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ABSTRACT 

On March 14, 1974, an instrumented sounding rocket 

carrying a cesium vapor vector magnetometer was launched 

from Poker Flat, Alaska, over a stable auroral form which 

had an intensity of approximately 10 kR in 5577Â. The ex¬ 

periment took place just before local breakup as the pay- 

load passed over the equatorward portion of an auroral 

loop that was open to the West. Measurements of the per¬ 

turbation in the magnetic field along the flight path are 

used to infer the current flow in the vicinity of the 

auroral arc. Although problems with the data have left 

the field-aligned current flow indeterminate, the results 

indicate a weak electrojet system flowing to the South of 

the visual arc. This model is then correlated with ground- 

based data in an attempt to determine regional electrojet 

activity. Results imply that the flight took place very 

near the Harang discontinuity. 
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INTRODUCTION 

This thesis describes the results of the launch of a 

Nike-Tomahawk sounding rocket from Poker Flat, Alaska, on 

March 14, 1974. This payload, designated NT-4, was the 

latest in a series of flights conducted by the auroral 

research group at Rice University to investigate the nature 

of the currents associated with an auroral arc. 

The thesis contains four chapters. The first describes 

a brief historical overview of material on ionospheric cur¬ 

rents. The second describes the payload and gives a short 

introduction to the techniques used in the reduction of the 

magnetometer data. The third chapter presents the data. 

The final chapter models a current system to fit the data 

and compares these results with those obtained through 

standard ground-based methods. These results are discussed 

in terms of and compared to other current auroral research. 
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CHAPTER 1 

Electrojets and the Harang Discontinuity 

It has long been known that one of the most prominent 

phenomena accompanying aurorae is the disturbance in the 

geomagnetic field known as the polar substorm. These 

disturbances were studied by Birkeland (1908) who suggested 

that they were caused by the flow of large scale currents 

in the ionosphere. He postulated that these currents were 

carried into the ionosphere by field-aligned electron flow. 

As a result, these field-aligned currents have become known 

as Birkeland currents. 

Historically the most studied disturbance appears as 

a large scale distrubance (several hundred gammas) in the 

horizontal component of ground-based magnetometers. These 

are best explained as horizontal currents flowing in the 

100-120 km region of the ionosphere (Cole, 1966; Chapman 

and Bartels, 1940) . These currents flow along the auroral 

zone, generally in an eastward direction before magnetic 

midnight and in a westward direction after magnetic mid¬ 

night, They are called auroral electrojets. Research into 

the details of the shape of the horizontal current flow 

patterns first led to the consideration of two dimensional 

systems (i.e., constrained to flow in the ionosphere). One 

consists of an eastward electrojet flowing along the even¬ 

ing side of the auroral oval and a more intense (generally) 

westward electrojet flowing along the morning side. The 
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closing currents of this system occurs mostly over the polar 

cap, but with some lower latitude closing currents as well 

(Chapman, 1952; Fukushima, 1953; Heppner, 1954; Obayshi, 1968). 

A model lacking an eastward electrojet was devised by 

Akasofu (1965) resulting in a model with only a single cur¬ 

rent cell. In other cases different current systems were 

proposed such as the reversed current model of Feldstein 

(1966). The main point is that horizontal electrojets 

should flow in the region of auroral arcs where the high 

energy precipitating electrons have caused extensive ioniza¬ 

tion and thus raised the conductivities, 

A major problem with the two dimensional models is the 

lack of an effective mechanism to drive the currents. The 

search for such a mechanism led to the consideration of 

systems in which the magnetosphere provided the source and 

was connected to the ionosphere through field-aligned 

Birkeland currents. Alfvén (1939, 1963, 1970) has suggested 

that a charge separation layer (now called the Alfvén layer) 

builds up due to different drift motions of ions and elec¬ 

trons as they are convected toward the earth from the regions 

of the geomagnetic tail. The resulting electric field is 

mapped onto the ionospheric region along the equipotential 

field lines. In order to limit charge buildup, Birkeland 

currents have to flow along the highly conducting field 

lines into the auroral region (Schield et al., 1969; 

Cloutier, 1971). Bostrôm (1968) also proposed that field- 

aligned currents may arise due to plasma pressure gradients 
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producing a current perpendicular to the magnetic field 

in the magnetosphere. Any divergence in these perpendicular 

currents must be balanced by a field-aligned current con¬ 

nected with the ionosphere. 

Several basic types of three dimensional current pat¬ 

terns have been proposed. Bostrom (1964) produced the two 

basic configurations illustrated in Figure 1.1. Zmuda and 

Armstrong(1974) use two sets of field-aligned sheet currents, 

one in the evening sector with the upward sheet poleward 

of the downward sheet, and one in the morning sector with 

the upward sheet on the equatorward side, Yasuhara et al. 

(1975) and Kamide et al. (1976c) combine results from 

several sources to produce models of horizontal and field- 

aligned current flow in the night time sector (see Figure 

1.2). 

Of particular importance to this thesis is a brief 

discussion of the high latitude feature in the ionospheric 

current flow pattern known as the Harang discontinuity. 

Harang (.1946) concluded from his study of high latitude 

magnetic disturbances that a discontinuity exists in the 

auroral current systems in the midnight region. He also 

suggested that associated boundaries might be found in other 

auroral phenomena, such as luminosity or convective motion. 

In recognition of these findings, Heppner (1972) named 

this phenomenon the Harang discontinuity. Indeed, this 

region is important in that it is an area of change for 

most of the phenomena associated with convection, substorms, 
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Figure 1.2 

Current System Proposed by Kamide et al.(1976) 

(a) Vertical arrows represent field-aligned currents 
at the poleward and equatorward electrojet bound¬ 
aries of the auroral oval. 

(b) Schematic illustration of three dimensional 
current model. 
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and electric fields. Figure 1.3 shows a plot of AH, AZ, AD 

disturbance levels as a function of local time and latitude. 

These plots indicate the overlap of the positive and nega¬ 

tive bay regions of the AH component in latitude. The co¬ 

incident pattern in AZ is consistent with interpreting this 

in terms of ionospheric currents flowing eastward and west¬ 

ward, respectively in the southern and northern parts of 

the overlapping region. In addition to the reversal of 

the ionospheric Hall currents from East to West as the 

boundary is crossed, other features change. On the even¬ 

ing side, quiet stable arcs change to rapidly changing 

structured forms in the morning sector. Heppner (1954) 

found that these changes correlated with the AH reversal. 

Convective motion in auroral forms also reverses across 

the discontinuity (Davis, 1962) from westward on the even¬ 

ing side to eastward on the morning side. More recent 

measurements, discussed later, of the electric field also 

indicate change across the boundary. 

This thesis deals with the results of the vector mag¬ 

netometer aboard NT-4. The primary purpose of this system 

was to increase our understanding of Birkeland current 

sheets. However, in flight degradation of the magnetometer 

system has left it impossible to say anything substantial 

about any such currents occurring during the flight. Instead 

I will concentrate on the determination of the electrojet 

activity associated with the aurora of that evening. 



Figure 1.3 

Contours of equal AH, AD, AZ, after Harang(1946) 

Coordinates are magnetic latitude and local 

solar time. The magnetic local time is added 

for AH. 
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CHAPTER 2 

Experimental Technique 

2.1 Payload Description The magnetometer carried on board 

the payload was designed to be able to measure the magnetic 

perturbations due to field aligned Birkeland current sheets. 

These perturbations are expected to be on the order of a 

few hundred gammas in a direction perpendicular to the 

earth's magnetic field 50,000 gammas). Thus a sensi¬ 

tive vector measurement is necessary, since the change 

produced in the magnitude of the total magnetic field will 

be small. A sensitivity on the order of 1 gamma in mag¬ 

nitude and .03° in angular resolution is required. The in¬ 

strument was located in the nose-cone of the payload in order 

to reduce the effects of stray fields produced by the rest 

of the payload. The device chosen to satisfy these require¬ 

ments was a cesium vapor vector magnetometer. As the de¬ 

tails of the magnetometer's construction and the experi¬ 

mental techniques associated with it have been documented 

in great detail elsewhere (Park, 1970; Sandel, 1971; Sandel, 

1972) only the basic information necessary for a clear 

understanding will be included in this thesis. The inter¬ 

ested reader is referred to these documents for full details 

of the instrument and the detailed data reduction technique. 

In addition to providing information on magnetic 

perturbations, the magnetometer (together with the Lunar 

Aspect Sensor) can be used to provide data on the payload 
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attitude which is necessary for the interpretation of re¬ 

sults from the compliment of particle detectors on board 

the craft. These include the High Time Resolution experi¬ 

ment (HTR), Channeltron electron detectors covering the 

energy range of .125 - 18 KeV, a neutral hydrogen detector, 

a Geiger-Mueller detector, and a proton detector. Below, 

a short description is given of the experiments. 

2.1.1 HTR The HTR is an instrument basicly designed 

to detect modulation in the incoming auroral electron flux 

in the frequency range of 0 to 10 MHz and in the energy 

range of 4-6 KeV (failure of a bandpass filter before launch 

limited the frequency coverage to 0 - 2.5 KHz and 230 KHz 

to 9.9 MHz). The instrument is capable of detecting modu¬ 

lation down to 3% of a typical auroral electron flux of 

particles. A full description of the experiment and its 

results may be found in Spiger et al. (1974) and in 

Murphree (1974). 

2.1.2 Channeltrons A set of electron detectors em¬ 

ploying Channeltron electron multipliers formed the primary 

system for energetic particle detectors aboard the vehicle. 

There were two clusters of detectors, one fixed at 45° to 

the payload spin axis, and the other at 135° to the spin 

axis. If, as desired, the payload in flight is oriented 

at 45° to the earth's magnetic field then this arrangement 

allows full pitch angle coverage of the incident electron 

flux as the payload spins. Each cluster contained detectors 

covering the energy range of (KeV): .125-.25, .25-,5, .5-1., 

1-2, 2-4, 4-6, 6-8, 8-12, and 12-18. For a further 



8 

description of the instrument see Pazich (1972). 

2.1.3 Neutral Hydrogen Detector This consists of a 

. » o 
mirror electrostatic analyzer preceeded by a 100-300A 

thick foil to produce ions by charge exchange with the 

neutral particles and a collimator using crossed electric 

and magnetic fields to remove unwanted charged particles 

from the incident beam. A complete description may be 

found in Iglesias and Anderson (1972). 

2.1.4 Geiger Mueller Detectors There were two sets 

of G.M. tubes mounted at 45° and 135° to the payload spin 

axis. Each had a low energy tube (threshold of 12 KeV) 

and a high energy tube (threshold of 22 KeV). 

2.1.5 Proton Detectors This device uses a magnetic 

analyzer with 3 channels (KeV): .3, .5-.8, and 2-3. There 

were units at 45° and 135° to the payload spin axis. 

The particle detectors were mounted in the central 

portion of the payload behind two doors which were scheduled 

to be ejected by explosives approximately 60 seconds into 

the flight. The HTR and neutral hydrogen detector looked 

out of the lower door while the rest of the detectors were 

mounted behind the upper door. 

2.2 Magnetometer Signal Analysis The magnetometer carried 

on board NT-4 was a single cell optically-pumped cesium 

vapor scalar magnetometer with a bias coil set to provide 

a very stable bias magnetic field across the sensor 

(Cloutier, 1967; Ness, 1970). The bias field had a mag¬ 

nitude of about 9000 gammas oriented at about 80° to the 



payload spin axis. Since the output of the sensor is a 

frequency that is linearly proportional to the magnitude 

of the magnetic field (3.49854 Hz/gamma), the rotation of 

the bias field as the payload spins produces a modulation 

of the total field as seen by the sensor. This modulation 

can then be decoded to obtain vector information on the 

ambient magnetic field. 

Consider a payload spinning with angular velocity 

w at an angle 0 with respect to an external magnetic field 
s 

Bg (see Figure 2.1). Denote the bias field by Bq. It is 

fixed at an angle T to the equatorial plane of the payload. 

The coordinate system in Figure 2.1 is fixed in the pay¬ 

load's frame of reference and rotates with it. We can 

calculate the net magnitude of the magnetic field as a 

function of time to be: 

B(t) = X1/2 (1 (2-la) 

where 

X = B 2 + B 
g o 

2 + 2B B sin(0 + T) 
g o 

(2-lb) 

and 
4 B B COST sin0 

o g  (2-lc) 
X 

Note that X and k are not time dependent and that B(t) has 

the form of an elliptic function of the second kind. The 

output of the magnetometer is given by 



/\ 

A Z (Payload spin axis) 

Figure 2.1 
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where f(t) is the output frequency and KL is the Larmor 

constant for cesium, 3.49854 Hz/gamma, 

The first step in the reduction of data is the determ¬ 

ination of Bg(t) and 0(t) assuming that BQ and T are known 

from the magnetometer calibration procedures. The magneto¬ 

meter output is passed through a frequency to voltage dis¬ 

criminator and then compared to a reference voltage. A 

counter determines the number of cycles of the magnetometer 

signal between reference level crossings. As illustrated 

in Figure 2.2 we define: 

ti 
Ci = / f(t)dt (2-3a) 

t o 

12 
C2 = J f(t)dt (2—3b) 

11 

Also the number of cycles of an extremely stable reference 

oscillator is counted between reference level crossings. 

If fRef is the reference oscillator frequency, we define: 

Rl = fRef*(tx ~ to* (2-4a) 

r
2 = 

f
Ref*

(t2 " (2-4b) 

Using the symmetry of elliptic functions around maxima 

and minima and equations 1 through 4 we can write: 
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Ci 
CO s 

E(k, 4>i ) (2-5) 

where 

4K
T 

1
 / 

Ci + C2 = ^ X 7 2 E(k, TT/2) 

4>I + 
2L 
2 

(2-6) 

(2-7) 

and where E(k, <J>i) is an incomplete elliptical integral of 

the second kind and E(k, ir/2) is a complete elliptical 

integral of the second ind. Combining equations 2-5 and 

2-6, we get: 

Ci E (k, <f>i) 

Ci + C2 
= E (k, TT/2) (2-8) 

Since <J>i is known from equation 2-7, the value of k may be 

determined by trying values (via computer) until equation 

2-8 is satisfied. Then either equation 2-5 or 2-6 may be 

solved for X. Equations 2-lb and 2-lc constitute two 

equations in and 6 which may be solved by successive 

approximations. Flight time is determined by summing Ri's 

and R21s. 

The final coordinate required is <j), the azimuthal spin 

angle. This together with B and 0 gives B , the total 

vector field, in the vehicle spin axis centered coordinate 

system. If w t is measured once each spin period at 
s 

corresponding values of the phase of f(t) and 2TT radians 

per spin period are subtracted off, then the resultant 

quantity should be the azimuthal change in B^. Let TR 
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be the time between the Oth and the nth maxima in f(t). 

Then we have 

<J) = to T -2irn (2-9) s n 

Coning motion of the vehicle about the center of angular 

momentum produces additional modulation: 

i / to t +6 1 / 2 
f(t) = KlX 

/2 (l-k2sin2 (— )) (2-10) 

where ô, X, and k are all functions of time now which de¬ 

pend on to , the coning angular velocity. In practice to 
c c 

is slow enough that the departure of equation 2-1 from an 

exact elliptical function is negligible over a single 

spin period. 

The data must now be transformed into a center of 

coning system which is an inertial system. The appropriate 

equations and techniques, as stated earlier, are well 

documented (Park, 1970; Sandel, 1971; Sandel, 1972) and 

do not bear reptition here. 

2.3 Pre-Plight Magnetometer Calibration Calibration of the 

magnetometer bias field's magnitude and direction were 

first performed at the Magnetic Test facility located on 

the NASA Goddard Space Plight Center in Maryland. Standard 

calibration procedures (Park, 1970) gave values ofT = -9.99° 

and BQ = 13763.6 gammas. However, it appeared that the 

bias field magnitude was not stable but instead slowly 
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drifted. The direction of the bias field did remain con¬ 

stant. The drifting was stopped after replacement of comp¬ 

onents of the bias field power supply. Unfortunately, 

scheduling problems made it impossible to recalibrate at 

Goddard. As a result it became necessary to use a "field 

calibration" which took place in Houston. The instrument 

was taken out into a field away from any perturbing man¬ 

made fields and placed upright. The magnetometer was then 

slowly rotated around the vertical axis until a maximum in 

the signal frequency was recorded (191180 + 20 Hz). The 

instrument was then rotated 180° around the vertical to a 

minimum in the output frequency (158892 + 5 Hz). A proton 

precession magnetometer determined the magnitude of the 

earth’s field at that point to be 50776 gammas. Assuming 

the value for x measured at Goddard was correct and invert¬ 

ing a computer subroutine used to determine values of 

and 0 as described in section 2,2, a value of = 11363.7 o 

gammas was obtained. 

2.4 Summary of Auroral Activity During the flight of NT-4 

a quantitative record of auroral activity was obtained 

through the use of two Meridian Scanning Photometers, one 

located at Fort Yukon and the other located at Ester Dome, 

some 190 km to the southwest of Fort Yukon (both lie approx¬ 

imately on the same magnetic meridian). These devices 

scanned the sky from North to South along the magnetic 

meridian by use of a rotating mirror, each scan taking 

about ten seconds with an additional ten second period 
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between scans. Through the use of narrow band interference 

filters the instrument records the light intensity as a 

function of angle above the northern horizon in four wave¬ 

lengths: 5577A, 4278A, 6300A, and 4861A (H Beta). 

On the evening of March 14, 1974, M.S.P. coverage 

began at Fort Yukon at 06:06:20 U.T. At this time there 

was an arc at 15° North elevation with an intensity of 

about 4 kR. Over the next two hours the arc split into 

two arcs, then rejoined and underwent minor luminosity 

changes, but until 08:04:37 there were no significant major 

changes. At this time the entire sky from the North horizon 

to zenith began to.show a faint luminosity. At 08:58:04 

the arc in the North began to intensify and move slowly 

to the South. By 09:03:46 it was located at 20° North 

elevation. At 09:04:50 the arc began to split into two 

arcs of approximately equal luminosity (3 kR), but by 

09:10:11 the southerly arc was fading and the northern 

arc then proceeded to move South to about 40° North eleva¬ 

tion. It was at this time that a broad area of luminosity 

began to form in the vicinity of 60° South elevation and 

quickly began to intensify. At about 09:18:44 when the 

decision to launch was made, the northern arc stood at 30° 

North elevation with an intensity of 24 kR. The southerly 
O 

arc had a peak intensity of 29 kR in 5577A located 8° 

South of zenith. By launch at 09:20:09 UT a slight 

diminution in the arcs' intensity was observed. Throughout 

the duration of the flight the arcs remained relatively stable 
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in position and luminosity, the South arc maintaining a 

luminosity between 9 and 12 kR. The payload passed over 

this arc but did not reach the northern arc. At 09:28:00 

the southern arc began to broaden out and split into a 

multiple arc. The northern arc was fading out. At 

09:29:47 auroral breakup activity began moving in from 

the East, filling almost the entire sky with rapidly chang¬ 

ing forms. 

All sky camera coverage was obtained from Fort Yukon. 

The minute and hour hands of the reference clock of the 

ASC failed to operate so some difficulty in determining 

accurate times was encountered. However, the second hand 

did function properly and combining the rate of operation 

of the ASC (1 frame/minute in the slow mode, 18 frames/min¬ 

ute in the fast mode) with the assumption that the ASC was 

activated at the same time as the MSP, times were obtained. 

The validity of this procedure is confirmed, to some extent, 

by the fact that the auroral breakup activity crosses 

the magnetic meridian in the ASC pictures at the same 

time that the MSP traces jump abruptly to higher values. 

The ASC photographs during the flight indicate two arcs 

extending East-West (magnetic) which are fairly uniform 

with only slight structure. However, to the East we see 

that the northern arc turns southward and then connects 

to the southern arc forming a horse shoe shaped structure 

open to the West. Figure 2.3 shows the arc configuration 

at 09:20 UT (launch time). By 09:29:40 breakup activity 
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had crossed the magnetic meridian and shortly thereafter 

the entire sky was covered by rapidly changing forms. 

2.5 Vehicle Performance The rocket was launched on 

March 14, 1974, at 09:20:09.621 U.T. Table 2-1 shows the 

sequence of events aboard the vehicle. Door ejection was 

scheduled for T + 60 seconds and high voltage turn-on 

occurred at T + 124. Launch azimuth was 29° true, or approx¬ 

imately along magnetic North and a launch elevation of 71° 

was used. This launch elevation was intended to give an 

angle of 45° between the payload spin axis and the earth's 

magnetic field after exit from the atmosphere. This angle 

(a ) was in fact 37.23° at T + 90 seconds (atmospheric 
c 

exit). The trajectory was nominal, reaching a peak alti¬ 

tude of 188.9 km at T + 216 seconds. As we shall see, 

later analysis of the magnetometer signal yielded a coning 

half-angle of 11.211° and an average coning period of 

50.17 seconds. The average spin time was 189 ms. 

Real time observation of telemetry indicated that all 

systems were functioning in a normal manner. However, later 

analysis of the recorded signals gave evidence that the 

majority of experiments suffered a complete loss of data 

for the duration of the flight. Engineering data revealed 

that T + 120 seconds the upper door pin puller monitor 

reading abruptly went to 0. There should not have been a 

change at this time. At the proper release time the upper 

door monitor did not show the release of the upper door. 

The lower door monitor was normal and indicated normal 



TABLE 2-1 

Flight Time Altitude 

Liftoff 

sec 

0 

Nike Burnout 3.5 

Tomahawk Ignition 12 

Tomahawk Burnout 21 

Door Ejection 60 

High Voltage On 124 

Apogee 216 

Loss of Signal 379 

U.T. (km) 

09:20:09.621 0 

09:20:13.121 1.4 

09:20:21.621 6.6 

09:20:30.212 17.7 

09:21:09.621 80.1 

09:22:13.836 152 

09:23:43.4 188.9 

09:26:28.887 62 
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door deployment. This indicated the possibility that the 

upper door did not deploy. Since the payload doors were 

designed to produce minimum dynamic perturbation in the 

case of simultaneous release, deployment of just one door 

should produce different behavior of the vehicle, in partic¬ 

ular a significantly larger than normal coning angle. In¬ 

deed, comparison with other similar flights indicates that 

the coning half-angle for a normal sequence of events is 6°- 

8° while for NT-4 it was 11.2°. This also apparently in¬ 

dicates that the door was closed. 

Investigation of the engineering monitors revealed 

that the high voltage power supplies for the instruments 

behind the upper door suffered arcing. One possibility to 

explain this is high residual gas pressure in the upper 

bay. If the upper door was closed venting of the trapped 

gas to the outside could have been hampered. The HTR in 

the lower bay appeared to function normally. Murphree 

(1974) gives an extended analysis of the HTR's performance 

and results. 

The magnetometer's signal was received from launch, 

through the powered portions of the flight, and up to loss 

of signal. However, beginning about T + 128 seconds large 

drops in the amplitude of the recorded magnetometer signal 

began to occur. At first data was lost for short periods 

of time, 1 or 2 spins. At approximately the time of apogee 

the problem became worse and the periods of 237-243, 249- 

255, and 282-302 seconds were lost entirely. At these times 
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a progressive attenuation of signal amplitude was observed 

with the attenuation being largest when the output signal 

of the sensor was at its highest frequency point during a 

given spin period. A solution was sought to explain this 

eratic behavior. 

For the three previous Nike-Tomahawk flights a ceramic 

nose-cone was used. On NT-4 a nose-cone was used which in¬ 

corporated organic materials as a bonding agent. In an 

attempt to explain the experimental problems a sample of 

the material of this nose-cone was checked for outgassing 

characteristics under conditions of high vacuum and elevated 

temperature. The sample was placed in vacuum under a bank 

of 12 infrared lights. The lights were turned on, and when 

the temperature of the system reached 800°Ff the pressure 

became so high that the vacuum pump could no longer operate. 

Quantitative measurement indicated that almost 3% of the 

initial weight of the sample was lost due to outgassing. 

It is difficult to try to estimate quantitatively the pres¬ 

sure in the vehicle which would result from this outgassing, 

but it is strongly felt that the rate would be sufficient 

to account for the residual pressure which led to the arc¬ 

ing in the high voltage power supply of the upper bay. The 

estimated nose-cone temperature would reach 2000°F. Further 

more, in the outgassing tests, a thick tarry substance 

collected in the cold trap and on the interior surfaces 

of the vacuum chamber leading us to believe that it was a 

gradual coating of the magnetometer optics by the condensa- 
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tion products which led to the increasing deteoriation of 

the signal. 
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CHAPTER 3 

Experimental Results 

3.1 Initial Data Profiles and Bias Recalibration As de¬ 

scribed in section 2.2 the first step in magnetometer data 

reduction is the transformation of the output signal of the 

sensor into profiles of B^, the total external field, and 

0, the instantaneous angle between the spin axis of the pay- 

load and the external field. Figure 3.1 and Figure 3.2 pre¬ 

sent the initial results (data are not presented for flight 

times greater than 210 seconds due to extremely poor quality). 

Figure 3.1 shows a graph of versus flight time. On this 

scale the graph should assume almost a smoooth parabolic 

shape due to the changing of the geomagnetic field strength 

with height. Instead, as comparison with Figure 3.2 shows, 

there exists a regular modulation superimposed on the B 
ÇT 

profile, whose period matches that of the coning period of 

the payload. Note also that the modulation is in phase 

with the 0 profile. The 0 profile itself indicates a coning 

period of about 50 seconds with a coning half-angle, p, of 

approximately 7 degrees. This value for p is similar to 

those found on earlier Nike-Tomahawk flights. 

The regular modulation in the B^ profile was most 

readily attributable to variation of the direction and/or 

magnitude of the bias field from the calibrated values mea¬ 

sured before launch. This can be seen from equations 2.1. 

They indicate that an incorrect B or T results in errors 
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in Bg and 0 that are functions of 0, As 0 changes during 

the coning period the errors in both the calculated values 

also change giving rise to the apparent modulation. The 

sensitivities of and 0 to changes in the bias magnitude 

and direction are: 

dB B B cos(0-T)COS(0+T) 
 g; _ go 
dt COST(B cos0-B sinx) 

g o 
(3-la) 

& B COSTCOS0 
o 

(3-lb) 

dB -B cos0 - B sinx  a = 2 g 
dB B cos0 + B sinx 
o g o 

„ -sinx 
^ COS0 

(3-2a) 

(3-2b) 

d9 
dx 

f sin0| 
[COST J 

B sinx - B cos0 
_2 o 
B cos0 - B sinx 
g o 

(3-3) 

d0 
dB 

o 
-sin0 

B 2 

o 
B B 
g o 

1 
B cos0 - B sinx 
g o 

(3-4) 

We find that the B profile must be used to determine the g 
bias field errors since the effect on the 0 profile is 

basically a change in the magnitude of the coning half¬ 

angle. We note that the modulation is approximately a 

cosine function of the coning phase with a maximum at the 

maximum value of 0. Equation 3-lb indicates an error in x 

produces modulation in B which is 180° out of phase with 0. y 
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Equation 3-2b, on the other hand, indicates that a BQ which 

is too large will, for a negative x, produce a modulation 

in B which is in phase with 0. This is what is observed. 

Thus the value of BQ determined in the calibration procedures 

was too large. It was found that the B^ profile became 

modulation free when the bias field magnitude was reduced 

by some 2454 gammas to a value of 8910 + 10 gammas. This 

gives the B^ and profiles shown in Figure 3.3 and Figure 3.4. 

It is evident this value of BQ has produced a signifi¬ 

cant change in the amplitude of the coning modulation. The 

coning half-angle is now over 11°, considerably larger than 

previous flights. It is, though, consistent with the larger 

coning angle to be expected due to the non-deployment of the 

upper door. The steady gradual decrease in the magnitude 

of the angle between the center of coning and the geomag¬ 

netic field evident in Figure 3.4 is caused by the changing 

of the dip angle of the earth's field as the payload pro¬ 

ceeds northward to increasing magnetic latitudes. 

An attempt was now made to reconcile these results with 

the preflight field calibration of the bias field. In 

checking back it was discovered an error was made in the use 

of the Fortran subroutine utilized in the calculation. 

Since the initial calibration, two further payloads were 

calibrated in the same location. Results from these mag¬ 

netometers indicated that the local inclination of the 

earth's field differed by 7.25° from the previously accepted 

value. Using this value and the other known quantities 
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and inserting them into equations 2-lb and 2-lc a value 

of BQ = 9270 gammas was obtained. This is in agreement 

with the final value of BQ = 8910 gammas to within the 

accuracy of the field calibration. 

3.2 Scalar Field Profile The dominant effect left in the 

scalar field (B^) profile is that of the decrease in field 

strength with increasing altitude. This change can be re¬ 

moved from the data by subtracting out the value of the 

earth's field at each point along the flight path. If we 

now define B^ to be the value of the geomagnetic field, 

not including the field produced by local currents, then 

we can define the quantity AB as: 

4B = Bg- Be (3-5) 

where, as defined earlier, B is the total field magnitude 

as measured by the magnetometer. 

The payload trajectory was determined from the radar 

track made at the Poker Flat Rocket Range. The radar data 

were then fitted to a polynomial using a least-sqaures 

technique and this is in turn input to a spherical har¬ 

monic expansion of the geomagnetic field to determine Be as 

a function of flight time. Two expansions were used with 

similar results: the International Geomagnetic Reference 

Field (International Association of Geomagnetism and 

Aeronomy, 1969) and Jensen and Cain (1962). The former 

expansion was chosen for subsequent data analysis since it 
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was more recent and contained time derivatives of the co¬ 

efficients. 

The actual values of the earth’s field at the time of 

the flight will not in general be exactly given by the 

spherical harmonic expansion. This is because of errors 

in the values of the coefficients and secular variations 

in the field. However, over the limited altitude and mag¬ 

netic latitude range of the payload's trajectory the error 

in Be may reasonably be expected to be approximately a 

constant. Therefore, even in the absence of local currents 

AB can be expected to be offset from 0 by some constant 

amount during the flight. This does not actually affect 

the interpretation of the data since variations in the mag¬ 

netic field magnitude are what are used to infer ionospheric 

currents. Thus abrupt changes or reversals in the slope 

of the AB profile may be interpreted as being due to either 

local currents or temporal variations in the local currents. 

The AB profile obtained for NT-4 is presented in 

Figure 3.5. In order to reduce the effect of random noise, 

values of AB were averaged over intervals of 10 spins 

(> 1.9 seconds). Those values differing from the mean value 

of that averaging interval by more than 1.8 standard devi¬ 

ations were discarded from consideration and the remaining 

points were averaged to obtain a final value for that inter¬ 

val. This procedure resulted in the elimination of about 

8 percent of the data points in the interval of 80 - 210 

seconds flight time. After 210 seconds progressive 
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deterioration in the magnetometer signal produced large 

intervals of dropouts in the data and rendered the remain¬ 

ing data too noisy to be reliable. The average root-mean- 

square undertainty of the data in the first half of the 

flight was 2,0 gammas. 

The first prominent feature in AB is a steep increase 

in value of about 12 gammas from T + 88 seconds to about 

T + 110 seconds. After this there is a gradual increase 

until T + 117 seconds at which AB begins to decrease to a 

minimum at T + 127 seconds. AB again increases till around 

T + 150 seconds at which time it decreases by about 2 gammas 

and then holds relatively steady until T + 210 seconds. 

Passage of the payload over the auroral arc occurred at 

approximately T + 200 seconds flight Time. 

3.3 Vector Field Profiles The next step is to deduce the 

profiles of the angular data in a fixed coordinate system. 

The coordinate system chosen is the center of coning one 

in which the polar axis is coincident with the center of 

coning axis of the payload. Figure 3,6 illustrates the 

geometry. We start with a time tQ at which the instanteous 

angle 0 between the external field B^o and the spin axis 
/s /v 

z are a maximum. Later at time t the spin axis is z o n n 

and the total external field is B , 0 (t) is defined as gn c 
A + 

the angle between the center of coning axis c and B . 

Analysis of the 0(t) profile by the techniques described 

in Park (1972) and Sandel (1973) yield a profile of 0_(t ). 

A least squares straight line fit is subtracted from the 



East 
Figure 3.6 
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profile as a correction for the changing dip angle of the 

earth's field as the payload travels northward, to yield 

the A6 profile shown in Figure 3.7. Each plotted point o 

represents a 10 spin average. The estimated uncertainty 

is .17°. 

The azimuthal angle <|> (t ) is defined relative to the c n 

position of the external field at time t . The lack of an 
o 

absolute reference direction is not important since cur¬ 

rents are deduced from changes in the perturbation field. 

The <j> (t) profile obtained is shown in Figure 3.8. Each 

plotted point represents a 3 spin average. The level of 

noise in this coordinate depends on the accuracy of the 

Ci's and C2's (as defined in Chapter 2) which in turn de¬ 

pend upon the accuracy of the determination of the reference 

level crossing of the discriminated magnetometer signal. 

As such this is, in general, the least accurate coordinate 

(AB being the most accurate). We see from the extreme noise 

level (estimated uncertainty is .32°) that interpretation 

of this coordinate in terms of field-aligned currents is 

highly uncertain. The gap in the data at 128 seconds is 

due to the first dropout in the magnetometer signal which 

occurred at this time. 

Interpretation of the angular data in terms of field- 

aligned currents is based primarily on first, the <j> pro¬ 

file to determine the basic size and strength of the cur¬ 

rents, and secondly, on the A0 profile to determine the c 

azimuth of the currents. In this case the noise level in 
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(j>c renders any solid interpretation yery doubtful. So in 

the remainder of this thesis effort is concentrated on the 

interpretation of the AB profile in terms of a horizontal 

electrojet system. 
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CHAPTER 4 

Interpretation and Discussion 

4.1 Support Data 

4.1.1 Magnetic Disturbance Level Worldwide, with 

respect to magnetic activity, March 14, 1974, was designated 

a quiet day (Lincoln, 1974). The sum of the indices 

for that 24 hour period was 23+, For the three hour period 

preceeding the flight (0600 - 0900 U.T.) was 3+. In 

the interval containing the flight, the index was 3 and 

for the 1200 - 1500 U.T. interval the K index was also 3. 
P 

The average amplitude (A ) for the 24 hour period was 16. 
P 

4.1.2 Ground-Based Magnetometer Data Table 4.1 lists 

the stations for which ground-based normal run magnetometer 

data were available for March 14, 1974. These instruments 

give three axis measurements, the H component being posi¬ 

tive along magnetic North, the D component being positive 

along magnetic East, and the Z component being positive 

vertically downwards. The Fort Yukon magnetogram for the 

time period containing the flight is shown in Figure 4.1. 

Relative resolution of these magnetograms is typically about 

10 gammas. Absolute accuracy is somewhat variable, depend¬ 

ing on the level of confidence in the zero-level baseline 

chosen for that day. On magnetically active days it may 

be very difficult to discern an accurate baseline. For 

most of the magnetograms used in this study the period of 

time between 0 U.T. and the onset of breakup activity was 



Table 4.1 
Magnetometer Stations 

Station Abbreviation Geomagnetic 
lat. (°) 

Coordinates 
long.(°) 

Baker Lake Bake 73.7 315.2 

Barrow Barr 68.5 241.1 

Cambridge Bay Camb 76.8 296.6 

College Coll 64.6 256.5 

Ft. Churchill FtCh 66.3 302.1 

Great whale River Whal 66.5 347.4 

Meanook Menk 61.9 300.8 

Mould Bay Moul 79.0 256.3 

Resolute Bay Reso 83.0 289.4 

Sitka Sitk 59.9 275.4 

Ft. Yukon FYU 66.6 256.8 



Fort Yukon Magnetometer 

0900 0930 1000 

Universal Time 

Figure 4-1 
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quiet enough to allow determination of the baseline to 

within 20 gammas. 

It is now the task to interpret these measurements 

in terms of ionospheric currents. In order to do this, 

certain assumptions must be made. This is because, as 

Chapman (1935) stated, it is in principle impossible to 

infer uniquely the intensity and configuration of an external 

current system using only magnetic observations made on 

the earth's surface. Generally these assumptions take the 

form of limiting the current flow to the ionosphere (i.e., 

neglecting field-aligned currents) and/or constraining the 

current to flow at certain altitudes or regions. 

The magnetometer data in this case will be viewed in 

two different methods. In the first method, we make the 

simplifying assumption that the ground-level perturbations 

are due to infinite horizontal current filaments of 

negligible width and height. We further assume that these 

electrojets flow in the altitude region where the Hall 

conductivity peaks 120 km). Hence, the ground-level 

fields can be used to deduce relative strengths and direc¬ 

tions of the electrojets in the vicinity of the stations. 

The effects of induction currents in the earth due to its 

finite conductivity are also neglected. Commonly it is 

assumed that about one-third of the total ground-level 

magnetic perturbation is due to this effect. However, 

Kamide and Brekke (1975) using Chatanika incoherent 

scatter radar data state the total current is often greater 
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than that inferred from magnetometer data under the assump¬ 

tion that the earth was a perfect insulator (no induction 

currents). Since we will be concerned mainly with relative 

current magnitudes, induction effects will be ignored. 

Figures 4.2, 4.3, 4.4, and 4.5 show the inferred equivalent 

currents before, during, and after the flight of NT-4. 

The length of the arrows designates the magnitude of the 

horizontal magnetic perturbation. The direction of the 

arrows is that of the inferred currents, that is rotated 

90° clockwise from the direction of the horizontal perturba¬ 

tions. The + or - sign at each station indicates the sign 

of the Z component (+ indicates downward). This is useful 

in determining the displacement of the current relative 

to the station. Further, the position of the quiet time 

auroral oval is also indicated. Though obviously over¬ 

simplifying the structure of the electrojet system, these 

diagrams to give a general idea of the current directions 

and relative magnitudes as the evening progresses. 

At 0900 U.T. we see that the College, Fort Yukon, and 

Barrow magnetometers all indicate current in a generally 

eastward direction. Fort Churchill and Great Whade River, 

located in the auroral zone at about the same magnetic lati¬ 

tude as Fort Yukon, indicate westward current flow. To the 

North of the oval, Cambridge Bay and Baker Lake indicate 

eastward flow, and to the South, Meanook and Sitka show weak 

current flow to the east. 

By 0923 U.T., about 160 seconds into the flight, we 



Figure 4.2 
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Figure 4.3 
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FTYASC : ACTIVE BREAKUP AURORA 

Figure 4.4 
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see the current pattern shifting westward. The electro¬ 

jet systems over Fort Yukon and College are observed to 

have changed their azimuth, rotating toward the North. 

Meanook now indicates a slight westward current while the 

electrojets over Fort Churchill and Great Whale River have 

intensified. At 0932 U.T., shortly after the flight ended, 

the current system over Fort Yukon and College briefly 

turns eastward as auroral breakup commences. By 1000 U.T. 

all stations along the auroral oval are showing strong west¬ 

ward current. 

A second technique useful in analyzing ground-based 

magnetograms is that of the latitude profile along a mag¬ 

netic meridian (Kisabeth and Rostoker, 1971; Wallis et al., 

1976). This consists of simply mapping the magnitude of the 

three components versus latitude as one travels along a 

magnetic meridian. In this way several parameters of the 

electrojet structure across the meridian are observable: 

moment, width and latitudinal distribution of current. 

The moment of the current system is the latitude at 

which the Z component crosses 0. As this point should lie 

under the center of the electrojet, the H component should 

also reach an extremum at this point. However, this is not 

very accurate generally, since it is difficult to measure 

an extremum accurately from a limited number of stations. 

The maximum width of the current system may be approximated 

by the separation between the maximum and minimum in the Z 

profile. To a less accurate degree, the H component may 
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also be used to estimate the width. Finally, in cases 

where enough recording stations are available, the 

asymmetries in the H andZ profiles can be used to infer the 

latitude distribution of the current to some extent. 

Sharp peaks in Z imply a stronger current. H will peak 

near current maximum. 

The stations of the Alaska Meridian chain available 

for this study are the Sitka, College, Fort Yukon, Point 

Barrow, Mould Bay, and Resolute Bay stations. Figures 4.6, 

4.7, and 4.8 give the latitude profiles for the times of 

0900, 0923, and 1000 U.T., respectively. It is immediately 

obvious that the lack of reporting stations in the 69 °- 

79° latitude range severely restricts our determination of 

currents in that region. - Approximate smooth interpolations 

have been drawn to connect the data points. Since there is 

no a priori reason to assume that one of the data points 

represents a local extremum of the profile, a continuous 

profile was drawn with respect to the profile of the other 

components (Wallis et al., 1976). At 0900 we see from the 

Z profile evidence for an easterly electrojet from about 

64° magnetic latitude to about 68.5° latitude. Z crosses 

0 at about 66,5° latitude. This agrees well with the maxi¬ 

mum in the H component. At high latitudes we observe a 

positive H deflection, implying an eastward current. How¬ 

ever, there are not enough reporting stations for any 

conclusions about the shape of the electrojet. At 0923 U.T. 

the D deflection has become larger in magnitude than the H 
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deflection indicating the fact that the electrojet has 

turned northward. The latitude limits indicated by the Z 

profile are approximately 64° and 67°. However, these 

limits should be taken cautiously, since induction effects 

in the earth can cause changes in the vertical component 

of the magnetic field to lag changes in the horizontal 

component by 5 to 10 minutes (Nopper and Hermance, 1974). 

At high latitudes eastward flow is still maintained. By 

1000 U.T. the electrojet system has strengthened greatly. 

From 63° to 67.5° there is a strong westerly electrojet. 

The moment of the current system is about 64°. At high 

latitudes (polar cap) eastward current still flows. 

4.1.3 Determination of Auroral Particle Fluxes Using 

Meridian Scanning Photometer Data Due to the 

loss of all in situ electron particle experiments, it be¬ 

comes necessary to rely on remote techniques to establish 

estimates of the incident electron flux and energy. One 

such technique, used by Rees and Luckey (1974), utilizes 

the measurement of the ratio of spectroscopic emissions from 

an aurora as measured by ground-based photometers to 

determine incident electron energy spectrum characteristics. 

In the following rough calculations their methods are used 

to arrive at approximate values for several quantities of 

interest. Rees and Luckey begin with the assumption of a 

Maxwellian form for the spectral energy distribution of the 

primary auroral electrons in the energy range of 100 eV to 

some tens of keV: 
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N(E)dE = N E exp(-E/a)dE electrons cm~2sec,'1eV”1 
o 

(4-1) 

where a is the energy at the peak of the distribution. The 

total number flux for the distribution is: 

F = N a2 (4-2) no 

and the total energy flux is: 

FE = 2aFn (4-3) 

Note that this distribution approaches 0 for large and 

small energies, thus eliminating the need for arbitrary 

cutoffs in the spectral distribution. Then, using the work 

of Rees and Jones (1973), they calculate the emission rate 

+ O 
of three spectral features: the N2 band at 4278A, and the 

O O 

01 transitions at 5577A and 63Q0A. They calculate these 

rates after 1200 seconds of constant electron precipitation 

in order to reach a steady state in the emission. 

, O 

Figure 4.9a gives the column emission ratio of 6300A 

o , , o 
to 4278A as a function of the total emission rate of 4278A 

for several values of a, the characteristic energy of the 

distribution. Figure 4.9b gives the electron flux versus 

O 

4278A emission rate for several values of a. The ratios 

of 6300A/5577A and 5577A/4278A are not as accurate in 

determining the value of a since these quantities must 
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* * • O 
reflect the uncertainty m the emission rate of 5577A 

which, as Rees and Luckey state, is the most difficult emis¬ 

sion to explain and the least understood even though it is 

most prominent in the visible spectrum. 

In order to use the data in Figures 4,9 it is necessary 

to establish the field-aligned column emission rate of 

the desired wavelengths. Meridian scanning photometer 

data from Fort Yukon and Ester Dome Alaska ('x- 180 km South 

of Ft. Yukon) in the wavelengths of 5577, 4278, 6300, and 
O 

4861A are available as described in Chapter 2. Using these 

data it is possible to derive a volume emission profile 

after the fashion of Romick and Belon (1967a, 1967b). A 

measurement made from the MSP is actually an integration 

of the volume emission over the optical path through the 

auroral form. A ground station far enough away from an 

aurora (100 - 200 km) views approximately perpendicular to 

the auroral structure, and can be used to determine a 

vertical luminosity profile. In order to first determine 

a volume emission rate profile and then integrate this 

volume emission rate along the particle incident direction 

(the magnetic field line) from the bottom of the auroral 

form to the top, the boundaries of the aurora in the 

desired wavelengths must be determined from the photometric 

data and a horizontal luminosity profile must be assumed 

or measured. It is important to note that the following 

are only rough calculations neglecting absorption and 

scattering. 
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During the flight of NT-4 southern limb of the loop 

remained in a relatively stable position slightly to the 

South of Fort Yukon. Since it was not located on the mag¬ 

netic shell passing through Fort Yukon, a direct determina¬ 

tion of the field-aligned luminosity could not be made. 

The photometers at Ester Dome and Fort Yukon were used to 

geometrically determine the location and boundaries of the 

auroral forms for each of the three wavelengths of interest. 
O 

In 4278A the upper and lower arc boundaries were 215 km and 

85 km, respectively, and the arc thickness was about 20 km. 
O 

Peak emission occurred at 117 km. At 6300À, peak emission 

was at 114 km altitude. The volume of emission was con¬ 

siderably larger, ranging from 99 km to 260 km in altitude 

and occupying a thickness of 26 km. The thickness of the 

arc was 20 km and its lower and upper limits were 89 and 

215 km, respectively. This data was taken at 0922 U.T., 

about 90 seconds into the flight. 

The data from Ester Dome was converted into a vertical 

luminosity profile, correcting for the non-perpendicular 

look direction relative to the arc, and making the assump¬ 

tion that the horizontal luminosity profile of the arc was 

simply a constant. No corrections were made for scatter¬ 

ing or absorption by the atmosphere. Using the measured 

thickness of the arc the volume rate of emission as a 

function of height (p(h)) was derived. Integrating along 

the field lines from the lower border, h . , to the upper mm 

border, h , we get the field-aligned column emission rate 
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for each wavelength (1^): 

h 
max 

f 

I X p(h)dh photons/cm2(column)sec (4-4) 

h . 
min 

The results for the southern arc at T + 86 sec are as fol¬ 

lows : 

I4278 

I6300 

I5577 

= 1.25 kR 

= .83 kR 

=15.1 kR 

The ratio I63QO/I4278 *S seen to be Using Figure 

4.9a we find that the characteristic energy for a Maxwellian 

distribution of incident electron energies is 1.8 keV. 

Then, using Figure 4.9b, we find the electron flux has a 

magnitude of 

F = 1.2 x 109 electrons cm-2sec-1 
n 

Finally, using equation 4-3, the energy flux is found to 

be 

FE = 2aFn = 6.9 erg/cm
2-sec 

This corresponds to a current density of 1.9 x IQ’"6 amp/m2. 

In comparing this result to that obtained by using 

the ratios *5577/Ig3oo an<^ I4278/^'I'5577 we see the 

agreement is not very good, giving values for a of 4 keV 

and .03 keV, respectively. This discrepancy is explainable 
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if the emission rate of 5577A is more intense than allowed 

for in the calculations of Romick and Belon. Since 
O 

the caveat concerning the 4477A emission has already been 

stated, it would appear that the first value using the 

I6300^I4278 rat^° -*-s most reliable of the set. Again, 

no account has been taken in these calculations for 

atmospheric effects on the MSP data, a correction that 

may be as much as 20-30 percent (Pazich, 1972). Eather 

and Mende (1971) using 6 channel airborne photometers, 

found high ratios of » between 10 and 20, 

ratios comparable to the value of 12 found for the NT-4 

flight. This was explained as due to a high scattering 
O 

rate of 4278A. However, the method employed here should 

give reasonable close order of magnitude estimates of the 

electron flux in the auroral arc. 

4.1.4 Auroral Precipitation Region as Determined by 

DMSP Satellite Photographs A pass of a DMSP satellite 

(Defense Meteorological Satellite Program) occurred over 

western Alaska at about 0855 U.T. on March 14, 1974. This 

satellite is in a polar orbit of approximately 800 km 

altitude with a period of about 102 minutes. It carries 

an imaging system which uses a rotating mirror to provide 

horizon to horizon scans of the earth by a photometer as 

the satellite travels along its orbital path. The forward 

motion of the craft produces a picture of a large segment 
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of the polar region on each pass, Spatial resolution is 

about 3,7 km at the subtrack point. The scanner operates 

in the 4000 - 11,000A region with a sensitivity that peaks 

at around 8000A. 

During orbit number 2966 the photograph taken shows 

a faint arc occurring at the subtrack point at 0856 U.T. 

The pass occurred from North to South over western Alaska. 

According to analysis by the DMSP personnel, the poleward 

edge of auroral emission was encountered at 74.4° North 

latitude and 151.8° West longitude. The equatorward edge 

was located at 69.7° North latitude and 161.5° West longi¬ 

tude. These two locations are marked in Figure 4.2 (Xi and 

X2). It is seen that the boundaries of the quiet time 

auroral oval correspond exactly with those seen by the 

satellite. Discrete arc or diffuse aurora fills the oval. 

4,1.5 Chatanika Radar Data We were fortunate in that 

a limited amount of data was available from the Chatanika 

incoherent scatter radar facility located near the launch 

site at Poker Flat. Measurements from this device can be 

used to give a value for the line of sight ion velocity in 

the ionosphere. Following the techniques of Banks et al. 

(1973), Brekke et al. (1974), and Kamide et al. (1976), 

these velocities can be used to give a value for the per¬ 

pendicular electric field at above 160 km altitude. 

First, it is necessary to determine the direction and 

velocity of the ion drift. This is done by observing the 

line of sight velocity of the ions at a given altitude 
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for three linearly independent directions. This done, 

the value of the ion velocity perpendicular to the magnetic 

field (vj^) can be determined and used in the equation for 

crossed electric and magnetic field particle drifts: 

E1 = "V1 B (4-5) 

to determine the value of the perpendicular electric field. 

Equation 4-5 is only valid above 160 km (Banks et al., 1973) 

where the ion-neutral collision rate is negligible, thus 

allowing free drift of the ions. 

In practice this technique has several drawbacks. The 

first is the fact that in making the three axis measurement 

three different regions of the ionosphere are being sur¬ 

veyed. For large elevation angles of the radar dish, the 

regions are sufficiently close together that the assumption 

of a uniform electric field over all three regions would 

appear valid. Secondly, each measurement calls for an 

integration period of three to ten minutes, limiting the 

temporal resolution of the measurement. 

The table below gives the times of measurement, height, 

elevation, azimuth, and ion velocity of the three axis 

measurements on March 14, 1974, around the flight time of 

NT-4. 
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Time 
(U.T.) 

Height 
(km) 

Azimuth 
(true) Elevation 

Line of Sight 
Ion Velocity 

(m/sec) 

0906-0915 167 299° 70° -81.1 

0916-0926 159 25° 19.2° 106. 

0927-0932 172 25° 60° -12.9 

Note that a positive line of sight velocity indicates the 

ions are moving toward the radar. 

Evaluation of the ion velocity vector leads to a 

value of Vj- of 150 m/sec at an azimuth of 195° true, or 

roughly South.. Using a value for the earth's field of 

53,000 gammas we find that solving equation 4-5 for Ej^ 

gives Ej^ = 8 mv/meter at an azimuth of 285° true (roughly 

West). This value must be taken advisedly since it re¬ 

flects measurements made over a relatively large area of the 

sky and during a period of change in the visible aurora and 

the ground-based magnetograms. The significance of this 

electric field will be taken up in a later section. 

4.2 Interpretation of Magnetometer Data 

4.2.1 Magnetometer Sensitivity Each of the three 

components of the vector magnetometer is affected differ¬ 

ently by the various types of currents presumed to be pre¬ 

sent in the ionosphere. It is thus possible, by making 

certain assumptions about the type of currents flowing, 

to match a model current system to the measured perturba¬ 

tions. The AB profile reflects changes in the magnitude 

of the earth's field. Perturbations of this type are most 
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readily produced by horizontal currents flowing in the 

atmosphere in the 110 - 130 km altitude range, the region 

of greatest conductivity. The 0 profile is sensitive c 

to North-South fields and may also be affected by horizontal 

electrojets, but is a less sensitive indicator of these 

than the AB profile. The second major type of model 

current we consider is the field-aligned sheet current. 

These generally orient themselves in a magnetic East-West 

direction and thus produce typical East-West perturbations 

on the order of 100Q gammas. These perturbations are 

perpendicular to the earth’s field and thus change the 

magnitude little but instead affect the <j> component. 
u 

Also, deviations from an East-West orientation of the sheet 

currents are reflected in the 0c profile. As stated earlier, 

the <|> and 0 profiles are considered useless in the flight 
c c 

of NT-4 due to the high noise level of the magnetometer and 

thus no trustworthy inferences as to the presence of field- 

aligned sheet currents can be made. Effort was therefore 

concentrated on the interpretation of the AB profile in 

terms of electrojet activity, 

4.2.2 Time Independent Models The two most prominent 

features in the AB data (see Figure 3.5) are the positive 

slope starting at 89 seconds and lasting until 112 seconds 

and the minimum occurring at 127 seconds (hereafter referred 

to as Features 1 and 2). The sign of feature 1 (i.e., 

recovery from an excursion in the negative direction) 

indicates that this feature could have been made by a 
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westward electrojet. However, analysis showed that it 

would require only a 500 amp filamentary westward 

electrojet (West azimuth of 61°, parallel to the visible 

arc) at an altitude of 112 km to account for this rela¬ 

tively large perturbation. The payload passed over the 

electrojet at 94 seconds flight time. This is an extremely 

weak current. Furthermore, accuracy of the trajectory 

fit to the radar track begins to be doubtful in this time 

interval, suggesting that this feature could be due to 

merely a trajectory error. Thus we see that feature 1 

is of doubtful significance and any interpretation of 

it in terms of current activity should be skeptically 

regarded. 

Feature 2, on the other hand, is a strong negative 

excursion lasting from 114 seconds to about 146 seconds. 

It has a depth of about 14 gammas. The fact that the 

extremum at 127 seconds is a minimum indicates that the 

electrojet involved was westward, its field first sub¬ 

tracting from, and then adding to the earth's field as 

the payload approached and then passed beyond the electro¬ 

jet. Using a single filamentary electrojet oriented 

parallel to the auroral arc (West azimuth of 61°), various 

altitudes, latitudes and current intensities were tried 

in order to produce a scalar profile to fit feature 2. 

It was discovered in order to produce a profile as narrow 

as that of feature 2, it was necessary to place the electro¬ 

jet at an altitude of 147 km with the payload passing over 
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it at 143 seconds, its strength was 1200 ajnp. This alti¬ 

tude would appear to be unreasonable since it is to be 

expected that all horizontal currents must flow in the 

110 - 130 km region where the ionospheric conductivities 

are high. The highest reasonable altitude for an electro¬ 

jet is thus around 130 km. Bringing the electrojet down 

to this altitude and increasing its strength to 2000 amps 

to produce the same deflection in the AB model profile 

results in a model that peaks at 121 seconds and is much 

wider than feature 2 in the data. 

In order to correct this, a secondary electrojet was 

added. It was an eastward electrojet oriented at the same 

azimuth as the westward one. The effect of this second, 

oppositely directed electrojet was to narrow the width of 

the minimum in AB. Though close together, such spatial 

relationships of electrojets have been observed in the 

midnight sector (Walker, 1964; Chen and Rostoker, 1974; 

Kamide and Akasofu, 1976). By varying position and strength 

of these two electrojets a best fit stationary model was 

evolved. Table 4-2 lists the parameters for the stationary 

electrojet system. Figure 4.10 shows the trajectory of 

the payload and the placement of the two electrojets 

relative to the position of the visible aurora. Note that 

the electrojets are located to the South of the discrete 

arc in the region of diffuse aurora. Figure 4.11 shows the 

AB data with the stationary model superimposed. We see 

that while the width of the model of feature 2 is close to 



Table 4.2 

Stationary Electrojet System 

First Electrojet(Eastward) 

Time payload passes over 
Electrojet 

Electrojet Altitude 

Current Magnitude 

West Azimuth of Current 

T+ 127 seconds 

130 km 

1.79 x 10^ Amps 

61° 

Second Electrojet(Westward) 

Time payload passes over 
Electrojet 

Electrojet Altitude 

Current Magnitude 

West Azimuth of Current 

T+ 140 seconds 

130 km 

3 
2.76 x 10 Amps 

61° 
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that of the data» the placement of the minimum is still 

incorrect. In preparing this figure the 500 amp model of 

feature 1 was also used in order to facilitate comparison 

with the data. However, the author attaches no physical 

significance to it. After 160 seconds, the data indicates 

a slight dip in the AB profile which the stationary model 

cannot fit. In order to fit the position of the minimum 

and the signature around 160 seconds more accurately it 

was necessary to go to a time-dependent model. 

4.2.3 Time-Dependent Model In order to produce a 

time dependent model which agrees with the data and is 

physically reasonable, it is necessary to use the ground- 

based support data in order to determine what parameters 

are most likely to be time dependent. Increases in inci¬ 

dent electron precipitation cause increases in ion density 

with characteristic buildup times on the order of a few 

seconds (Jones and Rees, 1973). This in turn causes an 

increase in the conductivities. Thus electrojet intensity 

under such circumstances may be expected to increase. 

Ground-based magnetometers can be used to infer electrojet 

azimuthal changes as well as intensity and latitudinal 

extent. With this in mind we examine the MSP and Magneto¬ 

meter data. Between T + 83 seconds and T + 256 seconds 

the southern arc brightens from 9 kR to about 12 kR as 

seen by the Fort Yukon MSP. Examination of the Fort Yukon 

magnetograms shows that the magnetic perturbation vector 

was changing from a northerly direction (pre-flight), 
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through the West (0923 U.T.), to the South (post-flight). 

This would imply a general shift from East to West in 

the direction of the prevailing electrojets. 

It was then attempted to apply this data to improve 

the time-independent (stationary) model. After trying 

numerous values for the input parameters the final model 

that best fit the data was determined. The parameters of 

this model are given in Table 4.3 and the AB profile is 

given in Figure 4.12. This model is similar to the 

stationary model in that the most significant feature, the 

minimum at 127 seconds, is produced by a westward electro¬ 

jet with a weaker eastward one to the South. Between T + 

120 seconds and T + 127 seconds the two electrojets under¬ 

go a linear increase in strength by a factor of 1.7. 

The currents remain constant until T + 140 seconds, at 

which time the West azimuth of the electrojets begins 

to increase from an initial value of 61°, at a rate of 

3° per second. This change continues until 168 seconds at 

which time the currents are at a West azimuth of 145°. 

The current configuration then remains constant until 

210 seconds flight time, when the AB profile becomes too 

noisy for further analysis. 

The signals in A0 and 0 produced by this model, c c 

while not shown, are fairly small, the amplitude of the 

signals in each coordinate being on the order of .03° or 

less. This is below the noise level in these coordinates. 

In AB we see the fit in the region T + 114 to T + 127 



Table 4.3 

Final Model Electrojet Parameters 

First Electron et (Eastward) 

Time payload passes over 
electrojet 

Initial Current magnitude 
(T 120 seconds) 

Final current magnitude 
(T 127 seconds) 

Altitude of electrojet 

Initial west azimuth(T 140 sec) 

Final west azimuth(T 168 sec) 

Second electron et (Westward) 

Time payload passes over 
electrojet 

Initial current magnitude 
(T 120 seconds) 

Final current magnitude 
(T 127 seconds) 

Altitude of electrojet 

Initial west azimuth(T 140 sec) 

Final west azimuth(T 168 sec) 

127 seconds 

1280 amps 

2180 amps 

130 km 

61° true 

145° true 

140 seconds 

1920 amps 

3270 amps 

130 km 

61° true 

145° true 
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seconds is much improved while the changing azimuth between 

T + 140 and T + 168 seconds accurately reproduces the data 

profile there. 

The times that the payload passed over the electrojets 

could be varied by about 1 second in case of the first 

electrojet and about 2 seconds for the second without 

seriously affecting the fit to the data. The initial 

azimuth is very uncertain without the use of A0 data, as 
c 

up to a +10° variation had little effect on the fit. Cur¬ 

rent magnitudes are accurate to about 5 percent. 

4.3 Discussion 

4.3.1 Previous Rice Experiments This experiment, NT-4, 

is the fifth in a series of sounding rocket launches by the 

Rice University auroral research group. Each of these 

vehicles carried a similar vector magnetometer system. 

The previous flights were designated SQ-4 (Park, 1970; 

Park and Cloutier, 1971), NT-1 (Sandel, 1972), NT-2 

(Sesiano, 1974), and NT-3 (Casserly, 1975). Results from 

these flights are summarized in Figures 4.13 through 4.16, 

which present views in a plane perpendicular to the auroral 

arcs. SQ-4 consisted of a Nike-Apache sounding rocket 

launched on February 26, 1969, from Ft. Churchill, Canada, 

over an IBC H aurora. NT-1 was launched from Poker Flat, 

Alaska, on February 13, 1971, over an arc of approximately 

8 kR visual intensity. NT-2 was launched from Poker Flat 

on February 2, 1972, over a multiple auroral structure of 

visual intensity v 20 kR. NT-3 was again launched from 
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Poker Flat on February 24, 1972, It passed over a single 

auroral arc of approximately 40 kR, 

Several common features are at once evident. The 

first is the detection of one or more pairs of field- 

aligned Birkeland current sheets oriented approximately 

parallel to the auroral arcs. The second feature, more 

important to this discussion is the presence of one or 

more horizontal electrojets. Although all four previous 

flights yielded similar field-aligned sheet current geometries, 

and all took place in the evening sector, the electrojet sys¬ 

tems differ considerably. In the evening sector most models 

(example, Kamide et al., 1976) predict eastward electro¬ 

jets in the lower part of the auroral oval. Thus, though 

NT-1 and NT-3 agree with this, SQ-4, NT-2, and the experi¬ 

ment under discussion, NT-4 contain westward electrojets. 

The relative position of the electrojets and the visual 

arcs was determined with a fair degree of accuracy in each 

of the flights. For NT-1 and SQ-4 the electrojets (one 

in each flight) were positioned just North of the position 

of the arc as determined by data from onboard particle 

detectors. Flight NT-3 contained an eastward electrojet 

on either side of the downward field-aligned current 

sheet which contained the visual arc. Thus, in these 

cases, the electrojets are closely associated with the 

auroral forms. Davis (1962) saw similar conditions. 

However, in NT-2, we see the presence of two eastward 

electrojets northward, apparently unassociated with any 
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intense particle precipitation. During NT-4, we saw 

again the different situation of two oppositely directed 

electrojets, in close proximity, located to the South of 

the lower limb of the auroral loop. While unusual, this 

observation is not unique. Greenwald et al. (.1973) re¬ 

ported electrojet activity over a region to the South of 

the region of pre-midnight visible aurora. Evans et al. 

(1977) flew a Nike-Tomahawk over a looped structure similar 

to the one which NT-4 flew over. After calculating con¬ 

ductivities and using measured electric fields, they 

determined that the auroral electrojet flowed in a broad 

region (100 km) equatorward of the visible discrete arc. 

One area of consistent disagreement with ground- 

based magnetometers has been that of the magnitude and 

spatial extent of the electrojet systems. In each of the 

previous flights, the current inferred by the rocket-based 

vector magnetometer was up to an order of magnitude smaller 

than the current that might be deduced using the data 

from the ground-based magnetometers. For NT-4, a 2700 amp 

electrojet at 140 seconds flight time would produce only 

a 4.5 gamma horizontal perturbation directly underneath 

it on the ground, and a far smaller amount at the location 

of the Fort Yukon magnetometer. The ground magnetometer, 

however, recorded a perturbation on the order of 20 - 50 

gammas during the period of the flight. Part of the prob¬ 

lem could be due to the effects of earth induction currents 

on the ground-based data. Though general consensus is 
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that as much as 1/2 of the magnetic perturbation (implying 

the ground has infinite conductivity) could be due to 

induced currents, some results (Kamide and Brekke, 1975) 

imply ionospheric current magnitudes greater than if the 

earth was a perfect insulator. Even assuming that image 

currents are important, their exact effect would be very 

difficult to compute, since the exact ground conductivities 

would be influenced by terrain (mountains, ice, etc.). 

These anomalies could route the image current to areas where 

the conductivities are the highest. 

Another important factor in considering the discrepancy 

is that of the relative operation of the ground-based mag¬ 

netometers and the rocket-bourne magnetometer. The ground- 

based magnetometer, by its nature, integrates the effects 

of ionospheric currents for several hundred kilometers in 

all directions. Thus small scale and weak currents, as 

seen by NT-4, can be effectively invisible to it. The 

vector magnetometer on the payload did not begin to output 

useful data until the payload was at an altitude of about 

120 km. Due to the nature of the data reduction process 

employed, a horizontal current sheet flowing at a lower 

altitude than this would produce a constant magnetic field 

at the payload and this field would be subtracted out of 

the final data profiles. Thus, wide latitude horizontal 

sheet currents at low altitude are effectively invisible 

to the flight magnetometer, though readily discernable 

by ground-based techniques. One important fact to con- 
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sider is though amplitude and size of the currents do not 

in general agree, the azimuth of the currents as determined 

by the two methods has been in good agreement for all the 

Rice University flights, 

4,3,2 Comparison With Other Research Groups In order 

to better understand the data it is helpful to examine 

similar auroral structures seen previously by other re¬ 

searchers. Davis and Kimbal (1962) report on auroral 

activity on the evening of February 13, 1958. From about 

2245 - 2400 U.T. there existed a large scale loop-shaped 

structure open to the West over central Alaska. It spanned 

roughly 3°-4° of latitude and gradually moved westward 

approximately with the earth's rotation, leaving multiple 

arcs behind it. During this period ground-based magneto¬ 

meters located along the northward and eastward edges 

observed horizontal perturbations that were roughly 

perpendicular to the visual arc, southward along the 

northern edge, and westward along the eastern edge. This 

implies western and northern electrojets, respectively. 

This compares with the NT-4 ground-based measurements of 

eastward current flow along the southern limb of the 

March 14, 1974, loop, changing to northward as one approach¬ 

es the eastern edge. During NT-4 the westward magnetic 

perturbation occurs before the eastern edge of the loop 

is reached, but the horizontal disturbance measured at 

any station represents the combined effect of the entire 

current distribution within the integration region of 
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several hundred kilometers. Therefore northward currents 

could still be located to the East in correlation with the 

visible aurora. 

Akasofu et al. (1965b) report that large scale loops 

open to the West may be formed from the degeneration of the 

westward travelling surge and that these loops occur during 

substorm recovery. Pike and Whalen (1974) record similar 

phenomena using the Isis 2 polar orbiting satellite. This 

is probably not the case for NT-4, for the arc was not 

propagating to the West as Akasofu et al. describe. 

Kisabeth and Rostoker (1973) discuss the ground mag¬ 

netic signatures of auroral loops. They find first that 

loops have associated with them large positive D pertur¬ 

bations in the vicinity of the loop. Secondly, the H 

component switches sign across the loop, being positive 

to the South and negative to the North. Finally, the Z 

component has a relatively complicated pattern having 

positive bays slightly to the North and South of the lati¬ 

tude of the loop and a large negative regime directly 

under the loop. These loops evidently mark the northern 

boundary of the eastward electrojet. With reference 

to Figure 4.7, we see the latitude profile of the magnetic 

field at 0923 U.T. on March 14, 1974, indicates quite 

different behavior. The D profile is negative throughout 

the auroral oval and indeed decreases in the vicinity of 

the loop. The H profile is positive to the latitude of 

Fort Yukon. The Z component does, however, behave in 
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accordance with Kisabeth and Rostoker's predictions. The 

H and Z components suggest that the southern limb of the 

visual arc is indeed the northern boundary of the eastern 

electrojet. 

4.3.3 Location of the Harang Discontinuity Harang's 

disturbance field patterns (see Figure 1.3) clearly show 

the existance of the overlap in longitude between the posi¬ 

tive and negative bay regions in the auroral zone, delineat 

ing the "Harang discontinuity". It was the shape of the 

pattern in Z which led to the conclusion of an actual dis¬ 

continuity in the current flow direction. Heppner (1972) 

noted that the boundary is not static but dynamic, with 

shifts as great as 2 hours MLT in position sometimes taking 

place in as short a time period as 10 minutes. 

In locating the position of the Harang discontinuity 

on the evening of March 14, 1974, we look first to the 

Fort Yukon magnetogram (Figure 4.1) and the equivalent 

current diagrams drawn from the ground-based magnetometer 

system. Prior to the flight, the H component of the Fort 

Yukon magnetogram exhibited a small positive bay of about 

50 gammas. At about 0923 U.T., 160 seconds into the flight 

the H trace crossed baseline and became negative. This 

negative bay gradually increased in strength and lasted 

for a period of three hours with the exception of a small 

sharp positive excursion at 0931 U.T. This change from 

positive H to negative H is characteristic of the shift 

from eastward to westward electrojet flow that occurs at 
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the Harang discontinuity. 

The D component, steady prior to liftoff, began to 

undergo a strong negative deflection at around 0927 U.T. 

Again, at 0931 Ü.T., a sharp positive bay occurred in D 

but only lasted for about 4 minutes. The strong long 

lasting negative bay in D is also considered a signature 

of the Harang discontinuity (Chen and Rostoker, 1974). 

On a larger scale, Figures 4.2 through 4.5 show the transi 

tion from eastward to westward equivalent current flow. 

At 0900 U.T. the auroral oval ground stations in central 

Canada show a strong westward current. The three Alaskan 

stations still indicate eastward flow. At 0923 U.T. we 

see the flow pattern over Fort Yukon and College shift to 

the North as the Harang discontinuity passes overhead. 

At 0931 U.T., the short sharp bay occurs during one final 

eastward current surge. By 1000 U.T. the Harang discon¬ 

tinuity has moved westward of Alaska and we see westward 

current all along the oval. 

In regards to the strong positive D excursion at 

around 0930 U.T. that punctuates the appearance of the 

Harang discontinuity, we note that this type of positive 

D bay is the characteristic magnetic signature of a west¬ 

ward travelling surge (Kisabeth and Rostoker, 1973). 

Figure 3.17 shows two all sky camera photographs taken 

from Fort Yukon. The first at 0925 U.T. (T + 280 seconds) 

illustrates the loop structure shortly after the payload 

had travelled over the southern limb. The second, taken 
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at 093Q U.T. shows the dramatic appearance of the westward 

travelling surge, as it sweeps across the meridian, sig¬ 

nalling the beginning of the breakup auroral activity that 

followed. This phenomenon (also seen by Chen and Rostoker, 

1974) evidently implies that a westward travelling surge 

may pass through a sector occupied by the Harang discon¬ 

tinuity. Since the Harang discontinuity itself may be in 

motion, a complicated differential motion may result. 

With regards to the flight magnetometer, the period 

of T + 140 through T + 168 seconds appears to signal the 

crossing of the payload from the evening sector into the 

Harang discontinuity. During this period the payload is 

still slightly to the South of Fort Yukon. As seen in 

the final model calculations the data in this time period 

is best fit if we allow the azimuth of the electrojets 

change in the same manner as the ground-based magnetograms 

imply the current is changing. Since the payload is mov¬ 

ing northwards rapidly into the region occupied by the 

Harang discontinuity and the Harang discontinuity is 

simultaneously moving westwards, it is difficult to say 

which motion was more significant in producing the change 

in the field seen by the flight magnetometer. The ground- 

based magnetometers seem to imply that entry into the 

Harang discontinuity occurred over a period of several 

minutes, but Nopper and Hermance (1974) point out that 

for a finitely conducting earth, the induced earth currents 

will be phase shifted in time from a rapidly changing 
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ionospheric current. Thus changes in the magnetic pertur¬ 

bations due to the induced currents will lag behind changes 

in the ionospheric currents, lengthening the time scale 

over which events appear to occur. 

Finally, we briefly discuss the ionospheric electric 

field as deduced by the Chatanika incoherent scatter 

radar data. Maynard (1974) and Maynard et al. (1976) observe 

that in the evening sector the horizontal ionospheric 

electric field is northward driving the eastward electrojet 

(Hall current). As the Harang discontinuity is passed 

the field shifts to the West and weakens and then strengthens 

as it shift to the South in the morning sector driving the 

westward electrojet. The incoherent scatter measurements 

of the electric field must be interpreted carefully since 

they involve integration over a wide interval of space and 

time. In this case, the time interval involved was 26 

minutes, from 0906 U.T. to 0932 U.T. The first and third 

ion velocity measurements were made at horizontal ranges 

of about 200 km. The second was made approximately 400 km 

to the North. We see that the results combine to give a 

8 mV/m electric field directed 15° South of magnetic West. 

This is in good agreement with the typical field reported 

(Maynard, 1974) to exist in the Harang discontinuity. 

4.3.4 Summary and Conclusions A rocket-based experi¬ 

ment designed to study the ionospheric currents associated 

with an auroral arc was launched on March 14, 1974, from 

Poker Flat, Alaska. The payload carried a vector magneto- 
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meter and an array of particle detectors. Due to equip¬ 

ment failure, however, no significant particle information 

was obtained and only partial magnetometer results were 

available for detailed analysis. 

The model current system which best reproduces the 

data consists of a pair of oppositely directed filamentary 

electrojets at 130 km altitude, aligned parallel to the 

visible arc in the early portion of the flight. The 

equatorward electrojet is eastward and the poleward one 

is westward. Certain features in the data are interpreted 

as being changes in the electrojet intensity and azimuth. 

The final eastward current is 2180 amps and the westward 

current carries 3270 amps. 

The change in azimuth of the model electrojets 

correlates with changes in the visible aurora and ground- 

based magnetograms to indicate that the flight path of the 

payload carried it into the Harang discontinuity. This 

involved a change in the general equivalent electrojet 

flow from eastward to westward. A limited amount of 

Chatanika incoherent scatter radar data available indicates 

that the electric field in the vicinity was about 8 mV/m 

westward. Photometer data implied that the incident 

electron spectrum of the arc had a characteristic energy 

of about 1.8 keV. 

Several improvements are possible for future flights. 

The first and most obvious is simply more careful prepara¬ 

tion of the payload to ensure that failures such as the 
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ones on this flight do not occur. In other areas, closer 

coordination of the flight with Chatanika radar to produce 

a complete profile of electron densities and electric 

fields throughout the flight would be very useful in making 

an independent measurement of ionospheric horizontal cur¬ 

rents. A new chain of ground-based magnetometer stations 

is scheduled to go into operation in 1977. These together 

with the radar data, can hopefully be used to explain the 

discrepancy now seen in the magnitude of the electrojets 

as determined by ground-base and rocket-borne systems. 

In coordination with a full compliment of electron 

detectors covering a large range of energies, the mag¬ 

netometer and ground-based instruments could be used to 

attempt a full three dimensional reconstruction of the 

high latitude current system as well as determine the 

identity of the primary current carriers in the aurora. 
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