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Ground based magnetometer data have been used ex te~sively in 
the past to infer the pattern of equivalent current flnw above the earth ' s 
su r face. Hcwcver it was not possible to assign rc~l current flow charac ter­
istics to the ionosphere and magnetosphere until in situ mappirg of field­
aligned current flow penetra ting the auroral aval was carried out . Enhanced 
knowl edge of rea 1 current fl ow perm i ts the use of more soph ·i s ti cated 
tcch\1iq~1~s t0 qu 0. !"!°t~t2ti .'e1y e'.':}l:..::te :he bi:chaviouy- cf the aürv;~a1 elc:trc ·­
jets which are responsible for the major magne tic variations observed at 
the earth 1 s surface. This report describes the development of invers ion 
techniques 1-1hich can b~ used to provide quantitative information on the 
strength and distribution of auroral electrojet currents in the evening 
sector . The mode l current svstems used involve both the normal three 
dimensional current loop ,.,hose ionospheri c portion is the east-west 
electrojet, and the north-south Pedersen ionospheric currents linked to 
the magnetosphe re cy east -v1est orie :1tE:d field-aligned sh2e t currents . \~e 
demons tra te, in t ;1 i s re port, the abil i ty of th i s technique to cietec t 
multiple electrojet configurations in the evening sector auro ra l oval. 
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Introduction 

!t is now gencrally Rccepted tnat the cuter regi~ns of the 

ear·th's magnetosphere are coupled ta the io!losphere by fie1d-a1igned 

electric currents (Bir~eland, 1908, Bl'.i; Alfvén, 1939; Fejer, 1961; 

Kern, 1962; BostrBm, 1964) . The magnet i c e ffects of these currents 

have becn detected above the auro,al oval using polar orbiting sateliites 

. (Zmuda et a 1. , 196ï; l mudê. et a 1 . , · 1910; Armstrong and lmuda s 19 70, 

1974) and using ground bascd magnetorneter arrays (Hughes and Rostoker , 

1977). 

Kr.0~\'ledge of the gross field-o.ligneà cutrent conf·;g ~.ff iltion 

derived in recent years b_y Sugiura anà Poternra (19ï6) and Iijirna and 

Potemra {1976) has alloweà the ciev2lopme0-c of models of th2 real 1nc1gneto­

spher~-ionosph0re current configuration (Yasuhara et al., 1975; Hughes 

and Rostoker , 1977) and studies of the relationships among the field ­

aligned currents and the ionospheric electr ~jcts and auroral ~istrib~ticn 

(Armstrong et al., 1975; viailis et aï., 1976; Kamide et al., 1976) have 

tied togeLher many of t he important auroral parameters and a.ccat·ding -!y 

irnproved our unders t v. r,ciing of the basic auroral zone proces ses. 

The ·ctevelop1·!1en t of co0rd inated grour.d based magnetorneter ar-rôys 

nm·: pr2se::ts th2 possi bï!ity of more 12ffective l y eva.lua ting the iev2l and 

character of auro ral zone magnetic activity t hrough the use of realistic 

current models and i nversion techniques. The solution of the inverse 

prob·l ein fovc:"ives the !T!2 nipL!la t io1~ of è suite of ground based data to infer 

ioncspheri c and œag1etospher ic current systems in the framework of a 

spe(;ific curren t system mode1. The inverse problem has been formally 

sol ved by us i ng 1 ir12ar i n\'ers2 th eory by Rack us and Gilbert ('! 970) and 



? ..., 

has bccn applied ta the prcblem of up~er atmospheric current flow by 

Oldenburg (1976). In this report we shall utilize linear inverse theory 

to provide estimates of current intensity and distribution across the 

auroral aval in the evening sector and in the hour_s immediately preceding 

local magnetic dusk. We shall show that the westward electrojet pene­

trates into the pre-midnight quadrant to the north of the eastward (steady 

stntc) convection electrojet, but that it is oftcn absent in the region 

near the dusk meridian. 

L inear Inverse Theory 

The magneti c fi el d perturba. ti ons from the three .. d~mens icna l 

east-west system (Kisabeth and Rostoker , 1977) can be inverted ta obtain 

estirnates of the height--ïntegrated ionospheric Ha1l current df:nsity 

(Oldenburg, 1976). Once the pa.rameters defining the geometry of thr; 

current system (longitude of the eastern and we stern field-aligned 

current sheets , and the northern and southern latitudinal boundaries of 

the ionospheric current) have been specified, the magnetic field observa-

tiens on the surface of the earth 

longitude t
0 

are obtained from 

(r=a), at colatitude 0 • 
0 

and 

j=l ,2, ... ,N 

where EH B. is any component of the ma gnetic field, 
J 

i s the Ha 11 

current density in -1 Am , 

the ionospheric c~rrent. 

and are the colatitude limits of 
rn G. is the Fr~chet kerne1 or Green's function 

J 

for the probl em and is depen dent upon the geometry of the current system 

( 1 ) 
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as well as the location on the earth 1 s surface where the magnetic datum 

is obtained. 

Kisabeth (1971) has used a derivatio~ based on magnetic charge 

to show that the magnetic perturbations from the three-dimensional 

north-south current system can be computed in a mann2r similar to (1), 

namely, 

B _NS ( e ,k ) 
J a, o' 'l'o 

where JP( e) is the Pederson current densHy. 

Since bath of these systems exist simultaneously the ground­

based magnetic observations are 

B. = B _EW + 
J J 

j -- 1 , ... , N 

Assuming that the electric field is purely north-south,, 

a 
JP( e) = î J ( e' OH H / 

where aH and crp are respect ively the Hall and Pedersen conductivities. 

Equations (1) and (2) can be ~ombi ned to give 

( 3) 

( 4-) 

( 
EW ~ NS l G.~· (a, e0 , cp

0
; e) + G. (a, e , r±> ; 8) . de 

v OH J O ' 0 1 

/ 

(5) 
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EW 0
n NS where G. = G. + --.r.. G. i s the camp 1 etè Fréchet kerne 1 for the prob 1 em, 

J J c.rH J 

and for convenience we have dropped the subscript H on JH(e). This 
0 

formulation therefore requires that the ratio P;oH be known; if it is 

not, this rati6 may be rega rded as a free par~meter which we can feel 

frec to adjust until the discrepancies between the observations and ~ode l 

calculations are minimized. 

question: 

The inverse · problem which we shall salve poses the following 

given the N magnetic meas urements B. what can be said 
J 

about the current densi ty J(e) in the regi on e < e < e 1-· o- 2 Linear 

inverse theoi~ shows that the only estimates a~ailable tous are linear 

combinations of the data themselves, that is, 

\1here 

N 
<J(e ) > =) a .( e ) B. 

· o L., J " o· J j=l 

N 
= I 

j=l 

A(e, e
0

) is called the averaging function and is effectively the window 

through which the current density structure is v·iewed . 

The a.' s 
J 

in equation (7) can be computed in a variety of ways. 

The method employed here is the quadratic criterion of Backus and Gilbert 

{1970) because this leads to averaging functions wh ich are not contamina ted 

by sidelobes (Ol denburg, 1977) . If 1\(0, 0
0

) is narrow and peakerJ at 

e = 0 then <J(e
0

)> will be a localized estimate of the current density 0 . 

in a region near e = 0
0

• Importantly, this f0rmulation als o salves the 

non-uniqueness :)n!::ilem, f or aU posBibZa current densi t icsJ J(8), which 

(6) 

( 7) 
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give r-!.se to the ::>bserJL7.tions p1•av·ide t7w szne estimate <J(0 ) > '-·'hcn 
0 

they are ave~aged wi t h A(e., e
0

J.. A1so, the observational errors (or 

errors incurred by a departure of the current system from the moclel assumed 

here) mùy be included in the analysi:; tJ provid2 estimates of the standard 

deviation, cr(e
0
), of <J ( e ) >. 

0 
Our fi né11 knowledge about the current 

density at e = 60 is therefore codified by the three quantities: 

·<J(eo)>, cr(e
0

), and A(e, e
0
). 

In addition to the uni,1ue estima.tes of the current density it 

is also possible to cbtain estimates of the totJl curr2nt flowing in the 

system. To complete this calculation it is desired to find a 1ir.ear com­

bination of Fr~chet kernels to make a constant function in the region 

e1 ~ e ~ e2. Oldenburg (1976) has shown that those estimates are relatively 

in~ensitive ta errors in the dJ~a and arc t~crefcre we11 -determi~cd. 

Lastly, it must be emphasized that although there exists 

infinitely many current densHies which will recreate the observ2.t"ions, 

the averages, <J(o)>, will not do so. Interpretation might be facilit­

ated by examining some explicit r.urrent densities which reproduc~ the 

observations. Such current densities may be found by minimizing a specific 

functiona1 subject to the corstraint.s that the observations are reproduced . 

. The additional constraint that the current density be zero at the northern 

and southern limits of the electrojet may also be included if desired. 

The functiona1s which lead to sets of linear equations are: 

62 

«pl = f [J(e)F de 

and 
e, 

62 

</>2 -· f [J 1(e)J2 de 
el 

where = 

(8) 

(9) 
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The current densiti2s minimizing (8) and (9) (subject to the 

constrairats) are respectively the 11 smallest 11 ar.d 11 flattest 11 models. To 

ensure that 

it is computationally expedient to minimize 

e2 
= 

8 
J [f(e) J (e)J 2 ~e 

l 

where f(e) is a function which is equal to 1.0 everywhere except nea.r 

e1 and e2 where it rises to some large amplitude. The minimization 

of (11) subject ta the constraints (5) shows that 

where the 

J{e) 

a.' s 
J 

1 N 
= --- Y c1 • G. ( e) 

[f(e)] 2 j~1 J J 

are the solution to the N x N system of equations 

N 
B. = I a. r .. 

J i=l l lJ 
j = 1, ... ,N 

and 

82 
r

1
.J_. = J [f(e)J 2 G. (e) G. (e) de e1 l J 

Ta find the flattest mode1 we define 

e 
HJ. { e ) = f G . ( u ) du 

e J 
l 

( 10) 

( 11) 

( 12) 

( 13) 

( 14) 

(15) 

/ 
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Tlle rninimization of (9) subject to the constraints (S) and (10) readily 

leads to the conclusion that 

where 

Tl = 

N 
= n - }: a. H. (0). 

j=l J J 

1 
02 

I a. J H. ( é) de 
j J el J 

The system of equa tions t o be solvcd is 

where 

62 
B. = li J H. ( e) de + I a . R .. 

J 0 J i 1 lJ 

R.. = 
lJ 

1 

j=l,2, ... ,N 

The current der.sity J(e) is then readily recovered from equation (16j. 

( 16) 

( 17) 

( 18) 
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Discussion of the ThEcry 

In order to demonstrate the application of iinear inverse theory 

in the determination of latitudinal current distributions from yround 

based ,riagnetic data, a latitude profile of magnetic data \vas synthe:s1zed 

from a known model three dimensional current system. The model used wa s 

that for a three dimensional east-west uniform current distribution of 

strcngth 2.21 A/m (Kisabeth and Rosioker, 1977) with the current limited 

to 4° of latitude (66° to 70°) and 20° of longitude. Five values of the 

north-south (X) and vertical (Z) magnetic field perturbations were gener­

ated (Figure 1). These data were then used as input to the inversion 

computer code, subject to different model parameters. 

In the first example, the current was constra ined t o lie betwe2n 

20° anà 24° co,ati tude, the same limits used ir1 the generation of the datë. 

Figure 2 shows the result of the current inversion. The solid line is a 

plot of the estimates <J(e)> from the inversion, and the broken line is 

derived for the flattest model . In this case, the estimates agree with 

the real values, because of the uniformity of the real current distribution, 

and because all parameters (length, width, position, etc.) were specified 

to be exactly correct. The flattest model has been clamped at the ends 

(viz. the current has been constrained to be zero outsiàe the latitudinal 

limits read off the latitude profile) (see Eq . 16), and because we have con­

strained the current to lie between 20° and 24° colatitude, the Godel 

current density osc-iïiates spat·ially in oràer to fit the observati0ns as 

well as to satisf_y the miniinization of 

82 
t = J [J1(e)] 2 de 

01 
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The second exRmple (Fig. 3) shows the results of relaxing the 

current boundary constrafot. That is, Figure 3 is the result of inverting 

the same data as used in Figure 2, but this time restricting the inverted 

current to be between 19.5° and 24.5° colatitude. · In this case, <J(e)> 

is no longer the boxcai· function as in the first example, but has rounded 

edges. (The actual current distribution has also been plotted in Figure 

3, as a dashed line.) Outside the 1imits shown , the computer program i n 

effect attempts to reduce the value of <J( G)> in accordance with the fact 

that thcre is rea11y no cùrrent outside these limits. The broken line is 

the flattest ~odel which fits the data. Since, in this case, we do not 

force the current to be clamped at the real current boundaries, this 

model is a fair approximation to the real current. 

Another example is shown in Fig~re 4. !n this case a11 the curr~nt 

model pararnetèrs were set to the values used in generating the data, but 

the magnetic perturbations from the field aligned currents and the ring 

current were omitted frorn the calculations in the inverse problem. In 

this case, <J(e)> is reduced, consistent with the tact that the field 

aligned currents produce -6H in the eastward electrojet regime which, in 

part, cancels the +~H produc~d by the ionospheric electrojet. The result of 

this change is that the Flattest model exhibits large amplitude spatia1 

oscillations, indicating an incorrect model has been used. 

A final theoretical example is provided by relaxing the lati tud inal 

extent constraint as well as including only the ionospheric current in the 

model (Figure S). Although Figs. 4 and 5 differ quantitatively, the quali­

tat ive nature of the two is very sirnilar. Both give a highly oscillatory 

current density for the fl attest rnodel, again indicatir.g an i:lcorrect choice 

of mode1. 
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The observations described above serve to demonstrate several 

features of the inverse problem._ First, all the above flattest models of 

current distribution (JF(e)) if used in the forward problem (i.e. if we 

calculate l:IH and l:IZ using J,.. as the current .distribution) will pro-
r 

duce values of l:IH and û that agree with the observations within the 

constraints of the problem. (Figures 6, 7, 8 and 9 are plots of the original 

data (X, Z) and the computed results (0, l:I) for the four theoretical cases 

described above. ) However, each of these models are different, and this 

fact emphasizes the fundamental problem of inversion techniques, that of the 

non-uniqueness of the result. Here we have four different mod2ls of cur­

rent density (and indeed geometry) each capable of reproducing the observa-. 
tians. As discussed in the theory section, the only unique calculation that 

· can be made is that of <J(e)>. <J(9)> is however dependent upon the 

Fréchet kernals, G . . (2quation 1), and is therefore model dependent. 
J 

This 

is apparent from the different nature of the <J(8)> curves for each of 

the theoretical cases, but for a given model and data set <J(e) > is unique. 

Before proceeding to the data, a brief discussion of the philo­

sophy of the approach to the modeling problem should be made. As seen in 

the theoretical results, choice of an incorrect model, or incorrect model 

parameters; leads ta spatially oscillatory current density for the flattest 

models. (The same is true of the 11 smallest 11 model; indeed the smallest 

model is very sensitive to errors.) However, if a set of magnetic field 

values were given, and it was desired to find a model that fit the data, 

and suppose that one current boundary was chosen incorrectly, then the 

result would be similar to that shown in Figure 10. The current density 

for the fl attest mode l is spatially oscillatory, and the current dens ity 
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estimator curve deviates from the known current density at the poleward 

boundary. The fit to the data in this example is very good, v:ith a root 

mean square relative error of 1ess than l~L Given no a priori kno· .. ,ledge of 

the nature of the current distr·ibutiü,1, this result rnight be quite accept­

able. Hm,,ever, duri ng epi sodes of s trnng magnetospheri c acti vi ty i ono­

spheri c conductivity and electric fields may beco~e quite ~ntense in 

spati~lly 1ocalized regions. For such cases, one might not expect a 

smooth current distribution across the latitudinal extent of the aurora1 

oval a~d hence use of the flattest mode1 might not b2 justi fied. However, 

in our study vie have dealt only with the modelling of data obtained from 

hourly averages of the magnetic field perturbations. Since substorm 

electrojet elements have a lifetime of~ 15-30 minutes insofar as the time 

scale of the inlense aurnt·al '✓ dri at ions are concerned, our prnfilés then 

smear out the effects of intense localized electrojet elements. For this 

reason we decided ta concentrate on the flattest models of current distri­

bution, as they would be expected to best describe the large time scale 

current tonfigurations which our latitude profiles depict. 

Analysis of the Data 

The primary data suite for this study is from the University of 

Alberta magneto me ter line over a period of operati0n from àay 332 of 1971 

to day 24 of 1972. The meridian line lies along ~ 300°E geomagnetic, and 

LMT is UT minus 8 hours (i.e. 0000 LMT = 0800 UT). The time period of 

interest in this report is from 2300 UT to 0700 UT (approx i mate ly 1500 MLT 

to 2300 MLT). Each station in the line is equipped with a three co1nponent 

fluxgatc magnetometcr and digital recording system. Measurements by the 
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system are accurate te ±1 nT over a range of 1000 nT, and timing is con­

sidered accurate to ±0.l s, except at Contwoyto Lake where the accuracy is 

±1 min. The coordi nates of the 8 digital observatories used in this study 

are given in Table 1. In a~dition, two obs2rvatories (Resolute Bay, 83.0°N 

and Newport, 55.1°N) are operated on the 300°E meridiùn by other agencies 

and their data were used in this study to supplemen t the meridian line 

data. 

For use in this study, the data were manipulated to produce hourly 

averaged values (c2nt2red on the half hour) of each comp8nent at each 

station, and latitude profiles were constructed fo r each hourly interval of 

interest. The horizontal components (H and D) were rotated so that the 

perturbation components of the field are presented in the geomagnetic 

{centered dipole) system. 

In order to invert such data for the latitudinal current distribution, 

a model is required from which the magnetic field perturbations may be 

computed. As described in the theory section, the model is due to Kisabeth, 

and consists of both east-west and north-south current sheets, bounded by 

field-aligned currents, with closure in the magnetosphere. However, this 

mode l a 1 one cânnot acco1mt comp l ete ly for the observed a veraged magneti c 

· perturba tions for the magnetic local time sector from 1500 to 2300. tlughes 

and Rostoker (1977) have examined the data suite used in this present study, 

for all magnetic local times, and ha ve found that there is an unbalanced 

upward fichi-a1igned current flow in the po le\...,ard part of the auroral ovâl 

from about 1800 MLT to 2300 MLT. For the purposes of modell-ïng, this current 

is a perturbation upon the simple east-west plus north-south current model. 

In light of the discussion of the theoretical mode ls, it is apparent that 



Si.t e 

Ca 11:bridge Bay 

Contwoyto Lake 

Fort Re liance 

Fort Smith 

Fort Chi pewyan 

Fort McMurray 

l-foanook 

Leduc 

Table 1 

Coordinates and L Values of Hagnetometer Line Sites 

Code Name 

CAMB 

CCN T 

RE L! 

SMIT 

FTCH 

MCMU 

MENK 

LE DU 

Geographic 
Latit ude ( 0 N) Longitude ( 0 E) 

69.l 255.0 

65.5 249.7 

62.7 ?. 51 • 0 

60.0 248.0 

58 . B 248.0 

56.7 248.8 

Slt. 6 246.7 

53.3 246.5 

Geomagnetic 
Latitude ( 0 N) Longitude ( 0 E) 

76.8 296.6 

72.6 295.8 

70.3 300.l 

67.3 300.0 

66.3 303.l 

64.2 303.5 

61.9 300.8 

60.6 302.9 

19.5 

11. :~ 

8.9 

6.8 

6.2 

5.4 

4.5 

4.2 . 
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such a perturbation will affect the inversion results. The main effect of 

these net field-aligned currents appears in · the D (east-west) component, 

and since AD is most subject·to other effects, such a3 surges, the D 

component has not been used in this study. As well, a global, average 

current mcdel has been devised (Hughes and Rostoker, l9ï7) and the calcul­

ated magr.etic field perturbations from this model, for the currents situ­

ated between 0200 MLT to 1200 MLT have been remcved from the datâ. This 

has been done to ensure that the magnetic field data used in the inversion 

was due, as closely as could be determined, to current flow in the near 

vicinity of the meridian line. 

Regarding the superposition of ar. east-west curr2nt system and a 

nbrth-south current system, Mozer and Lucht (1974) have shown that for the 

1cca1 tim2 sector 1500 to 2300, the average auroral zo~e electric field is 

almost purely northward, thus driving a northward Pedersen current and an 

eastward Hall current. Brekke et al. (1974) have shown that for quiet 

tirnes, the ratio of the height integrated Hall to height integrated Pedersen 

conductivities is ~ 2, for all local times. These observations combine to 

yield an ap~roximately constant north-south to east-west current density 

ratio of~ 2 for 1500 MLT to 2300 MLT. Trial inversior.s using Hall to 

Pedersen height integrated cond uc tivity ratios of from 5.0 to 0.2 yielded 

best fitting models at a ratio of 2. , and _this value was used throughout 

this study. 

The north-south extent of the currents were determined to a first 

approxi mation from the AZ extrema (Rostoker 1972) and expanded about 1.5 

- 2° beyond thi s, and the east-vvest extrema were assurned to be loca l magnetic 

noon and 2200 M:.. T, as sho\vr. in the mode l of Hughes and Ros toker ( 1977). 
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Finally, before proceeding to the results of the data analysis, 

the effects of the assumed external c:.rrrcnt systems as 1t1el l as the effect 

of the north-south current system upon inversions of ieal data should- be 

examined. Figure lla is a plot of three different flattest models, all for 

real data from day 3, 1972, 2300-2400 UT (1500-1600 MLT) [see Fig. llb 

for the relevant latitude profile]. The broken line is the flattest model 

· for the raw average data, using only an east-\vest current model. It is highiy 

oscillatory, and the oscillations are of large amplitude, reminiscent of 

those theoretical models in which various incorrect current model parameters 

\'Jere used for the inversion. At this point, one must decide if the real 

current does oscillate in this manner 0r if rather the real current is 

smoother in character. As described above, it is inferred from this cu rve 

that the mode1 is at best incomplete. Tf1e dotted line is the res11lt of 

using the combined east-west/north-south current system. It is noted that 

the amplitude of the excursions is greatly reduced by the addi t ion of the 

north-south current system. Lastly, the solid line is the result of re ­

nDving the external current systems as explained earlier, as well as using 

the combination current system. The model is again slightly improved. 

In summary we have shown that the predicted ionospheric current 

. density distri bution across the auroral oval is highly sensitive to the choice 

of model. In particular , for the exo.mp1e shown in Fig. llb, 1t1e have shm•m 

that the Dest model includes both the north-south and east-west iono-

spheric currents (along with their associated field-aligned currents as per 

BostrBm 0964)), and that the effects of distant curren t distributions of 

significant intensity cannot be igno red in the evaluation of the model cur­

rent density distributicn across the aurora1 aval. 



Figure ll a : A plo t of t he flat te st n~ del current distri bution resu1tin g 
from 3 invers ions of U.e data sh m-m in Fi gure llb. (- -- - .. ) is the res uït 
wh en a s ·imple t hree-di men sior:al east-1t1est curtent system i s used. (··· •·· · ·) 
is t he result wh en the east-west system is ccmb i ned with a three-di mE nsi onal 
nor th - south sy stem . ( ) i s the result when the data i s corrected f0r 
external current systems, and then modelled usi ng a superposed east-west 
and north-s outh èurrent system. 
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Figure llb: The averaged latitude profile for 2300 to 2400 UT day 3 of 
1972. The results ~f inverting this data are shown in Figure 11a. 
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Results 

A typical set of averaging fonctions for real data is shown in 

Figures 13-15 and the latitude profile for 1,1hich these functions were 
. . . 

calculated is shown in Figure 12. The profile is indicative of both east-

ward and westward flowing current, lying between about 62.5°N and 75°N 

(i.e. 27~5° and 15° colatitude). The averaging function for a moderate 

value of the trade off parameter (n/4) is shown for the northern (e = 

15.00) and southern (e = 27.50) extrema, as well as for an inter­

mediate colatitude (e ~ 20.00). It should be noted in Figure 13 that the 

averaging function peaks at 16.5° colatitude, although this function was 

computed for 0
0 

= 15°. This means that <J(0)> for 0 = 15° will be 

somewhat contaminated by values of J at higher colatitudes. This is nnt 

unusual for the data to be presented here, i.e. the estimate obtained by 

inversion for <J(e )> 
0 

for sma 11 e
0 

may be an average centered at some 

value of 8 slightly higher than the desired 0
0

• This is nota major 

problem in that the exact current bounds are impossible to determine 

in most cases, to within less than 1-2°, from the latitude profiles. Apart 

from this minor criticism, the curves of A(0, 0
0

) for real data are 

remarkably similar to theoretical curves and it is therefore expected 

that good estimates of <J> will be obtained. 

OnE example of a latitude profile and its inversion, chosen as 

typical for eac:h heur between 1500 to 2200 MLT will be presented. 

Figure 16 is a typical latitude profile for 1500 to 1600 MLT. 

In terms of a simple ionospheric current, this profile would be interpreted 

as primarily an eastward current lying between approximate1y 66°N and 80°N. 

The negative àH north of 75 ° can be removed by assuming the pres en ce of 



Figure 12: Average latitude profile for day 17, 1972 for the interva.1 
0600 to 0700 UT (2200 to 2300 MLT) . 
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Figure 13 : The averaging function A(e, e ) for e
0 

= 15 ° , for the data 
shown in Fi gure 12. 0 
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Figure 14: Same as Figure 13. for e = 27.5° . 0 
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Figure 16: Average latitude profile for the hourly interval 2300-2 400 UT 
(1500-1600 MLT ) of day 13, 1972 . 
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the three-dimensional cun-ent system involvirlg poleward flowing Pedêrsen 

current as well as the other auroral . current system across the pole in the 

morning sector. The result of inverting the H ar,à Z componerri: data (label­

led X and Z in Figure 16 and subsequent latitude profiles) is shown in 

Figure 17. The solid line is the curve for <J(e)> and the broken line is 

the plot of the flattest n~de l. The current density estimates have been 

chosen from a set of estimates, ·one for each of several values of the 

trade-off parameter. Each point on this curve was picked on the basis of 

the width of the averaging function the error in the estimate . as well as 

the form of the flattest model. Since the flattest model is only one of 

infinitely many models which can be generated to fit the data, it has been 

used only as a guide in deciding the form of the curren t density estimates. 

In th·is case, , ,~) <u ~t:J > is roughly parabo lic, 0ith a ~eak al about 0.006A/m. 

The total eastward current flowing in the electrojet is (6.7 ± 0.5) x 1O4A. 

In interpreting the current density inferred from the flattest 

model, it is important to note that the positive peaks shown near cc-latitudes 

of~ 11.5° and~ 22° should not be considered as evidence of real west-

ward ionospheric current flow. This can be seen from the fact that there 

is no indication of westward current flow in the inverted data (solid curve). 

The positi ve peaks are, in fact, part of the oscillations associated with 

inaccuracies in the choice of all the current model parameters for the mode l 

system as we11 as for the external systems. Reduction of these oscillations 

to minimal ilm;::l itude would, in effect, prod1ice the rnost correct model for 

the current conf~gurations responsible for the magnetic variations shown in 

our latitude profi le. 

Figure 18 i s a typi ca 1 pt-ofil e from the next one hour peri .:)d, 
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Figure 17: The result of inverting the data shown in Figure 16. 
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Figure 18: Average latitude profile for the hourly interval 0000-0100 UT 
(1600-1700 MLT) of day 3, 1972. 
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1600-1700 MLT. This profile also indicates .eastward flowing current lying 

between approximately 67°N and 76°N. Inversion of this data (Fi g. 19) 

yields an oscillatory flattest model, but one in which the current f1ow is 

predominantly east'l,ard. The curïent density estimates indicate a broad 

eastward current, approximately uniform across the width of the electrojet. 

Figure 20 shows the final profile from the pre-dusk sector 

(1700-1800 MLT). The latitude profile is suggestive of purely eastward 

current a long the auroral ovai, and this is confirmed by bath the inversion 

technique and by the flattest model (Figure 21). These results are con­

sistent with those in the previous two hourly intervals, indicating the 

similar physical behaviour of the electrojet(s) across the auroral aval 

in the MLT interval 1500-1800. 

To this point the, inversion of 1atitude profiles in the pre-dusk 

sector indicates only a broad eastward current as the average persistent 

feature. The character of the latitude profiles changes in the post-dusk 

sector. Figure 22 is typical of the profiles made for dusk to 1900 MLT. 

Interpretation of this profile in terms of a simple east-west current system 

would result in placing westward current between ~ 70°N and 76°N, and a much 

weaker eastward current equatorwa rd of this, extending to about 63°N. 

Inversion of this profile (Fig. 23) does not give a clear eut flattest model 

indicati ng that, there are errors in the model parameters. However, this is 

an average profil e over a zone in which the nature of the curren t flow 

changes from pu re eastward to mixed eastward and westward, and this is ~ot 

taken into account in the model. The nature of the current distribution 

can be determined from the current density est imates <J(B)>. The inversion 

results (solid curve) shown in Figure 23 indicate, then, that there is bath 
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Figure 20: Average latitude profile for the hourly interval 0100-0200 UT 
(1700-1 800 MLT) of day 15, 1972. 
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Figure 21: The inversion of the data shown in Figure 20. 
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Figure 22: Average latitude profile for the hourly interval 0200-0300 UT 
(1800-1900 MLT) of day 333, 1971. 
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Figure 23: The inversion of the data shown in Figure 22. 
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Figure 24: Average latitude profile for the hourly . interval 0300-0400 UT 
(1900-2000 MLT) of day 18, 1972. 
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Figure 25: The inversicn of the data shown in Figure 24. 
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Figure 26: Average latitude profile for t he hourly interval 0400-0500 UT 
(2000-2100 MLT) of day 338, 1971. 
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Figure 27: The inversion of the data shown in Figure 26. 
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Figure 28: Average latitude profile for the hourly interval 0500-0600 UT 
(2100-2200 MLT ) of day 335, 1971. 
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Figure 29: The inversior1 of the data shown in Figure 28. 
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Figure 30: Inversion of the data shown in Figure 12, for the hourly 
interval of 0600-0700 UT (2200-2300 MLT) of day 17, 1972 
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Figure 31: A plot of the 11 smalles t 11 model current density for data. from 
the hourly interval of 0600-0700 UT, day 17, 1972. 
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un eastward current (between about 19° and 28° colatitude) and a westw~rd 

current poleward of this (10° to 19° colatitude). The total current in the 

eastward jet is approximately 70% of that in the westward jet, a result 

which was not anticipated from the ~atitude prof~,e. 

All the average latitude profile~ for the heurs beginning at 1900 

MLT to 2200 MLT indicate a double current system. Figure 24 is typical 

for 1900 to 2000 MLT. In this case, the flattest model is essentially un­

equivocal (Fig. 25) and the current density estimates indicate roughly 

parabolic current distributions. Similar results are obtained for 2000-

2100 MLT (Figs. 26 and 27) and 2100-2200 (Fig. 28 and 29). Figure 30 is 

the result of inverting the data from the latitude profile shown in Figure 

12. The flattest model in this case is less unamb1guous with respect to 

the latitude at which the transition from westward current flow to east­

ward current flow occurs, than in the previous 3 hours; however, this time 

period is adjacent to the region of the Harang discontinuity and we might 

expect that we ar2 approaching external current systems whose effects 

result in significant errors in our choice of the free parameters of the 

model. Applying corrections to the model to account for end effects of 

the currents flo\'1ing in the Hara.ng discontinuity is difficult to ce.rry out 

and this probably accounts for the poorer flattest model. The estimates 

<J(B)> are unequivocal in indicating the presence of two anti-parallel 

current fl ows. 

For completeness, one example of a 11 smallest 11 modei (Equation S) 

has been included. Although such models were routinely computed, it was 

found that they were of little help in determining the nature of the current 

density. Figure 31 is the smal'iest model that coincides with Figures 12 
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and 30. The current model if Figure 31 does fit the data, and this does 

serve ta emphasize the ncn-uniqueness of this whole ?rcblem. Howcver, it 

is of little other assistance. 

Discussion 

The purpose of this study v,a s ta verify the exis_tence of a 

westward current flow poleward of the eastward convection electrojet as 

a permanent feature of the magnetic local time sector between 1800 and 

2300 heurs. The results presented here are consistent \vith thi s. A lthough 

only one example of each hourly interval in this sector (and several 

hour1y intervals prior to the dusk meridian) have been shown in this report 

several examples from each hour have been analyzed, and these all yield 

the same qualitati~e results. Prior to 1oca1 magnelic ctusk, o~ly a broad 

eastwa rd curren t flow is observed. From dusk to approximately 2300 Mll. 

the latitude profjles and their inversions indicate that both a westward 

current and an eastward current coexistas a steady state feature. Al­

though the magnitudes of these 2 currents vary from profile to profile, 

the shape of the current distribution curves are remarkably similar and it 

is tempti ng to correlate this with particle precipitiation profiles and 

electric field profiles. In general, the current distributions are roughly 

paraboli c, in agreement with Scrase 1 s (1967) descripti on of the auroral 

electrojets . Rostoker an d Kisabeth (1973) have shown that eastward and 

westward elect~cjets exist sirnultanccusly in this ti me sector during polar 

magnetic substorms. The fact that similar patterns of current flow exist 

bath as a steady state fea t ure and a disturbed feature is important to the 

understanding of magnetospheric processes, in that it wou ld appea r that 
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the substorm is ~ perturbation on a pre-existing current pattern. This 

observation may lead to further ·insight into the origin and driving mech­

anisms of polar magnetic substorms. 

In summa ry the 1 i near inverse theory of Back1is and Gi 1 bert ( 1970) 

has been applied to inversion of ground based magnetomete1' data to obtain 

latitudinal ionospheric current distributions (Oldenburg, 1976). This 

technique yields uriique estimates of the current density as a function of 

colatitude. In order to facilitate interpretation of the results of this 

analysis, a model of current density which reproduces the data has been 

generated, i.e. the flattest model. It has been shown that this model 

produces an unrealistic current density if the current model pararnêters 

·of the forward model are incorrect. It has been assumed therefore that 

if the flattest model of current density for real data is not smooth, then 

there are errors in the foy,,,ard model fr2e parameters, or a1ternatively, 

there are other carrent systems influencing the data. In the interpreta­

tion of the inversion results, several factors must be taken into account. 

Values of <J( e)> are chosen in such a way as to use a narrow averaging 

function, A(e, e
0
), while yet minimizing the standard deviation of the 

estimates <J >. In cases of doubt, reference has been made to thE flattest 

model ijlso. However, it must be cmphasized that the flattest model is only 

one of an infinite set of models of current density that will reproduce 

the data. It is not necessarily a model of the real current density distri­

bution. The spatial oscillations whi ch appear in the fl attest current 

density model have been assumed, in light of the discussion of the theo­

retical examples, to be on1y a reflection of the correctness of the forward 

current mode 1. 
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