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The Aeronomy Problem
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Ionosondes: Equatorial Spread F
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Ionosondes: Equatorial Spread F
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Transionospheric Radio: Scintillation

136-MHz scintillation at Natal, Brazil (∼ 18 dB full scale, from Yeh and Liu, 1982)

328 PROCEEDINGS OF THE  IEEE, VOL. 70, NO. 4, APRIL 1982 
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Fig. 6. Sample data of 136-MHz signals  transmitted by the  geostation- 
ary satellite SMSl parked at 90'W and  received  at  Natal, Brazil 
(35.23OW, 5.8S'S, dip -9.6') on November 15-16, 1978. The bot- 
tom amplitude  channel is approximately  linear  in  decibels  with  a  full 
scale  corresponding to  18 dB. The top and middle  polarimeter  out- 

full-scale change  corresponds to  a  rotation of 180' or a change of 
puts vary linearly  with  the  rotation of the plane of polarization. A 

1.89 X 10" el/m2 in  electron  content. The times  given are in  local 
mean  time  with  UT = LMT + 03 : 00. Two successive  depletions  in 
electron  content  with  accompanied rapid scintillations are sepa- 
rated by about 30 min in time. 

spectrum spans  an  eight-decade range, corresponding to scales 
from  the electron  gyroradius to  the earth radius. In this seven- 
decade range, irregularities responsible for i:nospheric scintil- 
lations vary from meters to tens of kilometers. 

At  the present time,  there is a great deal of interest  in  one 
kind of equatorial  scintillations associated with  ionospheric 
bubbles. One example is depicted in Fig. 6, where the  top 
trace shows the amplitude of 136-MHz signals and the  bottom 
trace shows the Faraday rotation indicative of change in  total 
electron content (TEC) [47]. Notice the simultaneous increase 
in scintillation  intensity and rate, as indicated by the  top chan- 
nel, and the depletion in TEC by 5.7 X 10l6 el/m2 as indi- 
cated by the  bottom channel. While such bubble-associated 
scintillations are of great interest, we must  remember that 
most observed irregularities at  other geographic locations  and 
even at  the magnetic equator are not associated with  ioniza- 
tion depletions. It is likely that  there may exist  many causa- 
tive mechanisms. Readers interested in this  subject  should 
consult  a  recent review [48]. 

B.  Correlation  Functions  and  Spectra 

As discussed in Section 11-A, there exists a large body of 
experimental results which indicate that  the electron  density 
in the ionosphere  can become highly complex and irregular. 
When this is the case, it may be more  convenient t o  describe 
the propagation  problem  stochastically as discussed in Section 
I-B. For this purpose we must  first deyribe  the  medium,  by 
its statistical  properties. Thus  let A N ( r )  be the  fluctuations 
of electron number density  from the background N o .  Depend- 
ing on  the problem, we may let g = AN(; )  or  let = AN(;)/  
N o ( z ) ;  in either case is assumed to  be a  homogeneous ran- 
dom field with  a  zero mean and a  standard deviation ut. Its 
autocorrelation  function is, by definition, 

BE (;I - ;2) = (E(;1)  E(;2 1) (2.1) 

where the angular brackets are used to  denote  the process of 

ensemble averaging. By the Wiener-Khinchin theorem,  the 
correlation and the spectrum form a Fourier transform pair 

m 

(2.2b) 

Since .$ is real, there must  exist symmetry conditions 

BE (-;) = BE (;) and Qpg. (-2) = ' D E  (I?). (2.3) 

If the irregularities are $otrzpic,  the correlation function  in 
(2.1)  depends  only on ( r ,  - r2 I. In this case, the three-dimen- 
sional Fourier transform given in (2.2) simplifies to 

m 

BE(')= ""I @,(K)K sinKrdK.  (2.4b) 
r o  

In some  applications, the one-dimensional  and two-dimen- 
sional spectra are needed and they are defined, respectively, by 

OD 
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HF/VHF Radio: Transequatorial Propagation

Wave-like structures of large-scale equatorial spread-2' irregularities 1197 
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Fig. 3. ~on-great-circle propagation observed on the path Lindau-Tsumeb. 

density or at  patches of irregularities. Several discrete traces sometimes commence 

simultaneously within a few minutes at separated positions. These traces partly 

indicate an as high a field strength as normal great-circle echoes. I t  is evident that  

groups of up to ten traces with different propagation time t' and different azimuth 

angles ~ can be observed. Frequently there is no signal, i.e. no scatter background 

observed between adjacent discrete traces, as is shown at t' _~ 34.6 msec on the record 

given in Fig. 2. I t  is seen from Fig. 3 that  the propagation time delay of discrete 

traces increases with time when the path is observed to be east of the great circle, 

and decreases when the path is west of the great circle. At the same time, an east- 

bound drift of the path 's  azimuth is observable, regardless of the east or west 

deviation of the path. The records of non-great-circle traces display that  the echoes 

observed from east of the great circle are much more scattered and unresolved than 

the echoes from west of the great circle. 

3. ANALYSIS OF THE OBSERVATIONS 

The propagation on the radio path Lindau-Tsumeb during evening hours 

(equatorial spread-F conditions) predominantly takes place via F-layer reflections. 

The propagation modes on non-great-circle paths are characterized by  the number 

of semi-hops between Earth and ionosphere north of the equator and south of the 

equator. For  example, a 5-3 mode indicates 5 semi-hops between the transmitter 

and the equatorial ionosphere and 3 semi-hops from there to the receiving station. 

I t  is shown (ROTTGER, 1971) that  the 5-3 and the 5-5 mode exhibit the highest 

reliability in detecting side deflecting irregularities of the equatorial spread-F. 

3.1 Movements of quasi-periodical irregularity patches 

Using a mean ionospheric profile along the propagation path outside the equatorial 

region, the mean position of irregularities can be calculated from the observed 

1196 J. ROTTGER 
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Fig. 1. Radio path Lindau/West Germany-Tsurneb/South West Africa. Non- 
great-circle propagation due to irregularities of the equatorial spread-P. 

which is caused by the front minimum of the transmitter antenna. The pulse 

duration of 200/~seo used in this type of ionospheric sounding prohibits the exact 

observation of propagation paths showing azimuth deviations less than 10 ° (near 

great-circle area). The reason is that  echo traces of these paths, which exhibit only 

a slight time delay with respect to great-circle paths, are obscured by the pulses 

travelling along the great circle. On the other hand, the reliability of detecting echo 

traces increases with increasing azimuth angles, which are observed up to 50 ° east 

and west of the great circle. 

A typical example of non-great-circle propagation caused by side deflections due 

to equatorial spread-F irregularities is shown in Fig. 3, which indicates the measured 

time delay of propagation east and west of the great circle Lindau-Tsumeb. The 

non-great-circle paths east of the great circle are observed regularly after 16-17 UT. 

Between 19 and 20 UT propagation paths west of the great circle occur and the 

eastern paths disappear. On some occasions non-great-circle propagation still is 

observable when the great-circle propagation has already faded out (e.g. 2120- 

2200 UT). Usually normal propagation conditions without distinct non-great-circle 
propagation reopen during midnight hours. 

The described effect of lateral or great-circle deviation is characterized by two 

different types of propagation paths Besides a continuous background of diffuse 
traces caused by scattering or partial reflection at random-structured irregularities, 

the spectrum of propagation time very frequently indicates discrete traces which 

may be partly caused by total reflection at steep horizontal gradients of the electron 

from Röttger, 1973.
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HF/VHF Radio: Transequatorial Propagation

Transequatorial paths on 144 MHz.
Nov 1981 QST - Copyright © 2010 American Radio Relay League, Inc. - All Rights Reserved

from Cracknell, et al, 1981 (Nov 1981 QST, reproduced with
permission of ARRL).

Nov 1981 QST - Copyright © 2010 American Radio Relay League, Inc. - All Rights Reserved
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VHF Radar: Field-Aligned Irregularities

• Bragg-scale (λrad/2) irregularities.

• Strong returns where k ⊥ B.
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(Show movie from Koki if Dave didn’t.)
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In Situ: Equatorial Plasma Depletions

C/NOFS Planar Langmuir Probe (PLP) - 8 Aug (221) 2008

from Roddy, et al, 2010 (Reproduced with permission of AGU).
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Optical: Equatorial Plasma Bubbles
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Optical: Equatorial Plasma Bubbles
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A Composite Picture

19 August (232) 2004 CXI/CNFI

From Yeh and Liu, 1982.
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Occurrence (Day-to-Day)
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Occurrence (Day-to-Day)
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Occurrence (Local)
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Occurrence (Global/Local)

From Gentile, et al, 2006.

African TE Propagation Rates 1978–1980

Nov 1981 QST - Copyright © 2010 American Radio Relay League, Inc. - All Rights Reserved

from Cracknell, et al, 1981 (Nov 1981 QST, re-
produced with permission of ARRL).
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Occurrence (Global)

From Gentile, et al, 2006.

• Differences? Similarities?
DMSP surveys...

• a narrow window of
times (18–22 LT, most
at 20 LT).

• bubbles that reach the
840-km orbit altitude.

• Considerable coincidence
to terminator “locus of
meridionallity.” (Tsunoda,
1985)
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Physical Explanations: Dynamo Transition
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Physical Explanations: Instabilities

+ + + + - - -
---
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δE x B

δE

J
δE
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• Interchange
(“Rayleigh-Taylor”)
instability → widely
understood to be
responsible for the
largest-scale (larger than ∼
10s–100s m) irregularities.

• Irregularities responsible
for VHF backscatter are
likely due to a different
instability process that is
pumped/driven by the
interchange instability,
neutral wind, or both.
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Physical Explanations: Precursors
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• Large-Scale Wave
Structure (visible in
ISR and imaging);
relation to PRE?

• Bottom-type layers
→ patchy
irregularities that
grow within
LSWS/PRE
structure

• Depletions always
grow out of crests;
crests do not always
produce depletions
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Practical Consquences

• Time transfer and
timing on
trans-ionospheric
radio circuits
(e.g., Global
Navigational
Satellite Systems
(GNSS)).

• Loss of lock on
coded/spread
communication
links.

(Show movie from Jonathan.)
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Open Questions

• Role of neutral dynamics in seeding.
• Neutral wind.
• Gravity wave sources.

• Role of E -region density in seeding → hard to observe.

• Distribution of irregularities by scale and location.

• Conjugacy (E-field mapping).

• Forecasting.
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Conclusions
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