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ABSTRACT

Iwgca of 630. Oit n= ● cchccrccmcnts IMve baon r@cord8d during tha January, i9u6 ionospheric

haaticrg campaign at Arccibo. Tho ● rtlfieiai ●irgiow clouds convected ●sstward, vanish-d, ● nd

then raappaarad a t tho xanith of the HF haa tar. Occamionaliy,

bifurcated.

. th* airgtow patehas ar*

Th@ structura and motion of tha .cirgiow clouds is sn indication of tha dynamic

bahavior of tha modifiad ionoaphara.

I NTRoDUCTION

TM transmission of high powtr radiowavas in tha iocrespirara ● ffact# the

from ● xcitad oxy~on ● terns. Nh tural 630.0 nm ●irgiow in tha nighttima

dissoeiativa racombirra tion of moiccular oxygmr lens and ●lactrocrs

r’);+*-. o*+o* rata! 2.2 M 10-7 (300/T. )0”7

tmrt.apharic haa tins increases tha ●lactron tamparatura snd consaqbscrtiy

production ●xcitad ●tomic oxygan by reaction (1) /1/.

irctacrsity of ●irglow

ionosphara COMS from

(1)

raducaa tha ra to for

(2)

If eimctronm ● re ●cealarat*d ●bovo 2 ●V during iocroophoric haa tins, coiiioionni ●xci tation

b.comes Impertint 141.

● ‘o + L. (’P) ● ●- + O(iD) croos-sactiont 00 . 2 . iO-i7 cmz

Crrharrcgd radiation occurs hy tranol tion to tround Otcta,

~(iD) . o(~p) + tW (630. o nm, 6J6.4 nm) rate I A. = 6.?6 M 10- 11-1

I)urlnu the January i9116 ionoopherlc ;watlrr8 campaltn ● t Araclbo, Pu*rto Rico, an lnt*nnif lad,

chcrgo couplod davlca (cC.I)) lmafior waa uood to record th~ ●nhancad ●mlotiono at $1’.0 rrm.

Thli paper pr~sarrto an intarprotitlrrn of tha ●irglow lMRac from that campat Rn,

A computtr-con troll ott, low.ll Rht-loval ilaglnS @yStem waa fret up ● t tha Aroclho Ohoarvatnry

for tho Ionooph@rl@ haatlrrR ●xparimcntc, Tha alrglow lmauQs wero m,tle rrlth mn lnt@rf@tonr?

flltor ccnr.orcd ● t 6 )0.0 nm, havlnK ● paanband of 9,0 nm. Tha rrblectlv* lent had n !Omm



foccl length, ●nd ● 53ntm ●perture. The ●irglow luge Intenstty was amplified by d 40,wM

diamotar ■icrochxnnal plate (tlCP) intanstfiar. The lumlrtoua gain of the intensifier was
moo. The output of the Intensifier was focused or! a 512 x 320 pixel CCD ●rray by ● rt 85mm
foexl iength, f/1. O ralay lens. The quantum efficiency of the CCD ~rray was 807. The da t.
from ●ach pixal was dlgttixad to 16 bits and stored on mcgnat!c tape. The system was

cotrtrollod by ● 68000 microprocessor. All ●xposuras uere for 30 seconds. An ●dditional 20
saconds was raquirad for data storage.

Tha lugas in this ptpar trcre produced by subtractlen of th~ background .irgic.w of the
unmodlf lad s tmosphcre f rem the images obtainad whsn the haa tcr was on. Tha a.turatad bright
spots ● ra stars. Tha dark spots in tha ●lrglow clouds ● ra ● r*suit of subtracting bright
star imcgen in the background image .

Th@ form ts for the ●irgiow ixtcgas arc Illustrated in Figures 1 ●nd 2 for tha 9 ●nd

14 .b!tuary, 1986 raaulta, rtspactiveiy. Tho H? faciiity was north-aast of th* Ar. cibo

Observatory whara optlcat and radar mraaur.nnt. w.r. M&o The HP beam hcs ● 2 to i
●longation in tha north south dir~ction. Ail imxgca ● ra oriented ●long tha mcp,m t::
meridional plana.
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JANUARY9, 1986
ARECIBO OBSERVATORY

tF4COHERENTSCATTER RADAR

4m ~~

330 -

330 -

230 -

0 0.5 1.0 1.5

ELECTRON CONCW1’RATION ( 10ecm-3 )

rig, ), P-r@glon danmlty profllo ehansa ● s ● raault of lonoophcrle ho. ting,

Th@ li~ haa tar profiucal ● n onhancemant In ●lrelou which avolv~c dynunrlc-lly. Th@ sorima of

lmacao In Ptgure 4 show th~ turn on @nd the north-eastward conv~etlon of tha ●lrRl OU cloud.

BY tho Ic[lt frama of PIRur@ *, tha ●lrglou cloud hat mapped bark to the s~nlth poaltlorr.



JMMnv 0, wet Ml

Fit, 4. Initiation ●nd conwction of the 630.0 nm ●irclow cloud ●bova tha H? hastor.

This motion 1s ●ehmmtically shown in Figura 3. Whmn tha HF .ransmittaria flrnt turned on,

tha wave Interacts directly owrhaad, trltg-rlct: para~tric instability, haatlnt ttm plasm,
and ganaratlng #nhanead ●lr~low. Aftmr 90 sacondc, tha caluncad plasma pr~ssuw forms a

plasm doplatlon which b*gim# co be corcwctcd tcstward undar thm influanca of polarization

●laetrlc flclds ●id neutral winds. Tha comvactins doplatlon cmrrlos tha HP ray paths ●lone,
banding th~m to tha ●sst. Tho ●lrtlow pmtch continuos moving Until th* doplatlon can no

lonpr refract the haatar rays. The htatcr bo~m raturns to the vartical ●nd tha DCOCQSS
r* D*mt8.
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JANUARY 13, 1986 RESULTS

The ●xpcrimerrt was conducted again on 13 January 1986. A narrow band photometer with 5

dagrea fiaid of view racordad tha 630.0 rim intansity in response to the HF heater (Figure 6).

The immgee show that the temporal fluctuations in the photometer signt i which can be traced

to movemn t of tht a irglow cloud.

75 I 1 I I I ! r

ao

16

0

1“’”:
,.,,,,,,,, 12-14 JANuAIfv Woe : ~ : OiOOA iEPATNFMWX6 .,.,~,, ..........! ,. :. .,

,. ,..;,, ,.......,.. j............. ~. .......... .... ~...~..........~ . ... ~ ~/.,...,,. : j., ,,, , ,,, ,,,....... ..... ... . ... .. ..

..,,., .~,, .,,~,.,.. ~, .,.,........ ....~ .,..,..,,...,....!..... \ ,.....: . .. .,.,..

; ,,,...,,...,,/ ..,,,........+...... :

'''''""'"`''''''''i"''''''"""'"'l'"""''"""":"~"'" ““”’”””’’:’”’”’’’”’””” i “’” i “’’”1:1
. . . .. . ., ,’ \ . . .. ... .....!.... ,-... ! . .. . .. . . . . . ,, .. . . . .. . . .. .. . . ..

l! Jnnh;: till

,/ j}:

[. ~ ~/“$- ‘ “;j*;

+1
,., .,1 -.,,... /... . ~ .1 f {.. . . ...p { .:

i $

. . . ..’-. q.. ,,

~ #J@8; ..,,.,4,,.\,,,, ‘ ,T .. . . . ..l.

t
{..l ,,,.,.,..,, ] J !. .: :. ...,

V(#Jt

1:

.: .~.,,... .,.

%,/ :

..,.,.,,,, .,, ,,, ; ,..

!* A.... ~ .!. : !., ;. ! ,, ,, ~p.. ,,

Mt!ATU ~

20 22 0 2 4 e

A8t

Ft?. 6. Photons tar record of January iJ-14, i986 NF ●xpcrirnentt.

The heater turn on ●t 13!03116 @%.wod ● brightening to the tact of tha. hea ter, Ambient

dencity gredients refracted tha M~ rays ●aotward, Th(t turn on scquanct is shovn in frames

1-A throuch 1-II of ~lauro 7. TIM aloud to the ●ast of tha heatar dlcappsara ss onc im formed

●t the senith (fremeo 2-A through 2-K of ~igura 7). Thie patch than drifto ●aotward untii

tha hmtar it turned off ●t 23119100 (just ●ftar framo 3-C of Figuro 7). This drift epo~d is
4PPr0XiMtely the OAM al for Ja.umry 9, 1986,



JANUARY 13, 1988

2304:30 TO 232759 AST

Fig, 7. Forma :ion ●nd convection of ●rtificial 630.0 nm airglou cloud. Tlle imag?s

sepsra ted by sO saconds.

● re

Tha Ilk hester WaS pUi Std ‘.l!th n 1 minuto on ●nd ● 2 minute off sequence.
illustrat*8

FiEure 8

reproduclbtllty in tha slrglow Imcgaa indicating that the plasma atructuras
remain aft~r the heater IB turned off.

The post midnight collapoa in tho F-layar produc. d ●nhanc.m. nt of

●lr~low (Flgura .9), rsaching a maximum ●t 0200 AST.
the natural 610.0 nm

Th@ IIF transmitter wao turned on ●t
n?.~o,oo but ho ●rtiflcl@l •~rgIoW .nh, ne. ~nt w., r~cordad until 02:53:48 whan ● patch
aponteneoualy mat~rlaltsad. This cloud laat~d until the haater power wcs reduc*d by Y dB at
02:58100, NO ●lrglow wac obscrvtd ●t half pow. r, WC ther~fore conclud~ that the f,jtl

HF slfinsl bar~ly •xcoad~d th~ thrcahold for ●lr~low excltitlon.

POW* r

cONCLUS1ONS

The ●n?rglzctlon of ●l~ctrons with ●xclte ●lrgleu occured In ● constantly convuctln R ICR1OII.

The r.nvltles which war. produc, d by NF hating h.nt ttw NF ray pa ths, As the cavltlen
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Fig. 8. Pulsation of bifurcated ●irglow cloud when the HF heater 18 turned on for two

minutes ●nd off for two mlnutaa.

drifted under tha In fluancs of ●xtarmal ●loctric fields or neutral winds, the HF rays were

convect-d e*ttward. Only ●astward drlf t- of the ●irglow clouds was recorded. Drl occasion,

the HF beam was eplit in two.

The cavity gradients diffuso th* H? beam, yielding a reduction in HF power. The alectric

fiald strsngth MY fell balow thethroahold for cavity ●nd ●lrglow production. In thesm

cases, tha HF b-em only becomes ●ffective eftar tht cavity hcs b~en transported ●way from the
zanlth of tha haa tar.

The coincidence htween ●nbueed airslow ●nd caviton form tion la raaarved for futura study.
Prcllminary date analyels indicatec thetthe slrglow patches only occurrad when cevitons wara

formed. This may be Eacauee both ph.nomena have olmilat ●nargat!c ●lectron r~qulrements.

Fu ura Lmaging studias should use other alrglow llnce.
f

For instsnca, the 557.7 nm line from

0( S) requiraa k.19 ●V or greeter ●xcltation ●nergy. Th@ shorter (0.75 see) llfetime of this

ttcte would provide better temporal ●nd spatial ratolutlon for the ●lrglow lmc Kes.
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