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The equatorial electrojet (EEJ) is a narrow band of 
current at the E-region altitudes of the ionosphere flowing 
eastward along the dayside dip equator.  

 
The worldwide solar-driven wind flowing across filed lines 
results in the E-region Sq-current system that produces an 
intensified eastward electric field at the equatorial day side 
of the ionosphere. 
 
This manifests itself in the enhancement of the horizontal 
component (H) of the  magnetic field at the 
magnetic equator with the maximum occurring at ±30 on 
either side of the equator.  

EQUATORIAL ELECTROJET 

Definition 

Generation Mechanism 

Measurement 
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Why the EEJ is confined to ± 30 geomagnetic 
latitude         

     It is dictated by the magnetic field line 
geometry which is horizontal and 
perpendicular to the magnetic equator. 
 
Why only at the E-region altitudes                      
Because the conductivity is maximum at the   
E-region altitudes of 100 to 110 km where the 
gyro frequency ( ) and collision frequencies     
(ʋ) are nearly equal. 
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Global view of the average Sq current system 
 

 At the geomagnetic equator, the Sq current systems of the southern and 
northern hemisphere merge with each other and intensify to form a jet-like current 
in the E-region of the ionosphere, which is called as Equatorial Electrojet. 

 
 

The special geometry of the magnetic field over the equator (nearly  to the 
wind) together with the nearly perpendicular incidence of solar radiation causes an 
enhancement in the effective conductivity which leads to an amplification of the jet 
current over the equator. 

Sq  Current  System 
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- 30 +30 90 Km 
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 The Electrojet is measured in nano Tesla (nT) by taking 

the difference in the horizontal components of the  

magnetic filed at the magnetic equator and at a location 

about 100 away from the equator so as to subtract the 

components of the magnetic fields from the inter planetary 

magnetic field (IMF), etc., 
 
 
In the case of Indian sub continent 

   Trivndrum (0.70)  Alibag (100) are generally used to derive 
the electrojet strength 
 



Space Physics Laboratory, Andhra University, Visakhapatnam, INDIA 

Counter ElectroJet 
(CEJ) 

Equatorial ElectroJet 
(EEJ) 
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The F-region geomagnetic anomaly.  Near the equator the electric fields of 
the atmospheric dynamo in the E layer are conveyed upwards along 
geomagnetic lines of force to the motor in the F layer where they produce 
an upwards movement of the plasma during the day.  The raised plasma 
then diffuses down lines of force to produce enhanced concentration at 
places on each side of the equator and decreased concentration at the 
equator itself. [Ratcliffe. 1972]. 
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plane,  in  a  theoretical  steady-­‐state  model  of  the  equatorial  F  region.    The  
motions  are  due  to  the  combined  action  of  plasma  diffusion  along  magnetic  
field  lines  and  electromagnetic  drift  across  field  lines,  produced  by  an  
assumed  distribution  of  eastward  electric  field.    The  magnetic  field  lines  are  
shown  every  200  km  above  the  equator  [Hanson  and  Moffett  (1966)].    



Space Physics Laboratory, Andhra University, Visakhapatnam, INDIA 



Space Physics Laboratory, Andhra University, Visakhapatnam, INDIA 

Eastward 
E lectr ic F ield 

Daytime ~ 9 LT to 21 LT 

Equator 
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Intensified 
Eastward 

E lectr ic F ield 
 

Daytime ~ 9LT to 21LT Daytime ~ 9 LT to 21 LT 
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Westward 
E lectr ic F ield 

 

Daytime ~ 9LT to 21LT Daytime ~ 9 LT to 21 LT 
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Locations of GPS Receivers in INDI A 
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The diurnal variation of vertical T E C/range delays measured using GPS receivers from 
four different stations near the equator (Trivandrum), the low latitude (Waltair), the 

anomaly crest region (Kolkata) and beyond the crest region (Delhi) 
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Trivandrum (8.470N) Waltair (17.70N) 

Bhopal (23.280N) 

Raipur (21.180N) 

Shimla (31.090N) Delhi (28.580N) 

Longitude  

La
tit

ud
e 
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Monthly mean diurnal variation of the T E C over four different stations, Trivandrum, Waltair, 
Bhopal and Delhi during the period from January 2004 to December 2004  
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The mean diurnal variation of T E C over four different stations, Trivandrum, Waltair,  
Bhopal, Delhi for three different seasons equinox, winter and summer during the period from 

January 2004 to December 2004. 
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Monthly average diurnal variation of standard deviations in T E C over Trivandrum 

0 2 4 6 8 10 12 14 16 18 20 22 24
0
2
4
6
8

10
12
14

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

R
an

ge
 D

el
ay

 in
 m

et
er

s

 
St

an
da

rd
 D

ev
ia

tio
n 

in
 T

EC

T rivandrum (8.470N , 76.910E)

November 2004

Local Time (Hrs)

SummerWinter Equinox

 

0 2 4 6 8 10 12 14 16 18 20 22 24
0
2
4
6
8

10
12
14

M arch 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0
2
4
6
8

10
12
14

M ay 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0
2
4
6
8

10
12
14

December 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0
2
4
6
8

10
12
14

April 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0
2
4
6
8

10
12
14

June 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0
2
4
6
8

10
12
14

January 2005

0 2 4 6 8 10 12 14 16 18 20 22 24
0
2
4
6
8

10
12
14

September 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0
2
4
6
8

10
12
14

July 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0
2
4
6
8

10
12
14

F ebruary 2005

0 2 4 6 8 10 12 14 16 18 20 22 24
0
2
4
6
8

10
12
14

October 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0
2
4
6
8

10
12
14

August 2004

   

   

   

   



Space Physics Laboratory, Andhra University, Visakhapatnam, INDIA 

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80

Waltair (17.70N, 83.30E)
Summer

November 2004

Local Time (Hrs)Local Time (Hrs)

Winter Equinox

 

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80

M arch 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80

M ay 2004

 

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80
December 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80
April 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80

June 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80

January 2005

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80

September 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80

July 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80

F ebruary 2005

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80

October 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80

V
 T

E
C

 T
E

C
U

V
 T

E
C

 T
E

C
U

V
 T

E
C

 T
E

C
U

V
 T

E
C

 T
E

C
U

August 2004

Local Time (Hrs)

Mass plots  of T E C for each month (showing the typical day to day variability) measured from 
the GPS signals at Waltair, located at the inner edge of the E IA 



Space Physics Laboratory, Andhra University, Visakhapatnam, INDIA 

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80

Waltair (17.70N, 83.30E)
Summer

November 2004

Local Time (Hrs)Local Time (Hrs)

Winter Equinox

 

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80

M arch 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80

M ay 2004

 

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80
December 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80
April 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80

June 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80

January 2005

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80

September 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80

July 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80

F ebruary 2005

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80

October 2004

0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80

V
 T

E
C

 T
E

C
U

V
 T

E
C

 T
E

C
U

V
 T

E
C

 T
E

C
U

V
 T

E
C

 T
E

C
U

August 2004

Local Time (Hrs)

Average diurnal variation plots showing the standard deviations of the day-to-day 
variability in T E C over Waltair 



Space Physics Laboratory, Andhra University, Visakhapatnam, INDIA 

Monthly average diurnal variation of standard deviations in T E C over Waltair 
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Average diurnal variation plots showing the standard deviations of the day-to-day 
variability in T E C over Raipur 
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Monthly average diurnal variation of standard deviations in T E C over Raipur 
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Local Time (Hrs)

Mass plots  of T E C for each month(showing the typical day to day variability) 
measured from the GPS signals at Delhi, located at the outer edge of the E IA 
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Average diurnal variation plots showing the standard deviations of the day-to-day 
variability in T E C over Delhi 
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Monthly average diurnal variation of standard deviations in T E C over Delhi 
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Plots showing the correlation between T E C and SSN , F10.7, and E UV for three different 
seasons over Trivandrum during the period from   2004 to 2005. 
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Plots showing the correlation between T E C and SSN , F10.7, and E UV for three  
different seasons over Waltair during the period from 2004 to 2005. 
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Plots showing the correlation between T E C and SSN , F10.7, and E UV for three different 
seasons over Bhopal during the period from 2004 to 2005. 
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Plots showing the correlation between T E C and SSN , F10.7, and E UV for three different 
seasons over Delhi during the period from 2004 to 2005. 
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Locations of GPS Receivers in India 
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Monthly average diurnal variations at 9 different stations along  
a common longitude of 770E 
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Typical contour plots of the diurnal variations of T E C , drawn as a function of latitude 
for (a) an equinoctial day, (b) a winter day and (c) a summer day along with the 

corresponding diurnal variations of the equatorial electrojet strengths. 
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September 2004                  O ctober 2004             

Contour plots of the diurnal variation of T E C for 9 stations (8.470N to 310N) along the 
common longitude of 77 0E during Equinoctial months 
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        November 2004                                December 2004 
 

                January 2005           February 2005       
 

        

Contour plots of the diurnal variation of T E C for 9 stations (8.470N to 310N) along the 
common longitude of 770E during Winter months 
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 May 2004                   June 2004     
    

         July 2004                        August  2004      
    

          

Contour plots of the diurnal variation of T E C for 9 stations (8.470N to 310N) along the 
common longitude of 77 0E  during Summer months 
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Variation of (a) Location  and (b) peak electron density of the crest of E IA as a function 
of Integrated Equatorial E lectrojet Strength during geomagnetically quiet days 
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 5th May 2004 (09:00 H rs LT) 
Trivandrum   Hyderabad 
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Typical T E C values at the respective subionospheric points in the region of 5 X 5 degree Latitude and 
Longitude at four Indian typical stations Trivandrum Hyderabad, Raipur and Delhi at a specific local time of 

09:00 Hrs on 5th May 2004 
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                       5th May 2004 (12:00 H rs LT) 
                         Trivandrum      Hyderabad 
 

   

                        Raipur                   Delhi 
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Typical T E C values at the respective subionospheric points in the region of 5 X 5 degree Latitude and 
Longitude at four Indian typical stations Trivandrum Hyderabad, Raipur and Delhi at a specific local time at 

12:00 Hrs noon on 5th May 2004 
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            5th May 2004 (15:00 H rs LT) 
Trivandrum   Hyderabad 
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Typical T E C values at the respective subionospheric points in the region of 5 X 5 degree Latitude and 
Longitude at four Indian typical stations Trivandrum Hyderabad, Raipur and Delhi at a specific local time at 

15:00 Hrs on 5th May 2004 
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Raipur                           Delhi 

Typical T E C values at the respective subionospheric points in the region of 5 X 5 degree Latitude and 
Longitude at four Indian typical stations Trivandrum Hyderabad, Raipur and Delhi at a specific local time of 

17:00 Hrs PM on 5th May 2004 

          5th May 2004 (17:00 H rs LT) 
       Trivandrum                 Hyderabad 
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Ray Path 

View Plot showing the conversion of ST E C  to V T E C 
on a horizontally stratified ionosphere 
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Diurnal variation of T E C over Kolkata and Waltair during high solar activity years 
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Current Challenges in Beacon Research with respect to Satellite 
Based Navigation systems in the low latitude sector 

1) Measurement of absolute TEC for accurate evaluation of the range delays in 
the trans-ionospheric signals 
 

2) Prediction of TEC ahead of time with reasonable accuracy demanded by 
satellite based navigation 
 

3) SBAS applications  50 x 50 grid  based interpolation technique  inadequacy 
in the equatorial and low latitudes because of large spatial gradients due to EIA 
(8 to 10 TEC units per each degree latitude) during high solar activity period. 
 

4) Mapping function errors in the conversion of Vertical TEC to Slant TEC and 
vice versa due to large gradients around the EIA region. 
 

5) Day-to-day variability in TEC 
 

6) Storm time variations in TEC 
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7) To the existing constellation of GPS, if GLONASS and GALELIO satellites 
also become  operational,  more vertical ray paths can be used with minimum 
mapping function errors for  TEC measurements at any location 

 
8) Increased L-band scintillation activity is expected at the EIA crest region with 

the increase in the solar activity  
 
9) Loss of lock of receivers  To identify threshold amplitudes of scintillations 

 
 

10) In the equatorial and low latitude sectors over different parts of the globe, 
measurements of TEC and scintillations to be intensified to buildup strong 
database that will help in modeling and in increasing the prediction capability 
of TEC and Scintillations. 
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The significance of different 
elements of the conductivity 
tensor depends on the relation 
between the gyro frequency ( ) 
and collision frequency(ʋ). 

 << ʋc 
 
Collisions prevent the gyro motion 

 particles move  E 
 p : Pedersen Current (  B ) 

 

 >> ʋc 
 
Particles able to make many gyrations 
before scattering by a collision 

 E x B drift dominates 
 H : Hall Current  B ) 
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GAGAN  INMCC Facility 
Bangalore 

Source:  ISRO  and  Airport  Authorities  of  India  
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Indian  Master  Control  Centre  

Source:  ISRO  and  Airport  Authorities  of  India
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11  Meter  Up-­‐Link  Antenna  

Source:  ISRO  and  Airport  Authorities  of  India
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The  implementation  of  the  GAGAN  Programme  is  in  
two  phases  
  
  
  GAGAN-­‐TDS  (Technology  Demonstration  System)  

    
  GAGAN     FOP  (Full  Operation  Phase)  
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Only   accuracy   has   been   verified   (7.6m   Vertical   and  
Horizontal   95%   of   the   time   within   the   perimeter   of  
INRESs).   Verification   results   were   well   within   the  
performance  requirements  
SBAS   Receiver   is   able   to   lock   GAGAN   PRN   127   (GSAT-­‐8)  
and   process   the   GAGAN   messages   for   providing   SBAS  
position.  Results  were  satisfactory  
Ranging  Capabilities  were  Demonstrated  

Perimeter  sites  exhibited  good  performance  also  

In  TDS  phase  there  were  no  Integrity  and  Level  of  service  
requirements  

  

GAGAN-­‐TDS   Performance    
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GAGAN  -­‐  FOP  Objective 
  

1) To  establish  a  fully  operational  SBAS  with  redundancies    and  
to    

2) Establish  suitable  region  specific  IONO  model  and  to  get    

3) safety  Certification    for  the  system  for  the  Civil  Aviation  use.  

  

The  GAGAN  Full  Operational  Phase  (FOP)  objective  is  to    
provide    a  certified  navigation  system  for  all  phases  of  flight  
by    augmenting  the  TDS  system  suitably  
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After the GSAR-8 is launched, flight test with small aircraft has been 
carried out for all the four parameters Accuracy, availability, integrity 
and continuity.  
 

Satisfactory results are achieved for CAT- I & II approaches. 
 

Enroute  250 m Decision Height 
 

Integrity (MCS  Satellite  User)  6 Sec has been achieved. 
 

 GSAT -10 (PRN 128) will be launched between July-December 2012. 
 

 The three Ionospheric models developed by ISRO are successfully 
tested. 

1. MLDF (Multi Layer Data Fusion) Model  
2. TEC model 
3. Depletion model 
 

  The installation of ground based equipment are in the final stage 
 

 The system is expected to be certified and operational in the year 
2013 

GAGAN - CURRENT STATUS 
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(GAGAN) 
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GAGAN    Task  team  with  Raytheon  team  
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