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Large Scale Optical
Mapp ing of the Ionosp h ere

I. I \ THOI ) t ( I IO\

A program for large-scale, optical mapping of the ionosphere was under taken

to  mo re I f f l I t i v e l y monitor ionospheric fea tures  through remote sensing of associ-

~I Od aurora l  and airglow spect ra l  emis~.il n.-,. Previous techniques in this area

‘ ‘r e  U n ited by the  i n a b i l i ty  t~ combine adequate  .,p atial , temporal, and spectral

re-t~~~u t I r n w i t h  su ff i c i en t  s e n s i t i v i t y  t o measure  low- in tens i ty  emissions . These
e mi s s ion ,  refl~o such i m p o r t a n t  aspects of iono spher ic  processes as flux , type ,
and average energy of p a r t i c l e s  p r e c i p i t a t i n g  into the upper a tmosphere , as well
as n o n - p a r t i c l e  produced i r regular i t ies  in the  equator ia l  I -region.

To Conduct t h i s  p r Og r a m , a new i nst r u m e n t  for monochromatic , all sk y
l ,b ,e rva t ions  of au rora  and alrg low .~as developed and has recently been instal led
in the  A i r  I rce Geophysics Labora torv ’~ Ai rborne  Ionospheric Observatory, a
K(’ - l 3 5  a i r r a f t  In st r u m e n t e d  for  ionospheric  research. The imaging system
in cor p or at e :~ the necessary ~pectral , t empora l , and spatial  resolution to provide a
unique  d iagn o ,t i c  t I l o l  for the study of aurora and airg iow.

To roonitl lr appr opr ia te  Ionospheric energy input parameters, tour re levant

wavebands are  used . The t l l t a l  energy fl ux of pr eci pitating part icles Is monitored
by recording t h e  427 13 N emission band , which is also proportional to the height -
in tegra ted  ion iza t ion  ra te .  The 6300 01 atomic oxygen emission is used to obtain

(Received for publIcation 17 October 1977)7



the fract ion of the total  input energy deposited at F-layer height .  Considerable

energy is deposited and ionization generated by proton prec ipitation , w hich is

monitored by obse rvation of the 4861 H 3 ~I-lyd rogen Balmer) emission.  For
observatio ns of equatorial F-region irregularit ies , meas urements are made of
the 6300 A and 5577 A UI airglow . Intensi ty variations in these emissions are
combined w i t h  radiowave measurements  to infer  dynamics in the F-region plasma.

A br ief  de sc r ip t i on  of the  a l l - sky imaging photometer as well  as in i t ia l  results

from expe r imen ts  conducted at the magnetic equator and in the auroral  zo’. ~s a re

presented in t h i s  report .

2. ~~~~~~ U%I~~;I\I; PIIOTO%IETEK

An a l l -sky imaging system similar  to one for ground-based observations 1 was

developed for airborne operation. The optics (Figure 1) emp loy a 155° field of

view and are telecentric in design, ensuring the same size l ight  cone at the focal

plane for each point in the field of view , thus allowing narrowband interference

f i l ters  to be used. A t  full  aperture of f l .  4 , 25 A f i l t e rs  can be used. Four such

f i l te rs  mounted on a f i l t e r  wheel allow sequential measurements  for the most

impor tan t  auroral and airglow emissions.

The auroral/ a i rglow field is then re-imaged onto the faceplate of a two-stage

image intensifier that is f iber-optical ly coupled to a LLL SEC TV tube. This is a

charge-integrat ing tube that allows for t ime exposures of up to 3 sec at room

t c r~perature .
Sequential pictures at different  wavelengths are recorded on a t ime- lapse

video tape recorder (see system block diagram in Figure 2) and t empora r i l y stored

on a mu l t i - t r ack  video disc that is used to drive four black and whi te  TV moni tors

that  continuously display the last picture taken through each f i l t e r .  These pictures

are continuall y updated as the fi l ter wheel rotates through the fou r - f i l t e r  sequence.

For very- low-level  emissions such as H 3, t he  nonspectral  back ground emis-

sions form a s ign i f ican t  part of the total signal and must be subtracted to obtain

the t rue  H .3 emission. To achieve this , the picture at the II~ wavelengt h is tem-

p orar i ly stored on one of the video disc t racks  and a second picture is taken

through a background f i l ter  centered some 30 A below the H~ wavelength. The

~ecIIn d p icture is  subtracted from the f i r s t , using the A minus B option on the TV

monitor , and the  resultant 1113 picture is recorded and displayed .

1. Mende , S.B. , and Eather , R .H .  ( 1976) Monochromatic all sky observations
and auroral precipitation patterns , J. Geophys. Res. 81:3771.
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Figure 1. Al l -Sk y Imaging  Photometer  Optics Schemat ic

To disp lay the average energy of the electrons generat ing various auroral

fea tures  in t ( ~~c . f ield of view , a RGB color TV monitor  is used.  Since the average

e lec t ron  enI rgy is cha rac te r i zed  by the 6300 A 0 1/4278 A N~ ratio , the  4278 A N .,
p i c t u r e  i s  u - c d  t o  dr ive the blue gun of the moni tor  and the ;:too A 01 p ic tu re  to

dr ive  t } ~~ red gun , thereb y producing a color c h a r a c t e ri st i c  of  the e lec t ron  energy.

An absolute i nt e n s i ty  reference is supplied by a ( 14 rad ioac t ive  light source

tha t  is imaged on the corner of each fram e. Date , t ime , and f i l t o r i n g  in format ion

is b ina ry  on ’ t o ]  on each p i c tu re , and date and t ime  are also presented numer i -

cally i~n each picture.  In addit ion to video recording,  the TV moni to rs  are photo-

graphed each cycle  by a 16-mm , t ime- l apse  camera.

The t i n ’ and cont ro l  sequencing for the ins t rument  is provided by a fully pro-

g rammable, ~pecial -purpo se sequencer that  ( ( In t r o l s  the mechanical  operat ion ,
( xp ( .0ure t i m e , h igh  voltage appropria te  for each f i l t e r , d i s t r ibu t ion  of video sig-

nal.s to ao~ir opr iat e  discs , and camera exposure. Preprogrammed exposure

sequences allow rapid change of operational modes appropriate to changing auroral

conditions.
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C e r t a i n  mod i f i ca t i ons  have been made to the d isc  for a i r c r a f t  u,-ie , t o  c’ r I , u r c ’

proper operat ion and to prevent  possible damage at take off or landing.  The com-

p le te  i n st r u m e n t  has been shock mounted , and the  heads have a u t o m a t i c  l i f t e r s  that
remove the  heads f rom the disc for take off and landing.

A s u m m a r y  of system opera t iona l  parameters  is given in Table 1.

Table 1. Summary  of Sy s tem Specifications

0Field of \ le w :  155

Pass Band: 2 5 A a t  f 1. 4; 5 A a t  f 8
o , 0

h & .’.( I u t I o f l  1/2 zen i th , 2 hor izon

Spectral Response:  S - 20 , exceeding 100 p A ‘l u m e n
Pic ture  Storage: No detectable  degradat ion  for up to 3 sec
Tube Gain: Photon noiso g r a n u l a r i t y  visible above tube noise

Threshold  Sens i t iv i ty :  20 R at 2 sec exposure
1 kfl at 30 f r a m e s  ‘ sec

Dynamic Range : 20 R to 10 kH covered by 3 preset HV set t ings
Flatness  of Fie ld:  30 percent loss at ed ge of field
Repet i t ion  Rate :  Typica l l y 20 sec for comp lete f i l t e r  cycle
Temporary Storage: Video disc , th ree  video t r acks  + one syn c t rack
P e r m a n e n t  Storage : Video tape deck , t ime- l apse  type (9 hr record-

in g t i m e  on a sing le reel):  16 mm color
movie camera

Process Cont ro l le r :  In - f i e ld  p rog ramming  capabi l i ty
Display Sv.steni.s : Four black and w h i t e  moni tors , 9 in. diagonal;

Color mon i to r , RGB and A- f l  input , 12 in .
diagonal

R e a l - T i m e  Disp lay:  S imul taneous  full y regis tered  display of t h r e e
f i l t e r  channels .  Capab i l i t y  of  d i sp lay ing dif-
ference of any t w o  p ic tu res .  Disp lay of two
or three f i l t e rs  as pseudo-color on RGJ3
m o n i t o r

( ha rac te r  Generators : Date ‘ t i r 1 i e  d i sp lay on each f r a m e  for f r a m e
i d e n t i f i c a t i o n

Digital  Encoding:  Di gital  encoding of t i m e  and housekeeping data
for computer -cont ro l led  data handling

Fl igh t  Heading:  Digital d i s p lay of fli ght head ing  for recording
(three  d i g i t  BCD TTL compat ib le )

11



:1. EQI ~‘lO8I ~I. ~ini ;io ~

:1. I Iii uodu i t io n

A ser ic- . I f  seven fl ights was conducted along the west coast of South Amer ica

in March  1977 to inves t iga te  the spat ial  and temporal charac ter i s t ics  of large

scale , F-region i r r e gu lari t ies in the v ic in i ty  of the magnetic  equator .  The pri-

m a ry  pur p~ -ie of t h i s  expedition w a s  to relate specific dynamical  fea tu res  of the

equator ia l  ionosphere to the occurrence  of s ignal  fluctuations (sc in t i l l a t ions)  on

s a te l l i t e - t ,~~~( i r c r a f t  and sa te l l i t e - to -ground  V H F/ U H F  radio t ransmiss ions.

( ‘p t i c a l  i m a g i n g  measuremen ts  w e r e  performed to identif y the large scale , a i rg low

s t r u c t u r es  that  are associated w i t h  the F-region ionospheric  i r r e g u l a r i t i e s .  Sim-

ple modeling sh o w s  that  the exis tence of a bottoms ide ion iza t ion  dep letion collocated

w i t h  the moving band of a i rglow dep let ion can explain the observed ionogram

signatures .

:1.2 I~~uiiIoriiil ~irg Io~s Stru, tures

D e p a r t u r e s  f rom spat ia l l y un i fo rm a i rg low emission occur as regular  features

of the  equatorial  and near  equator ia l  ionosphere. The prominent  in te r t rop ica l

arcs 2 ’ 3 appear as two bands of enhanced 6300 A 01 that  reach mqx imum  inten-

. s i t v  n t  ± 12 ° magn et ic  l a t i t ude  and disp lay symmetry  with respeci to the di p equator.
These bands co inc ide  r lo~ ely  in position wi th  the App leton anomal y region of

enhanced F-region electron densi ty .  A summary  of in ter t ropica l  arc morphology

is presented by Weill 4 and Kulkarn i .  Smaller scale airg low s tructures  have also
1; C 0

been invest igated . Steiger presented pho tomet r i c  sky maps of 6300 A a n d  5577 A
airglow s t r u c t u r e  f rom I laleakala  Observatory, Hawaii .  These show the  existence

of local ized (— 500 km d iam)  enhancements  in 6300 A in tens i ty ,  p r imar i l y to the
south  of the observing - t a t  ion . Less frequently, hi ghl y s t ruc tured  nor th-south

al igned ridges or f ingers of enhanced (i300 A emission have been observed . The
6300 A enhancements  are f requencl y accompanied by s imi la r  variat ions in 5577 .\.

2 . Barh ie r , D. ( 19(; 1) Less var ia t ions  d ’in tenslte  la ra i re  6300 A la luminescence
nocturne , A n n .  Geophys. 17:5.

3. Tla rh ie r , D. , Weill , C. , and Glaume , J . (1961)  I ’ emis.sion de Ia raie rouge
du d e l  nocturne en A f r i que , Ann .  Geophys. 17:305.

4 . W ei l l , G .M .  ( l h I ; 7 )  A i rglow observations near the equator , i n Aurora  and
A i r g l o w,  B. M .  McCormac , ed. , Reinhold Publ . Co. • p 407 .

5. Ku lk : c’n i , P . V. (1974) Tropical  airglow , Ann.  Geophys. 30:105 .
6. Steiger , W . H . ( 196 7)  Low l a t i t ude  observat ions of a i rg low , in Aurora  and

A i r g low, B. lvi . McCormac , ed . , Reinhold Pubi . (‘o. , p. 4 19 .

12



Van Zandt  and Pe te r son 7 have shown that  t rop ical airglow s t ructures  at 6300 A
and 5577 A can take a v a r i e t y ( I f  forms — from eas t -wes t  aligned bands or arcs to

u~i crow n o r t h - s o u t h  r i dges  of a l t e r n a t e ly  enhanced and diminished intensity,

a r r a ng e ] along an o I l - i t - w e s t  hand.  E a s t w a r d  dr i f t  velocities on the order of a few

hundred  k m/ h r  have  been reported for .0ome of these  airgiow i r regular i t ies .  The

r idges  shown by Van Zandt and Peterson are typ icall y inclined to the west of mag-

ne t i c  n o r t h , and ar e  not aligned along magnet ic  f ield lines.

i r o n i  s imul taneous  ionosonde measurements, both Van Zandt and Peterson 7

and Ste ig e r ° conclude that spat ial  variat ions in 6300 A 01 intensi ty  result  p r i m a r i l y

from var ia t ions  in the he igh t  of the F-region, ra ther  than from changes in the

electron number  dens i ty  at peak of the F- layer . The gradients in 6300 A in tens i ty

along the e a st -e e st  direct ion appear , then , to be the result of cor rugat ions  in the

h ot t i m s i d i  ( I t  the  12  l ay e r .

:1:1  Ulo- , r~ otion .

A l l - s k y  ( 155° field of view) images of the equatorial  a i rg low were made

t h r ough  ( 3 0 9  °
~ and 5~ 77 A narrow band (~~ 30 A~ in te r fe rence  f i l t e r s , us ing  a l t e r n a t e

2 . 5 sec exposures  to produce an image at each wavelength ev er y  30 sec . The

r e s u l t i ng  TV ft - am e s  were recorded on video tape and also h~’ photographing  the

TV mon i to r s .
F igure  3 presents a series of 6300 A images (p hotographs of the tape recorded

video f r u n  I S )  ob ta ined  t 15 -mm ~nterva1s between 0100 and I) 4 5  i T  during s

f l igh t  on 17 March  1977. The superposed grid indicates  the projec t ion  of c o r r ” c t o d

geomagnet ic  (C . G . )  longi tudes  (or magnet ic  mer id ians)  at l-deg  intervals , for

a s s u m e d  om i s s i o n  he igh t  of 250 km .  The f l ight  t r ack  for 17 March  1977 was a
, s e r ip ;  of n or t h - s o u t h  legs ( f rom 3

0 C. G. north to 3
0 C. G. south)  along a magn et c ’

mer id i an  3
0 west of Lima , Peru. Al l  images have been reoriented wi th  magnet ic

nor th  on top, as shown in 1”igure 1. (The reversal of east  and west  is a result f

the  d i sp lay scheme used .)
Care  m u s t  be exe rc i sed  in the in t e rp re ta t ion  of features  near the ed ge of the

field of view. Al thoug h the v an  Rhijn effect  tends to increase the apparent airg low

in t l u l s i P . ’ at large ?e n i t h  ang les (a factor  of 2 . 7 for 75° zenith angle at 250 km

emiss ion  height ) , the wide angle lens suffers  serious vignet t ing toward the edge of
the f ie ld  of view (a f ac to r  of 3 . 3, Men de et al .  8) The two ef fec ts  act in oppos ition ,
but v i g net t i n g  exceeds van Rhi jn  enhancement at the edges , often resulting in a

7 . Van Zandt , T. I: . , and Peterson, V. 1.. (1968) Detailed maps of tropical 6300 ~
nightglow enhancements  and their  implications on the Ionospheric F2 layer .
Ann .  Geophys. 24:747 .

8. Mende , S. B. , Eather , R. H. , and Aamodt , E. K . (1977) Instrument for the
Monochromatic  observation of all sky auroral  images, App l, Opt. 16:1691.
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Figure 3 . All Sky (155° field of view> 6300 Aoi Airglow Images at 15-Minute
Intervals , From 0100 UT to 0545 UT , 17 March  1977. The supe r posed grid
indicates the projection of corrected geomagnetic (C. G . )  long i tudes , at 1 degree
intervals , for an assumed emiss ion height of 250 km. The black and w h i t e  dots
represent , respect ively, the location of approaching and receeding  obli que 1 -
reg ion j onosonde backscat t e r  re turns

perceptable da rk  band around the image for the weak a irg low fea tu res  unde r  con-

s ide ra t ion . The nar row N - S  s t r ia t ions  about one-half  degree f rom z e n i t h  t h a t  can

he seen in most I I I : I g e .s a re  the  ionosonde antennas that  s t r e t ch  above t h e ’  I l l - sk ~
lens . They appear east  or we.s t of 7enith , depending I n  w h e t h e r  the  plane is fl y ing
n o r t h  or s o u t h .

l h ~ images  between 0100 I T  and 0200 I T  show a low level , u n st r u c t u r e d

~ l ’ w  ( — 6 0  R)  w i t h  some enhancement  t w ar r i - ,  the south , pr obabl y enhanced emis-
s i o n  f rom 1}le m a x i m u m  of the  App leton ar t o n i a l v .  The M i l k y  \Vav i_ s v i s i b l e  II ‘t o ’

0100 to 01 1 UT images as a s l ig ht enhancement  aligned in the SE - N \ ~ d i rec t ion .

The 0215 I T  image shows a p rominen t  deple t ion  in t h e  6300 A airglow in t p ~ form
of a da rk  band t h a t  e x t e n d ,  f r on s o u t h  t nor th  a long much of the  WI  t e rn  horizon.
The f r u I t i t t  I f  this dark t a I l ] can be ,een as e a r l y  as 0200 I T .  \ V i t h i n  the next

2 .5  hr , th is  band t r ave l s  across  the sk y, leaving the  i n st r u m e n t a l  f ie ld  of V I e W  fl

t h e  I I  ~~t .  r n  horizon hy approx io  a t o l  v 0445 1 ‘‘F . ( en era l l y, t b ’  images sIt  i~ t h a t
the  ea s t e rn  r l ead ing  edge of the airg low dep letion is cl se l v  I l i g n e d  in the  mag-
n et i c  t t ’ t F  t h  d I r ’ f ’ I t I r I  ( l I S t  ~~ ‘~ ‘n in I t t . ’  i ) : t t O  1 ’T ’ im age) . III \v e v e l ’ , in s pe c tI o n
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of selected images suggests the possibil i ty of a 5° skew (best seen in the 0345 UT
image) , with  the southern end of the edge leading the nor thern end. A detailed
;i i t a l v , i s  involving the measurement  of selected stars is required to eliminate

ex p e r i m e n t a l  causes (such as small aircraft  heading errors> before the precise

al ignment  can be measured. The leading edge displays a sharp intensi ty  gradient

in the east-west direction.

From absolute airglow intensities, independently measured on the aircraft  by

a ver t ica l l y directed , 1 meter  Eber t -Fast ie  scanning spectrometer, a decrease
from 75 H to  15 H wi th in  100 km has been determined (J. G. Moore , private com-

municat ion 1977> . The western edge of the depletion region shows a somewhat

more gradual , s t ructured transit ion to the adjacent bright airglow region. The

w i d t h  of the depletion when direct ly overhead at 0330 UT is approximately 150 to
200 km. When the region is o f f - zen i th , perspect ive effects must be considered.
It i i  clear the region was wider before 0330 UT , but the apparent nar rowing a f t e r

0330 UT could be due to perspective. The apparent  width  of the measured dep letion
region also depends on the detec tabi l i ty  threshold of the ins t rument , as system gain
changes can affect  the apparent wid th  of these features.  For the measurements  in

F’igure 3 , onl y small  gain-changes were necessary.  In the nor th-south  direct ion ,
depletion regions extend along the entire field of view to include a horizontal  dis-

‘ance of more than 1200 km , assuming a 250 km emiss ion height .
The image-  at 0415 and 0430 UT show the appearance of a second region of

airglow dep letion d r i f t i n g  into the field of view from the we 3t .  This second region

~,eems t be “f i l led in” before reaching the aircraf t . Unst ruc tured  airglow (— 150

to 200 R )  covers (most of> the observable sky unt i l  0515 UT and then rapidl y falls

in in tens i t y 1— .- 100 R) , leaving only minor enhancements towards the southern and

w e s t e r n  horizons.

3.1 I)rplt~
The (‘ . C. longitudes of the eastern and western edges of the  a i rg iow deplet ion ,

on an eas t -wes t  great circle through the a i rc ra f t  zenith , were determined for the

f e a t u r e  in Figure 3 . The resul ts  (FIgure 4) i n d I c a t e  tha t  the dep letion drif ted

toward  ( ‘ . C. east wi th  a re la t ively  constant veloci ty  of — 9 0  m ‘see , whi l e  main-

t a i n i n g  an eas t -west  dimension of — 1 6 5  ktii .  LzI ,~ t w a r ’ I d r i f t s from 50 to 100 in se e

were observed on other local evening f l i gh t s .  l)uring a f l ig ht f rom Lima , Peru ,

to Homestead AFB , Florida , on 26 March 1977 , a clear reversal f rom eastward

to a e s t ~~t i r d  d r i f t  was observed. This occurred in the midnight  (003 5 LT) sector

wi th  the  a i r c r a f t  located at 16 ° C’ . C. la t i tude.  This wa-i  the only observation of

w e st w a r d  d r i f t s  du r ing  the expedit ion.
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Figure 4. The C. G. Longitude of the Eastern and Western
Edges of the Airg low Depletion Shown in FIgure 1

lunusph.’r.’ ~ltois uremcnt ,.

Figure 5 presents results of the ionospheric soundings conducted simultane-

ously wi th  the photometric measurements onboard the aircraf t . The virtual height
of the observed F-layer and the virtual range of oblique F-layer echoes are shown
as a function of t ime.  The oblique echoes are first  observed at a virtual range of
800 km at 0157 UT, almost coincident with the initial observation of the airgiow

depletion on the western horizon. These oblique returns decrease in range , con-
sistent w t h  the approach of a reflecting or scattering region , and merge with the
overhead F-layer by 0317 U T.

By 0335 I ’T, obliq u e echoes are seen to separa t e from the lowest F-region
trace and increase in range to about 350 km by 0354 UT. After  this t ime they are
obscured by other returns and cannot be further identified. Even though the omni-
directional sounder antenn a does not permit determination of the angle of arriva l
of the oblique echoes, the coinciding time histories of the airglow depletion move-
ment  and the backscatter range change suggest that the sounder observes the

motion of Ionospheric scattering regions associated with the motion of the depletion.
Assuming a height of 250 km for the scattering region , ranges of the approaching
backscatter front were converted to ground distances. The estimated locations of
these approaching sca t t e r ing  regions are shown as whi t e dot s in the respective

16
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Figure 5. Vir~ual Height/Range Plot of lonosonde Returns Associated
With the 6300 AAlrglow Depletion. The shaded areas represent range
spread on backscatter returns or overhead spread F conditions

airglow images in Figure 3, to the west of zenith. Ground ranges derived from

the receding backs catter branch, observed after the overhead passage of the lead-
ing edge of the depletion , were entered as black dots to the east of the zenith of
th e respect ive images . As Fi gure 3 shows , best seen in the 0245 to 03 15 UT

images, the approaching backscatter is tracking the trail ing (western) edge of the
depletion , while the leading (eastern) edge is tracked by the receding echoes ob-
served after 0330 UT.

A model of an ion iza t ion deplet ion in t he bott omside of t he ionosphere, shown
in Figure 6, produces a sequence of approaching and receding echo traces and a

variation in h ’F , which closely resemble the observations. With the aircraft
located to the east of the structure , returns are received vertically and via ray
path bi; after passage of the structure to the east of the aircraft , returns are
received vertically and via ray path b2 . From the all-sky Images, the width of
the structure has been taken as 165 km and the velocity as 92 m sec~~. The time

of passage of the eastern edge through the aircraft zenith was determined as

0308 UT. The virtual heights of the F-layer prior to and after the passage of the

17
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Figure 6. Model of an Eas tward  Drif t ing,  Bottomside Ne Depletion
r Corrugat ion Based on Observed lonosonde and Airgiow Param-

eters.  The measured ranges of oblique re turns  and the virtual
hei ght  of the overhead F-region are compared with range/height
changes expected f rom the passage of the model bottomside struc-
tu re  over the ionosonde

dep letion were t a k e n  from Figure 3 ri ;  240 km and 220 km respectively. Figure ii

shows the  result  of the model computations wi th  the relevant sections of  the h’ plot

fr ni F igure  3 superimposed.

The fi t  is generally good , but additional strong returns associated wi th  the

t ra i l ing  ed ge of the dep letion at ranges larger than those derived from the s imple

model , and approach ing  at a greater speed , suggest a more complex s t ruc ture  of

‘ t i e  t r a i l i n g  ed ge t h a n  does the  model , Anal ysis of the i i ;  mm a l l - sky photometer

pho tog raph ic  record , hav ing  30-sec t i m e  re so lut ion , shows a d i s t i n c t  s t ruc tu re  w i t h

tu rbu len t  mot ion  at the  western edge of the depletion , in contrast  to the smooth and
t 1h l . -  f ea tu res  observed at the eastern edge . The east-west asymmetry is also

visible in Figure 3. The 0330 I T  image shows diffuse and patchy s t ructure  at the
t r a i l i ng ed ge compared to the well-defined leading edge. These featu res may be

responsible for the more complex Ionosonde backscatter associated wi th  the trail-

ing ed ge.
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The model used to  exp lain  the sounder measurements  is a s imp lif icat ion of

the bot tomside e f fects  of an i n s t a b i l i t y  model proposed by Woodman and La Hoz 9

to describe the development and subsequent upward propagation of bubbles of low
elec tron dens it in the equatorial F-region . This process exp lains the t ime  his-
tory. of i r regu l a r i t y  s t ruc tu re s  or plumes observed by the J icamarca 50 MHz radar.

Compar i son  of the Woodman and La Hoz model with the model shown in Figure 6
suggests tha t  the airglow deplet ions desc r ibed he re are a man if est at ion of the same

phenomenon leading to the Jicamarca plume observations. Figure 6 also suggests

the existence of s trong east-west electron density gradients extending over a con-
siderable north-south extent and moving in an eastward direction. These moving
fro nts are presumably associated with discrete patches of scatterers observed
through t ransequator ia l  HF propagation experIments. 10 The distinct difference in

the s t ruc ture  of the leading and t ra i l ing edges of the airglow depletion deduced from
the observations of this isolated event may also be responsible for the east-west

asymmet ry  observed in backscatter  measurements at 27. 8 MHz by Kelleher and

Skinner. 11

A detailed model of the s t ruc tu re  of the F-layer within the airglow depletion
cannot be deduced from the available ionograms . The ionogram traces required
to establish the Ne (h) profiles are either obscured by the scattered reflections
received from the edge.s of the depletion (see Figure 6) or the traces do not exist
due to the i r regu lar  s t r u c t u r e  wi thin  the dep letion. This l imi ta t ion  of ionosondes
to e s t ab l i sh  profi les w i t h i n  regi9ns of s t rong horizontal  gradients in the high lati-
t u d t -  ionosphere is well known ; al though the main  F- layer  trough is clearl y identif i -

able in innograms , the profiles inside the t rough cannot be determined due to the
nar rowness  of the depletion. 12

A f t e r  the approaching t race  merged wi th  the overhead t race, strong unstruc-
tured  spread F developed and p e r s i s ted  for the period of passage of the depletion.
Throughout  the evening, the F-layer had come down , in i t i a l l y f rom 275 km
(0000 UT> to  230 km (0300 I T ) , j u s t  p r ior  to the overhead arr ival  of the leading
edge of t h e  deplet ion.  The layer rapidly  moved upwards  by 35 km , reaching a
max imum Ii ’ of 2 ’5  km by 0319 t ’T , the t i m e  of s t rongest  spread F. After  th i s ,
the layer again rapidly  moved down to 215 km (0332 1 ‘ I )  and flucturated around

Woodn ian , B. F. , and La II oz , C. (1 9 7 6 )  Radar  r ’,servattons of F region
eqoato r i a l  i r r e gu l a r i t i e s, J . Geoph ys . R ei~. 81: 447 .

10. R o t t g e r , J. (1973)  Wave-like s t ru c t u r e s  f l a rge  s ale equa to r i a l  spread-F
irregular i t ies, J. Atmos.  Terr.  Ph ys. ~5:1l95 .

11. Kel leher , R. F. , and Skinner, N .J .  (1971 > ~‘tud ie s  of F-region i r regular i t i es
at Na i rob i , Ann.  Geoph ys. 27:195.

12 . Lobb , H . J . , and Ti ther ldge , J. E, ( 1n 7 7 )  The effect  of travelling Ionospheric
disturbances on lonograms, J . A tmos. Terr.  I’hys. 39:129.
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that level for the r e m a i n d e r  of the  observations . Some close-range oblique echoes
between 0437 I i  and 0500 UT are possibl y r emnan t s  of the  ionospheric  d i s tu rbance

asso r ia t ed  w i t h  the  shor t - l ived  dep l et i o n  observed near the w e st er n  hor izon between

0415 UT and 0430 I F .
Observations of fo I’ 2 between 01(’(, and 0500 UT were ra ther  uncer ta in  because

of spread conditions and h i g h  nighttime H] noise levels, but in general the foF2
fluctuate l t,et~~een 8.5 and  a . 5 M H z . A f t e r  0500 1’] the spread and noise conditions

i rxx 1’r o v ed  and a clear decrease i f the f F 2  from ~~ . 2 MHz (0503 UT ) to 8.0 MHz

(053? UT) and finally to 1 . 8 MHz (0S4~ UT) w a s  observed , which  followed the de-

crease  i f the overall hrig }:~ness f the 0500 UT to 0545 UT all-sky photometer

images. Since h F  d c t s  not change appreciably (from 212 km at 0503 UT to 226 km

at 0549 U’i ) , this change in a i rglow level Is d i rec t l y a t t r ibu tab le  to the Ne decay.

3.6 SIl t Smpliiud,- ~‘.‘InhIIIIiI,~,l—

F)ur ing this  f l ight , VHF amp li tude mea.-,’irements were made on the aircraft ,
ust r : g  the  l. i n ’  l i i  E x p e r i m e n t a l  Sate l l i te  ( 1 . 1 : 5 — 9 )  1 3 7 -M H z  down—link t ransmissions.

F .r i ar i~ t e ! y, ‘I i , -  d i r ec t ion  to th e  sa t e l l i t e  positioned the ray path through the eas t-
we ,t  dimen ~ ion of t h e  a i x  g low dep letion , and the eas tward  d r i f t  effectively moved

the ray p a t h  f rom lower to higher a l t i tudes  through the region. Tt is important to

n i t that the airgiow depletion is a bott i mside signature and as such does not

reflect characteri sti - of the topside ionosphere.

Comparison w i t h  other  types  of measurements  (Jicamarca Incoherent Radar,
a i rc ra f t  ionos’ nde , s a t e l l i t e  ion and electron d e n s i t y  probes) leads to the conclus ion

tb. ? the a lrg l ~~ dep letions define the horizontal  dimensions of a region of low elec-

tron and ion density that extends upward through the  F region, often to 1000 km.

Ionosp heric  electron densi ty  i r regu lar i t ies  w i t h  scale sizes from 3 m to l0’~ of km
exi~~t w i t h i n  these  dep letion regions .

The effect  of VHF propagation through the depletion region is shown schemat-

icall y in Figure  7 . A rapid onset of 7 to 14 dB scintillations began at 0400 UT as

the ray path reached a height of 27 ’ km within  the dep letion. Scintillations con-

tinued unt i l  0553 1 ‘T , which corresponds to an al t i tude of 800 km.

3.7 ~‘umm.ir~ of Lquato nal Mea~urem.~nI~

1,lonochromatic , all-sky imagin g has revealed the existence of north-south
(magnetic) aligned regions of airgiow depletion in the equatorial F-region. East-
west scale sizes of these depletions ranged from 50 to 200 km, with fine structures

as small as 2. 5 km detectable on the 16 mm photographic records ( instrumental
resolution at 250 km altitude). Observations during several flights In the Immed-

iate vicini ty of the magnetic equator in March 1977 show that these depletions drift
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Figu re 7 . VHF Ampli tude Scintillation Index Associated With the Passage
of the Ionization Depletion Through the Satellite--to-Aircraft Ray Path

toward the east with speeds of 50 to 100 m/sec during the local evening hours.
One example of a reversal from eastward drift velocity to westward drift was
observed in the midnight (0035 LT) sector, with the aircraft  located at 16° C. G.
north. During this expedi t ion, air giow depletions were regularly observed , pro-
vided the virtual base height of the adjacent F-layer (h ’F> was below 275 km. Base
height s in excess of 275 km lead to great ly dim inished alr glow int ensit ies , thus
precluding observations of ionospheric irregularities by optical techniques.

A model bottomside Ne depletion — extending for more than 1200 km north-
south , 100 to 200 km east-west , and with a base height of the F-layer around
300 km — collocat ed w it h the 6300 A deplet ion explains bot h t he observed al rglow
structure and the ionospheric observations. Neither the optical nor the ionosonde
techniques could be used to determine the F-layer base height within the region of
diminished ionization .
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The model is consistent with recent results of McClure et al. 13 who regu larly
observed bi teouts in the ion density af ter  sunset of up to 3 orders of magn it ude

wi th  the Atmospheric Explorer satellite AE -C.  These biteouts ranged in altitude
f rom the peak of the F-layer up to — 600 km and had typical upward plasma veloci-
ties of several tens to several hundred rn/ sec. The model used to explain the
sounder observations has strong similarities with the response of the bottomside

9to a bubb le model propos ed by Woodman and La Hoz . From the similarity of the
two phenomena , and t he models, it is reasonable to postulate tha t airglow deple-
tions are the optical signatures of these biteouts or bubbles .

Satellite-to-aircraft signal-strength measurements show that propagation
thro ugh the plasma depletion leads to amplitude scintillation. The altitude range
over which scintillation-producing irregularities exist is consistent with plasma
bubble meas urements of Woodman and La Hoz 9 and the topside measurement of

McClure et al. 13

Becaus e of the complementary nature of satellite plasma measurements and
airborne imaging photometer measurements, coordinated experiments would pro-
vide ins ight into the initial development of these regions of upward plasma flow .
Also , the ability of an airborne observatory to monitor a particular region of air-
glow depletion for several hours would allow successive satellite measurements of
Ion composition changes during the lifetime of a single bubble.

I. tR( : rR: MF ,%SI I IIESIE\TS

L I Int rodu ction

An expedition was conducted in January 1977 to investigate the effects of low
energy particle precipitation into the dayside auroral zone. Becaus e of the low
characterist ic energy of the precipItating particles , ionization and auroral lumi-
nosity are generated at considerably higher altitudes in the days ide zone than In the
nlghtside region. In addition to the study of auroral morphology, this si tuation
provided a unique opportunity to investigate signal fluctuations on VHF/UHF
satellite-to-aircraft communications . Propagation through the days ide auroras
allows investigation of the effects of F-Region ionization , while propagation through
the nightside auroras include both the E- and F-regions.

13. McClure , J. P. , Hanson , W. B. , and Hoffman , 3. F. ( 1977) Plasma bubbles
and irregularities in the equatorial ionosphere, J. Geophys. Res. 82:2650 .
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4 2  Obsenation5

The flight from Elelson AFB , Alaska, was designed to investigate the noon
sector auroras for 5 hr, then return to Fielson along the evening sector of the
au roral oval . Figure 8 shows the flight tr ack In corrected geomagnetic (C . G.)
coordinates for 21 January 1977. A montage of all-sky images for the entire flight
at 10-mm Intervals Is shown in Figures 9a and 9b; they show both the 6300 A and
4278 A images oriented with C. G. north at the top of each image and west to the
right. A prominent feature is the 6300 A east-west band visible after 0210 UT.
This band is the auroral signature of soft particle precipitation In the dayside cusp
region. A notable absence of 4278 A emission clearly demonstrates the low char-
acterist ic energy of the precipitating particles. Unfortunately, Instrumental prob-
lems prevented measurement of the H~ emission; thus , distinction between proton
and elec tron precipitation is not possible. This soft zone extended around to the
dusk local t i me sector (0800 UT) , after which a region of more energetic particles
was detected.

The st ructure and dynamics of the 6300 A emission reflect the spa t ial and
temporal changes that the cusp region exhibits. At  0300 UT the red aurora split
Into two sections from a previous ly continuous band . Following this , the morning
(wes tern ) section drifted equatorward and by 0330 UT the entire region fad ed below
the system in tens i ty  threshold (estimated to be 50 B) . The 6300 A emission also
displays considerable longitudinal or local time structur e, and this structure
refl ects the spatial variability of the soft particle precipitation region. The image
at 0440 UT shows an arc structure that tends to fan out from local noon. This is
similar to the structure reported by Snyder and Akasofu ’4 and observed by the
DMSP satellite auroral images.

A t 0810 UT a well-defined auroral arc is visible in both wavelengths. This
arc forms the equatorward boundary for particle precip it at ion and displays the
highest average energy of auroras within the field of view. Structured soft particle
precipitation Is present poleward of the arc.

A t 0840 UT , the diff use or continuous aurora is distinguishable equatorward of
the bright arc as a region of unstructured glow at 4278 A. Although less prominent ,
this diffuse aurora is also visible at 6300 A , indicating a broad energy spectrum of
the primary beam of precipitating particles. A well-defined substorm began at
College at 0940 UT. The change in the aurora from quiet arcs to more active
forms after 0940 UT reflects this disturbance,

14. Snyder , A. L. , and Akas ofu, S. -1. (1976) Auroral oval photographs from t he
DMSP 8531 and 10533 satellites , 3. Geophys. Res. 81:1799 .

23



[TuRNS FROM 0227UT
2 -0258

- . 2- 0355

0 CGLT

70’ - - -

013

- 552
6. 0626 I 2 ~08

,~ 0220 
0440 - 

-
0700 8 O - ~--

/ 

~~~~
) )

\ ~o8~o - /

\ — 8O’ CGL /
N / J
20 ~J- 4oo - /04

- /

- 
\0930 70° ~~~~~~

~ / -
,

22 ~—~~‘~i000

00
2! JANUARY 1977

Figure 8. C. G. Latitude/Local Time Plot of the Flight Track of
21 January 1977

During t h i s  fl igh t , t w o  orbits of the polar-orbiting DNA WIDEBAND satellite

were within the all-sky photometer field of view. This provided an oppor tun i t y to

Investigate the effect of various auroral forms on UHF radio propagation from
satel l i te- to-aircraf t .  Figure 10 shows the subsatellite track for two orbits , one

near local noon and rH- at late evening. The Unive rsal Time at 1-mm intervals
is shown along the subsatellite tracks. The field of view of the al l-sky photometer ,
projec ted to 2~ 0 km , is shown for times when the satellite was close to the a i rc ra f t .
Withi n the field of view Is the 250 km projection of the subsatellite t rack for each
minute , and a schematic representation of the location of the 6300 A auroras. The
actual 6300 A Image , in negative, Is also shown. The shaded region along the sub -
satell i te track (and along the 250 km projection) delineates the region where
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Figure  4 a . ‘~t ) t ) A (top)  and 4278 A ( b o t t o m )  Images for the F’li ght of 21 Jan-
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.. 0 
— 

I?
O~~32 uT

- 

I - pRoj L.~~
N

7 O538 uT
( O~ 35 uT

10.
.. ‘08 (CGLT )

- 
- 

.___— 8  -
.

O~~~~uT \ \\( - 

05
~~~:j ~~~~~~~~~~

r

78MHio6

~~~ 
:‘ /) I

- 

~~~~~ 09I6~~T~~\ 
7O~?:U~~ /

/

26 
7 ~~~~~~~ 

~~~~~~~~~~~ 
- 04

( . N
~~~~~~~~TI /

-7
~ 4 - -- -- o~ii

.~~ 22 
- 

SC~~TILL*~ ON RE~~ON

DNA WI DEBAND , 378 MHz
(2 1 JAN 1977)

Figure 10. C. G. Latitude/Local Time P1st of Subsatellite Track fq,r Two DNA
WIDEBAND Satellite Orbits. Also shown is the simultaneous 6300 A all-sk y
photometer image (In negative) and the 250 km projection of the all-sky photom-
eter field of view and the 250 km projection of the subsatellite track, The
aurora is shown schematicall y in the projection
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s c i n t i l l a t i o ns  in excess  of 6 dB were  encountered . When p ro je c ted  to a u ro r a l

al t i tudes , these  reglon .s correspond to regions of soft  par t ic le  p r e c i p i t a t io n . In

th e noon sector , the s c i n t i l l a t i o n  region ex t e n d s  poleward  f t he precipi t at ion
region. I h i s  could h~ the resu lt  of the t ransport of particle-produced irregular-
i t i e ,~ away  from the source  region and i n t o  the polar cap, accordi ng to large  scale
niagnetospheric convection pat terns .  In other cases , ,c in t i l l a t i on s  occur w i t h i n
the boundarie ., of soft particle precipitation , indica ting the presence of F-reg ion
ionospheric i r regu larities wi th in  these regions .

~~. —I SISI ~~~ “~\II 1U-’CI -‘ -It )\

In i t i a l  results from the al l-sky imaging photometer  revealed the airglow sig-

natures of ion and electron density dep let ions in the equa t oria l I- region .  Compli-

mentary measurements by the Jicamarca Incoherent Ra dar , the A t m o s p heric
Expl re:- sa tel l i te , and airborne ionospheric sounders indica te  that  the airgiow

deple tions are the bottoms ide signatures of plasma bubbles that contain irregular-
i t i es  over th e scale s ize  range of from 3 m to l O s  of km. Simultaneous t ransiono-

spheric  VHF ampli tude measurements  show that propagation through these dep letio n
reg ions cause sc in t i l l a t ions  that  are often in excess of 10 dB. Future equatorial
experime nts will be directed at three main areas: the post -sunset formation
mechanis m, temporal chan ges during the l ifetime of a single depletion , and t he

longitudinal dependence of dep letion regions . Airbo rne , ground-based , and sa tel-
l i t e  measurements are planned to invest igate these areas,

Measurements conducted in the auroral regions provide large scale coverage
of auroral  precip ita t ion patterns. Monochromatic imaging allow s separation of
F and F region lumin os i ty ,  thus providing a semiquantative determination 1 the
avera ge ener~’v of precip i ta t ing particles. The s t ruc ture  and dynamics of the noon

sector a u r o r a s , which map cha nges in the dayside cusp precip itation , are visible

in the 6300 A images . The low intensity of the 427 8 A emission reflects the low
avera ge energy of the particles in this region. The extension of the soft zone to
the dusk local t ime sector , in t he present example , is indicative of quite magnetic
conditions . In the evening to midnight sector , auroras of much higher average
energy are ,e t -n  by the increased 4278 A emission.

if I I- amplitude scintillation measurements were made on transionospheric

signals through noon and midnight sector auroras. These show similar results ,
although the 1-: -region ionization profiles differed for the t wo ca ses. Ionosonde and
optical measurements show vir tual ly  no E-region ionization at noon; however,
bright 4278 A auroras and sporadic E Ionization (ftEs of 5 to 6 MHz) were present
In the n lghtside region. Since both situations produce similar scintillation effects ,
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~t appe ars that  even weak part icle precipitation Into the F region is more effective
at generating scintillation-producing irregularities than intense precipitation into
the E region.

Future measurements in the arctic at~e planned to investigate the auroral and
airgiow signatures of the F layer trough r ~d poleward trough wall . A pplica t ion of
large scale opti cal measurements to trough morphology studies will overcome
some problems associated with interpretation of lonosonde measurements in this
region.

29
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