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Figure 7. Plasma density contours measured during radar elevation scans in the magnetic 
meridian showing a boundary blob and an auroral blob (Rino eta/., 1983]. 



Figure 8. Model results of a patch distorting into a boundary bEob [Robinson er al., 
1985]. 

2.3.3. Sun-Aligned Arcs, Auroral Blobs, and Localized Depletions 

More research is still required to understand these structures. However, we are 

familiar with certain basic features. Sun-aligned arcs are usually aligned with the noon-

midnight meridian. Under quiet solar conditions they are found in the polar cap. The 
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maximum plasma density has a solar cycle dependence and is typically about l 06 el/cc ( 4 

times that of the background plasma). There is evidence that soft particle precipitation 

makes significant contribution to the plasma density in the arcs [Buchau et al., 1983; 

Carlson eta/., 1984). 
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Auroral blobs are observed in the auroral oval (see Figure 7) restricted in 

longitudinal extent. They seem to favor the nigbt-time regions. Sun-aligned arcs may be 

the source for the auroral blobs. Case studies show that the F region plasma density can 

be locally depleted near the poleward auroral boundary probably as a result of 

aeronomical changes produces by large electric fields [Tsunoda, 1988, and reforences 

therein]. 



22 

CHAPTER3 

GRADIENT DRIFT INSTABILITY 

3.1. Signatures of Gradient Drift Instability 
in the Polar Cap Patches 

We v.ill now look at some experimental results that show a high spatial 

correlation between intense small-scale irregularities and steep transverse gradients that 

characterize the walls of the large-scale plasma struetures discussed in the previous 

chapter. These results logically suggest fluid interchange instabilities such as GDI as 

dominant players in irregularity generation. 

In reference to Figure 2 [Weber et al., 1986], showing patches as seen from Thule 

using GPS satellite transmissions at 1.2 GHz, notice variations in the scintillation 

intensity (S4 --a commonly accepted measure of signal fluctuation caused by ionospheric 

irregularities) in the upper trace, especially in the patches numbered 3, 7, and 8. There is 

an increase in the amplitude of the scintillation on the trailing edge characterized by a 

steep density gradient. This physical situation is the most ideal for the onset of the GDI. 

Figure 9 [Basu eta/., 1994} shows the temporal variations of the S4 scintillation index 

from spaced-antenna measurements using 243 MHz transmissions from a quasi-stationary 

polar beacon satellite. The top panel shows measurements made at Sondrestrom and the 

bottom pailel measurements at Thule. Notice the enhanced scintillation after 1200 UT at 

Sondrestrom and after 1145 UT at Thule. An important observation is that the trailing 

edges (the edge close to midnight sector; see Figure 16) of the scintillation structures are 

steeper than the leading edges, leading the authors to postulate GDI as the agent for these 
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Figure 9. Temporal variation of scintillation intensity index ( S,) [Basu et al., 1994]. 

meter-scale irregularities. 

Figure 10 shows the results from measurements using the Aureol 3 spacecraft 

( Cerisier and Berthelier, 1985]. The amplitude of the density fluctuations are in the 

frequency range of20 to 400Hz (wavelength between 20 and 400 meters).. The figure 

clearly shows density and electric field fluctuations are correlated with positive large-

scale density gradients found along the trailing edge. Also notice the electron density 

profile (bottom panel) shows a turbulent structure along the trailing edge. These results 

strongly suggest GDI as the source mechanism. 

Figure 11 is another set of results from the Aureol 3 spacecraft. The top panel 

shows rapid small-scale fluctuations along the positive (upward sloping) gradients in 
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Figure 10. Electric field and electron density fluctuations and electron density profile 
measured by Aureol3 spacecraft (Cerisier and Berthelier, 1985]. 
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Figure 11. Electron density fluctuations measured by Aureol3 spacecraft (Cerisier and 
Berthelier, 1985]. 

... 
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plasma density. There is complete absence of similar fluctuations along the negative 

gradients along the trailing edge. The second panel shows similar results reversed left to 

right. 

From the above observations and also from most other measurements of this kind, 

we can say that kilometer-scale irregularities populate the bulk of the patch structure 

with a tendency for enhanced irregularities to occur along the trailing edge of the patches. 

The edges have a large density gradient which, together .,.,;th the ambient electric field 

and the background magnetic field, offers a very favorable condition for the onset of the 

GDI. 

3.2. Physics of the Gradient Drift Instability 

The GDI is otherwise known as E x B instability. This is an interchange 

instability and needs an electric field, a magnetic field, and a density gradient orthogonal 

to each other. We will consider four different configuration of these three inputs, the fliSt 

two of which belong to the Ex B category, while the last two are mentioned for book­

keeping purposes. 

3.2.1. Case Ja 

This is the case that will be the focus of this thesis. Figure 12 shows the 

orientation of the electric, magnetic, and the density gradient vectors. The ambient 

(background) electric field £0 is along the negative :X direction, the ambient magnetic 

field B0 is along the positive z direction (up and out of the page), and the density 
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gradient Vn is along .the positive y direction. 
- E0 xB0 VJ = B 2 is the drift velocity and is 

parallel to the density gradie.nt. 

.At the altitudes ofinterest, the electrons have higher gyro frequency than collision 

frequency while the ions have higher collision frequency than gyro frequency. This along 

with the ambient electric field E0 causes the ions to drift along E.-0 (the Pedersen's 

direction). In the high-density regions, more ions move to the left, i.e., along E0 (refer 

Figure 12) than in the lower density regions. Now let us impose a sinusoidal perturbation 

on on the mediwn. The imbalance in the number of ions moving left in the high-density 

and in the low-density regions leads to charge accwnulation on the boundaries. This 

charge accumulation is net positive on the boundary where mo·re ions arrive than leave 

and is net negative on the boundary where more ions leave than arrive. This fact is 

indicated by'+' and'-' signs on Figure 12._ A polarization electric field E. develops 

because of this charge imbalance along the boundary. This further causes a drift of the 

charged particles in the E • x B0 direction, driving less dense plasma into regions of more 

dense plasma and vice versa. Note that the direction of the plasma drift is such as to 

increase the amplitude of the perturbation. The above sequence repeats until the density 

gradients are finally smoothed out. However, since the amplitude of the perturbation 

grows, the plasma becomes unstable and we have a growing instability. This instability 

is what structures the edges of the patches and seeds the different high-latitude 

structures. 
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Figure 12. Schematic showing the development of the GDI or the Ex B instability for 
the case Ia. 

3.3.2. Case lb 
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In this case the direction of the density gradient is oppopite to that of the previous 

case (see Figure 13). The drift velocity V, is now anti-parallel to the density gradient. 

Consequently, the charge accumulation on the boundaries is opposite to that discussed in 

the previous case, 'vhich in tum sets up a polarization field in the opposite direction. The 

resulting EP x B0 drift dampens the amplitude of the perturbation by moving kinks 

found in the low-/high-density boundary back towards the boundary. The perturbation has 

no effect on the plasma. The instability dies out and the medium is stable. 

3.2.3. Case 2a 

In this case the density gradient and the electric field are paraUel to each other (see 

Figure 14). The drift velocity Vd is perpendicular to the density gradient in the direction 

sho~Nn. 
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Figure 13. Schematic shov.i.ng the development of the GDI or theE x Binstability for 
the case lb. 

Initially E0 x B0 force drives the electrons and the ions to the right. The 

electrons lead the ions since they have a higher gyro frequency than the ions. The 
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number of electrons and ions drifting to the right is more in the high-density regions than 

in the low density regions. Consequently, when a perturbation is imposed on the 

medium, a particular charge accumulates along its boundary. Positive charges collect on 

the boundary where more ions arrive than leave, and negative charges collect along the 

boundary where more electrons arrive than leave (see Figure 14). A polarization electric 

field E
9 

develops due to this charge imbalance along the boundary. The resulting 

EP x B0 drift causes less dense plasma to drift into regions of more dense plasma and 

vice versa. The amplitude of the perturbation increases and the medium is eventually 

structured due to the grov.'lh of the instability, until the density _gradients are fmally 

smoothed out. 
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Figure 14. Schematic showing the development of the GDI or the Ex B instability for 
the case 2a 

3.2.4. Case 2b 

This is the opposite of the previous case (see Figure 15). The electric field and 

the density gradient are anti parallel. The charge accumulation is opposite and the 

resulting E. x B0 drift decreases the amplitude, thereby dampening the perturbation. 

The medium is hence stable. 
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Figure 16 shows a schematic of a patch in the polar ionosphere. The arrow heads 

indicate that the patch is convecting anti-sunward with the drift velocity vd . The four 

cases discussed above occur along the edges of the patch as indicated in this schematic. 

Case (I a), which is the most unstable case, occurs along the trailing edge of the patch 

where the drift velocity is parallel to the density gradient. Case (I b), which is a stable 

configuration, occurs along the leading edge of the patch. Case (2a), the other unstable 

case, is found on the left edge of the patch. Fioally, case (2b ), a stable case, is found on 

the right edge of the patch. 
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Figure 15. Schematic showing the developmeru oflhe GDl or the Ex B instability for 
!he case 2b. 
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Figure 16. Canoon sho\\oing !he occurrence of the various instabiliry cases in a patch. 
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