K~ a 

I I value of AL greater than 500 nT is required for a considerable 

duration if NAQ is the pri~nary contributing station A value of 

IALI greater than -500 nT cannot produce any significant 

temperature enhancement if the primary AL contributing station is 
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LRV, which is located even further east of NAQ from the ALB 

mer id ian . 

There is a definite time lag of an order of one hour between 

the intensification of the westward AEJ and the measured 

temperature enhancement. Another interesting point of our 

observation is that the temperatures obtained within the ~urora 

whose intensity of the 630.0 nm emission ~s greater than I KR, 

did not show any significant enhancements. This implles that the 

heating produc8d by particle precipitation is not as effective as 

the Joule heating. 

i
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CHAPTER VI 

Thermospheric Tempe~:~atures during the July 5, 1978 Storm: 

A Possible Existence of the Nonthermal Atomic Oxygen 

In this Chapterwe describe the detailed results of the [Ol] 630.0 nm 

line profiles which were observed during the ma~netic storm of July 5, 1978. 

The [Ol] 630.0 nm profiles observed around 0700 UT which showed the 

most increased '~apparent temperatures'i, could not be interpreted in terms of 

a single Gaussian source proLile. Instead, a combination of two Gaussian 

source profiles satisfactorily explained the observed results. This, 

together with unusually high intensity at the time of the observation~ 

suggests that the [Ol] 630.0 nm emission consisted of two different 

components, each being originated from a different source. 

Re~;ul ts 

The storm began with an SSC at 2305 UT on July 3. The values of the 

index during the meastirements on the n~ght of July 5 were 7 and 7-

Kp 
(Figure 61). When photometric observation began around 0200 UT, an auroral 

display was already visible to the naked eye in the northern sky. The 

beginning of the interferolnetric observation was delayed due to a power 

problem. The aurora became quite active during the course of the night. 

From approximately 0430 UT, the aurora showed a ray structure in the 

northern sky, stretching its visible limit even to south of zenith. The 

aurora on this night was very pronounced, and It did not weaken until the 

morning twilight. 
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The method of aialysis described in Chapter 2, which provide$ the 

Doppler temperature as well as the 630.0 nm line intensiry and the back= 

ground continuulu, was initially applied to the observed data. The first 

measured temperature' Iooking south of zenith was about 1800' K around 

0420 UT, which was enhanced as much as 800 K from the quiet period 

value. Eight additional temperatures were obtained during the period 

between 0500 and 0730 UT. During this period, the temperatue derived 

with the method of analysis Inentioned above show values consistently 

greater than 2000' K, with the maximvm value of 2610' K at 0710 UT. However, 

the data indicated by the asterisl~s shown in Figure 62 and 6-3, taken 

between 0710 and 0726 UT, give negative values of the background continuum, 

indicating that the analysis method is inadequate for these cases. As an 

example, the profile obtained at 0710 UT, from which the maximum '~apparent 

temperatures~ was derived with the present analysis scheme, is shown in 

Figure 64 by dots. 

The dashed curve drawn through the dots is the theoretical profile 

that is a con:volution of the instrument function and the single Gaussian 

function having the souree teuiperature of 2610' K; this theoretical profile 

provides the best fit to the observed fringe. The solid curve inside the 

theoretical curve is the theoretlcal instrument function calculated from the 

fqur instrumental parameters which were obtained from calibration scans made 

before and after the observation. As stated before, this analysis technique 

provides background continuunt along with the telnperature. The background 

continuum obtained for this theoretiOal profile is -54 count8 (dashed line 

in the figure) . Since the deriwd background continuum is negative for this 
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during the geomagnetic storm periods on July 5, 1978 
function of universal ti{ne. The open and half shaded 
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for the two component source? one at temperature 

k and the other at temperature T with weight (l-k) 

and (2-44) are slightly modified into the forms 

4 In2 m2 

4 ~ AmYmexp{- Y(lk)T}exp{- 4 YkT~ } = ~ Y 2 - m=1 4 

T~ 

~
 

with 

the equatlons 

R(T T ) m=1 m 4 m2 ~ Am2exp{ zn2Y(lk)T}exp{--YkT~} 
In= 1 4 

4
 

4 m2 Io m=1Ani m ~2Y(1 k)T}exp{-m2YkT~ } [ ~ A_2 exp{1"-'-'Y(1k)T} ~ = ~ Y exp{-- T m=1 *'* . 

m2 l 
exp { -,-.-.2YkT ~ }] ~ 

and Ci = Yco = Aolo 2
 

(6l) 

(6~2) 

The results are shown in Figure 6-5. The solld curves shown In the 

figure indicate the variation of the residual, R(T,T~) as funetions of Ts 

wlth flxed value of T 1800 K and wlth k as a parameter. The hatched area 

in the figure indicates that the value of the background continuum, Ct which 

was calculated from equation (6-2), is in the range 2070 cps which is 

reasonable for our instrument. The rigllt boundary of the hatched area 

gives values of the background continuum less than 20 cps, including 

negative values, while the left boundary gives values greater than 70 cps. 

The dash-dotted line in the figu~e connects points giving the minimum 

residual value at each weight. From the figure, it can be seen that 
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 ac。mbinati。n。ftheGaussian£uncti・nf・r&s。urcete即e聡tu驚・H800。K

 and加e£unctまonforT』3900。Kandk器0.32yieldsa磁徽撫u瓢v&1ueo£

 residueandals。a聡as。nablevaエue£・rthebackgr・穏窺dco就i瓢膿・〕O融鷺£・re曾

 thisc。無binati。n。£thetw。Gaus8ian£聡cti・n$expla加s甑eob$就ve遺麗・£ile

 atO710UTsatis£act・rily.丁翫e撫e・retic滋cuτvec81cul&総d£r・膿t漉。・n榊

 vo1砿i・無・£theab・vetw・一。・磁P・魏entGaussね蕊pr・鼠ie8顛雛総撫就瓢瓢e就

 £囎cti。nissh・轍i昆Eigure6-4by廊edash-d・tt琶dcurv㌫,1論b&ck9質・und

 continuu鵬obむai無ed£駕。撮t極istheoret二icalc慧rve聾63cps重is翁lsos蝕owninthe

 難gureわyadasbdotted1加e・

Discussion

 Thewid捻so五someo蛋the630.Onmlinepro{ilesobserv磁6uringt賀e

 諏1y5,1978st・mpe蓄i。4a驚撫usually13rge・瓢sca油eeasilyrec・gnized

 byc・mpa誓塊the・bserveddatainEigure6魂andFigure5-LThese董igures

 alsoshowthat撫einstrumentalwid紘re瓢ainedaimostthe8ame£or撒e8etwo

 meas越reme爲ts。Th30bserveddatas舞owninEig“re6-4,inadditiontothe

 rat1}erlargec・犠ntingr&tes,sh・wg・。dsy膿etry3indicat塊t短attherei8n・

 dist。r紅ま。nduet。theemissio鷲inten3ityc薮angeduringthescan・1Ihere£oreg

 webelievethatt簸elargewidth・£the・bserveddataisareaire£1ecti・n・£

 t:hesourcepro£ile。However,asstatedbe£ore3t盤i80bservedprofilegives

 theapParenttemperature・£26iO。Ki£'asingieGaussia鷺s・u灘董u箆cti・ni8

 assumed。Suc短abigh撫erm・sp薮ericte即eratureseems膿1ikely・馳誓馳em・reシ

 t極e8RaiySiSSChemeUSiagaSi皿91eGaUSSian8・鷹CefUnCtiG捻giVeS捻enegatiVe

 backgr・undc・ntinuum(Figure6-4)3indicatingthea瞬ysismet蝕・di8inade鳳uate

 fiort払iSC&se。
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 エnanat紅e撮pttoexpiain.t盤eobservedpro£iエeatO710UT繭ic瓦sho総

 un穏suallylargewidt魏(Figuむe6-4)鼻weusedacombinatiQno£twodif£2rent

 Gaussia鷺£臓ctionsasasourceprofile.Calculationsshowtha仁aco襯b加atio臓

 。£the董unction≦…orasourcete凱peratureofT=王8000Kandthefunc仁ion

 五〇rT亨認39000K識0。32yieldsa磁ini磁umvalueofresidueandalL80段.

 reas・nabエev31聡£・誓theb8c㎏r・undc・ntまnu聯(班gure『6-5).10負eref・re,

 thiscombinationo五thetwQGaussiεm£unctまoRsexplain8theob8ervedproξile

 atO710UTsatis£actorily◎丁敷isi撚p工ies仁hαtthe[OI]630。0鷹Rprofile

 obtaine(1atO710UTd縫ringt;聡egεo阻ag鍛eticstormofJuiy5,1978consists

 oftwodif£erentc・即one就s,eεc員origin&tiag£r・臆adi理ere就source.エn

 ・u「calcu13ti・獄sgwet・・k1[d800。K董・rthetempera㌻uε・£the董irstc・憩P・nent・

 エfadi鉦erentval齢wasuseaas鹿etemperature・至the五irstc・即one就,a

 di£ferentvalue・£thete確pera朧eandweight・£t1玉esec・ndc・狙P・nentw・uld

 res蟻工t。工簑8{idition鼻itis黛otguaτant二eedt且attbesecondco蹟ponenthasa

 Gau8sianshape.猟e8聡1ysisreporte4here£orthemeasure磁entatO710UT

 onJuly5聾1978sho縫idわecon$ideむedexploratory。Nevertheless,iti8

 indisputablet蝕att盤eoわserveddataぬasunusua工lylargewidt嚢事andthata

 singleGaussia窺source五unct:ioncannot二explaintheob8erveddata。

 Aspoi窺tedo鷲tbyHern3ndez[i974a〕鼻t姦epossibiiiむyofthecontamin-

 ationo£甑e630。On凱1inebythenearbyrotati・nallines・£OE(9弓)band

 mightco舐PlicatethetemperaturedeterminatioR。However争fortぬe凱easure-

 mentsreportedh総re箪紅11epossibilityo£apPare瓢二temperδtureincreasesd縫e

 toOHcont&膿i鍛3t:ionisrejectedbyt簸eespeciaiiyiargeenhancementofthe

 630・OnmemissioR職teres理1ting£r・maur・raiac昆vi仁y.Also,wi甑t圭・e
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 spacer・£・uri就er£er・meter,thee£fect・£OHc・nねminati・nw・uldapPear

 asabu即betweent蓋etw・c・nsec慧tive630.0礁磁epr・files.

 工nviewofthefactthatvisibleauroraユεctivit二士eswe】r駐一無砲総甑i論t翫e

 northe凱s猛yduringt加eso£ourobservation卑艶磁pe認tu聡鎌h3無。総囎n鵜

 憾ghtbeca穏sedbyheatまng,asaresult・至precipit&t加9豊肥rg就ま。8工総ctr・血8

 aSWeliaSbyJOUleぬeating。HOWeVe為OUrd8ta曲・Wthat始誓ge総即e燃雛re

 e徽hance獄entswe蓄eaisoseeτ1a紅lowelevationangi¢孟nt蘇e80慧紅鮭er盤skyw蝕ere

 novisibleauroralactivitieswereobseτve(i。
十

 Thee無e誓gyfluxo£eneむgetlLcOま。負s(0・7-i2KeV)孤easure{i魂uring

 ge・magneticst・でmswasasgre3taso。4erg/cm2secsteqs赴elleyetaL91972L

 withO.1erg/c飢2secsterbeing至requently餓eas囎d.The。b鰹vati・nsals・
十
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is expected for the energetic 0+ flux spectrum observed by Shelley et al. 

[1972], assuming that each charge exchange results in an excited oxygen 

atom that yields a 630.0 ruu photon. Observational results also show that 

the latitudinal range of the flux of these fast 0+ ions overlaps and 

extends equatorward of the auroral electron region [Sharp et al., 19743 

1976 b]; indeed this is the latitudinal region where our observations were 

made. In addition, Yee et al. [1980] reported the existence of an atomic 

oxygen corona overlying the thermosphere during the solar maximum period 

from a series of twilight interferometric observations of the near infrared 

0+ (2p) doublets at 732 and 733 nm. They detected excessive amounts of 

emission at shadow heights above 550 km, and the scale height deduced from 

the vertical brightness profile showed a marked increase above S50 km, 

estimating the equivalent temperature to be 4000' K or higher. Additional 

evidence of such elevated equivalent temperature is seen in the inter-

ferometric profile of 732 nm emission line. By fitting a Gaussian, they 

deduced an equivalent temperature of 4300 :!: 1500' K. It is apparent from 

these reports that there exists nonthermal O atoms above 500 km altitude 

region. 

Therefore, we believe that the [Ol] 630.0 nm profiles observed 

between 0710 and 0726 UT during the geomagnetic storm of July 5, 1978 

consist of two different components, one originating from the F region 

and the other from the nonthermal O atams at an altitude greeiter than 

500 km. Large intensities of the profiles observed during this period 

(Figure 6=3) also support this interpretation. 
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PART 11 Stable Auroral Red (SAR) Arc 

CHAPTER VII 

Photometric and Interferornetric Observations of the SAR Arc Event 

of September 25/26, 1978 

Since the discovery of stable auroral red arcs (SAR arcs) by Barbier 

[1958] during the IGY years, many workers have reported a: nuniber of SAR arc 

events covering the past two solar cycles. Rees and Roble [19751 sumlnarized 

the results of observations and theories in their review paper. 

From the observations 8panning the past two decades, it seems clear that 

the frequency of occurrence of the SAR arc is positively correlated with solar 

activity [Slater and Smith, 198l]. During the solar cycle 20, the last 

event of the SAR arc was reported by Carman et al. [1976] on April l/2, 1973; 

then the occurrence appeared to cease. A reappearance of the SAR arc had been 

strongly expected at mid1atitudes during geomagnetically disturbed periods as 

a new sunspot maxilnum approached. 

On the night of September 2S/26, 1978 a distinct SAR arc appeared. 

Although, an arc occurred earlier on April 30/May 1, 1978, the records indicate 

that the arc on September 25/26 was very distinct. Therefore, the results of 

the photmetric and interferometric measurements of the SAR arc observed on 

the night of September 25/26, 1978 are presented in this chapter. 
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Results 

Both the photmetric and the int:erferometric observations were 

begun at OOOO UT on September 26, 1978. The sky condition was clear on 

that night. Uutil 0300 UT when auroral activities started in the northern 

sky, the intensity of [Ol] 630.0 nm emission had been gradually increasing 

from its normal value. Following the appearance of auroral activities s 

the meridional photometer records of 630.0 nm indicated a bulge at a zenith 

angle of 51' north, superimposed upon the background slope due to northern 

auroral activities at 0450 UT. This bulge grew very rapidly to a well 

deflned SAR arc In less than 20 minutes. The arc persisted throughout the 

rest of the night until observation was ceased due to morning twilight. 

After the appearance of the SAR arc, northern auroral activities 

became quite visible but were well separated from the SAR arc, and also 

persisted throughout the rest of the night. The zenith angles of the 

position of the peak intensity and those of the position of the half-max 

intensity were measured on the photometer records, and plotted against 

universal time (Figure 7l). There is a systematic eqnatorward movement 

throughout'the period of observation. Assuming the altitude of the arc 

to be 400 km [Roach and Roach 1963 Old et al., 1972 Slnith et al., 1972] 

the average velocity of equatorward movement of the arc was 240 km/hr and 

the half-max intensity widths range from 150 km to 260 km. The positions 

of the peak intensity were transformed into L value intercepts at 400 km 

using the following relations 

L = RE + h (7_1) 
RECO S 2 xm 

Xm = Xmo + X Sinl R,sin ) (7_2) (RE + h 
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where X is the zenith angle of the peak intensity position of the 

arc (positive northward) in the geomagnetic meridian plane, XEno the geo-

magnetic latitude of the observing site, Xm the geomagnetic latitude of 

the intercept of the line of sight at altitude h (assumed to be 400 km) , 

and R the radius of earth in kilometers. In determinin' the 400 km L 
E ' 

intercepts, potential errors may be caused byg (a) angular resolution of 

the photometer (~:3'), (b) variation of the altitude of the peak intensity 

of the arc from the assumed 400 km (~50 km) , and (c) the distortion of 

the actual field configuration from the field line given in equation (7-1). 

For the observed arc, the maximum values of errors in L value due to the 

combined causes (a) and (b) mentioned above was estimated to be AL 2~ i0.2 

at OOOO UT, decreasing to AL ~; O at 0220 UT, and then again increasing to 

AL ~; O I at 0430 UT We assumed that the field glven by equation (711) 

provided a realistic representation of the field lines. Figure j-2 displays 

the calculated L values of the peak intensity position of the SAR arc in the 

equatorial plane plotted as a function of local time. The L value varied 

froln 3.6 at local midnight to 2.4 at 0420 Iocal time. The average rate of 

change in L value was -0.28/hr. 

The peak intensities, reduced to zenith values of the arc over the 

background 630.0 nm emission, were measured from the photometer records and 

plotted against universal time in Figure 7-3. Although the interferometer 

was primarily used for Doppler temperature nleasurements, its data could 

also provide the intensity of the arc. The cross checks between the 

intensities obtained from the photometer and the interferometer showed good 
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 theevento{t熟esARarconsepte無ber25/26wit獄a獄axi搬u斑uace霊rtai盤ty

 ・f△L窪0・2・エtis.n・tclearwhethertheasy㎜etrysee麟獄Figure7鞠2

 ま8duetothewei工establis益edp13s飢apauseasy㎜etryordueむot翫e

 shrinkingo£theplas照pauseduring照gnetica1工ydisturわe雌co慮猛ion8・

 Theaveragevelocity・£eq照t・鞠arddr∬t・£出earc,240k瓢/繍or

 theaver&ge誓ateo£ch&ngeinLvalue,一〇幣28/頁risgreate霊rtね8猛t聡∈}

 鵬axi鵬u魚valLuereportedbyRochandS磁ith[i97i3至ori3駐ventso£the

 SARarcduringthesolarcycle20。AIso勢s琶。頁as員orttimeco鷺8tanto五

 20撮i狐tes£orthegro就難periodo五甑eSARarc簸asnotbee蕊previousエy

 reported。

 Thete孤peratureenhance魚e聡twit麓i捻thearcwas£o縫ndtobeasgreat

 as200。K。However,thistemperaturee鵡ancementwasva蓄iableintimea捻d

 no紅consiste就1yobserved。HaysetaL[196globserved鴛ote組peτature

 enhance憩entwithinan-arco£October30-Nove搬ber1,i968wit}}iτ}anexperi一

 撮entalerτoro£750K』,w蝕ileRernaadez[1972]report二edate温peτatureincrease

 oftheordero£工000K£orthearco£鷺arc簸8-9,1970。Tkelatterobserv&tion

 alsoindicatedtheti鶏ev3ria無ceoi…t蝕e七emperθturee蕊蝕a爲ce瓢e捻仁andsee磁s

 toagユreewit赴ourresults尋A王t魏oughwecanno紅ascerta:Lntねe&まtitudeo£

 thearcat-thisstage,Her燃dezli972]claimedthatthe聡eat塊wit簸ina貧

 arccanbe『v8riablewiththea1紅it:udeo£a鍛arc茎t魏atis鼻搾the鷲PPerat1皿os一一

 P薮erene3r400k孤actsasabetterheatsink胎anitdoes就ab・ut500km"。

 Thまsisoneo至t鼓epoints.w蔽ichshouldbestudiedindetai1嵐玉riηgt魏8SAR

 arceventsinthissolarcycle斑aximum。
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 CRAPTERV工工工

 SARArcandCo雛currentAuroralElectrojetActivity

 丁租eSARaτcisusuallyobservedwまt盤aconcurrent二visibieaurora

 t薮atoccu置spolew3rdofthearc,witbaseparationoj…severaldegree8i幾

 geomagnetic1δt二itude[Craveneta1。,1982}。Sincebothp魏eno!ne鷺ahave

 their・rig加in甑edeepmagnet・sphere,itisapPare就that&s土multaneou8

 studyo£theSARarc&nd馳eco獄curre就auroralsubstom8houidbeu8e馳1

 inunderstand加g臨e餓・rp賀・i・gya箆ddy捻a磁cs・£馳e凱agnet・sp齢eごe。

 H・wever診veryiittiew・誓kh8sbeend・ne・n極estudyof、甑eSARa℃candthe

 co貧currentauroraisubstorm[工。難ikawaetal。争1969多P罫asadeta1。,1975】。

 王nthischapter3res登1tso蛋th～P鼓otometricob8ervat二ionso蛋aSARa㌶c

 apPeared・nthe鼠ght・£sep七e組ber25/26,1978(EsT),傭ichwerealready

 pre8e捻tedinthepreviou8c駐apter,arest亘diedまnc・ajunctionwiththe

 concurrentgr・und-basedmagnet・瓢就er・bservati・as・£t圭・eauroralelect芸ojeし

 Acloserelations蓑ipo£t赴e&rctot薮eauroraleiectrojetwasdiscovered

 憾r・ughaRa且alysis・£theb・tb・pticalandgr。uRd-basedmagnet・me仁erdata.

 Theinte無Sitya獄dlatitUdin&1P・Siti・nS・だt宜eC・nCUrrentau罫・raleieCtrOjetS

 wereobt&inedbyth癌analysまso£職agaet・gra温sfr・mtheIMSFortChurchエ11

 欄laτidianst8t;ions。

 1ntensitiesa豆dpositions(inze簸ithangle)o≦…thearcweremea8ured

 盤。職the凶oto澱eterrecord多andtheiatterweretr3ns至omedintothe

 positio無8ingeomagne{二iciatitude野as8uming仁heheigbtofthearctobe

 400k嚢1。

 1norde罫toseeauroralelectrojetac紅ivitygi£anywaspresentat

 thesameL-s熟ellthreadingthearc,thepositioRso£thearcwerefurther
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used to calculate the geomagnetlc 

magnetic field line threading the 

Ma netometer Data and Methods of 

9S 

l atitude 

arc at an 

Anal sis 

Magnetic data used in this study are 

records of l-min averages from the IMS Fort 

stations, Iisted in Table 4 1 The locations 

and Albany are shown in Figure 4-1. Baselines 

determined by choosing the quietest period 

substorm, using the published AE index [kamei 

selected time was 0030 UT on September 26 

The three component data were transformedinto X 

Ym (magnetic east), and Z (downward) components 

coordinates3 Inagnetograms for September 

(Figure 8-1). From Figure 8-1 we can see 

centered between Gillam and Island Lake 

the positive AZ variations recorded at Gillam 

from the negative AZvariations recorded 

In order to determinethe position and intensity 

at 0520 UT on September 26, 1978, when the 

its maximum, AX and AZ values at 0520 UT 
m 

as in Figure 8-2 a. The best-fitted curves 

data, respectively. The position of the 

was located at the point where AZ values 

and the corresponding intensity of AXm at 

of the intercept point of the 

assumed auroral height of llO km. 

the threecomponent magnetic 

Churchill meridian line of 

of magnetic observatories 

for these magnetic data were 

closest to the onset of the 

and Maeda, 198l~ The 

, 1978. 

m (magnetic north), 

using magnetic dipole 

26, 1978 (UT) were then constructed 

that a westward electrojet was 

at 0520 UT. Thls is inferred from 

and at higher latitudes, and 

at Island Lake and at lower latitudes 

of the westward electrojet 

substorm activity had reached 

from each station were plotted 

were drawn thr(5ugh AXm and AZ 

center of the westward electrojet 

changed from positive to negative 

that location was determined by 

~
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 measuringthemaxi購凱negativeexcursi。n・£△X臓・簸臨ecurvedra鳳

 thr・Ugh△㌔data・ThiSwaSセakent・bet…・e瓢eaSUre・賛!}eeleCtr・jet

 inten8ity・hthまsmanner,面ep・sitionsandintensitieso藍auroral

 electr・jetat撫eF・rtα蓬膿rchillmeridi&nweredeむerminedevery10

 証nutes・辞heneveritwasp・ssible・丁銭emeth・ddesc鋤edab・veiswell
 establishedξorthedeterminat二iono£positionsandinteRsitieso£the

 aur・ralelectr・jet[e。9.,Kisabe紅baudR・就・ker,19刀.;K細工de就a1..,19841、

 This田eth・dhasals・beenused£・r獄easurementso£曲ethermosphericresp・nse

 toauroralact二ivitiesdescribedinChapter4。

 BeforeO440U雪,thepreseaceofaneastwardelecむrojetacrosst}}e

 Hara簸gdまscontinuity3equato脚ardo£westwardeiectrojet,isais・indentified

 fromtbelatitudinalprofileso歪magneticrecords。Anexa翫PleatO430UT

 showniRFigure8-2b。

 エtsho嘘dbenotedt重1就t董・emagnet・著n就erdamarefro搬甑eFort

 α藁urc難iil搬eridianwhi!et}1eopticai珊easure鐙entsaremadealong七飯eAlbany

 meridiaR・Tl}ereisa痕apProxi租ate30。dl£ffere{・ceinge・magneヒic!ongitude

 betwee雛t:hetwomeridians,asseeninFigure4一工。However,Craveneヒa1。

 [1982〕b88con£irmed3£ro獄observationsmade至romtheDynamicsEx}》010re-1

 sateilite,tbatSARarcsextendcontinuouslyacrosstheaig漉sideo£eart1・

 fro餓terminatortoter肌inato罫.Cravenetal.,119823圭…urthers短owedtllatthe

 arcobservedonOctober2i31981wasaimosta!ignedaloηgt鼓esameL-s1}e!L1。

 There董ore,itisR・tuRreasonabietoc・猟pareouroptic譲ldatawitht1}emagηet()一

 meterda仁aginspiteo£t二helongi仁udinaldi£ferenceoff300betweent}1etwo

 meridianS,aSSu岨ngthaむtheSal】}evari澄しiO1}SOftllearCWereOCCurr加gattl}e

 FortCburchillmeridian。
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Results 

Figure 8-3 shows the combined results obtained from the analyses 

of optical and magnetic data that were described previously. From top 

to bottom it shows the time variation of: (a) positions of the intercept 

points of the field line threading the arc at heights of 400 km (solld 

circles) and of llO km (open circles); and locations of the concurrent auroral 

electrojets (both westward and eastward), all in geomagnetic latitude; 

I I (b) AX~{ax , absolute values of the determined extremum in latitudinal 

profiles of AXm; and (c) peak intensities reduced to the zenith values of 

the arc over the background 630.0 nm emission. Positions and intensities 

of the eastward electrojet and those of the westward electrojet are denoted 

by crosses and double circles, respectively (Figures 8-3 a and 8=3 b). In 

Figure 8-3 a, the heigh~ of the peak intensity of the arc was assumed to 

be 400 km. 

The photometric observation conlrnenced at OOOO UT on September 26, 

1978, recording 630.0 nmenunission. The first appearance of the arc was 

noted on the photometer record at 0436 UT as a slight bulge on the back-

ground slope of the 630.0 nm emission due to intense poleward aurora. 

The filter of the photolneter was temporally switched to 557.7 nm 

from time to time in order to check whether the arc contained a conven-

tional auroral feature. This was done at 0501 UT, 0512 UT, 0545 UT, 

0639 UT, 0645 UT, 0817 UT, 0904 UT and 0915 UT. Each time no enhancement of 

the 557.7 nm enlission was seen on the photometer record at the position 

of the arc. Thus, the confirmed spectral purity, together with the continuity 

:
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both in position and intensity of the arc, supports the fact that the 

arc observed on this night is indeed a SAR arc. 

At the beginning~ intensity of the arc was as low as (or even less 

than) 50R (Figure 8-3 c). It is noted that the geomagneric latitudes of 

the intercept point at an auroral height of llO km during the very beginning 

period of the arc and the peak in the eastward electrojet showed remarkable 

agreement. It is also seen that when the arc was first detected both east-

ward and westward electrojets were in their developing stages. After 0440 UT, 

the eastward electrojet faded out, at least within the latitudinal span of 

the magnetic stations used. After the eastward electrojet became undetect-

able, the intensity of the westward electrojet decreased until 0510 UT and 

then suddenly increased, reaching a maximum value of lllO nT at 0520 UT. 

During the period 04400520 UT, intensity of the arc showed a rapid and 

monotonic increase The maximu~n value of I AX~iTn~xl coincided with the highest 

intensity of the arc throughout the night (around 0520 UT) . After the 

value of 11 Axm_~naxll and the intensity of the arc reached their maximum values 
almost simultaneously, the time variations of the intensity of the arc 

appeared to be closely related to the intensity changes of the westward 

electrojet. We can see that a shoulder in the intensity of the arc around 

0610 UT, a minimum around 0655 UT, a small Inaximum around 0730 UT and a 

second largest maximum around 0830-0850 UT coincided closely to those 

appearing on the curve of AXSmax[ variation (i.e., a peak at 0600 VT, a I t 

minimum at 0640 UT, a broad but small maximum around 0710 UT and second 

largest Tnaximum at 0830 UT; each with a time lag o.f 1020 minutes, 

1
 



 

}
}
 

l 02 

respectively) . 

As for the geomagnetic positions of the arc, the field line threading 

the arc coincided with the positions of the eastward electrojet (at height 

of llO km) at the onset of the arc, as described earlier. Thereafter, the 

arc moved generally southward throughout the remainder of the night. 

However, Iooking further into details of Figure 8-3 a, it is noted that 

when the westward electrojet moved equatorward (quite rapidly) at 06SO0700 

UT, equatorward movement of the arc was also accelerated and followed by 

a slight poleward movement. It is also seen that when the westward electro-

jet showed a rapid poleward movement at 09200930 UT, the movement of the 

arc changed its direction to poleward. 

Dis cus s ion 

The positions of the intercept point, at an assumed auroral height 

of 110 km of the magnetic field line, threading the arc during the onset 

period at around 0440 UT coincided closely with ~he positions of the 

eastward electrojet center. Investigations on the geometrical configura-

tion of a threedimensional current system for the magnetospheric substorm 

[e.g., Kamide et al., 1976; Heikkila, 1978] have shown that th8 eastward 

electrojet is connected to the partial ring current through field-aligned 

currents. On the other hand it has been well established that the SAR 

arc Is located in L=values at the position of plasmapause [Rees and Roble, 

1975] . Therefore, it appears that the eastward electrojet, the partial 

ring current and the plasmapause are all located in the same L=shell (L-4.0) 

at the beginning of the arc; this supports the well-known theory that the 
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SAR arc originates from an interaction between the ring current and the 

plaslnapause [Rees and Roble, 1975]. At, 0450 UT, the separation between the 

positlon of westward electroJet center and the position of the intercapt 

point of the field line threading the arc at a height of llO km was as 

small as 2.7' in geomagnetic latitude, amounting to AL~~0.68. This implies 

that the plasmapause location in equatorial plane was very elose at this 

time to the plasma sheet which is connected to westward electrojet through 

field-aligned currents [e.g. , Heikkila, 1978] . Observations made from 

ISEEl and DMSP satellites [Horwitz et al., 1982] show that the plasma-

pause location often coincides to within AL-0.1-0.2, with both the plasma 

sheet inner boundary and the field line threading the equatorward boundry 

of the auroral oval. 

Our data indicate that the rise and fall in the intensity of the 

arc, after the arc re~ched its maximum intensity at 0520 UT, closely 

resembled the variation of the intensity of the westward electrojet 

m ax ( I AXm I ) , with a time lag of 1020 minutes. Since the primary cause 
for intensification of both the westward electrojet and the energy density 

of the ring current is the plasma injection into the plasma sheet and the 

ring current, respectively, it is conceivable that the substorm-associated 

plasma injection causes development of the westward electrojet as well as an 

increase of the SAR arc intensity that is believed to be related to the 

energy density of the ring current. The observed relationship between the 

intensity of the westward elect~"ojet and that of the arc, therefore, also 

supports the theory that the energy source of the SAR arc is the ring current. 



l 04 

Recently, Moore et al. [198l] reported that they observed the ~substorm 

injection front~ propagating earthward at velocities in the range of 

lO-lOO km/s. Although it is not possible to deduce the propagation velocity 

of this injection front from our data without knowing changes of magnetic 

field configuration in the deep magnetosphere and the time required for 

transfer of the energy front equatorial ring current to the SAR arc, the 

observed time lag supports the concept that the injection front is 

propagating earthward. Before -0520 UT the intensity of the westward 

electrojet experienced the first small intensification during the period 

0420 0440 UT, and it was toward the end of this period when the arc appeared. 

The westward electrojet then subsided until 0510 UT, followed by quite a 

large intensification. On the other hand, the arc intensity showed a 

monotonic increase from its appearance until -0520 UT. Obviously, the 

arc intensity variation did not correspond with that of the intensity of 

the westward electrojet during this period. These opposite variations 

during the period 04400510 UT may be explained by the following 

interpretation~ the plasma injection occurred preceding the first small 

intensification of the westward electrojet, causing the colocation of 

the plasmapause and the ring current. This also caused an increase of 

the energy density of the ring current, thereby triggering the arc. While 

the energy injected into the plasma sheet is immediately exhausted by 

polar auroral processes that occur on the closed loop of the current 

system, the time constant of the decay of the ring current is considerably 

larger . 
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Therefore, the arc intensity Inay, at least, remain almost constant during 

the rapid decay of the westward electrojet if other factors which determine 

the arc intensity are kept unchanged. This also explains a lesser degree of 

variation in the arc intensity compared to that of the inteusity of we~;tward 

electrojet after ~0520 UT. Whether the reason for the increasing intensity 

of the arc during the period 04400510 UT was due to continuing development of 

the ring current and/or because of the time required for the arc to grow in 

the ionoshpere is not clear 

Finally, it should be noted that the periods when the intensity of 

westward electrojet and the intensity of the arc reached their maxima 

(05000600 UT and 0800-0900 UT) co~ncided with the periods of decreasing 

Dst values, indicating energetic plasma injection into the ring current. 

The hourly values of Dst at 04, 05, 06, 07, 08, 09 and 10 UT, respectively 

on September 26, 1978 were 40, 52, 59, -54, -52, -60, and 65 nT. 

In summary, the optical observations of the SAR arc were compared 

with the concurrent ground-based magnetometer observations of the auroral 

electrojet activities. Results of the combined observations includes 

l. At the beginning of the arc~s appearance near local midnight, 

the positions of the intercept point, at an assumed auroral 

height of llO km, of magnetic field line threading the arc 

coincided with the eastward electrojet center. 

2. After around 0520 UT, during the period of general decay of the 

arc, the intensity variation of the arc followed closely that of 

the westward electrjet, with a time lag df 10-20 Tninutes. 
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 Cを王APTER工X

ObservationsofaSARArc
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The general condition of geomagnetic disturbances for the two-day 

period, September 26/27, 1979 (UT) are shown in Figure 91 in three 

different geomagnetic indices; an auroral electrojet index, AE; an 

hourly value of D The st; and a three-hourly value of planetary index, K . p 

photometric observations commenced at both stations around 0020 UT on 

September 27, 1979 and the scanning to the sky was made with 630.0 nm 

filters until detection of the arc was made first from Albany at 0307 UT; 

the intensity was barely detectable. Detection from Plattsburgh soon 

followed at 0317 UT. AE values during the period OOO0-0300 UT on September 

27, 1979 (Figure 9l) showed Inoderate distu. rbances.. However, the main 

contributing stations were Abisko and Leirvogur which are located far east 

of the North American continent [Kamei and Maeda, 1982] . As we will see 

later, the magnetograms obtained from Canadian stations showed substorm 

activities over Canada that were confined within the period 0300-0400 UT 

on September 27 1979. As seen in Figure 9-1 when the arc was first 

detected the hourly value of Dst was increasing from its minimum value 

(-34 nT) of the twoday period, and the value of Kp Was maxiTnum (5_) of 
the period. Visible aurora was seen at low elevation in the northern 

sky from Plattsburgh around the 0300-0330 UT period. 

An example of chart records of the photometers is shown in Figure 

9-2. As seen in the figure, the arc appeared as a bump over the back-

ground 630.0 n:n emission. Throughout the entire period of the arc 

duration, the arc was seen to the north of zenith from Albany and to the 
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TABLE9-1

 andLocationso£ tbeStations
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 ㎜gnetic且eld,respectively,N・te漁attracesin理gure9-6a,ぞorGWC

 an{玉OTTarethegeographicnor七hcomponent二3Xandthose董orther駐8t

 o£七hestationsarethelocalgeo撮agneticnorthcomponent3鼠岳U鷺£ortu総一

 ately夢it:isi稲lpossiblet二〇deter磁inetheinむensit:Lesandpositio鷺so蛋

 撫ewe$twardeエectr・jetateithertheAlbany・rF・r紅Churchi11斑eridianle。9。,

 KisabethandRostoker3197i;Okanoetai。,1985]争bec扱慧8et蝕e董r駐wer総toofew

 stati・Rs・per就ingateit圭・er・£the簑1e雄dia・・s」1・wev鱗£r・凱・難g雛re9-6a・we

 canseeth3ta鶏isolateds犠b8t二〇r鶏com撮encedarou鍛dO310UT。Wec&捻i魏fer

 £τomFigure9-5and欝igure9-6a卑thatt難esubs紅or無εctivitypropagated

 poエewardandwestward。The£irstdetecti・n・£theSAR&rc照smadeat

 O307UTシindicatingt薮eapPeara無ceQ{t麺earccoincidedwit難t蕊eonset:of

 t為es雛bstorm。Asstatedbe£ore,a無arclocδtedciosetot姦$zenitbcan

 onlybedetectedbyt捻e磁eridian-scanRingPhotoInetereve塗fy5・5租inutes。

 丁員ere£ore.職oreexacピdeter磁獄a仁iono£面eonsettimeo£thes“b8torm

 usinga磁ethodsuchastゑePi2puls呂tionismea捻inglessi裁ourcase・Erom

 Figure9-6わシweca織alsQi訟至ert数&tt熱ewe$twardelectrojetce纂ter

 associatedwiththissubstormisiocate(孟bet二weeaGWCandOTTattheA!Lbany

 meridia馬betwee獄R王TandBKCat甑eFortChuτchili磁eridi農n,3ndnortho£

 theEast-Westchain。

 忍igure9-7showselectronprecipit&tiondataIneasure(ibyDMSP-F2

 satellite.19hethreetracesin惚e£iguresh・w,至ro狙togtobott・鞠the

22
 i就egratedeleCtr・n且UX(e1/CmSrS),t薮ee工俵ergy£1UX(ergS/C灘Sr8)3

 andt為eaverageenergy(eV)between50eVan己20keV。Thisdatai無dic&te

 th&tt敷eaurorale王ectron茎〉recip:Lt&tionisbo毬naed・by76。80紐ηd59。60まn

奪
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Figure 9=7 

31 : 04 33 : 04 37 : 04 39 : 04 35 : 04 

Universal Time (Minute:Second) 

Observation of electron precipitation made from DMSP-F2 satellite. 
Three traces are, from top to bottom, the integrated electron 
flux (el/cm2 sr s), energy flux (ergs/cm2 sr s), and the average 
energy (eV) between 50 eV and 20 keV. The I erg/cm2 sr s and 
lOO eV Ievel are at log scale 6 and O, respectively. The satellite 
trajectory in the magnetic local time (MLT) , the geomagnetic 
latitude (MLAT), and the geographic latitude at 100 km altitude 
of the field line threading through the satellite (CLAT) is 
given above the panel. 
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 ge・磁ag瓜eticエati雛de,甑eextentissh・w油ythickpart・薫t無e

 satellitetraject・ryinEigure%。11烈ela七it慧dinalexte就。£曲ctr・n

 precipitati・nsee融sc・nsistentwith出e1・cati・n・fthewestwar曲1戯r・}

 jetcenterin£erred£r・廻tbeverticalc・憩P・捻e良t・£磁agnet。gr胸騒・

Discussion

 ぼhearc・bserved・athenight・£september26/2みま979(EsT)is

 believedtobeatypicalSAR&rc,a工t員oug負itsin紅easityi8iow卑δueto

 the。bservedspectraipurityandit曲eight(～400k獄)・丁短P。ieward

 au霊foralactivitieswerewellseparatedfiro獄the&rc3co無si{i㊧ri離gtゑe

 locati。論。薮馳ewestwardelectr・jetcenterwhic強wasin£erred鋤・観血e

 組agnet・gram$and鹿esateliiteparticleda臨

 Accepti灘gt総e・bserved&rct・bearealSARarc・t敷ec・incide貌ce・£

 theonsetofit蓋es慧bstorm8獄dtheapPearanceo£t簸earcwit短iτ}observatio獄al

 u爲certai就yisremarkabie。A轍・斌9hitha帥ee捻wellestablis魏edthatthe

 SARε織fcisapbeno獄enεしcloselyrelatedtogeo撮agneticst二〇r孤s,therelation-

 sぬipbetweenS想arcsanδsubst・齢m曲aven・tbeengiven撫。蔦attenti・nthu$

 £ar,エntheprevi。uschapter,itwasn・ted醸attheapPearance・£aS憾arc

 ・nt薮enight・£septe租ber25/26,1978(Esτ)wasduringaper掴whenthe

 P・エeWardeleCtr・jetinte簸SityWaSi盆CreaSing3anda1S・Whe鷺tbeintenSエty

 va誓iati。n。£the8rcξ・11・wedc1・selythat・£thewestwardelectr・je七声ith

 atimeiag・董10-20磁inutes誼erthearcreacheditspeaki就ens麓y・工慧

 甑ecasedescribedint1・isc短apter,thei就ensiむyvariati・捻・量t}1ea鴛cd・es

 n。t盤aVe。ne-t・一・neC・rre8P・盤de窺CeWi癒SUbSt・rmaCtiVitieS3a至terthe

 simultane。us。RSets,subst。mactivitiess斌bsided誌ithin・臓曲・ur曲ilet熱e

§
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 arcre皿aineddetectable鷺塁ti!3。5hour8a£te℃itsaPPea「aPce・

 醤eve蓄癒eless鼻捻ecoincide就&!occurrenceo£bo顔pbenomenastrongly

 suggeststhat馳ecoincide澄cewa8nota搬eむeaccidentbutthatthare

 田u8tbξ}so飢eゑhysic811i鍛kbεt:weentheSARarcandt難e8ubstor∬1夢althou8h

 its憩echa澄i8鵬ig鍛otc工eara仁present。
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CHAPTER X 

Observations of Soft Electron Flux during SAR Arc Event 

Since the proposition of the soft electron flux hypothesis by 

Dalgarno [1964], there have been very few attempts directed to~ards invest-

igation of this mechanism. Chandra et al. [197l] examined the integrated 

flux of suprathermal electrons (E>5eV) in an attempt to correlate them with 

an SAR arc event during the night of September 28/29, 1967. The arc was 

observed from the observatories at Richland. Washington and liritz Peak at 

Boulder. Colorado, between L = 2.4 and 3.0 during the period 0506-ll25 UT. 

The appearance of the arc was also noted by lchikawa and Kim [19691 at 

Moscow. Idaho between the L shells 3.4 and 2.6 during the period 0300 UT to 

0900 UT. 

Chandra et al. [197l] used measurements from the ion trap experiment on 

the OGO 4 satellite that was orbiting at abo~~t 900 kin and from the planar trap 

experiment on the EXPOLORER 31 satellite orbiting at about 2000 km to invest-

igate this arc. From these two sets of photoelectron flux measurements, it is 

7
 

clear that the soft electron flux did not exceed 8 x 10 cm sec at the 

10cation of the arc, during the entire period of observation of the arc. Thus 

the attempts made by Chandra et al. [197l] to test the validity of the soft 

electron hypothesis in the excitation of the ~rc on the night of September 28/29. 

1967 were not successful 

Later, Nagy et al. [1972] correlated a low intensity are of August 8/9, 

1970 with some soft electron measurements obtalned from OGO 6 satellite The 

arc with an intens:Lty of about 50 R was located at L = 3.1 during the period 

0719 UT to 1019 UT. At about the height of the peak 630 O nm emission the 

I
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 函otoeiec鷺。鍛aux薮ound就t瓠esameLva1讐ea憩ountedtoabo碗6x10c臆
 _蕊

 sec。Eve窺&spolewardε8L嵩4。0頸t敷e£!登xwasi…oundtobesigni£icantly
721

 iεsst藏an6x10c麗secduring董ourdi盤erentpr・且lesobtained£rom

 £ourdi黛ere確・rbiむso£OGO6董r・環蝕eretardiRg伊otentiala雛aly2er・エna

 subseque就report,Nagyeta!.119741attemptedt・correlateso£telectron

 £1uxwitha裂ot簸erarcevent,againusiagdata£τonlt盤eOGO68pacecraft。

 Un{O耽Unateiygt簸eyCOUldOnlyObtain難球X獄eaSUre盈entSabOUt24執・Ur8

 preceding蹴dab・ut24h・urssucceedi織gt}}e・bservedli£etime・fthearc・

 Also,t簸e罫ewasnoreporteddata登ortheperiodimmediatelyprecedingthe

 ti瓢eoま…t二he£irstapPeaτa窺ceor董ort賛eperiodt蓑atimmediatelyi…0110wed

 馳edisapPear鍛ceo£雛}e麗ct・dr&wanyi蛭ere簸ceρ・ncemingthereiati・n

 ofso£telectro獄凱uxtot強eaxcitatio窺。悲曲ea芸。.RecentiyS捻ep蓑erd119771

 rep・rted3s㈱短9£1ux・£20eVelectr・ns8ss・ciate曲軸伽8rc・nAugust4・

 工972.}{oweve葉f,t骸edet3まleddescriptionoft二}1is組easurementhas践。仁yet

 appear¢di雛七L㊤1it∈}r&ture萄

 コ臼難球$iti8clearthati£wewere仁oconsidert飯eex±stenceo至coincident

 SO近teieCt蓄On£hXδt雛e10CatiOaO£thearCit8elfg撚ereeXi8tSOn工ythe

 case・£Septe曲eむ28/29,1%7。Butthemeasuredfluxvaluesc・ncurrentwith
21

 theti願e。£麗s8rc。bservati。na置ele8Sthanab。ut8xiOプ。ボsec心.

 Foごdiτectexcitation圭}yprecipitationiupτoducinganarco£about150R3
8_2_1

 仁her総s敷。蟹1αba&£1uxo謹…2。フx10c斑secatthetopsi{董eionosp}}ere

 lMa就8saRdWalker,i9761,ar閃uirementthatisab・ut甑reetimesm・rethaa

 w難atwas質ecordedbyChand℃&eta1。Tねusthe£1uxv81疑e6detectedonthe

 nまghto£septe瓢ber28/29areaotadequatetoexciteth㊦arc。工n8piteo至
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 thissee瓢nglyunsuccess£ulc・rrelatまvestudy9・pt蜘is鶏hasrepeatedly

 beenexpressedontheroleo更so董telect:ronsintheexcit&tioτ}o£a誓。8

 田・c雑,エ973茎ReesaRdR・ble,i9751。エndirectaer・n・斑ice黛ec紅s3ttributed

 t。thep・ssibieprecipitati・鴛・£漁es・£telectr・ns田・cbμ9731a捻d

 the3vai1呂bilityoだasu£ficまenta揃・unt・£data實・磁嬢es・£t磁総ctr・n

 measure疵ent:$withtheretardingPotentま.&1εnalyze璽raboε霊fdOGO60ve誓一

 1apPiagandclosetot1窪evicinityo£anarcevent,費romptedusto瓢akeaa

 ind3pen(ient二investigationo{tbetemporaiandspatialb縫ild一儀20董so至t

 electmnsandtheirp・ssibler・1e加pr・面cingtheS恕a蓄。諏e灘。獄en。n・

 MaReticActivまtonJanuary26/273197工

 A?1a窺etarymagnetic雛ree-h・urlyindexg㌧・wasexamined£・rthe

 tw・days」a照ary26a磁27,197i(難g慧re王0-1)。正しwasn・tedthat」anuary26

 wa88nextremelyquiet・dayw紬Kp薫・rt薮edayneve芸exceeding2ギOnthe
 nextday・～まndices朧〇+95一・6一ヤ5一ゲ5轟and4・珈sthe憂i「s七
 three簸oursofヨJan慧a盈fy27,i97工ha欝peτ主tobeaquietperiod。Duringthe

 鷺extthreeh・urs3Kpwentupt・ava!ue。£5-

 SARArcofJa菰uar26/27,1971

 Thege・狙agneticdisturbaRce・£」anuary27wa8蓋・鷲ndt。d$ve1・pat

 O500UT(Fig“re10-1)asthemaiR凶ase斑ade8neg&七iveexc蟹si。慧七・re8cha

 D8t・卜46γatO900UT・Asmalirec・very凶asethensta鵬dat雌spo雄

 a夏diasted至oraboutt捻罫ee魏。なrs,wぬenfurt穀erdeveioPτ註e総to薫t盤e瓢&i鴛pha8e

 occurred。Duringthissmallr(三coveτyphaseo至t嚢estorm3t二薙ep雲f㊧se鴛ceo£a

 stableauroralredarcwasestablis麺edbyphoto組e仁ricobservations温a{i皇at
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Richland, Washington (Lat. 46.4' N, Long. I19.6' W) at about 0930 UT 

[Hoch et al., 1973]. Subsequent observations of the arc were precluded by 

inclement weather. However, the initial photometric observation showed that 

the intensity of the arc was about 200 R. The almucanter scan ~nade by the 

photometer revealed that the observed arc was approximately aligned to a 

fixed L shell. 

W1len the position of the arc was mapped to an altitude of 400 km, it 

was found that the arc occurred between L shell intercepts 3.0 and 3.4 with 

a mean location at L = 3.2 at 0930 UT. The arc occurred during a period 

when Kp index was 4+. 

Soft Electron Flux 

The OGO 6 satellite was orbiting in the altitude range 400-500 km for 

L values between 2 and .7 in the northern hemisphere near the time of occur-

rence of the arc. The satellite was south bound in polar orbit midnight 

with respect to local time position for the above spatial extent. A planar 

retarding potential analyzer ~Hanson et al., 1970] on board the OGO 6 

provided good measurements of integrated suprathermal eleetron flux of 

energy greater than 10eV from the series of orbits 8710-8718 on January 27, 

1971. The soft electron fluxes obtained from each orbit were plotted against 

L value. They are shown in Figure l0-2 for orbits 8710-8715 and in Figure 

lO3 for orbits 871S-8718. Universal times, Iocal times and locations of the 

satellite at both ends of each profile in the figures are given in Table 10l. 

The soft electron flux data observed during the orbits 8710-8712, which 

are well before the occurrence of the arc, provide almost the same profiles 
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 excegほ・rthei・cationso鷺駐estee費g撚die就sat1・werLvalues(肚g雛e
62

 10-2)。Thesensitivity誌resholdo登theinstrume麗wasab・ut6x10cm
 72ユ

 ー1丁簸ev&i臆esdid簸。紅exceed5xlOc獄sec捻orshowanyen盤aace-
 secゆ

 mentne&r甑ep・siti・no董t薮earc。However,itisn・ted漁at軌helocation

 ・ft姦e3te即g聡die虚無・VeSt・8磁al!erLVa王ueSaStbe七加eμ・CeedS・Tbe

 dataoforbit8714gwhichwasob仁ainedabout2盤r20minbeforetheもirth

 ofit二hearc聾i雛dica紅eso獄es2ike-iikest誓uctures3andtbe至1uxvalue8are
821

 muchgreatertha且10c蟹secab・veLe騨alt・3」・H・wever,雛e至lux
72

 valuesま椴thevicinity・至theg・siti・且・至極e&rcarestま11ab・ut10cm
_1

 sec轟

 Thes・£telectr・n£エux'pr・£ile・btained至r・m・rbit8715isstrik塊1y

 dif£ere就£r・mth・se・btainedduring出epreceding・rbits・實・搬難gureiO-2

 itcanbeseeRth8tt簸esoi…telect二ron歪!1uxex猛ibitsthreepeaksocct!rring

 atL曲ells4.i,3.6.a磁3,3、丁短ese2eakswereobtaineδoη1y40搬iηわefore

 theoccurrenceo£t蓑earc。丁数eso縫thern搬ostpeakissit昼atedaroundt姦e

 ar♂sloc就io恥肌d甑e80£teiectron且uxvalueatthispeaka獄ouatsto
 82工

 abo慧t5瑠2xILOcmsec。Eurthermore童theloRgitudinalseparatioτ1

 beむweeη紅聡esateiliむe8nδ紅蓑eRichiandobservatoryat二thistimewasonly20・
 102工

 At;theo紅赴ertwogeak$鼻t為evεし1ueso£≦!1uxaregreat:erthan10c憩sec・

 Inspi艶・£雛e董actt数att烈e錐uxesareunusuallyhigha仁盛esepeaks甥

 we(io職ot&ttrib縫tet衰e短directiytot負eexcitat二io難。£theSARarc。Such

 hig魏£1登xco犠idcauseasigni奮icanteRhancementoff557。7n餓e職i8sioncαnpared

 to630.0聰emis8i・痘,re且ectingPr・cessestha仁arecloselyass・ciated磁憾

 t簸evisibleauでorarat二薮erthantheSARarcit二sel£。Hoch【1973】reported
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 that傭ere簸adbeeRnoi雛8ta蕊。$inwhic難鍛arcwasobse芸vedwi紘。就a

 si孤ultane・usp・iewardaur・r8。Als・拝r・m・bsαvati・nsitiskn・wnthat

 visibエeauroras驚oveto磁id-1atitudeduringseveresto灘s困・xonandEvans3

 1976]。翫。殿ぬeseco総iderati・nsand至romthe五act甑atthesetwoμo戯nent

 peaksaresitutatedp・1eward・fthe・bservedi・c&ti・n・fthearcgthese

 peaksapPeart・be膿orerelatedt・thevisibleaur・ratha蹴t・theS憾arc・

 Ontheotherh8nd$t員esout穀er斑nostpeakshouidbere工atedt:ot二heSARarc

 e田issions董ort瓢ef…ollowi鷺greasons:(i)t嚢e韮1登xreachesε瓢aximu鍛at

 tLeLvalueo£3。3whichisai凱ostthesamea8th&tofitheSARarcandat

 heig漉。盤a蓄acteristic・£th興rc630・Onmemi8si・貸室(ii)t妓epeak・£tbe

 fiuxoccurs&taro皿dO850聞繭ic簸iswithi亘aも・ut40mino翌tbearc

 。bservati・nitse!登;and(iii)the!・Rgitudi鍛alsepar&ti・nbetwee犠satellite

 撮easurements&ndgr・服d・bseむvぬ・聡is・nly2。・丁猛us事・wingt・cl・se

 coiPcidience。至徳eaτc3旦d捻es・蓋telectron磁uxpeak,inbo感t衰ete鵬poral

 and紅hespa紅ialseRse,itisevidentthatthetw・P昼e雛・menaare▽erylikeエyt・

 berel&t二ed。丁数eso董telectron£1uxesa紅紅heloca仁iono董thearcaft;er1200UT,

 thatis:3。5簸oursa葺tert難豊occurrenceo£t数earc3werelessthanthese簑sitivit二y

 th算sholdo董t薮ein8trument(Figure10-3)。

 Discussio篇

 So董1紅e1㊤ct蓄。㍑薮1uxe3(E>!0eV)werefneasured£ortheconsecutiveorbits

 o釜OGO6s農teilitewit:短i魏LrangesinthevicinityofltheSAR&rcandfor

 theperi・盛includingthe・ccurrence・負数earc・獅epeak・£thes・至t

 electroR董1ux・n・rbit8715showedastr・ngrelationtotbearcinthe8ense

 oi…bothspace&ndtiIRe・
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 Acc・rdi簸gto贋antasandWaエker[196エ1,as・£te!ec肱・捻fluxoだ

 1.8x108cバ㌔e♂㌔recipita七ingint・thet・psidei・n。sp聡ere(10QGk窺)

 ca臓exciteanarco≦…iOOR。Theyτ生otedt烈att賛e董1uxneede遺is&i鵬。臼t

 indepe組ent・£甑eenergiesofs・ftelect誓・nsrangiRg飲・餓25toエ00駐V魯

 a漉dt薮atthefluxp駕・duceslDa識d1S・xyge無at。粥in8織i・・魚b・就

 14tolwit;houtconsideringt無econt質ib縫tiono£theenergyto鴛熟韓&rc

 fro燃11無ot門ther…n&ieiectronst翫emselves。Prov孟dedt}1att}1ei漁t建n8ity

 o蛋anarcisproportio照lto漁e豊なxo£softelecむroηs3a難題xo{

 3。6xエ08cガ2seゼ1attねet・psidei・n・sp短ereisreguiredt。prGd穏ce

 t二敷eobservedi痘tensityo£thearc。AlsoReesandRob工e[1975〕give

 しhenu曲e㌶o£quantao£630。0漁emissionpeτi競cide就eエec七rono£

 specii…iedeaergy。Consid鼻ringt族e£&ctthatcoilisionaiquench:Lng

 o£t振eexcitedstateisnoti組portantabovethea,1titudeo£thearc量

 一2一工
 theiでresuit:sshowthata£1越xbeむween工.87x108c田secaRdi.75x

 魯一2-1
 10c珊sec就雛etopsideio籍os凶ere,correspondingtoelectroae捻ergieso£

 30eVand50eVrespectively,isreq昼iredt:oexoit:eむheobservediτ比ensityoft執e

 arc。Theobserve(ipeakva!ueo£t短eso£telectron{ユux,wbichsho縫1dbe
 8-2一工

 reエatedtot二蝕earc,was5.2x10c礪sec3a鍛dt薙isvaluewas諏easured

 atthealtitudeo{457k無.Theso£teiectronf1雛xatthetopsideionosp短ere

 maybegreatertha豆thevalues磁easuredatloweraltitude。宏聡usヨtheobserved

 so£te18ctron£iuxismorethanadequateto組eettheenergyでequire膿ents

 £ort聡eexcitation・=o董…thearc。丁敷ere£oregbasedont鼓eaboveq犠a!Litat二ive

 co濾まderationalongwitht薮espatialst燭ctureandte田P・raldeve1・pme就。{
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CHAPTERXI

 Su釦皿arya嶽dConclusions

 丁数OSeite凪SO£thiSinVeStiga轍On甑ata艶Signi£iCa就are

 SU㎜&rizedint員e垂OUowing:

 1。A15-c鵬E3bry-Perotinte達r£erolmeterwhicねutiliz88&羅uitiple

 罵oPeεしpert昼re(酸ZA雪withten20漁esbesiδesace窺tra工壼01㊧)was

 oo夏6t二rucむedandsatis董actorilyaPP!iedtot蝕e凪eas砥㌶駐粗9登t80藍

 瓶e搬os凶erictemperatures.Themeasuむe阻entswere玉8rgelyhelped

 bythegainofthro雛9員putduetot}}euseoぞa豊薙ZAa8s蝕ow鷺in

 Chapter2・

 2.エtwas£o鷲蘇dalsoinC穀apter2癒at漁ereisε虚e鷺戯teopt加u磁

 aperture磁dt妄{・r&certaiac・mbiRati・捻・£instru斑e就&1parameters

 inthe職easμre㈹ts・董temperatures・登t盤eupPer-atm・sp負ere。An

 an&iytical斑et翫odwaspresentedt二〇£indanoptimu澱apeむturewidt駐

 w敷ichis斌nexpectedlylargecomp3redwit:ht衰oseusedpr㊧viouslyby

 ot盤erworkers。

 3。工t二wasest8blis烈edま獄Chapter3thatthetemperatu鷹resobtained

 £romD・PPlerpro至ile廻easure鷲ntso£10エ1630・On磁nig焼glow

 emissio鍍duringgeo凪agnetic&11yq簸ietperまodsareco盤sistentwithin

 撫erangeo£expe誓i皿entaie鷺orswitht聡eexosphericte瓢peratures

 calcui&ted至rolnthe藪S工Smodel卑w1}ic敷isprimarilyFa翻しagnεtically

 quiet阻odeL

 4。Ther凱08phericte盈perat鷲rerespo雛setoanisolatedsubstormwas

 cla誓i£iedinChapter4乏ro斑si躍1taneoαs狙easure願entso£馳e

 te囎eratUreSa謡C・nC慧rrenta琶rOraleleCtrOjetaCtiVitie8in£erred
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 至ro羅geo鵬9貧鉱icrecordso醜&i豊ed£romstaけons・aエGη98、斑eridiaη

 cl。set。曲e。bserv誼。登site。看。pticalmeasure磁e痘むs。

 5。Ero搬仁hetemgerat鷲res撮easuredduring至ivegeo搬agηet二icallydis-

 turbedperiodsanδthelongitudi糠a1工ocaしまonso£the蹟axi租u凱

 int砲nsityo£an8uroralelectrojet(AEJ)in£erred£romt二hedat二a

 of《Eindices3itw3sshowainC}}apter5that墨(i)wheathe膿ost

 intenseportioao套t褻ewestwardAEJis:Loca紅edat二Great二Whale

 River(GWC),whichisi欝closeproxi盈itytot翫eAlbanymeridian,

 observedte搬pera鰍reε曲auce撮e虻islargeeveni£theinte雛8ity

 O£麟e偲」iS搬・derat躰δndtba紅(ii)誌enthe餓・StintenSe夢Orti・n

 o至t:hewestwaむdAEJis工ocate虚猟arssarssuaqてNAQ〉orLeirvogur(LRV),

 whichまs至araway£ro鵜theAlbanymeridian章t嚢ereq娘iredintens:Lty

 o£AEJtoprod葛。礁si憩i!a置te撮per3tureen盤ance癬ent3asまnthepre▽ious

 case葺is瓢uc鮭蕗rge篇工紅isaison・tedt1窪attherei8adefinite

 timelag・£a鷺。認ero£o且ehourbetweentheintensi£icatio豆。£

 AEJandt嚢etemper&ture誓ise。Te租pera紅ures阻easuredint:腕emiddle

 o£麗roradid職otshowasigni至icante曲ance鵬ent,indicatingthat

 薮e&tまn呂d騰tOP麗砿clep犯cipita仁i・nis難otase鉦ectまveas馳e

 Jouleねeatingφ

 6、Itw3ssbo顧inCh&茎}ter6tha仁the[0工]630。Onmprofiles

 observedaroqndO700UTonJuly5,i978シwhichs薮owedthe醗ost

 increa3ed賛apP琴rentte即er3簾es'㌧c・uldn・tbeinterpreted加

 ter鳳so£asingle(;a懸ssiansourcepro董ile・工nstea(i,acombination

 o£twoGaussiansourcepro£ilessatis£acto誓ilyexplainedthe

 observedresults。Thisgtoget難erwit薮unusuallyhighiate嚢sityat
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 t薮etimeo£th駐observat土。且,suggest二sth3tt輪e[0工」630。On鳳

 emissまonconsi8tedo£twodi貿erentco姐po鳶e就s聾eac蓑b磁昼9

 0riginated£roエnadi董…£erentsource。AstroagPos8iわilityist翫e

十
 precipitationQ£energet:LcOions魯wboseなe宝rono鵬ica1{ゑ歪!£駐ctswere

 predictedbyヨIQ雛etaL119821aRdsee斑t・exg13int厩・b$εrved

 鴛es慧工ts.'

 7.1tw&s曲owninC魏apter7徳att艶temper就ureswi馳i鶏aSARarc

 曲ic数apPea鵜d・nthenig短t・£Sep仁e願beτ25/26,1978〈EST)曲owed

 a鍛加creaseo£about200。Kataround2。7盤。麗sε£龍駕駄eapPear-

 a礁C礁O£綴earc3楠ilenoO誌ere曲灘ce獄e就。㎡tわe艶卿縫ra雛re職S

 obse脚edd麗ing漁eobse蓄vatio魏period・

 8。ΣnC烈ap紅er8夕tbephotomeヒricobservatio貧so£theSARarco鷺tbe

 night・fSepte襯be駕23/26,1978(EST)werec・mparedwi癒蜘ec・n-

 c慧rrenむgr・慧na-based猛agneむ・meter・bservati・鴛s・fthea蟻r・ral

 eiectrojet8。Res犠工tsoft輪eco撮binedobservationsrevea工that

 the驚isacloserelation曲ipo£tile&rctot1玉econcurrentelectro-

 」就8。Speci董icanygitwa8£o葺ndt薮aq(i)at肋ebeginningofthe

 arc智sapPearance聡eaむloc呂1鶏idnig}玉t,tまユepositio慧。£t1}⑭i捻tercept

 po加to£the照gnetic員eエdline雛read加gthea罫cata慧roraエ

 heightcoincまdedwiththeeastwaでdaurora!elect欝ojetcenter多

 (ii)t姦ei織tensityvariationo£the8rc蛋oilowe(ic工Qse:Lyt敷ato£

 thewestwarde王ectrojet,withatimeiago£10-20min縫te8a登ter

 thearcreacheditspea批inteasityla且d(iiま)馳e.arc曲owed

 equatorward狙ovementiageneral㌻howeveで勤一d雛ringt二heperまodsw鼓en
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 即eeエeCtr・jetm・Vedrapidly至・ragreatdiS仁anCe葺臨eaτCalS・

 瓜ovedinthesa澱edirect;ionb讐ttoalesserdegree。

 9。Resultso至the七wo-stationobservationo萎awea玉くbut二weilde£iRed

 SARarcontheRigレto£Septe凱ber26/27,1979一(EST)werepresented

 inChapter9。Triangu!Lationfτomthetwostat二ionsshowedthat

 thearcmovedrapidlyeq暮atorwardaRddownwardduringt簸eperiod

 o至steepincreaseo£int:ensity。髄agnetogra鉛sobtaine(ifro搬stat二ions

 ove荏fCanadas姦owedst誓まkingcoincidenceo至theon8eto£tbearc

 a且d出ato董anisolatedsubsto皿,suggestingsomepbysicaiUnk

 between臨e㈱OP員e鍛omena。

 10。A敷examinationo£OGO6搬easurementso£so董t二elec仁ron至1ux3w薮ich

 しisa1斑ostconcurrentwit烈8SARarc食was認{豊εinChapter1て)。工n

 蕊ecaseconsider3d,撫eprecip土tationo至tbesofteiectronflux

 茎)e&ksεしt&bou紅thesa鴉elocε比ionandむilneo£occ慧rreRcea8theSAR
 8_2“議

 8rc。Thepeak▽alueis歪…oundtobe5。2xlOc銀sec蟄which

 is凱oretha羅ade騨atetoexcitetheobservedarc・

 撫8u職&ry舞t鼠sdis8ε枕3tio鷺prGvides薮ewobservationalresuit80£the

 tbe㈱s凶erict卿e聯ture驚sp幡et・t1・reetypes・£狙agnet・sphere一む益e窺且・一

 sp難eree蹴¢置gycou21ing多Jo穏1edissipationoj…elect芝ic£ieldsシprecipitat二ion

十

 〇fenergeticOions蟄andt払eSARarc。Anewfindingont:聡erelation8董ユip

 o£紅heSARarcstotheauroraleiectroje仁associatedwithsubstormsisalso

 pres{3纂ted。

 工tsee灘s簸owpertinenttodiscussi…uturedirections圭nt}1elineof

 thisinvest二igationtodeepeRourunderstandingo£t難ereleventphysics。
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 エはsapParent鋤。憩theresultspresentedinthisdisse㌶t紘iontba七

 thet盤er撮ospherec工earlyre8pondst:otheaurora工elect誓ojet:{玉ctivゴ」tyth蓄。雛9負

 Jo慧1eheating。Thebe薮avioro£t抜eresponsehasbeenclLa誓i£i駐(玉璽鵬&灘tit&tively

 toaconsiderableexteat.餐everthe工ess,!noreco磁prei藷en8ive総&窮蟹鎌e籍憾

 apPeartobedesiむed。蝕easu麓ementso£eiectric{ieldsgEan{量t魏ePederse鷺

 。・曲ctivity身σpinthei・n・sp敷ere轍i狙akeitp・ssib!et・餓i搬atet敷e

2

 J・uエeheεtingrateQ」thr・ug肚1}ere蛾i・nQゴ∫σpEdz・麗8c8曲edoRe

 withaniRc・職e驚ntscatterradar量r・蹴顔egr・undte。9。,Vickrey就&1・,1982L

 There£oregcoordinatedobservationsbyoptica1灘eaRsan(iiacoherentsc3tter

 rad3rWillg鷺aUyadVaRce雛e2henOmenOエOgy。D瓠etot員e8腿紅ねi就撫CtUre

 of隷慧ro芸alLpartic工epτecipi七ation豊t猛eJoule簸e8ti難gisaisG駐xgectedtohave

 considerablesmalLi-8ca工estructuτe。Theresuitspresentedi籠Chapt{3r5also

 suggestthelocaiizationo£t盤eJoule短eating。Inordertoclari£ythe

 horizontaistructureo歪…tねeJoule薮eatingeだ£ecむ,aninstr慧mentwhichまsable

 tomeas慧ret鼓etwo-di颯e捻sio蕊&1£i{三1(io{ibothtねete瓢peraturea疑dwi無dof

 thether蓋nospherewillLbemosthe1P£鷺1。Realizatio湿。£s越cbaconcepthas

 recentエybgenrepo震edbyRe翰s就8Lli984]andShe油erdetaLli9841。

 丁短ein8trumentusedbyReesetalL。[王984]isaDoPP玉eむi瓢ag:Lng6yste職多a

 £ieldwまde蕊edEabry-Pe薩foti蘇terま…erometerw昼ichcansi短ttltaneouslyi斑agea

 numbeむ〇五Eab質y-Perot至ringesusiRgaΩimagingP盤oto無detecto誓。Shepher(iet

 ai。μ9841repo魏ed捻e£irstres毬1tso£無ea8urements醗adewi廊a磁虚eA観gle

 轍chelsonDoPPler工総giRgエnter{erometerwhic藏就ilize8aCCD(C簸arg8Coupled

 Device)detectorto窺apatwo-ai醗ensionaiimageo£thesky。Alt魏oughthe

 resultso{t圭1esetworecentworksareverypreliminary,t難econceptsQ五t重1e

彗
轟
華

§
憂
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 i窺stru1nentsapPearvery騨ro搬ising。Anetworkofopticalstat1:Lonsa仁殿i{}一

 aτ1dhig義1atitudesandsubsequeatcoordinatedobserv&tionsarealso

 necessa鴛ytoobtainacomprehensiveviewo≦…thether阻osphericrespo臓se

 to&エOC&1izedeRergyin2ut。

 FむoInthet且eoretic818ide,a狙odelwh孟chproperlyincorporatesthe

 varioushig銭一1atitudeprocesseswhic負arehighlystructuredbothin

 s墓)aceandtime魯such3stねeJouleheating,tbeheatingbyprecipi七ating

 chargedpa誓tまcles,ar}dthe職。阻entu嬢sourceduetoiondragassociated

 with膿agnetos?藏eでicconvectio窺isurgentlyτ1eeded。S賢cha膿odelhasto

 betime-depende就s圭ncet短evariati・n8・至neutralc・憩P・siti・ndue紅・the

 beatingandtむec薮aRgesiRionosphericconductまvitまesduetot二heion-

 iZatiOnariSingfrO狙thepaむtiClepreCipitati・nneedtObeむakenintO

 account。臨e搬ostreceRtεmdsoP難istica{二ed無odelalong紅hislinehas

 been茎》欝eseRtedわyE犠1工er-Roweli[i984]摯thoug払itistwo-dimensioaa1虚

 り臼玩e【0エユ630.0ηmlinep謡fo至:Lieswh血chcouid臓otb3interpretedi葺

 ter翻lso£農8ingleG3ussi8nsourcepro£i!egaRdanun鷲suallylarge{二emper-

 aturee難慕ance蹟eatwer∈}δesc蓄ibedinC難apte瓢6。Theseobse罫vatioaal

 resu工ts&requit3uniq犠e&ndhavenotbee獄regortedpre▽まous:Ly。噛日銭eo織1y

 possiわilitythatcanexplaintheobservedresultsatpreseatapPe&rtobe

十

 theprecip虻農ti・n・£e雛e望geticOi・ns,a8predictedbyT・rretaL[1982L

 Howev3r,鷺x2e誓i1nentalco窺£irmat二iono£theaerono盤icaleffectsduetotbe

÷

 precipitatまonofe鷺e薦geticOionswillhavetowaitcoordin&tedoわser▽a-

 tionso£8雛。蝕£1uxes仕。餓sate!litesando£蝕et衰emosphericresponse

 fr・m痴egr・鷲nd.Ais・£・誓廊epurp・se・ft1・esegr・uPd-based・ptica1

 、
蕪
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 oわservat工ons事anetworko歪…stationse磯uipPedwithani鷺agingiRter一

 £er・磁etersystemエiketh厩肥nti・nedab・veisdesirabl㊧・

 Observationalres慧1tsontheSARarcspre8entedint聡誰8iτ蓋ve$紅igaむio難

 1endt。severaエnewaspectsw1}icharedi鐙cultt・expla血胸幹吻血

 thecontextoft穀eheatconductionasa£ormation騰ec猴aηis風。τ短eyinclude

 the麟&nce磁e就・£識tralgaste観per癬rea曲ig薮3s～200。藍w軸捻an

 arc(Chapter7),cl・sec・rreiati・曲就weent駄einte雛s靭・胎織a誓ca葺dthat

 。f臨ewestwardaur・r滋elec七r・jet(C数ap七er8),a蓄e狙a叢kablec・incidence

 。£the。nset。£繰arcandむh就・£a捻is・iateds慧bst・灘(C壼apter9)皇and

 the8。£telecぼ。naux獄easu誓eme就sc。nc雛re就witbaRarc(C無a?ter10)・

 Wewinh&vet。waituntilthenexts・1ar獺x孟mmin櫨ic蝕a斑・redetailed

 analy8iso£alargeens欝mbleo£eveRtss穀ouldenableus七〇〇btai織&mo「e

 c・通Plete膿derstandingast・the£・翻ti・n澱echanis斑・董t穀eSARaτc・

 ・毒

話彗
 『・耳寺i
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