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Abstract: The linearized dynamics of the idealized narrow neutral cells at high latitudes in the absence or presence of 

auroral energy impulse of the type q0 e
-at

 is discussed in the upper atmosphere. The general expression for the oscillation 

amplitude ∆z of the cells is given by ∆ z=q0 [e
-at

 – cos (ω t) + a sin (ω t)/ω)]/(a
2
 + ω

2
) + ν0 sin (ω t)/ω Here ν0 is the cell’s initial 

velocity, ω is its Brunt - Vaisala frequency which varies from about 1.7x10
-2

 at 200 km to 1.3x10
-2

 radians/s at 300 km for an 

exospheric temperature of 1000 K. The maximum ∆z varies from a few km at 200 km for 1000 K to about 25 km at 300 km for 

2000 K. For the observed high- and low-density cells, ω is less and high respectively by around 15% than those in the ambient 

atmosphere at 200 km in the temperature range of 1000-2000K. In absence of ν0 and q0, the cells are stable in the thermosphere. 

The oscillations during disturbed conditions, should eventually cease in the presence of existing nonlinear forces like collision 

frequencies, emission from atomic constituents, heat conduction and losses, which should be further incorporated to provide a 

framework for their theoretical interpretation and implications for the high latitudinal thermospheric as well for the ionospheric 

morphology. 
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1. Introduction 

The existence of the neutral cells in the thermosphere was 

first suspected by De Vries from Logacs experimental 

campaign in early 70’s [7]. Recently these cells in the form of 

high- and low-density cells were observed by satellite S85-1 

during day and night near 60-70 degree magnetic latitude in 

the lower thermosphere [5]. Such cells have also been 

confirmed by steady-state Thermospheric – Ionospheric 

general circulation models, TIGCM [10]. These cells extend 

upward from about 120 km to 300 km. Some cells may have 

diameters in the 1 to 2K Km range on a probable time scale 

of minute to hours. The two cell structure occur only during 

quiet conditions, while four cell structure occurs during 

geomagnetic disturbed conditions with two high density cells 

in the noon-midnight meridian and two low density cells in 

the dawn-dusk meridian. Single cells normally occur during 

positive interplanetary magnetic field (IMF). The mechanism 

and the data analysis of such cells have been further 

investigated [9, 12, 13]. The enhancements of the high 

latitudinal density during auroral precipitation have been 

pointed out [11]. The formation of the cells in the 

thermosphere depends on the magnetospheric energy input 

defined by the cross polar cap potential proxies for particle, 

joule heating, the related transport of the neutral atmosphere, 

shape of the ionospheric convection patterns and the related 

ionospheric conductivities. Also, higher the energy input, the 

higher the cell altitude. Recently the contribution from the 

altitudinal variations of such cells to the downward transport 

of the emissions from the atomic oxygen in the high neutral 

density cell area and its upward transport in the low-density 

cell area has been discussed [3]. 

At present, it is not well known as to how these cells with 

high and low densities once formed respond dynamically to 

the energy input during aurora and disturbed geospace in 

their lifetime. Also such studies have implications for the 

upper atmosphere in the thermosphere/exosphere coupling to 

high latitudinal ionosphere and its bulk convection [14]. In 

this work we develop solutions for the linear dynamics for 

the idealized ‘narrow’ neutral density cells and neglect the 

gravity wave effects and other non-linear effects from the 

known heat losses by emissions from the atomic oxygen and 
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nitric oxide, collisions and the thermal conduction in the 

thermosphere and the ionosphere. 

2. Linear Theoretical Treatment 

Let the density and the temperature of the idealized 

‘narrow’ cell formed at the height z0 be Tc and ρc respectively. 

In this simplified abstraction, the cell temperature is taken 

constant at its initial value when collision frequencies with 

ions and electrons, radiation losses and heat conduction are 

neglected. We also assume that the cells move without much 

change in the entropy. Let the cells move small height ∆z, 

then the pressure differential is given by  

∆pc=-gρc∆z                                      (1) 

Now using the First law of thermodynamics for negligible 

changes in the Entropy, the inside density gradient is known 

to be given by using equation (1), 

∆ρc=∆pc/γRTc=- gρc.∆z/γRTc                     (2) 

where γ is the ratio of specific heats at constant pressure, Cp 

to at constant volume, Cv (~1.6), R the gas constant and g the 

acceleration due to gravity. The change in the ambient 

density outside using Taylor series is given by 

∆ρ=(dρ/dz).∆z                               (3) 

Also from the hydrostatic equation in equilibrium, we have 

dρ/ρ=-dT/T - ∆z/H                            (4) 

dρ/ρ=-(dT/dz.1/T+1/H)∆z                        (5) 

where H is the density scale height, T the temperature and ρ 

the density of the ambient atmosphere at the height of the cell.  

Now applying the Newton’s second law and the 

Archmedian principle, the net buoyant force on the cell per 

unit volume, can be represented using equations (2, 5) as 

d
2
 ∆z/dt

2
=g (∆ρ - ∆ρc)=g (g/γRTc-1/T. dT/dz - 1/H) ∆z   (6) 

Now equation (6) can be written as 

d
2
∆z/dt

2
 + ω

2
 ∆z=0                            (7) 

This is a second order linear homogeneous differential 

equation with ω known as the Buoyancy or BVF of the 

thermosphere at a certain height, such that 

ω
2
=g (1/T. dT/dz + 1/H - g/γRTc)                  (8) 

It can be seen from equation (8) that in the thermosphere, 

the BVF, ω depends on the temperature and its height 

gradient as well on the density scale height, H at its height. It 

is found out that 1/H is the largest and g/γRTc is the smallest 

of the three terms inside. Since ω
2
 is positive, the solution of 

the form ∆z=(Ae
rt
 + Be

- rt
) where A, B are constants and ‘t’ is 

the time, can be adopted with 

r=iω                                         (9) 

If v0 is the vertical velocity of the cell at height ∆z=0, the 

solution of the equation (7) can be written as 

∆ z=v0 sin (ωt)/ω                                (10) 

Equation (10) represents the free oscillation of the cell, 

which is an over simplification of the actual case where the 

auroral energy input/output, q0 and heat conduction are 

essentially absent. For a neutral density ρc > or < ρ, equation 

(8) can be written as 

ω
2
=g [(1/T. dT/dz + 1/H) ρ/ρc – g / γRTc]          (11) 

3. Auroral Heating Impulse 

At higher latitudes, additional force can be imparted 

during auroral and geomagnetic events to the cells by 

energetic electrons from the plasma sheet in the auroral oval 

particularly during southward interplanetary magnetic field 

[8] or the closing of the Birkeland currents via electrojets 

which with enhanced electric fields could produce Joule 

heating [1] or by soft precipitating electrons (~< 500 ev) 

directly heating the themosphere and the ionosphere. Let this 

force be of the type [2] 

q=q0 e
–at

                                   (12) 

where q0 is the amplitude and a is the decay coefficient. 

Typical values of q0 are 1.6, 3.2 x 10
-6

 ergs/cm
2
 s at TE of 1000 

K and 2000 K respectively at exospheric heights. Therefore, 

equation (7) can be written in a very general case as 

d
2
 ∆z/dt

2
 + ω

2
 ∆z=q0 e

–at
                    (13) 

Equation (13) can be solved using Laplace Transforms of 

the Operation Calculus with boundary conditions at t=0 as  

∆z=0 and the vertical velocity d∆z/dt=v0. 

The solution of equation (13) is then given by 

∆z=q0 [e
-at

 – cos(ωt) + a sin(ωt)/ω]/(a
2
 + ω

2
)+ν0 sin (ωt)/ω. (14) 

It can be seen from equation (14) that in the absence of the 

auroral impulse (q0=0), it reduces to equation (10). In case of 

a constant energy exchange q0 (a=0), it reduces to equation 

(15) 

∆z=q0 (1–cos(ωt))/ω
2
+ν0 sin(ωt)/ω              (15) 

In case of v0=0, the equation (15) reduces to 

∆ z=q0 (1 – cos(ωt))/ω
2
                       (16) 

The vertical drift velocity can be easily calculated from the 

equation (17) of thermospheric energy budget, on neglecting 

the heat conduction and the radiation loses 

ν0=q0/ρc (Cp.dTc/dh + g)                    (17) 

Equations (14) to (17) show that the amplitude of the 

oscillations increase with the increase in the auroral energy 

input q0 and/or vo. 
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4. Results and Discussions 

On neglecting the non-linear effects on the idealized 

narrow cells due to the heat transfer by emissions from the 

atomic oxygen and nitric oxide, viscosity, electron-neutral 

and ion-neutral drag in the thermosphere and lower F-region 

respectively, the dynamics of the cells at high latitudes in the 

presence/absence of auroral energy input is studied. It can be 

seen in equation (8) that ω
2
 is positive so ω is real then the 

cell will oscillate with BVF. If ω is zero at some height, it 

will stay where ever it is without oscillating. In extreme case 

when ω is negative, the cell will be unstable and will not 

return to its position while oscillating. The effective heights 

of oscillations for different scenarios are given by equations 

(10, 14, 15, 16). Assuming a~1 and ν0~0, equation (14) yields 

negligible amplitudes as expected for stable neutral cells. The 

values of maximum ∆z and ω calculated at 200 km for 

different values of q0 at different exospheric TE [2, 4] from 

the equation (8, 14) are shown in figure 1. The temperature of 

the cells Tc has been taken as at their heights of 200 km from 

the models corresponding to TE. For a typical TE of 1000 K, 

ω is about 1.7x10
-2

 at 200 km and 1.3x10
-2

 radians/s at 300 

km. This means that the cells will oscillate with this 

amplitude till they are damped by the other non-linear forces 

as mentioned before. Also the increase in the amplitude of 

the cells’ oscillations with increase in the auroral energy 

input is shown by equations (14) to (17). According to [6], 

the density of the enhanced and depleted cells at high 

latitudes can be higher or lower on average by 30% 

respectively of the hemispheric average. Taking this into 

account in equation (11), ω is found less for high density 

cells and larger for low density cells by around 15% at 200 

km in the 1000-2000K range than for the cells in the ambient 

atmosphere. The largest effect on ∆z of the cells is either 

because of q0 or v0, in equation (17), since v0 is directly 

proportional to q0 and inversely proportional to the density ρc 

and dTc/dh which also decrease with height. 

 

Figure 1. The variation in the Brunt- Vaisala frequency, ω and maximum 

amplitude of oscillation, ∆z from equation (8) at Tc=T at 200 km with 

exospheric temperature, TE. 

Such drifts and oscillations of the neutral cells are of vital 

importance to neutral and ionospheric dynamics and should 

be further investigated from the point of view of interpreting 

high latitudinal data and their coupling to and implications. 

The influence of nonlinearities on the present results should 

also be looked into. 

5. Conclusions 

The dynamics of the idealized narrow neutral cells at high 

latitudes in the thermosphere and exosphere has been 

investigated while neglecting the various nonlinear forces 

like collisions with ions and electrons, the heat conduction 

and radiation loses by the atmospheric constituents. It is 

found out that in the absence of any auroral energy source, 

the Brunt-Vaisala frequency (BVF) at 200 km varies from 

about 1.7x10
-2

 at low solar activity (TE ~1000 K) to about 

1.4x10
-2

 radians/s at high solar activity of 2000 K. These 

agree fairly well with the past value of about 1.1 x 10
-2

 at 200 

km to about 0.4x10
-1

 at 300 km [15]. The corresponding 

variations in maximum ∆z is from about 3.0 km at TE ~ 1000 

K increasing to about 4 km at 200 km and 25 km at 300 km 

for TE ~2000 K. The BVF for the observed high- and low 

density cells are found lower and higher respectively by 

around 15% at 200 km than for the parcel cells at ambient 

atmospheric density. The increase in the amplitude of the 

cells’ oscillations with increase in the auroral energy input is 

discussed here. It is suggested that such drifts and oscillations 

should be further investigated in presence of various 

nonlinear forces neglected here and their possible 

implications to high latitudinal neutral atmosphere and also 

to the ionosphere at thermospheric / exospheric heights. 
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