
General Disclaimer 

One or more of the Following Statements may affect this Document 

 

 This document has been reproduced from the best copy furnished by the 

organizational source. It is being released in the interest of making available as 

much information as possible. 

 

 This document may contain data, which exceeds the sheet parameters. It was 

furnished in this condition by the organizational source and is the best copy 

available. 

 

 This document may contain tone-on-tone or color graphs, charts and/or pictures, 

which have been reproduced in black and white. 

 

 This document is paginated as submitted by the original source. 

 

 Portions of this document are not fully legible due to the historical nature of some 

of the material. However, it is the best reproduction available from the original 

submission. 

 

 

 

 

 

 

 

Produced by the NASA Center for Aerospace Information (CASI) 



X-615-70-1

'REPRINT

,
OGO 4 OBSERVATIONS OF ION

COMPOSITION AND TEMPERATURES
IN THE TOPSIDE IONOSPHERE

I

S. CHANDRA
B. E. TROY, JR.
J. L. DONLEY

R. E. BOUo(DEAU

JANUARY 1970

GODDARD SPACE FLIGHT CENTER
GREENBELT, MARYLANDl^7 sJ —9 4^' 3	 _."CIO

Y
=	 IACCCOlION NU(duCRI	 ---	 (TMRI"

s	 ^
0
•

J	
IPA6R4)	 ICOD[1

INA<A CA OR TM% OR AD NUMa[RI 	 ICAT[OORrI L	
^.

err • ^

^.^wr^ ^w^"'; ,



r

OGO 4 OBSERVATIONS OF ION COMPOSITION AND

TEMPERATURES IN THE TOPSIDE IONOSPHERE

by

S. Chandra, B. E. Troy, Jr.,
J. L. Donley and R. E. Bourdeau
Laboratory fur Space Sciences
Goddard Space Flight Center

Greenbelt, Maryland

ABSTRACT

Direct measurement of the densities of various ionic

constituents (H+ , He+ , and 0+ ) and the temperatures of ions

and electrons have been obtained from the OGO 4 planar re-

tarding potential analyzer in the altitude range 400-900 km.

Results are presented from day and night passes in the mid

and low latitudes near the 1967 fall equinox. The passes are

selected to emphasize the latitudinal rather than the height

dependence of the measurements.

The main results can be summarized as follows:

(1) Above 800 km at night, there is a deep equatorial trough

in the He+ and a corresponding rise in 0+ , suggesting a

charge exchange between these two as an important loss

mechanism for He+.

(2) The dominant ion in the night at there altitudes between

+400 geomagnetic latitudes is H+ followed generally by

0+ and He+ . Outside this latitude region 0 + becomes the

dominant constituent increasing continuously towards the

pole.
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(3) The major ionic constituent in the daytime is 0 + through-

out the altitude and latitude range of observations. In

the height range of 400-500 km, the latitudinal variation

in 0+ shows the well. known feature of the geomagnetic

anomaly.

(4) Both electron and ion temperatures generally increase

polewards from their low latitude values. The electron

temperature is measurably higher than the ion temperature

even in the night time, indicating departure from thermo-

dynamic equilibrium.
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INTRODUCTION

The measurement of ion composition in the upper ionosphere

started as early as 1958 with the launching of Sputnik 3 LIstomin

19611. Soon after I1lcolet L19611 suggested that helium should

be considered an important constituent of the upper atmosphere,

the interest in making ion composition measurements on a global

scale became much more wide spread. A number of satellites and

rockets have since been launched towards the fulfillment of this

objective [Bourdeau et al., 1962; Bowen et al., 1964; Istomn,

1966; Hoffman, 1967; Taylor et al., 1968; Maier, 1969; Brinton

et al., 1969 (a, b). See also Bauer, 1970, for other detailed

references.]. More recently these efforts have been compli-
I.

mented by a network of incoherent back scatter stations LGordon,

19671. As a result of this intensive investigation, it is now

firmly established that the main ionic constituents in the top-

side ionosphere are 0 He H+ and N+ . Their relative concen-

trations depend on the altitude, latitude, local time, season

and the level of solar activity. The observational data, however,

is still not very extensive for the purpose of generalizing the

main features of the temporal and the latitudinal changes in the

ion composition. This is particularly true for the region between

400-1000 km which is very dynamic with respect to relative changes

between the densities of the heavier and the lighter constituents.

One of the main objectives of OGO 4 (the fourth in the series

of the orbiting geophysical observatories) was to help bridge the

gap of our knowledge in this area. The satellite was launched into

•
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a near polar orbit covering the altitude range of 400-900 km.

One of the experiments aboard this satellite was a planar RPA

(retarding potential analyzer) designed to measure the density

and temperature of the electron and ion gas and the ion composi-

tion. The high inclination and	 relatively small height range

of the orbit make it possible to effect some separation of the

latitude and local time variations in the data. This paper pre-

sents some results on the ion composition and temperatures as

measured from the RPA for late 1967, a period of moderately high

solar activity.

EXPERIMENT DESCRIPTION

The experiment hardware consists of two parts: the sensor

unit, located in the Orbital Plane Experiment Package (OPEP),

and the electronics unit, located in the spacecraft main body.

The sensor is illustrated scixematically in figure 1. Three

circular wire-mesh grids (GO, G1, G2) are placed in front of

and parallel to a circular collector plate (C). The transparency

for the three grids in combination is 0.9. All sensor elements

(collector and grids) are gold-plated. The outer grid is mounted

on a guard ring flush with the OPEP face; the guard ring and the

OPEP are electrically isolated.

The instrument is operated alternately in an ion mode and

electron mode. Appropriate voltages are applied to G2 and C so

that particles of undesired charge polarity are excluded and

electron photoemission from C is suppressed. A stepping voltage

of 128 discrete valuea is applied to G1 (ion mode) or to G1 and

4
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GO (electron mode) to selectively retard the flow of desired

particles. All voltages are with reference to spacecraft

ground.

The collector is connected to an electrometer amplifier

for current measurement and subsequent telemetry. At the normal

spacecraft data rate, each step in the retarding voltage takes

144 milliseconds, so that one ion cycle and one electron cycle

are obtained every 36.6 seconds. During accelerated data rate,

the step time can be as low as 18 milliseconds.

The electrometer operates in six linear amplification ranges;

the amplification changes by a factor of six from one range to

the next. The maximum current which can be measured in the

6
least sensitive range (range 6) is 5 X 10 	 amperes; the smallest

measurable current in the most sensitive range (range 1) is near

10-12 amperes. Maximum measurable charges particle densities

are on the order° of 106/cm3.

During normal stabilized operation, the satellite Z-axis

is maintained parallel to the satellite-earth radius vector.

The OPEP is mounted on a shaft parallel to the Z-axis, and the

shaft . is rotated so that the normal to the OPEP face is in the

orbital plane and is looking essentially along the velocity vector.

The sensor is thus oriented for maximum ion collection.

DATA ANALYSIS

Data are received in the form of retarding voltage -

collector current pairs, 128 pairs making up a complete curve

for either the electron or the positive ion mode. Figure 2

5



shows a representative ion curve, and figure 3 a representative

electron ciirve. in order to stretch out the horizontal scale

and thus show the significant portions of the curves in more

detail, the ion plateau current at retarding voltage -' 2.0 V

and the electron bacxground current at retarding voltage < 1.0 11

are not shown.

Although some information about the density and temperature

can be obtained quickly from the measurement of the plateau cur-

rent and the slope of the current voltage (I-V) curves, we rely

chiefly on data processing by computer to analyze large numbers

of curves and determine all densities and temperatures in final

form. A curvefitting technique based on the principle of minimum

variance is used in which density, temperature and spacecraft

potential are varied until the resulting calculated I-V curve

attains a highly accurate fit with the actual data. The fits

so obtained for the data in figures 2 and 3 are shown as solid

lines. A complete description of the technique has been pub-

lished earlier [Moss and Hyman, 19681.

After the experimental data from several passes had been

analyzed, it was seen that the program could consistently separate

helium from hydrogen, but not nitrogen from oxygen. Results from

other experiments indicate that n(N+ ) << n(O+) in the OGO 4

region of measurement [Hoffman, 1967; Taylor et al., 19681.

Under this assumption, further tests were made with both theore-

tically generated data and experimental data; these tests showed

that our results were not changed significantly by leaving nitro-

gen off the list of ionic components. Consequently, density

6



measurements presented in this paper will include only hydrogen,

helium and oxygen. It should also be noted that all ionic com-

ponents are assumed to have the same temperature T"I,.

During the periods covered by this paper, 0 s remains more

negative than -2 V; in fact, de s makes frequent excursions beyond

-7 V when the satellite is in the sun. Whipple and Parker L1969

have shown that conventional analysis of electron I-V curves

taken on a negative satellite will yield correct electron tem-

perature Te , but incorrect values of 0 s (>true 0 s) and electron

density n  (< true ne). We have often seen periods when ou

results give

0s(electron) > 0 8 (ion)

and

n  < n+

Because Whipple and Parker's work seems to explain these results,

and because we believe that n + determined by the ion plateau

current is more accurate than n  determined by the "break point"

in the electron curve, we delete n  from our results presented

here.

The highly negative satellite potential experienced in the

day also has an undesirable effect on the ion analysis. Under

such a condition, very little or none of the retarded portion of

the ion curve will be recorded. It is then impossible to deter-

mine T+ , although n+ may be obtained from the plateau current

value.
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In the high latitude regions there are considerable

temporal and/or spatial variations in the ionosphere. Con-

sequently, ionospheric conditions may change a great deal during

the time necessary to record one I-V curve (18 sec. for the

normal data rate). Under these conditions, the Analysis technique,

which assumes constant conditions, cannot properly fit the

curve. Our results in this paper are therefore limited to low

and middle latitudes, except where we compute ion density directly

from the plateau current.

EXPERIMENTAL RESULTS

For the polar orbiting 000 4, the local time of the satel-

lite remains essentially constant during a single north-south

or south-north pass (polar areas excepted). Therefore, variations

in the measured ion composition and temperature during one such

pass are due to changes in altitude and latitude. In order to

emphasize the latitudinal dependence of the results presented

here, we restrict ourselves to periods when the apogee and perigee

are relatively close to the equator. The periods are: (1) Septem-

ber, 1967, with a night apogee and a day perigee, and (2) late

October 1967, when the orbital precession resulted in a• day , apogee

and a night perigee.

Figure 4 shows a representative night time apogee pass for

the equinox condition. Plotted here are the 0+, He + and e

densities along with the electron and ion temperatures. The

measured parameters in this figure, and in the remaining figures

in this paper, are plotted versus geomagnetic latitude. As

iuf
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discussed earlier, the retarding potential technique does not

permit the resolution of both N' !' and 0+ with sufficient ac-

curacy. Accordingly, the latitudinal variation in 0 + shown

here may also be interpreted as the variation of the sum of

0+ and N+ , even though the latter may constitute only a small

percentage of the sum. We shall return to this point later in

the paper when discussing the physical significance of these

variations.

The latitudinal variations in electron temperature are very

similar to the ones observed in the 1000 km range from Exlorer

22, i.e, increasing from the equator towards the poles, first

gradually and then rather rapidly after the latitude region of

+ 400 [Brace et. al., 1.9671. The ion temperature follows a

similar pattern, thougA it is consistently lower than the electron

temperature by at :east 2000 K, indicating that thermal equilib-

rium has not been reached between the electron and ion gas in

the night time.

The latitudinal variation in the ion composition is quite

complex. In the equatorial region (+ 200 geomagnetic latitude),

H+ is the major constituent, followed by 0+ and He+ . The relative

concentration of these constituents change quite drastically with

latitude, suggesting a complex pattern of change in transition

height with latitude. Both He + and 0+ increase towards the poles,

though He+ increases much more rapidly than 0 + . In the mid-

latitude region, it is difficult to make a definite statement

about the relative concentration, of these ions. In the particular

9



pass shown here, H+ continues to be 'the major ion followed by

He+ and 0+ in the northern hemisphere. In the southern hemi-

sphere, this order is altered beyond -30 0 geomagnetic latitude

where He+ becomes the dominant constituent followed by 0+ and

H+ . In interpreting these differences, it is important to

consider the altitude variations of the spacecraft over a given

pass. This effect is most strongly manifested in 0 + and least

in H+ owing to the difference in their scale heights.

The most remarkable feature of the night time composition

is the presence of a deep trough in He+ in the equatorial region.

In almost all the passes studied so far, the depletion in He+

is accompanied by an enhancement in 0
+ . 

This point is sub-

stantiated in Figure 5, which shows the latitudinal variations

in the ionic constituents for three different apogee passes

through the equator. The latitudinal position of the apogee

is indicated by a vertical line. The local time at the equator

for each of these passes is about 0120. The anticorrelation

between 0+ and He+ near the equator is quite evident in all

three passes, with H+ being dominant followed by 0+ and He+.

In the midlatitudes, H+ usually continues to be the major ion,

followed by He+ and 0
+ . 

There are few exceptions to this gen-

eralization, which are probably associated with the altitude

variation of the satellite.

Figure 6 shows a daytime apogee pass, illustrating the

latitudinal variations of electron temperature and 0 + density

in the 800-900 km. altitude range. The large negative satellite

10



potentials experienced during the day preclude determining

ion temperature, as mentioned earlier.

Since the altitude variation on this pass is almost

symmetrical with respect to the geomagnetic equator, the

latitudinal variations in 0+ and T  can be attributed to solar

and geomagnetic effer	 as indicated by the changes in solar

zenith angle and t	 .gnetic latitude. The geomagnetic anomaly,

which is quite per,,, tent in the daytime below 500 km (Figure 7)

is absent above 800 km. The 0+ density, which is one or two

orderds of magnitude greater than its night time value, develops

a bulge in the southern hemisphere, indicating control by the

solar zenith angle. This control of the electron density and

ion composition at this altitude is a well-studied feature of

the topside region LChandra and Rangaswamy, 1967; Brinton et al,

1969(b)].
Since the ion curves were not analyzed by the minimum

variance technique, the H+ and He+ densities are not available

for this pass. However, visual inspection of the mid and low

latitude ion curves showed that the collected current due to

the light components ( see Figure 2) was about the same order

of magnitude as at night, although the total current due to all

components was an order of magnitude greater than at night. We

can therefore infer that the sum of the densities of H + and He 
4.

between 800 and 900 km does not change drastically from local

time 0130 to local time 0930.

11
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The electron temperature on this pass exhibits a strong

latitudinal variation. Both the gradients and the absolute

values are higher here than at night. An interesting feature

of the T  profile is the existence of the maxima at about 40 0 -

500 geomagnetic latitude on either side of the equator. The

presence of these maxima appear to be a very stable feature

in the latitudinal variation of T  [Brace et. al., 19671.

The temperatures and ion density below 500 km are shown

in Figure 7 and 8, corresponding to midafternoon and early

night passes. Again, the daytime results are without ion tem-

perature due to the high negative satellite potential. There

is no evidence of H+ or He+ on these passes, meaning that their

densities must be less than 5% of the 0 + density.

The formation of the daytime geomagnetic anomaly (Figure 7)

is quite evident. The corresponding latitudinal variation in T 

exhibits an interesting pattern in maintaining an inverse re-

lation with the ion density throughout the latitude region. The

formation of the temperature troughs near the density peaks is

very suggestive. We are not certain at this stage if this is a

regular feature of the electron temperature distrib"tion in the

low altitude range of the F-region. It will be necessary to

study a large number of passes before a (;efinite statement can

be made about the permanence of this inverse relation in the

anomaly region.

In the early night pass shown in Figure 8, the anomaly is

12
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present in -the density profile, although not as strikingly

as in the day. This observation is consistent: with previous

reports that the anomaly becomes less pronounced early in the

night and then disappears after midnight [Eccles and King, 19691.

The ion density in the equatorial region is quite comparable to

its daytime values, consistent with the well known feature of

post sunset density increase in this region. The asymmetry in

the ion density variation with respect to the geomagnetic equator

may partly be attributed to the asymmetry in the solar zenith

angle.

The temperature behavior here is similar to that at night

near apogee, i.e. increasing strongly poleward beyond + 400

geomagnetic latitude (see Figure 4). The departure from thero-

dynamic equilibrium is maintained throughout the latitude region,

with T  being consistently higher than T+ . A small but notice-

able difference between the temperature profiles of Figure 4

and Figure 8 is the broad maximum in the equatorial (anomaly)

region of Figure 8, seen most easily in the T + profile

SUMMARY OF THE EXPERIMENTAL RESULTS

In the previous section we have presented ion composition

and temperature and electron temperatures in the topside iono-

sphere for selected conditions. The main features we find are

as follows:

1. Above 800 km at night H+ is generally the dominant ion below

400 geomagnetic latitude. There is a strong inverse relation

13



between n(O+ ) and n(He+ ) near the equator. Somewhere

beyond 400 latitude, 0} becomes the m4ior ion while

n(H+) and n(He+) decrease. Both T+ and T  show sharp

increases toward the poles from relatively constant

lower latitude values.

(2) During midmorning in the same altitude range, n(0+ ) has

increased from its values at night so that 0 + dominates

at all latitudes. There is some indication that the

densities of the light ions remain roughly the same. A

peak in T  is seen in each hemisphere.

(3) Below 500 km, 0+ is the only ion detected by the RPA. The

variation of n(0+ ) with latitude shows the geomagnetic

anomaly until at least 2124 in the evening. Ion and

electron temperatixres increase toward the pole, as they

do at higher altitude. There is a slight rise in tem-

perature in the anomaly region at night.

DISCUSSION

In the topside region, the major processes controlling

the particle and temperature distributions Eire diffusion and

heat conduction. These processes, in turn, are strongly con-

trolled by the earth's magnetic field. Colin et.al ., [1969],

using the concept of diffusive equilibrium along field lines,

,.... have derived the ionic; distribution at 1000 km in the mid-

latitude region. In spite of the many simplifying assumptions

made in their derivation, the general nature of the distributions

of H+ , He+ and 0+ are in very good agreement with the observations

of OGO 4.

14



In the night equatorial region, the relative variations

of 0+ and He+ present a complex situation. The rapid increase

of He+ and the corresponding decrease in 0+ (Figs. 4 and 5)

cannot be attributed to simple diffusion mechanism. In fact,

the inverse relation between He+ and 0+ suggests the possibility

that the latter is being formed at the expense of the former.

The chemical processes giving rise to this situation are the

following [Bates and Patterson, 1961; Dalgarno, 1964; Bnuer,

1966; Mnier, 19681

He+ +N2 ^N+ +N+He	 (1)

He+ + 02 0+ + 0 + He	 (2)

He+ + 0	 0+ + He	 (3)

All three reactions involve charge transfer. The first two

are disscoiative and the third one is radiative in nature. Since

in these reactions 0+ or N+ are being created at the expense of

He
+
, it would seem that any one or all of them could be consis-

tent with the observations of OGO 4. As pointed out earlier,

the bulge in 0+ in the equatorial region may very well correspond

to the enhancement in N+ since the RPA sensor aboard OGO 4 can-

not resolve the mass differences between 14 and 16 a.m.. with

,sufficient accuracy. However, it seems more likely that the

radiative charge transfer between He + and 0 is an effective loss

process in the altitude range of 800 km. Very little is known

about the reaction rate of this process. It is probably two

15
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orders of magnitude less than the reaction rates corresponding

to the process 1 and 2, which are in the range of 10 -9 -- 10-10

cm8/sec. However, this is more than compensated by the dif-

ferences in the relative concentrations of 0, N 2 and 02 . In

the altitude range of 800 km, atomic oxygen dominates over

molecular oxygen and nitrogen by several orders of magnitude.

It must be emphasized here that the charge transfer between

He+ and 0 as a means of removing He+ from the atmosphere is

inferred only from a limited amount of observational data dram

OGO 4. This mechanism, if important, has a great potentiality

in resolving some of the problems of the helium budget in the

atmosphere. A more comprehensive analysis of OGO 4 data is in

progress to establish the consistency of these observations

over a longer period and to estimate the reaction rate for this

process.

GEOMAGNETIC ANOMALY

As shown in Figures 7 and 8, the most striking feature of

the latitudinal variations below 500 km is the existence of

maxima in the 0+ distribution at about 200 latitude on either

side of the equator. This phenomenon, generally known as the

geomagnetic,anomaly, is one of the most widely discussed topic

in the literature [See for example Cohen 1967, Goldberg 19691,

and is another example of diffusion as a controlling process in

the topside region of the ionosphere. The physical basis of

the formation of the geomagnetic anomaly is easy to comprehend



in terms of the geometrical properties of the earth's magnetic

and gravitational fields. This is illustrated in Figure 9, by

a two dimensional representation of the plasma distribution in

the earth's dipole field. The magnetic field lines are illus-

trated by white lines,and altitudes with respect to the surface

are indicated by the parallel concentric lines (both broken and

white). The electron (or ion) density distribution in this

configuration is shown by the variations in the background

shades. The region of the darkest shade in this illustration

corresponds to the region of the highest density and the region

of the lightest shade corresponds to the region of the lowest

density. The physical basis of this illustration is as follows:

assume that the vertical density distribution at the equator

is parabolic or Chapman-like, with a peak at about 500 km

(illustrated in the lower portion of the Figure 9). Based on

the concept of field-aligned diffusive equilibrium, the density

distribution along any field line will depend upon the density

of the region through which this field line passes at the equator.

Thus, a field line passing through the region of maximum ioni-

zation at the equator will have maximum density along its path.

The field lines passing through the equator above and below the

height of the maximum density accordingly will reflect the region

of lower densities. The density along any field line, of course,

is not constant. Along its path it decreases slowly, depending

upon the plasma scale height and the change in altitude.

17



In such a configuration, an observer crossing the latitudes

at fixed heights will encounter density variations very similar

to the one shown in the lower portion of Figure 9 by the dashed

curve. Moving away from the equator, the electron or ion density

slowly increases, becomes maximum in the 10-15 0 latitude zone

and falls off towards the poles. The mathematical basis for

this illustration has been discussed by Chandra and Goldberg

[19641. The simple picture presented here is meant to emphasize

that the geomagnetic anomaly is a very natural configuration

of an ionospheric plasma in an equilibrium state, under the

influence of the geomagnetic and graviatational fields. There

is no implication that processes like production, loss and

transport do not play any role in the formation of the equatorial

F-region. The effect of these processes have been discussed

extensively in the literature LBramley and Peart, 1965; Kendall

and Windle, 1965; Windle and Kendall, 1965; Hanson and, offett,

19661 and must be considered in making a detailed comparison

of the observational data with the theoretical predictions.

Another example of the influence of the magnetic field in

the topside F-region is latitudinal increase in electron and

ion temperature as discussed in the previous section. The

electron temperature measurements from IMP-2 [Serbu and Maier,

19661 have revealed that electron temperature in the equatorial

region above 1.5 earth radii increases directly as the square

of the radial distance. Based on the concept of field-aligned

heat conduction for the charged particles, this observation is

18
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consistent with the increase in electron temperature towards

higher latitudes as measured from OGO 4. The source of the

energy for this increase is probably the auroral region itself,

where the flux of energetic electrons is substantially increased

LMaier and Rao, 19691.

CONCLUSION

In this paper we have presented results on the latitudinal

variations in ion composition and temperature in the topside

region for the equinox or near equinox conditions. The most

inter"eating result is the inverse relation between the 0+ and

He+ variations in the night time equatorial region above 800 km.

These observations give the first indication of the radiative

charge transfer between He + and 0 as a mechanism for the destruction

of helium ions. The latitudinal variations in density and

temperature show strong influence of the solar zenith angle and

the earth's geomagnetic field.

The simultaneous measurements of electron and ion tem-

perature give us the indication that the electron and ion gas
below 900 km are not in thermodynamic equilibrium even in the

night time.
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FIGURE CAPTIONS

Figure 1 - Schematic of RPA sensor.

Figure 2 - Icn current-voltage curve with minimum variance fit.

Figure 3 - Electron current-voltage curve with minimum variance

fit.

Figure 4 - 'Y ho latitudinal variations in electron and ion tem-

peratures and ion composition for a night time apogee

pass through the equator. The temperatures and ion

densities are plotted against the running scales of

the altitude, solar zenith angle and geomagnetic

latitude.

Figure 5 - The latitudinal variations in ion composition showing

the equatorial trough in He 	 The positions of the

apogee are marked by vertical lines.

Figure 6 - The latitudinal variations in electron temperature

and 0+ density for a daytime apogee pass through the

equator. The temperature and ion density are plotted

against the running scales of altitude, solar zenith

angle and geomagnetic latitude.

Figure 7 - Electron temperature and 0 + density for a daytime

perigee pass through the equator. The changes in

altitude, solar zenith angle and geomagnetic latitude

are shown by means of the three running scales.

'	 Figure 8 - The latitudinal variations in electron and ion tempera-

tures and 0+ density for a night time perigee pass

through the equator. The three running scales show

n
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6

Figure 8 - the changes in altitude, solar zenith angle and
(Cont')

the geomagnetic latitude.

Figure 9 - The schematic showing the basic principles of the

geomagnetic anomaly.,
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