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Introduction

The incoherent scatter radar of the Arecibo Observatory operates at a fre-
quency of 430 MHz and a peak transmitter power of 2 MW. Combined with
an antenna that is 300 m in diameter, the radar is sufficiently sensitive to
measure the drift velocity of F-region ions parallel to the radar beam to an
accuracy of 2 m. s —' after an integration time of only 10 min. The radar
beam can be pointed in any direction within 22° of the zenith. If it is assum-
ed that ionospheric drift velocities do not vary with position over horizont-
al distances of about 200 km and vary with time in a linear fashion it is
possible to combine line-of-sight velocity measurements made in various di-
rections to derive three orthogonal components of the ion drift velocity vec-
tor (Behnke, Harper, 1973). Figure 1 illustrates this procedure in two
dimensions. _

A particularly useful coordinate system to use for the drift velocity is
one which specifies the components parallel to the geomagnetic field, perpen-
dicular to the magnetic field and horizontal, and perpendicular to the field in
the magnetic meridian plane. At F-region heights, where the ion-neutral
collision freduency is much smaller than the cyclotron frequency, | ion
motion perpendicular to the magnetic field can ~ be produced only by
an electrostatic field. The parallel component of the motion is caused by
the combined influence of the neutral wind (only the component paralle]l to
the magnetic field is effective) and ambipolar diffusion.

This paper is concerned with the relationship between the parallel compo-
nent, designated v,, and the perpendicular component in the vertical plane
containing the magnetic meridian, designated . These two components to-

® Presenied at Symposium on “Optical Emissions in the Atlmosphere” Stara Zagora,
Bulgaria, May 1976. '
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gether influence the continuity equation for F-region jonization and the
height of the Filayer. The horizontal component of the ion drift velocity does
not affect the electron density profile unless horizontal gradients in the iono-
sphere are large.
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Fig. 1. Provided it does not vary horizontally,
the ifon velocity vector, v, can be derived from
measurements of the line-of-sight velocily, v,
made with the radar beam poiniing first in one
direction and then in another

The very surprising result revealed by Arecibo measurements in the noc-
turnal ionosphere is that' there is a strong negative correlation between
oy and v, (Belinke, Harper, 1973). A representative example of this ne-
gative correlation is shown in Fig. 2. The figure reveals marked fluctuations
in both velocity components on a time scale of an hour or two, with the
fluctuations of the two components being approximately equal in amplitude
and opposite sign. Since both components are defined as being positive upward
and since the magnetic dip angle at Arecibo is 50°, it appears that the ver-
tical component of vy tends to cancel the vertical component of 7, while
the two horizontal components add. Evidently there is some feedback mecha-
nism in the F-region that constrains ionization to move horizontally rather
than vertically, even when the magnetic field is neither horizontal ror
vertical.

The nature of this feedback mechanism has not yet been convincingly
etablished. This paper reviews various mechanisms that have been suggest-
ed, reaches some fentative conclusions, and recommends directions for furth-
er research.
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Ten drift velocity, m.s

Theoretical considerations

LN A
Three mechanisms have been suggested to cxplain the negative correlation
between oy and @,. They are ion drag (Dougherty, 1961; Rishbeth
et al, 1965; Behnke, Harper, 1973: Thomas, Wiltiams, 1975), F-re-
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Fig. 2. Measurements of the fon drift velocity vector in Lhe nocturnal F-region over Arecibo
reveal a marked negative correlation between the components parallel and perpendicular to
the geomagnetic field

gion polarization field (Rishbeth, 197la, b; Be hnke, Hagiors, 1974
Heelis et al, 1974), and diffusion (Rishbeth, 1967;Stubble, Chandra,
1970). This section describes these three mechanisms and compares, in quali-
tative fashion, their predictions concerning ionospheric behavior.

The ion drag mechanism is illustrated in Fig. 3. It is assumed here that
the eastward electric field increases, causing an immediate increase in v . The
friction of the ions drifting through the neutral gas affects the motion of the
neutrals so that, after some time, the neutral wind O/ acquires an additional
northward component. This northward component of the wind blows ionization
down the magnetic field, causing anegative perturbation in v . Equilibrium js
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achieved when there is no relative motion of ions and neutrals, the situation
jlustrated in Fig. 3.

There is no doubt that the fon drag mechanism can, in principle, cause a
negative correlation of vy and 7). The problem, at least for the nocturnal

)« Exp

il

T

Fig. 8. The ion drag mechanism. See lext for explanation
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Fig. 4. The polarization field mechanism.
Sec text for explanation

ionosphere, is associated with the time it takes for ion drag to modify the
neutral wind. Roughly speaking, the neutral wind can change significantly
only after all of the neutral atoms have collided at least once with an ion
(Rishbeth Garriott, 1969). The characteristic time for the ion drag
mechanism is therefore the inverse of the neutral-ion collision frequency. For
nocturnal ion densities less than 33 10° cm—* this time exceeds 1.5 hours. Evi-
dently the ion drag mechanism cannot explain the negative correlation of oy
and v, on a time scale of an hour or two that is shown in Fig. 2. d
The polarization field mechanism is illustrated in Fig. 4. It is assumed
here that the northward component of the neutral wind changes, causing a
downward increase in oy and, at the same time, an increase in the west-
ward flow of Pedersen current jo the F-region If the flow of this electric
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current is inhibited by horizontal varlations in the ionospheric conduct-
fvity or wind, charge will accumulate, and an eastward polarization
electrostatic field will develop to restrict the flow of F-region Peder-
sen current. The polarization field, in turn, will cause an upward increase
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tFig. 5. The diffusion mechanism. See text for cxplanation

in z, as shown in Fig. 4. In equilibrium there is no relative motion of ions
and neutrals and no curreat flow. The response of the fon velocity compo-
nents to a change in neutral wind is instantaneous, but the polarization field
mechanism works only if the flow of Fregion current is inhibited by hori-
zontal variations,

The diffusion mechanism is illustrated in Fig. 5. Here it is supposed that
an increase in the eastward electric field causes an upward increase in o).
The vertical component of @, causes the F-layer to rise from the position
shown on the left of the figure to that shown on the right. Because the diffusion
coefficient increases exponentially with increasing altitude, the downward diffu-
sion velocity, vp, increases as the layer rises. The increasing diffusion vele-
city appears in the data as a downward increase of vy which accompanies
the upward increase of v . The characteristic time associated with this mecha-
nism is the time for the height F-layer to respond to changes in externally
imposed vertical drift velocity, Theoretical considerations indicate that this
time is less than about 15 min.

Comparison of the Theories

The three mechanisms therefore differ in several respecis. The ion drag and
diffusion mechanisms both assert that the basic cause of fluctuations in oy
and v, is fluctuationsin the externally imposed electric field. According to the
ion drag mechanism, the neutral wind contribution to oy changes in response
to the field induced change In ¢ ,; according to the diffusion mechanism it is
the diffusion component of oy that responds to the change ifi #,. The pola-
rization feld mechanism differs from both ion drag and diffusion by atiribut-
ing the fluctuations not to externally-imposed electric field change but to ex-
ternally-imposed change in the neutral wind, We do not, at present, know
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why ecither the wind or the field should fluctuate on a time scale of hours
during theanight, but identification of which of these mechanisms is respon-
sible for the negative correlation of vy and =, would tell us which fluctua-
tion requires explanation,
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Fig. 6. Predictions of the threc mechanisms coneerning the correlation
hetween change in flayer heighl and change in the velocity componeuls

The three mechanisms differ also in their predictions concerning the
time lag between fluctuations in one velocity component and fluctuations in
the other. The time resolution of the data is not good enough te permit a
choice between the instantancous response of the polarization field mecha-
nism and the 15-min. response of the diffusion mechanism, but it is good
enough to rule oul the 1 fo 2 hour response of the ion drag mechanism
(see Fig. 2).

Finally, the three mechanisms differ in their predictions concerning the
response of F-layer height to changes in ion drift velocities, These responses
are compared in Fig, 6. According to the ifon drag mechanism, a sudden in-
crease in upward v; causes a rapid rise in F-layer height. Gradually ion drag
increases the northward neutral wind and vy ncreases downward. Increasing
negative = drives the F-layer down again until, after several hours, the ver-
tical components of o, and v, are equal in magnitude but opposite in sign
and the F-layer has returned to its original height.

According to the polarization field mechanism, a sudden downward in-
crease in 7y is accompanied by a sudden upward increase in @,;. The mecha-
nism is not perfect however; some current must flow, to return either through
the E-region, the conjugate point ionosphere, or in a horizontal circuit through
the F-region. Therefore the upward increase in v, is not as large as the down-
ward increase in on. As a result, the F-layer moves downward in response
to a net downward component of the combination of @ and 2.

According to the diffusion mechanism, a sudden upward increase in o)
causes the F-layer to rise. As it rises the downward diffusion velocily increas-
cs until a new balance is achieved, with v, upward, a smaller o,y downward,
and the F-layer at a greater height than before. The important distinction
between the polarization and diffusion mechanisms, therefore, is that the
former predicts a positive cotrelation between F-layer height and 7y while
the latter predicis a positive correlation befween F-layer height and o.
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We therefore compare, in Fig. 7, the measured F-layer height and the
meagsured velocity components for the night illustrated in Fig. 2. The correla-
tion between F-layer height and v, during the latter halfiof the night is
striking, Unfortunately, therc appears o be an equally strong correlation bet-
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Fig. 7. Measured F-layer height (dotted line) compared with mieasured velocity componenls

ween height and oy during the first half of the night. Examination of other
nights of Arecibo data leads to the same resulf. The negative correlation of
oyand v is nearly always well-developed, but the height of the F-layer cor-
relates sometimes with one velocity component and sometimes with the other.
Possibly both the polarization field and the diffusion mechanisms are contribut-
ing, with a relative importance that varies during the night for unkown
redsons, ’
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Snggestli:c.n__ls for Further Research

T
It mi'ght}”be possible to distinguish between the polarization and diffusion
mechanisms by comparing F-layer height changes at the two ends of a geo-
magnetic field line, Figure 8 indicates what the two mechanisms predict.
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Fig, 8. Changes in F-layer height at the ends of a geomagnetic field line accord-
ing to the polarization fleld and diffusion mechanisms

According to the polarization field mechanism, an equatorward wind at one
end of the field line causes the F-layer to rise while developing a polariza-
tion field that causes a downward ©,. The polarization field, but not the
wind perturbation, is transmitted to the conjugate point by the large field-
aligned electrical conductivity of the topside ionosphere and protonosphere.
Thus the F-layer rises in one hemisphere while falling in the other. The dif-
fusion mechanism, on the other hand, predicts that the F-layer will rise at
both ends of the field line under the action of the externally imposed electro-
static field. Changes in neutral wind are not involved in this mechanism. A
study by Petelski (1972, 1973) . indicates that F-layer height changes at
conjugate points are generally correiated positively, but the correlation has
not been investigated for stations at geomagnetic latitudes as low as that of
Arecibo (30°N).

The considerations described in this paper have been ecntirely qualitative.
Quantitative theoretical analysis of the various possible explanations for the
negative correlation of uvn and v, combined with a careful comparison of
theoretical predictions with data can be cxpected to clarify the situation.
Scientists of any nation wishing to use the observing facilities of the Arecibo
Observatory or existing Arecibo data to study this or any other problem in
ionospheric physics (or in radio or radar asironomy)are invited to contact
the Director of Observatory Operations, Arecibo Observatory, P. O. Box 995,
Arecibo, Puerto Rico 90612, U.S.A.

Conclusion

For reasons that are not known.either the wind or. the eleciric field (or both)
in the nocturnal- F-region fluctuates in direction on a time scale of an hour
or two. The resultant fluctuations in the externaly imposed ion drift velocity
wotld have a very large effect on the structure of the nocturnal ionosphere
were it not for the existence of an imperfectly understood negative feedback
mechanism tha{ causes a negative correlation between ion drift velocity com-
ponents parallel and perpendicular o the geomagnetic field. This paper has
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called attention to the phenomenon and has offered several possible explana-
tions, but sufficient work has not yet been done to provide a clear under-
standing of the mechanism.
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Koppenguust Mexay Berpom u SACKTPAUECKUM TIOCM
B eCTECTBCHHON F-o0aacTh

dowe. C. Hoe. Yowep

{Peswme)

Mamepeduasd cxopocTh HOHOB B E- u F-061acTHX NOKazmnBaer OTPHLATEABHYIO
KOPPENSUMIO MEXAY NApalIC/IbHON KOMIOHCHTOR SJCKTPHYCCKOTO [OJs, KoTopas
NpeAcTaBAfeT cobolt komOurHpOBAHHER sddexr Aubdysun U MEPHIHOHAILHOTO
BeTpa U MNEPOEHJHKYJ/ISPHON KOMIOHEHTOM, KOTOpPas BhI3BAHA 30HAJBHLIM 31CK-
TpuyecKuM noseM. llpeacrasaenst oGbAcHenns 31o# Koppensuuu. OAHO H3 HEX
CBABAHO C HOHHDIM YBAeUEHHEM, KOTOpPOE BH3LIBAET OTKIMK BeTpa B F-obmactu
Ha M3MeHEHHE MOHHOH CKopocrH. JIpyroii mexanusMm npeanoaaraer, uro Berep B
F-00nacTH  SBAKCTCA IIPHUHHON BOSHUKNHOBEHHS MOJADUBALHOHHOID 3JIeKTpHUEC-
KOro noJsl, KOTopoe BbidblBaCT ApeHd. lUCKyTHPOBaHb] BOSMONHBIE CACACTRUS
OT OCHCTBHA OTASALHLIK MEXAHH3MOR,
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