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3 The analysis of a three hour t‘hght with 6 latitudinal scans underneath an 7

auroral band shows the close relationship bétweeén auréral type sporadic E i

* echoes (Ega) and discrete aurora, The inveéstigation of 49 latitudinal-séans :

.ihrough the auroral oval during times of low magnetic activity révealed ¢

_the existence of a particle produced R layér which is oval aligned, is 20 !

16 60 wide 1n corrécted geomagnétic latitude and occurs at all corrected
geomagnetic times, This layer producés thé night E échoes.

A new ionogram analys§is procédure, which uses oblique in¢idence F-
layer echoes, is demonstrated, and the feasibility of monitoring the .
latitude of the southern edge of the polar F-layer irregularity zone by
using this new analysis procedure is demonstrated.
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AFEL-TR-80-0120

(Paper presented at AGARD Technical Mesting in Lindau/Harz, Germany in September 1971)
A Discussioh of Arctic Ionograds

R.A, Wagner and C,P, Pike
USAF Cambridge Research Laboratéties
Pedford, Mass., 01730, USA

\A SUMMARY
Examples of arctic ionogram sequences, recorded on the AFCRL Flying Ionospheric Laboratory, sre
presented, The purpose of this paper is to show that: a) fonogrim sequences, racorded on arctic £lights,
facilitate the interpretation of obliquc 1ncidoncc schoes from E- and P-layer heights, b) parameters of
the arctic {fonosphere can bs mapped by using the "auroral oval' as an ordering system; €) vertical and
oblique incidence echoes, lpputin; on ground station ionograms, can be interpreted in terms of the
station's poution uhtivc £o the auroral ovﬂD

<)Thc analysis of a three hour flight with 6 latitudinal scans underneath an suroral band shovs the
close relationship betwaen auroral type sporadic E echoes (Ega) and discrete aurora. The investigation of
49 latitudifnel scans through the auroral-oval during times of l% gnetic activity revealed the exiztence
of a pnticlc produced E layér which is oval alighed, is 2&10 6 3;60 ifi corrected gedhmagnetic latitude
and océurs at all corfected geomagnetic times. This layer ptoducu the night B echoes.

A new fonogram analysis procedure, which uses dbiique incidenéé P-layer echoes, is damonstrated, and
the feasibility of nonitorin; the htitudc of the southern edge of the polar Pslayer ffrsgularity zone by
using this new anaiysis procedure is d rated,

1,  INTRODUCTION \ "

Vertical incidence iono;uu, recorded in high la€itude ragions, are often highly complex., Spiead
echows and a variety of oblique echoes, which originate in E~- and P-layer heights of the fonosphers,
complicate ionograms, In Eslayer Reights diffarent types of achbes ara often simultanssusly observed, and
their sppssrance miy change rapidly, These complications are the well-known cause of thn difficulties
which are encountered in scaling and interpreting of arctic ionogrami,

It is often difficult to interpret echoss on complex ionogum vhen only individual sweeps, recorded
at long time intervals, are considered, Ionogram analysis and interpretation can be aided by using iomogram
sequences, This technique vas used for instance; by Hinson atal(l) to show movements of the night E-layer,
and is presently being used in ncordin; vertical incidence swept frequency ionograms oni the AFCRL Flying

heric lab ory. An ioncapheric sounder, carried on a high-spaed aircraft, is a valusble tosl for
investigating the ar¢tic¢ ionésphere.

For planning atrctic flights the "auroral oval" (Feldstein and Starkov, (2)) has been used as & frame
of reference, since it has proved to be an ordering system for many arctic geophysical phenomena, The
aurora) oval, defined as the region of maximum occurrence of visible aurora at a given instant, is an oval
shaped belt surrounding the geomagnetic pole. The oval's position 1§ fixed with respect to the sun and the
earth rotates undernesth it. A high-speed aircraft,flying at high latitudes ageinst the eaith's rotation,
can stay at constant CO local time for many hours whuc, at the samé time, making latitudinal scans. By
flying in the direction of the sarth's rotation the aircraft's movement relative to the oval can be
accelerated, and the entife oval can be investigated i one 10 hour flight, The corrected geomagnetic (CG)
coordinate system (Hultquist, (3), (4), Hakurs, (5)) is used throughout this paper,

Examples are discussed in this paper which demonstrate the usefulness of ionogram sequences, recorded
on flights and on the ground, in interpretation of oblique incidence echoes from E- and P-layer heights,
Analysis of ionogram sequences, accumulated in cross-section flights through the auroral oval at all cG
local times, has permitted the mapping of the occurrance of suroral E and suroral Eg relative to the location
of the suroral oval, A special analysis procedure, which uses oblique incidence F-layer echoes for moni-
toring the latitude of the sGuthern edge of the polar P-layer irregularity zone, is presented,

2, E REGION

Miny statistical investigations and single case studies have been made of the relationship between
jonospheric E-region echoes and the visual aurora.

Results, obtaified from simultaneous ionogum recordings and observations of aurors, show that good
correlation exists between: &) sporadic E (Eg) range and elevation of aursra (Knecht (6), Buchau et al.
(7), Whalen et al, (8)), b) auroral brightness and the top frequency of Es echoes (Knecht (6), Hunsucker
and Ow¥en (9)), €) auforal brighthess and the inversé of the virtual height of Eg echoes for the case of
overhead aurora (Harang (10), Kiecht (6)). The results of the vork of many researchers are reconsidered
in relation to the auroral oval, in a study of the distribution of occurrence of Eg in high latitudes, by
Pittenger and Gassmann (11). Es echoes with top frequencies >5 MHz were found to occur in an oval pattern
and to have a pronounced maximum in the oval's night sector, indicating a close relationship to the location
of maximum occurrence of visual aurora,

Simultaneous occurrence at a station of night E (or "auroral E", a term prop by Penndorf (12)
for this particle produced layer) and aurora has been repcrted by King (13) and Bullen (14). On the other
hand Hanson et &1, (1) found no hour-to-hour correlstion of night E with aurora, Night E has also been
observed equatorward of visual aurora (King (15)). With increasing magnetic activity auroral E (night E)
is observed st lower latitudes than in quiet conditions, whichsmgests & relationship between auroral E and
the auroral oval, Whalen et &l, (8) found close relation between non-discrete, continucus aurora and
auroral E (night E) on cross-section flights through the noon sector of the auroral oval,
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Obsetvitions of the rohtlonlhip betwesn Bu echoes and aurora and betweeni night E and the locatian of
the aiiroral oval, féporfed here, were made during crossasection fughts £hrough the auforal oval,

2,1, RELATIONSHIP BETWEEN AURORAL Es AND VISUAL AURORA

A section of & fiight is discussed where the aircraft cfossed seviral times underheath a stable
aufofal band, Verfical incidence idnograms snd sll-sky photographs used fo¥ this anslysis were simul
taneously recorded at one minute intervals on 14 December 1968 during a £1light from Labrador to Alaska,

The flight track was planned so that the midnight sector of the auroral oval could be monitéred for more
than 9 hours while 18 latitudinal éross-sections, extending over 3° té 3-1/2° CG latitude, weie made within
the auroral belt., Recording of ionograms and all-sky photographs started oh scan 4 and continued through
the énd of the flight, The flight track is shown in Figure 1 in geographic coordimtu on the left side
and in CG latitude and CG local timé on the right side,

Quiet magnetic conditions prevailed dufing the flight, K, = 04, 1, 1, In the first part of the f£light
no discrete durdfa was observed, aid only occasional brightening of the sky and very faifit ufstructufed
forms in the north were observed, No E; wis yecorded during this time; hawever, a band of murdral £ was
observed whith will be discussed later. At 6 UT_(at the staxt of 1atitudinel scan 7) an oval-aligned aic
déveloped which extandéd from the west £o the éast hofizon, During the follcming 6 houts this aufora wis
seen constantly while the aiféfafe fiovad o tha west; crossing underneath the lutorl £rom louth €6 florth
respectively no¥th to sotth 12 times, In the last thide hours of thé flight (9 €6 12 UT) the au¥ora was
at times véry active often ulnn; the entira field of view of the allesky camera (1000 km diametér); quht
conditions returnéd in betvedn; Dufing thé 6 hol¥s when dhcrete aurofd was obiétved aurofdl Ej was ré-
cotded continidusly; auroril type Ei; as deséfibed in the I6Y Minual (16), page 94=95, Pigute 2, lover
patt, shows dn Ejg echo Fecorded during this f.ught. Whan the aircéraft approached ad atrc of bqnd, passed
uiderneath it, and then moved awey from it; the virtual hci;ht of the Bea echo rcsuhrly dectanted fiom
High ranges, levellad off it & minimum value aid increased afsin, When overfiead mifofd waé obisrved over
the entire width of the latitudifial scans, the €imé history of any of the individual bands or other forms
Gould fot be followed, the Li'Ege stayed at minimuin values, fio oblique traces were seen. As #60n 4s & band
or aré could again be defined and it's zenith angle determined, the time variation of h'Ega and of the slant
Yanges to the aurora cofnéided uain.

In the upper part of Figure 3;” the vi¥tual height of Egq (open tiréles) and the slant Finges to the
visible aufors (full citcled cofinected by dotted lihe) are plotted versus UT. They wefe Fecorded duting
the 3 hours when & stable auroral arc or baid wis crossed 6 timed, Encifcled numbers 'indicite the sidn
number in the sequence of latitudinal crossings, The slant nnges to the aufora were dete¥mined from the
all-sky photographs assuming that the liwer edge of thé aurori was 120 km above ground. The slant ranges
to the aufors & * h'E coincide very weil, Approach té and movement avay from the ‘autoia cin be folloved in
pcuu 9 throuy. . since the locdtion of the bands ‘(extendifig east=west) was in thé centef htitude of the
scans, In scan 7 the aircraft turned before reaching the notthern edge of the durora, and on the return
scan the southern  edije had rioved to the north, THe faét that the vittial haight of the Esa and the slant
range to the aufora change sirultaneously during the 6 crossings undefneath the auForal band indicates that
the tegion of ionintion, causing thé Ega echoos, must be limited in latitudinal extent to the vicinity of
the disctete aurort,

The auroral brightness increased during the period investigated, During passes 7 and 8 the aufora
was very fiint, h'Esp was 130-135 ki whén the aurora vas ovérhéad, Increased suroral brightneu was cbserved
in passes 9 and 10, the recorded mifiimum virftual height of Ega was 120 km when the aurora was overhead,
Finally, (passes 11 and 12) h'B,. hid decreaséd to_105 km, and the brightness of the overhead aurora had
agein increased, From 0610 to 0730 it (i.e. pass 7 through most of pass 9) simultaneous photometct measure-
ments of thie 55778 emission were made (Whalen, pfivate communication). When visible autora was overhead
during this time, the correlation betweén thé spectral line intensity and the inverse virtual height of Ega
is good, even £or short-time fluctuations.

Assuming that the height above ground of the lower edge of the auroral form, is identical with the
virtual height of the Ega when the aurofa is in the aircraft zenith, the slant rangés wete replotted for
passes 7, 8, 11 and 12; The fmproved fit of the resulting slant ranges to thé aurora and h'Ega curves ié
shown in the lower part of Figure 3, (Arréws below the time scale in pass 12 indiéate the times for which
fonograms and all-sky photographs are shown lateg; in Figuré 5).

The correlation between auroral brightness and top frequency (fEga) of the Esq echoes, found by other
investigators, is confirmed by the measurements of this flight: faint surora from (6«7 UT) is accompanied
by fEsa only occasionally over 4 Miz; increased auroral brightness (from 7«8 UT) by fEgaw 5 Miz rathes
bright aurora (from 8-9 UT), by fEss between 8 and 9 MHz, Therefore, it follows that the h'EBsa is inversely
related to fEga. 1In Figure 4 the virtual height of Ega, recorded in passes 7 through 12 when aurors was
obsefved in the zenith, are plotted versus the top frequency of the Egq echo,

Figure 5 gives examples of ionograms and all-sky photographs recorded on pass 12, Simultaneously re-
corded fonograms and all-sky frames are labei’ed &, through d, and show that the range of the Egp echo
decreases when the auroral band is approached, Arrows helow the time scale (pass 12) of Pigure 3, lower
part, indicate the times when the ffumes were recorded,

2.2 OCCURRENCE OF AURORAL E (NIGHT E) IN RELATION TO THE AURORAL OVAL

The close association betwean Egg wchoes and discrete auroza has been demonstrated, A few examples
follow of the occurrence of aurorsal E (night E) echoes in relation to the auroral oval, The auroral E
(night E) echoes wefe fdentified aécofding to the description on pagé 106 of the 1GY Manual (16)., This
definition, originally given by Hanson et al. (1), was found to be clear and comprehensive, Figure 2, upper
part, shows two examples of aurofsl E (night E) echoes, recorded during arctic flights, A band of asuroral
E (night E) was regularly found in the three £lights of December 1968 with & total of 16 cfoss-sections of
the auroral oval at CG noon in darkness, reported by Whalen et al, (8), Characteristics of this particle
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produced continudus £ 1layer that are of intdrest here, avé as follo\ns In the noon séétor it extends
aboub 5° southwatd from the instantanedus loéation bf thé discréte auron, nt the northern edge, at the
16éatich of overhi#ad aivora; the typiul z-cchou transforn to Bu at the same Virtual height; from north
to south the cfitical fraquedcy of tha surdral B layer increasss, while the vi¥tual Height decteases,

Subséquent ihvastigations 6f ionogram sequences from cross-section f£lights through other sectors of
the auroral oval confirmed the existence of an oval aligned E- layer of particle origin.

AURORAL E OBSERVED IN THE NIGHT SECTOR OF THE AURORAL OVAL

In Figure 6 the tracks of cross=-section fnghu through thé night sector of the auroral oval are
showh., The £lights were made during the time from February 1968 through February 1971, and they vere
selected for this survey beésuse of quist ugntcic conditions during the flights. ¥p indices were 0 to 2
during most of the time; excaptions are Kp % 3 for part of flights & and e, and Kp = 4= 8t the stiit of
flight b, A total of 33 1atitudifal scans through, or within the night sector of the oval were made along
the flight tracks; fiights d, e, and £ are “oval stationary" ntghts with several scans in the same CG time
sector; 2 flights were made along £light route c, The heavy dotted lines indicnte the £light tracke where
aurdral E (fight E) with critical £nqumcin 52 Miz vas observed; 2 Miz being the low frequency limit of
the aifborné sounder, Auroral E océurs in a Continudus band that eXtends over several degrees of latitude;
A blagk bat across the £light. trick indicates the loclcion of the paximun céiticel frequency recorded on
that scan, Intheowl un:iomry flighe d auforal E was present contifucusly in all & scans; in 3 of &4 scans
for fught e} &nd in 5:out of 15.scans for flight £, The foz maximin was found at identical h"tituaéé i
every scan of & patticullr oval sntiom:y flight, This is trud &1s6 for the second maximum at 69° CG
latitude in ﬂight &, 7Ih the last A€ the 4 #ceiis 6f fiight & noideviativé absorption had ihcréased, auroral

E with fof <fmin ©ey have baan présent,

Flight £ is the ﬂi;ht 6f 14 Decamber 1968 _vhere, as AeRE{ohed: bafore, no auroral bands or arcs wére
observed in the first part of the f1ight, only somé barely visible forms and ateas of briglitniss vere
notéded, Auforal E was obseived continuously until Eas appeaied umulnneou-ly with the auroral arc that
nad formed, (Océasionaily oblique E echoas could be sesn in the preasnce of Egad This observition confirms
tirs rélation 6f auforal E aimd & nori-discrete form of aurorda, found in thé noon sector of the aurordl oval
(Wmlen et ll; (8), Tor all othar fiights the locatioh of the band of night E relative to the position of

disérete aurora is not investigated here,
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In the latitudinal distribution of £oE & sscond maximufi, as seen in £light e, is sometimes observed
during more disturbed conditions. Concluding from the results of Whalen et al, (8), election precipitation
with a spectrum, hlrdanin; aquatorvard, is 1ikely responsible for € auroral E-layer, Protoh predipitation
vas found fo be the éaume for a sécond mixiimim in the notth, fecorded in a,previous flight and not included
here, Conditions in flight e afe still undéf investigation. No second maximuin of £oE was observed in the
other flights shown in Figure 6, If flights b and d, and perhaps in some scans of £, the aurdfal E (night E)
fegion may havé extended fa¥ther to the north of the ﬂi'ht tracks, and & secord mximum may, therefore. .
have excaped observation, However, no increase i the E ¢ritical frequency was indicated rear the northern :
eid of the scans. Figure 6 summarizes the obseivations of cross-ieétion flights through the night séctér :
of the auroral oval in quiet magnetic conditions: a) AUrdrsl E otcurs {n bunds several degrees wide in
latitudinal exteént; and b) the patfern of £, increase with dacnuing latitude that viss established for )
the noon sector in dlrknun, is found to exist in the night sector also, X

ENHANCED foE IN THE DAY SECTOR OF THE AURORAL OVAL, IN SUNLIGHT E

Particle produced ionization in E-layer height has also been observed in the sector 08 through 21 CG -
time £or times of 16w magnstié activity under sunlit conditicds. In daylight the formal E-layer is produced B
By photoionization; whers plr:iclt precipitation causes additionsl fonization, an enhanced critical frequency S
of the £ layer is measured, with an foE that is higher than that corfesponding to the zenith angle of the sun
at that given time and location, Figure 7 shows (plotted in CG latitude &nd CG time) the routes of 9 flights
pérformed in the summer of 1970 and 1971 which yielded s total of 16 éross-séctions tlirough the auroral oval,
All flights were made in daylight and during magnetic conditions chatacterized by Kp O to 3« (except for one £
cfossing with Kp 4-), Heavy black lines along the flight tracks indicate the latitudes where enhanced £oF
was recorded. notted lines indicate those sreas where the enhancement was very little, 1In every crossing ¢
6f the oval & single belt of enhancéd foE was observed, the latitudinal extent of which varied from 2° to 6°. ¢
Considerable variation in the location of the enhanced fof région is observed meinly in the 6 crossings in E
the 10 to 14 CG time ssctor, The center latitude of the ragion is located between 67° and 73° CG latitude
compared with 71° and 78° for 16 crossings through the noon sector in dafkness on the 3 £lights of Décember
1968, 1n the evening, 18 through 21 CG time, the center latitude of the region of enhanced E ionization is
found at 70° to 71° CG latitude in 5 out of 8 cases, This coincides with the results from cross-section

flights during the same time interval, presentéd in Figufe 6.

SPREAD E

Characteristic of the auroral E.(night E) echo trace observed durifig dark hours is the spread near the
critical frequefiéy., Spread near the critical frequency of the E layer is also observed in jonograms re-
corded in the region of foE enhsncement, in daylight. The spread E is observed so regularly with enhanced
foE that Bullen (14) uses occurrence of spread E in daytime ionograms as one criterion to determine from
ionograms the existence of particle produced ionization., 1In Figure 8 an example is gi.en to illustrate the
change in appearance of the E echo traces from normal to spread and back to normal. The ionograms were
recorded during & flight in daylight across the oval belt., Within the latitude band where foE was enhanced,
spread E was observed continuously, However, on the return (N to S) when the ajrcrait crossed the region
of enhanced E again, the spread near the crfitical frequency of E was rather wegk and not seen in every

ionogram (one ionogram per minute being recorded).
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AURORAL E OBSERVED CONTINUOUSLY AROUND THE AURORAL OVAL

The cross-saction fughu through the autoral oval bclc at nearly &11 times accumilated stetistical
avidence fof the validity 6f the ¥ layef pattéfn vhich was first astablished for the nooh seétor in

datkness, The question arises-whithér this pattern is slsd valid ds ai instantendous picture around the
duforal oval,

_ In the 10 hour circumoval f1ight of 5 Jatuary 1970 nearly the entire oval belt was investigated,
In Figure 9 the thin cohtinuous line is the £light track plotted in CG 1ititude and CG local time, The
decrease of £oF with increasing CG latitude vas found in all sections of the flight vhere the flight track
deviated from its primarily esstward course aiid crossed through several degrees of latitude toward the N
or the S, This letitudinal dependence ié particulerly evident from 7 to 9.CG local time, 14 to 16 CG locsl
time, and at the end of the flight near midnight, Using the £5F values from analysis of the jonograms re-
corded during the flight, contdur lines of £iE Were draw, shown as heavy 1ines {n Piguie 9; the dotted
1ines connsit extrapolated values, At 02 and 04 CC local tite ( in Figure 9) E echoss weie sean obliquely;
they originated from a layer 8 of the flight track, ss could be deteridined by photometric measuresents,
The figire prasefits a quasi-instantansous pictire of the occurrence of auroral E (night E) as derived from
data taken on this £light, The Sth of January 1970 was a day of 16w magnetic activity,

CROUND STATION DATA REVIEWED IN RELATION TO OVAL-ALIGNED E LAYER PATTERN

The z layer pattcm fo¥ quut days, dérived from the aivcraff data; s be tested by gronnd station
data, AS an example iR Figufe 10; ir the canter; a graph-is showh fios Hanson; et al, (1) of the tine
varfation of the critical tthuncy of a night E etho obierved durin; & 5 hout period at Port ctu-o on
26 January 1952; a umtlcany quiet day; The tm.nu. from which the: critical ffequénciss afe dérived,
are reproduced in their paper and show typicel exssiplées of night B (autoral E) echoes, The hour by hour
positions of the station relativa to the Qul auroral oval are maiked by i angles, the first corfesponding
to 16 LT Qotkl time at Fort Chimd, If on this day an approxinately oval-dligned £ region was present as
indicated, the station Would ba south of the 2 region through about 1745 ir. Rontins futther toward the
surofal oval i€ would move under the 3.0 MHE fof contour at 18 LT, Due .to the stesp gradieht versus
latitude in £oF at the louthorn edge of the E Yegion, the narrow band of taXinum £aE is overhead before
19 1. From 19 to 20 LT the station moves through the northafn patt of the fight B region,

2.3, SUMMARY AND RESULTS

1) Anaiysis of ionogfem se juenices snd simultaneous all-sky phato.tlphl from a flight making six
latitudinal scans in the ntdnuht sector of the suroral oval undei quiet Magnétic conditions shows that:
8) The fecdrded auroral type Es écho (!u) is returned ffom a spacially litited are confined to the
latitudinal extent 6f the visible aurora, b) Geod corrslation exists between the brighthess of aurora in
the zenith, the iaverse of thé virtual height of the Esd; and the top frequenéy of the Eqa, Consequently,
in case of overhead surora, the top frequency increases with decreasing virtual height of the Ega. The

results of the analysis also appears to support the dssumption that the Zga echoss originate from & height
identical with that of the lowsr edge of the suréra,

2) Ionogram seq from crois-section flights through the oval belt during times of low magnetic
activity show the existancé of sh ovalealigned fegion of aurforal E (niglit B) which hes a width of 2°-6°
latitude, It axtends equatorwsrd from the location of the auroral oval in the day sector of the auroral
oval and is located within the ovil belt in the night sector. Of s total of 49 latitudinal scans through
the oval belt, at times from 07 through noon to 04 Corrected Geomagnatic Time, 38 show the pressnce of
auroral E, 16 of the 22 scans through the auroral oval's night sector exhibit the same lstitudinal pattern
found (by Whalen et al. (8)) in the noon sector in darkness; namely, decrsase of virtual height of the E
1ayer from forth to south cofresponding to precipitating particles with a hardening of the spectrum from

northern to southern latitudes; and an increase of the E layer critical frequency from north té south, The
anilysis of day flights through the suroral oval resulted in the mapping of the regions whers enhanced foE
was recorded, i.e. where foF was Higher than to be axpected from photoionizatfon. Although the latitudinal
distribution of the amount of foE enhancement was not established here, the pattern is consistent with that
derived from the measurements in darkness, as ars thie results of a 10 hour circumoval flight in which
auroral E (night E) was continuously observed,

3. POLAR F-LAYER

The high-fatitude P layer has been investigated by many workcrs, and several basic features are now
known, Muldrew (18), using Aloustte topside ionograms, first sh d the existence of the main F-layer trough.
Petrie (19) established that the occurrence of spread F on Aloustte ionograms maximized in an oval-shaped
region which encircled the geomagnetic pole, Akasofu (20) later identified Patfie's spread-F region as
being coincident with the quiet time auroral oval, hence & "spresd-F oval', Thomas and Andrews (21) showed
that the distribution of topside P-layer chctron density enhancemants, scaled from Aloustte fonograms,
maximized in an elongated ring, the "plasma fing", which, similar to the spread-f oval, encircled the geo-
magnetic pole., Ionograms recorded on the Flying Ionosphcrlc Laboratory during cross-section flights through
the day sector of the surordl oval were compared with Alouette electron density data and showed that the
topside polsr F-layer plasme ring existed in the bottomside as an F-layer irregularity zone (22), On these
flights the latitudinal extent of the F-layer irregularity zone was determined from fonogram movies recorded
on the aifcraft sounder, An example which illustrates how the aircraft's motion is used to interpret F-
layer features on fonograms is shown in this next section,

3.1, AIRBORNE F-LAYER MEASUREMENTS

In the top half of Figure 11 the aircraft's flight route on August 22, 1970 is indicated by the dashed
1ine drawn on & CG latitude and CG local time grid, The night sector of :hc auroral oval for Q=2 magnetic
conditions is indicated by heavy solid 1ines, A sequence of aircraft fonograms is shown in the bottom-half
of Figure 11, The letters next to the ionograms refer to the aircraft's positions, marked by the sawe
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lettets on_ the ni;ht route @ap, when the fonégtams were recorded. T ionogiam A thare is & vertical
incidence F-layer echd 4t 280 km, the fitst and uconq P-layer mulviple echoes, and sn extra acho at
dbout 425 lai, Tn jondgrim B the extrd echo i8 8¢ a ringe of AboUt 490 km; while in iondgrai C; Tacorded
just before tha ai¥craft turned; the extia echo is at & rarige of about 530 ki, The cliafige ih range of
the ektra écho corresponds to-about the distaice that the _aivérafr flev avay £rom the soiuthern adge of
the oval between the times iondgtams A aid C vier'e tecordad; The sitia ¢cho is then an oblique ffhcidence

scho whith; most likely, is produced by & feflacting surfacé located nofth of the afréraft nedt the oval,

Tonograms D and £’ show the oblique incidéncd echo moving down id alant range as the ajpcéRfe £1ies back
towards the oval. In fondgram F the oblique incidence echd is now éloser in slant range than the vertical
incidence F:layer echo, Thus, the orfiginal vertical incidence F-layer scho ié an oblique {ncidence
echo, and a new F layer, the original obliqie incidence ocho, is moving down in range std will becowe a
vertical incidence P-lsyet scho; The slant range to the axtra echd is plotted versus universal time in
Figure 12, The lettefs on the abscissa refer fo ths afrcraft's positions which are noted in Figu¥e 11 by
corresponding letters. All of the iohograws, ucordod at the rate of one per minute, contain a strong
oblique incidefice échd, thcntorc, the slant rafgs to the oblique incidence aché could ‘be plottod with an
acéuracy 6f 210 km. One seds a uniform incfease in slant ringe as the atrcrafe flies south, away from the
oval, The inflection poiiit of the curVe corresponds to the time during which the sifcrift tutned, and the
decrease in slant range is due to the airéraft flying north, towsrds the oval, This example donomtntu
how F-layer eclioes, which occur in a sequence of fonograms, can be unfquely identified and followed when
the aircraft is flying reletive to a stable reflector,
3.2, FPF-LAYER MEASUREMENT AT GOOSE BAY

l?ron Octobtr 27-29, 1970 the Plying fondspheric nbontory vias locited on the ground at _Goose Bay,
Labiador Goose BAY is located at gacgraphic Ecordinates 54°N, 60°W or at CC coordinates 65.5°N; 22°W.
The Iocntion of Godse pay; indicated by trunglu, and cho Q&3 siforsl oval’ hnvc badn ploctod in Pigure 13
on & CC latitude and time ma. Tron- Figird-13 ona-can see that Coosé Bay tcvis towards the aval dufing
the afternoon and cmtn;, that Goose Bay is underndéth the oval fear nddnigh€, and thit Goose By néves
away from the oval int the morhing: Dutln; this threa day pcriod at Coosd Bay the aircrafé sounder vas

operated continucusly; the photomets? and- aurcial :u-sky camara were used at night for auroral measirements.
Vertical and obliquc ineidmcc r-lcyct ochou, mn on the coou uy johograms, are discussed here; schematic
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A seqiiénée of Goose Bay ionogrims, fecorded én Oétober 27, 1970, is shown in ri;un 14, Thesé ionograms
were recordséd during the late aftarnoon and evening from 1720 to 2110 local tiie; and P-layer siunset occirred
at about 1830 locel time: Analysis of these ionogrims, recorded on 35 mm film, wis facilitated by Viewing &
16 wn movie of the ionograms & number of times and by following F-layet features frane by ffame in the movie,
Later, these features wets idcntiﬂ.d and fumberad on thase single 35 mm frames: Ionogram A shovs vell de-
fined orditury and exttacrdinary wavé colponints of an etho, labelled I, from an F layar produced by the sun
and an éXtrs echo; labelled 111, at 725 & 20 km betiren the first dnd second solay P-=layer tuitiple echo,
Ionogram B shows thAt echo III has moved down ini range €0 625 £ 20 kn and has becomé batter defined than
béfors. The movie pressntation of thié ionograms; recorded batween these two selected frames, shoiis echo 111
moving down in Tange. Tonogram C shows the solar P-layexr acho, &cho I : the first solér P-layst multiple
echo, labelled I', écho III, and a new extra echd, laballad II, at 4751 10 km; Echoes, similar €6 those
labelled II and III, have bee identified by Stanley (23) and Bowman (24) as echoes which are producéd by
obliqué incidence reflections from the poleward vall of the main P-layer trough, Echoes 1II and III are
also similar to the 6blique incidence echo that vas rcﬂoctcd from the region of the oval in the airborne
i6nogram sequence in Pigure 11. Thus, echoes II and III are probably oblique incidence echoes which are
pfoduced by reflecting surfaces located fiorth of Goose Bay in the vicinity of the main F-layer trough and
the F-layer irregularity zone, ZIonogisi D shows the solar P-layer echo, echo I, with no multiple echoes
and the oblique incidence echo, echo II. The absence of a solar F-layer iultiple echo would suggest that
at this time a curvatun in thc structurs of the plasma ffequency contours is passing over Goose Bay and is
causing fonospheric defo ing, Further suggestion for the presence of a curvature is the 30 km increase
in viftusl height of the solar Pulayer acho which occurs between fonograms B and D, In ionogram E one sees
echo I from the solsr F layer, oblique incidence echo II, and what may be the reappesarince of obligue
incidence echo III. Bates (25) has pointed out that since aspect sensitivity of the reflecting surface is
& problem eficountered in the analysis of oblique incidence achoes, the sppesrance aid disappearance of
oblique incidence echoes can often be impossible to follow, Ionogram F contains & complex overlapping of
echoes I, II,and II¥ between 275 and 400 km which cannot be intefprated with certainty. However, & multiple
reElection of acho II may now be seen; thus, echo II must ba nearly overhead at this time,
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A sequence of schematic drawings of F-layer structure, which could produce echoes 1, 1I, and 111, can
provide some understanding of the ray path geometry involved in producing these echoes, The schematics,
seen in Figure 15, Were drawn by assumihg that during the late afternoon and evening the main F-layer
trough and the F-layer frregularity zone would move from the north towards Goose Bay, The schematics are
composed of constant plasma frequency contours which extend north and south from Goose Bay, One schematic
cross-section has been drawn for each fonogram in Figure 14, Virtual heights and plasma frequencies, taken
from ionograms A through F, were used as the quantitative basis for the respective schematics, The earth's
curvature was taken into lccount when the grid for ihe achematics was drawn, The ionosonde in the aircraft
has a frequency threshold of 2 Mz, The trough, which has an :»F? équal té or less than 2 Miz (18) @3), was
not seen directly on the fonograms, and its presence has been inferred by ionogram interpretation, Schematic
A shows the plasma frequency contours which could produce the echoes in ionogram A, The solar F-layer echo,
echo 1 in fonogram A, can be produced by ray path I in schematic A, Echo I1I can be produced by ray path
111 which has been constructed by assuring that a reflecting surface is located north of Goosc nay at about
the 250 km level, Accordingly, the 725 km slant range to echo III in fonogram A corxresporids to a northward
horfzontal distance of about 650 km as is shown in schematic A, The reflecting surface has been sssumed to
be the F-layer irregularity zone and has been represented in the schematics by a kink in the plasma frequency
contours, 1In schematic B the irregularity zone is closer to Goose Bay than in schematic A, while in schematic
C the distance between Goose Bay and the irregularity zone has not changed., These distances are consistent
with the slant ranges to echo III which are seen in fonograms B and C. The appearance of echo II in ionogram
C is interpreted as indicative of the onset of the trough. The formation of the trough would be expected
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at this time because solar production; which £i11s i and smooths ovar the trough during daytine (25), has
simbst cessed by now; The nlupo of the trough.has besh dfawn. by using Bowian's (24) trough' coptourd as a
wodel with the uupum thit the troughs, whith ha, siv during the IGY; were wider by & factor .of 4 or 5
and desper than the ttou.h slmm hare, 1In imnu » the absince of mltiph achdes suggedts that the
trough is puoinc fed¥ Goosé uy at this tise end is céusing defocussing. Yot thie redson, the trough is
shown mrly ovarhisd of Goose Bay iR schemtie: D, Xeho_ II1. ié aisaing id ichogram D, One reason for

this may be aspect cmtuvlty of the ¥eflécting surface 57, as indicated {n the schemdtic; By of absorption
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mey be blockifig ¥adio wives from tesching the irvegularity sone, In schematic X rsy path III is drawn §
because ionogism E may contsin echo IXI. The trough has basih dfawn with about the same shapé in schamatic %
£ as it had been drewn in schamstic D, Because iopogrim ¥ contains & very complex cverlapping of echoss, &
the interpretation given to these schoes in schematic F should be treated with caution, The appesrance of e
a sultiple acho of echo 11, which up to now had beén oblique and d4d not display a multiple acho, suggests e
that the trough has passed over Coose Bay and that Goose Bey is fow located on the poleward side of the &
trough, Echoes : md IiI are barely discernsble in fonogram F but, afteér exsmining othei ioflogeams which *E
were recotdad &t ab>ut the same time 8s this iono.n-, the complex overlapping of these achoes has been H
interpreted as.sesn in schematic ¥, That is, {t appasrs thit echo I has moved out ‘in r.n.c since the time . ik
thet ionogram X was vecordad; while acho III sppears to have moved down in radge since then: ¢ }‘2
S . by
3.3 MONITORING THE P-IAYER TRREGULARITY ZOWE f’%
In this section & new ionogram analysis procedure is presented, and c,cam,icg arze thoyn.which demone _-;g
strate how this procedure can be used té monitor the CG latitwds of the southers, 2 I ST tnyer B
ifregularity zone. A slent range plottat has been constiucted 8o that the virtusl tmixces of oblisue 2
. incidence achoes; cmur to those labelled IIT in Pigure 14; could be utilized in ionogran anslysis and ;Sg‘
not omitted as they muuy are, This plot:or (showm in Figuve 16) pormits the _virtusl height of an ;;g
oblique incidénée etho to plotted versus the left ofdinats; the CC latitude, | \duch coriesponds to an i
echo at this #1sit Fangé, hes besn m.n.a on :hc Tight ordinate, rluu. the ¢ 1ititide of the t-hm @
irregularity zone cen be mttorod difing the 1ate aftéinoon snd evening, whed the irn.nluity 2one is =
far to the north of Goose Bay, by plotting the viktual heights of lebo m ofito_the slint rangs plottsr, E

A 250 kin Pslayer feflaétion height has been assumed for riaflections wvhich éome from the TFolayer lrrcluhucy
zone., Some error in donmuu the latitude of the southern edge of the hrc;uurity 201¢ may be intro-
duced by this ulu-pnon Bt it. should not be graatet than :p.s . 'rlu slint ‘ranges to ceho 11140 the
October 27 ionograms hive bésti platud on the slint range plotter in Pigure '16: The squared indicate that
reflections from the irregulafity zone were clesrly seen at that particuler time; while 4 series of squares,
connectsd by a 1ine, {ndicates that the irregulsrity Zona #ého wis sesn on each iofiogtam recorded during
this period, The irreguldrity zone. echo clouly follows the soiithern edgé of the oval, and the CG latitude
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of the southarn edge of the irruuhrity tone can bs f£ollowed &s & function of local time. The sircraft ;5;
contains a photometer and an duroral all-sky cemera which we¥e also Gperated but, beciuse of partial cloud k1
covet on this night, thé all-sky camets date unnot be used, The 5577A spectral 1ine of thé photomster =
operated very well thtough the cloud cover and ¥ nded €o the pr ¢e of auféra in the zénith at 2140 1T E
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(indfcated in Figure 16 by an arfow), The ofset 6f the P-layer trnguhriey zone overhedd is then closely
ralated to the presence 6f airors in the zenith in the late _eveninig seitof., Bates (27) and_Bites ot al,
(28) studying the cornhtim betwedn radio and opueal aurora in the night sector, noted ¢lése but not
exact spatial coincidence bcl:vun optical aurora and HP aurorsl backscatter, A study of the corrslation
betveen redio énd optical eiivo¥a was not intended here, But it appéats that the Felayer irregularity zone
is closely xelated to the P région which Bates has identified as the source of HF backscatter,

The slant range plotter for October 28, 1970 is séen 1n Pigure 17, The letter b indicates the presence
of overhead blanketing Zsa which did not permit the detection of oblique incidence F-layer echoes, The
presence of surora in the zenith, noted by the arrow at 2000 LT, was agein determined from the intensity of
the 5577 spectral lihe and it occurred about 1 3/4 hours earlier than on the previous night,

Similarly, the iru;ulartty zons, indicated by squares, vas detécted earlier than on the previous night., The
daily sum of the geomagnetic activity indices, Kp, OR Octs 27 was EXp=d and on Oct, 28 ves IXpa22¥, The difference
in onset ties of the trruuhrity zone on thess two days can readily be éxplsined by the differance in
magnetic activity on the two days, If one puts the siant range data for these days onto auroral ovals of
different Q value, then the remson for the difference in the énset times betwssn the two days can be seén
clearly, A Q=1 and & Qu3 oval were sslected for the dats of Octobsr 27 aid 28 respectively, and they are
saen in Pigures 18 and 19, The data points are plotted on & CG local tine and CG latitude srid, In genersl
the data points fit the two differsnt ovals quite well but, ini FPigure 19, thére is a sudden departure of the
dats points from the southern sdge of the oval at about 17 to 18 CG timé, This appesrs to be & real effect
because it was possible to follow an acho, similar té echo III in FPigure 14, on each fonogrsm recorded
during this period, If the reflecting surfaée underwent an latitudinal oscillation at this time, it could
produce this effect, It appesrs than that the latitude of the southern édge of the F-layer frregularity

zone can be monitored by plotting the slant ranges to certain oblique incidence schoss onto the slant range
plotter,
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3.4 CONCLUSIONS

A special analysis of vertical and oblique incidehce P-layer echoes, seen on vertical incidence fono-
grams, was presented, Results from the analysis suggest that the latitude of the southern edgeé of the polar
F-layer irregularity zons cen be monitored, thirefore, on the spot snalysis of ground station iohograms frow
Goose Bay, labrador; can probsbly lead to & resl-time ot near real-time monitoring of the polar F-layer -4
irregularity zone for 6 to 8 hours of each day, Furthermore, the time vhen the mein F-laysr trough passes ¥
over Goose Bay can be specifisd on each day, The close coincidence which was shown to exist between the
location of aurora and the P-layer irregularity zone suggests that the CG latitude of the southern edge of
the auroral oval, in the afternoon and evening sectors, can similarly be monitored,
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Figure 1, Flight track of the flight of 14 December 1968 in geographic (left) and CC cosidinates (£ight),
The Qw3 oval is indicated by heavy solid lines,
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the latitudes where night E (auroral g)
maximum £oF for each latitudinsl scan:
1969, d) 24 November 1970, e) 1/2 Febru

gnt sedtor of the aurordl ovalj thick dotted lines mark
was obderved; black bars indicate the location of

a) 10/11 october 1969, b) 21 April 1969, c) 12 endlémec
ary 1971, £) 14 December 1968, and 8) 5/6 February 1968,
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Ionograms recorded on a tlight traversing a region where enhanced £4E was observed on 9 June 1971,
On the flight track, plotted in CG coordinates, heavy lines indicate the latitudes of enhanced
foE, The arrows mark the locations where lonograms a, through g, were recorded,
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Q=3 OVAL

“ Figure 13, The Q=3 auroral oval is plotted on a grid of CG lat{tude and CG local
t
Goose Bay is indicated by triangles, o imey and the loeation of
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