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The paper presents the structures of the electron density profiles and the associated irregularities
up to about 150 km over Thumba, India (8°52' N, 76°87' E, dip 0°47' S) and up to about 340 km
over SHAR, India (13°42' N, 800E, dip 14°N). These profiles were obtained using rocket-borne
Langmuir probes and resonance probes. In all, profiles of 27 rocket flights conducted from Thumba
and 6 from SHAR are presented. During the daytime normal electrojet (NEJ), the electron density
profiles over Thumba were very smooth with only positive electron density gradients (i.e. the density
increasing with increasing altitude). Increase in the density above 100 km altitude was much slower
as compared to that below 100 km. During the daytime counter electrojet (CEJ), sharp layers of
electron density, having a vertical extent of a few kilometres, were observed over Thumba. The night-
time profiles over Thumba show pronounced structures in the forIn of layers which are believed to
be due to shears in the gravity wave winds. Morning and evening profiles over Thumba (around the
twilight periods) show structures similar to the nighttime ones except that the peak densities are
slightly smaller as compared to the nighttime values. The single daytime electron density profile
available over SHAR during the NEJ period, shows the presence of a sharp layer around 90 km.
The morning, evening and nighttime profiles over SHAR show a lot more structures as compared to
the profiles over Thumba. These structures are believed to be due to the gravity waves.

1 Introduction tron densities, which are too well known, the
One of the most widely used rocket-borne probe gives an excellent idea of the gros~ features

probes for the measurement of electron density in of the ionospheric electron density pro-
the ionosphere is the Langmuir probe. A new ver- files during different times of the day. The cali-
sion of Langmuir probe (LP) was developed at bration factor, used for the electron density pro-
the Physical Research Laboratory (PRL), Ahmed- files presented in this paper, was estimated using
abad, more than two decades backl. The PRL sys- the ionosonde data as well as the mutual admitt-
tem has been extensively used and has yielded ance probe which gives the absolute values of the
new results on the ionization irregularities in the electron density. The electron density profiles
D- and E-region of the equatorial ionosphere. have been obtained for an equatorial station
The PRL's Langmuir probe (LP) has been flown on Thumba as well as for a low latitude station
more than thirty rockets launched from ThUinba .SHAR. These electron density profiles show a
and SHAR. It is well known that the retrieval of very consistent behaviour during different parts of
electron density from the current collected by the the day and would, therefore, serve a very strong
Langmuir probe is quite complex. This is so, be- testing ground for ionospheric models such as In-
cause the conversion factor depends on many ternational Reference Ionosphere (IRI).
parameters such as the size of the probe, orienta-
tion of the probe with respect to magnetic field, 2 Techniques
sensor potential, electron temperatures, etc. In- 2.1 Rocket-borne Langmuir probe
adequate knowledge of these parameters leads to In the rocket-borne Langmuir probe experi-
some uncertainty in the electron density values ment, a metallic electrode, known as sensor, is ex-
which are obtained using a single altitude-depend- posed to the plasma. The LP sensor is usually
ent calibration factor for a number of flights. Not- kept at a few volts higher (positive) with respect
withstanding the limitations of the Lan~uir to the plasma potential for the electron density
probe for the measurement of the absolute elec-- measurements. The current CQllected by the probe
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can then be approximat~d to the ambient electroq 15
density. The exact ~uatlons for the probe charac-

Y teristics are known only for a few sensor
shapes2,3. The probe theory is tQo complicated!, I

and excellent articles are available4-6 which deal -
with, in detail, various aspects such as the size of g II

the sen~r, effects of collision of electrons with t:
neutrals, rocket velocity, magnetic aspect, vehicle ~
wake, contact potential, pbotoelectric effect, pres- 7
ence of negative ions in the ionosphere, etc. The
LP system developed at PRL has few distinct ad-
vantages Over the earlier versions, which are dis- .~ I ..3/. .
cussed in detail by Prakash and Subbarayal. The e PROBE CURRENT. IOIp.A

-.¥ most important advantage is that (a) the electrode. '. .

is directly connected to the input of the current Fig.. 1- Vanation of the calibration factor. WIth :aI~tud~ [CaIl-
amplifier so that there is no leakage of current in bratl.on factor has a value 5 at 100 kIn altItude mdlcatIng that

( ) th 1 mIcroampere of current corresponds to 5 x 103 electrons
the system as was happening earlier, b e refer- cm-3 (Ref. 7)]

ence of the current amplifier and the guard elec-
trode is given the same voltage. In this system the
leakage current is reduced by more than two or- able assumption. This is' so, because above 150.
ders of magnitude resulting in much higher fre- km the collisions are drastically reduced and the
quency response of the system. It is this feature ambipolar diffusion dominates. Any variation in
which has resulted in the use of PRL. system for probe current would depend on r~/2. The var~
studying electron density irregularities as small as iations in electron temperature (1:) in 150-300
one metre scalesize in the vertical direction. Al- km are usually small. e

though the precise equations for the probe cur--I: 
rent are available for a few sensor shapes, it is not

possible to quantitatively estimate many parame"" 2.2 Rocket-borne mu.tual admittance probe
ters coming into the equations. The probe current A mutual adffi1tt~ce probe system was deve-
is, therefore, usually multiplied by a calibration loped at PRL to estimate absolute values of the
factor which is determined by using some inde- electro? densitylo,ll.1.n this technique a RF signal
pendent electron density measurement such as a ?f v~g frequencJ! m the range 0: 0.?-5.0 MHz
propagation experiment, a mutual admittance IS applied to an exclt~r antenna which IS mounted
probe, an ionosonde, etc. The PRL's LP system o.n the ro~ket b~dy m the form of a ~onc~ntric
has been calibrated (i) by using the electron dens- ~g. The mduction ~eld from the exciter ~s re-
ity derived from the critical frequency of the celved near the nose tip of the rocket (see Fig. 2).

--( E-layer as observed with an ionosonde and (ii) by As the frequency of the transmitted signal is vari-
using the absolute electron density measurements ed, the recei:ved signal shows am~litude variations
using in situ mutual admittance probe. The cali- due to varymg response of medlu.m and several
bration factor estimated for this system 7 for alti- plasma res~nances can be detected. The strongest
tudes between 90 and 150 km agrees fairly well resonance IS. ob.se~ed at the upper hybrid fre-
with other experiments8. The mutual admittance quency IT which IS given by
probe data which have been used in arriving at 2 -2 2
this calibration factor are described by Pandey9. IT -IN + I H

Figure 1 shows the altitude dependent calibration
factor (electron density/probe current) used by where, IN is the plasma frequency and IH the elec-~ 
various workers for the electron d~nsity pr~files !Ton .gyrofrequency of the medium. Once iT is
from Thumba. In absence of any sUItable calibra- Identified, the plasma frequency IN can be calcu-
tion factor above 150 km altitude, a fixed factor lated (by substituting the value of IH which can be
(11LA of probe current corresponds to 7.14x 103 calculated) which directly yields the absolute va-
electron cm-3) has been used by various workers lue of the electron density in the medium. As
for all altitudes for RH-560 flight results. In abs- shown in Fig. 3 plasma resonances obtained in this
ence of any experimental values of absolute elec- experimentll were very sharp enabling one to es-
tron densities above 150 km over SHAR, use of a timate plasma frequency very accurately. The data
constant calibration fa~tor seems to be a reaso~- from two mutual admittance probe flights con-
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ducted from Thumba have been used to estimate
~ ~ the calibration factor for the LP. The electron
~ ~ density profiles obtained using the mutual admitt-

~ ~ ~ ance probe are presented along with the other
z z profiles obtained by the Langmuir probe in the

-~ G') following section.
z
cn

~ 3. Electron density variation in the electrojet
~ .
d region

~ ~ The electron .density profiles obtained during
'0 the ascent of all rocket flights conducted from
~ Thumba are presented in this section. Though the
0 descent data are also good on most of the occa-

t;; sions they are not presented here as, in general,
~ descent data are not considered very reliable, be-
~ cause the LP sensor may come in the wake of the
~ rocket.

~
(")z~c 5 ~ Q 3.1 Daytime profiles during normal electrojet

"U ~ -4-- cn Z -I Except the last two profiles in Fig. 4(b), Fig. 4

~E rT1~ ~ [(a) and (b)] shows the electron density profiles
(]I C> ~ obtained over Thumba ~ th~ daytime during the

r periods of normal electrojet, t.e. when the electro-
~ ~ jet current flows in the eastward direction. The
~ z general nature of the electron density profiles can
IT1 ~ be described by a rapid iricrease in electron dens-
cn § ity up to about 75 km, a relatively slower increase

~ up to about 85 km followed by a very rapid in-
crease up to about 100 km beyond which the
electron density remains practically constant. The
direction of electron density gradient is always

~ positive, i.e. electron density increases ~ith in-
~ creasiitg altitude. During daytime normal electro-
(") jet conditions, the profile never shows regions of
;f; negative electron density gradient. The peak dens-
~ ity during daytime is typically of the order of
~ 2 x 105 cm-3. .Typical values of the electron den-
0 sity gradient scale length, L, which is defined as
~

!=~~
~ L 11e dh
z~

~~~ (whet~, ne is the electron density and h the alti-
:tJ~1T1 tude) range between 2.0 and 0.5 km below 100

~ ~ ~ altitude 12. These strong positive gradients in

electron density make the region below 100 km
unstable under the influence of gradient drift m-
stability as well as neutral turbulence mechamsm.
Ionization irregularities have been observed ex-
tensively below 100 km region12-14. The irregu-
larities produced through gradient drift instability

Fig. 2-Schematic of the mutual admittance probe on a in the scalesize range of 30-300 m have charac-
sounding rocket (Ref, 11) teristic saw-tooth type shapes.
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3.2 Daytime profiles during counter electrojet a two-dimensional gravity wave wind (in the E-W
Figure 4(1» shows the electron density profiles and vertical directions) it was shown by Anandrao

y .on flights CO 5.16 and CO.22 which were con- et al.19 that the convergence values of Kato18 were
ducted during the period of counter electrojet. overestimated. Later on, Prakash and Pandey2O
Both these profiles show the presence of very considered a three-dimensional gravity wave
sharp layers of ionization. During the flight CO wind, in which a finite wavelength along the
5.16 the layer was observed at around 95 km geomagnetic field lines was shown to be extreme-
while during C.22 it was observed at around 91 ly important for shorting the polarization electric
km. The half widths of these layers were 2.5 and field produced by the gravity wave wind. It was
1 km, respectively. The peak density of the layer shown by Prakash and Pandey2O that the converg-
on both the occasions, was higher by a factor of ence for a given gravity wave is maxi}num near
about two as compared to the background elec- the geomagnetic equator. Using the theoretical ex-
tron density of about 5 x 103 cm- 3. pressions of convergence given by Prakash and.::,- 

Similar sharp layers of ionization have been ob- Pandey2O, it was shown by Pandey et al}1 that the
served in midlatitudes15 and explained in terms of sharp layers of ionization observed during counter
compression of metallic ions by wind shear me- electrojet period are produced by the compres-
chanismI6.17. In view of the fact that the magnetic sion of metallic ions by the three-dimensional
field is horizontal over the geomagnetic equator, it gravity wave winds.
was believed that wind shear mechanism would Unlike normal electrojet period, the electron
be inoperative over geomagnetic equator. But it density profiles during counter-electrojet periods
was shown by Kato18 that if the curvature of the have regions of negative electron density gradient
geomagnetic field lines is taken into account the and in these regions electron density irregularities
wind shear theory can be applicable at the geom- in 30-300 m scalesize range produced by gra-
agnetic equator also, though with a much reduced dient drift instability are observed. The reason is
efficiency as compared to midlatitudes. Assuming that during the counter electrojet period the Hall~
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Fig. 3-A portion 01 the mutual admittance probe data recorded between 87 and 102 kIn [The
altitudes indicated inside correspond to the position of upper hybrid resonance 1fT) (Ref. 10)]
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Fig. 4-(a) Electron density profiles of nine daytime flights conducted from Thumba during normal
electrojet periods [Numbers within brackets indicate the flight number. Except for the first flight
(No. 20.07) all the remaining profiles are shifted by one decade (on the X-axis) with respect to
the preJiious flight for viewing convenience. (Ref. 7, 11,25,30-33)]; and (b) Electron density pro-
files of nine daytime flights conducted from Thumba during normal electrojet periods and twl?
daytime flights conducted during periods of counter electrojet. Other description is the same as

Fig. 4(a) except that there is a separate scale tor coUIiterelectrojeftlights "(Refs 9, 35, 36, 42)]

polarizatio~ field reverses its ~rection and be- tained over Thumba during nighttime. All the
~omes ~ertically downwards (dunng normal electro- flights were conducted Within nearly two hours of
J~t pe.nodli the .Hall fie~d is in vertically upward the midnight. As the electron densities are lower

dlrecttO?) allOWIng g~adlent drift instability to op- during the nighttime, the probe current is also re-
erat~ ill the regIons of negative density duced during the night. Because of this, the Lang-
gradIents 14. muir probe could measure densities only above

3.3 Nighttime profiles 85 kin during nighttime. Thus, there is practically
Figure 5 shows the electron density profiles ob- very little ionization below 85 kin. The electron
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Fig. 5-Electron density profiles of six nighttime flights conducted from Thumba Other descrip-
tion same as Fig. 4(a) (Refs. 7, 22, 37)]

density increases rapidly in 85-95 km region 3.4 Morning and evening periods profiles
reaching typically to about 103 cm-3 around 95 Figure 6 shows the electron density profiles ob-;;.: 
km. During the nighttime, the profiles show two tained over Thumba during morning and evening
very prominent features which are in contrast to periods, respectively. Except the ~ght CO5.14 all
daytime profiles. The first one is the presence of other flights were conducted around the twilight
pronounced structures in the profile (see profile periods, because these were simultaneously con-
number 2 in Fig. 5) resulting a strong positive as ducted with barium and sodium vapour release
well as negative electron density gradients. The experiments which can be conducted around twi-
gradient scalelength L ranges from + 0.5 to -0.5. light only. Like the nighttime flights, the twilight
In fact, on many occasions, the profile gives an flights also recorded electron densities only above
appearance of layers of ionization having thick- about 80 km. During the twilight flights the elec-
ness ranging from 0.5 km to a few kilometres. tron density increases rapidly in the 85-95 km region

y Density variations in these ~ayers co~ld be as andattainsatyp~calvalueofabout5x1.03cm-=-'3in
large as one order of magnItude. This layered 100-120 km region. These values are higher than
structure has high degree of variability in terms of the nighttime values in tJ1e same regions indicating
the location of the layer as well as the density en- that the solar radiation, which falls at grazing in-
hancements. These structures have been discussed cidence, has produced ionization at these alti-
extensively by many workers 18,20 -24 and are now tudes~

known to be due to the dynamic processes such
as the gravity wave organization of the plasma. The electron density gradients are, in general,
These stfuctures indicate redistribution of the weak during twilight periods (L- 5 km) .except in
plasma and are not due to the photochemical pro- few small altitude ranges (of a kilo1netre or so),
cess. Sharp layers of ionization wherein the elec- where L could be in the range of + 0.5 km to -2-~ 
tron density increases by a factor of 10 are seen km. Electron density irregularities -produced by
very clearly during the ascent as well as the des- gradient drift instabilities are occasionally ob-
cent of the rocket, indicating that these layers served in these strong density regions, if the di-
have horizontal scalesizes in excess of 100 km. rection of the gradient is paral~el to the Hall po-

During nighttime, electron density irregularities larization field.
produced by gradient drift instability are observed Electron density profile of flight CO 5.14 which
in the negative. density gradient regions, like the was conducted at 0745 hrs LT has all features
counter electrojet case. very similar to a daytime profile25.26.
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Fig. 6-Electro.n de?sity profiles of two evening twilights flights, three morning twilight flights
and one morning flIght from Thumba. [Other description same as Fig. 4(a) (Refs. 7, 26, 38-"40)]

4 Electron density variation outside the from SHAR during the nighttime and all of the~e
electro jet region were conducted under the conditions of strong

4.1 Daytime profiles spread-F (Refs. 27, 28). Figure 7 shows the pro-
There has been only one daytime flight from file of the nighttime flights. All the three profiles

SHAR which lies just outside the electrojet re- show structures in the electron density in 100-140
gion. Figure 7 shows the electron density profile km region. The vertical wavelength of some of
over SHAR obtained at 1010 hrs LT on 4 May these structures can be as large as 25 km over
1987 (last profile). Presence of a small D-region is which the electron density varies by a factor rang-
seen in the profile between 70 and 82 km. Above ing between 7 and 10. Many of these structures
82 km, the density increases monotonically up to were similar during ascent and descent which are
about 100 km with only positive densIty gra- separated by 400 km (the descent profile are giv-
dients. At 100 km the presence of a very sharp en elsewhere27.28) indicating that these could be
layer of ionization, where the density increases by due to gravity waves with east-west wavelengths
more than a factor 2 in a small vertical extent of comparable to the horizontal wavelengths of these
about 2.0 km, can be seen very clearly. Beyond structures.
100 km the profiles show very little variation in Another feature in the nighttime profiles over
density up to the apogee which was around 300 SHAR, is the presence of a valley region around
km. Like the equatorial station Thumba, the gra- 130 to 150 km. The value of electron density re-
dient-drift-instability driven irregularities are also mains low up to the base of F-region, The valley
seen at SHAR in the region 90-100 km which is region is seen during ascent as well as
characterized by positive electron density gra- descent27.28. This region is characterized by rela-
dients27. tively low electron density of about 3 x 104 cm-3

The presence of a sharp layer of ionization at and the absence of any significant structures. Only
100 km over SHAR is a feature which is different during the flight RH 560-25 a large-scale struc-
from what is observed at Thumba at the same ture with vertical wavelength of about 100 km
time. More daytime flights are required to throw was observed in the valley region. The mechanism
more light on the existence and the mechanism of of generation of this large scale structure is not
generation of these layers. known. Probable causes could be (i) due to wind

induced instability suggested by Chiu and
4.2 Nighttime profiles Strauss29; but the observed electron density gra-

There have been only three rocket launches dients appear to be much smaller than the required
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Fig. 7-Electron density profiles of three nighttime, three evening time and one daytime flight
conducted from SHArl. [Except for the first fli~t (560.16) all the remaining profiles are shifted
by two decades (on the X-axis) with respect to the previous fli~ht for viewing convenience (Refs 7,27,

28,41)]~ 

gradients by the theory, and (ii) it could be due to dient region. Above the F-region base, one can
the transport of plasma by a gravity wave wind as see the presence of plasma depletions of various

suggested by Prakash and Pandey2°. vertical widths and degree of deI1ietion. On the

The nature of the base of the F-region was flight RH 560-16 the plasma depletions were

highly variable on all the three profiles. During present during ascent as well as descent. The
the flight RH 560-16 the base was equally sharp most prominent depletions were observed around

during ascent and descent (for descent profile see 475 km wherein the .electron density got depleted

Ref. 27). During the ascent the base was located by a factor of 4 in a vertical distance (width) of
at 250 km where the density increased by a factor about 15 km. Above 300 km, a large number of

of 10 in just 2.7 kmc, resulting in L values of 1.2 medium and small depletions were observed. For

, km. During the descent the base was located at the E-region irregularities the gradient drift insta-'1 
257 km and the density increased by a factor of bility is the causative mechanism, whereas for the

15 in 3 km yielding an L value of 0.9 km. In case F-region irregularities both collisional Rayleigh

of the flight RH 560-25 the base of the F-region Taylor and gradient drift instability contribute de-

was much higher than the apogee of the rocket, pendihg upon the altitude.

which, as shown by the SHAR ionogram, had a

virtual height of 350 km. For the flight RH 560- 4.3 Evening time profiles

26 the nature of the base of f-region was quite There have been only three evening time flights

different during ascent and descenf8. During the from SHAR which are also shown in Fig. 7. Un-

ascent the base was at 230 km where the electron like the evening time profiles over Thumba, the

de.nsity increased very steeply by as large as a fac- profiles over SHAR very clearly show the pres-~ 
tor of 18 in 0.8 km (L~ 0.8 km). While during the ence of sporadic-E layers in 90-110 km region.

descent the base could not really be sharply de- Electron density irregularities in the scalesize

fined as electron density in 230 km region in- range 1 m to a few kilometres produced by the

creases very slowly by a factor of 12 in 16 km gradient drift instability were also seen in the pos-
(L- 24 km). Electron density irregularities with.. itive density gradient regions. The valley in. the

scalesizes range from a metre to a few tens of ki- electron density in 110-150 km region is also seen

lometres were observed both in the E-region and clearly. Tfie peak electron density during the

the F-region" in the negative electron density gra- evening time is nearly 2 x 104 cm-3 which is more
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