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ABSTRACT 

The AMPTE-UKS spacecraft was well placed to monitor the solar wind and its 
variations during tt1e unusual compression of the eartl1's magnetosphere on 
1 November 1984. Ions, electrons, magnetic fields and plasma 1vaves 
observed between 0815 and 1300 UT upstream fror11 the bov1 shock at geo
centric distances of 14-19 Re and magnetic local times ~ 0900 MLT are 
reported and assessed with respect to magnetopause and bow-shock crossings 
closer to the eartr1 by the AMPTE-CCE. The position of the bow shock and 
the changing stand-off di stance (8 Re - 10 Re) are found to be governed 
pri,narily by the high and varying density of the solar wind. Features of 
intrinsic interest, including an approximately 1-hr modulation in particle 
and field properties and a persistent gross departure of the magnetic 
field frorn the Parker-spiral direction are also discussed. The magnetic
field orientation is attributed to tt1e magnetic field in the solar-1vind 
release region at the sun being slightly inclined (~ 1°) to the radial 
direction. A marked correlation between latitudinal and longitudinal 
variations in magnetic orientation appears also to be explainable in these 
terms.• Occurrences of electrostatic waves close to the electron plasma 
frequency are found to coincide with times of :nagnetic conjugacy to the 
bow shock and with electrons streaming away from the shock. A 1 edge in 
the electron distribution function, appearing occasionally between 400 and 
500eV is found in a preliminary assessment to be too small, as observed, 
to be a cause of the wave activity. It is suggestr~d, though, that the 
ledge may be a remnant of a plateau or peak which gave rise to the waves. 

1. Rutherford Appleton Laboratory, Chilton, Oi dcot, Oxfordshire, 
OXll QQX. 

2. Blackett Laboratory, Irnperial College of Science and Technology, 
Prince Consort Road, London, SW? 2BZ. 

3. Department of Physics, University of Sheffield, Sheff·ield, Yorks, 
S3 ?RH. 

4. Mullard Space Science Laboratory, Holmbury St.Mary, Darking, Surrey, 
RH5 6NT. 

5. Department of Engineering Science, University of Oxford, Oxford, 
OXl 3PJ. 

6. Department of Control Engineering, 1Jniv9rsity of Sheffield, 
Sheffield, Yorks, Sl 3JD. 



1. INTRODUCTION 

The main purpose of this paper is to report on, and assess for their 

magnetospheric effect, solar-wind conditions upstream from the earth's bow 

shock on 1 November 1984, a day of unusual compression of the earth's 

magnetosphere, monitored through magnetopause and bow-shock crossings of 

the AMPTE-CCE spacecraft (Sibeck et al 1987a,b, Baker et al 1988, Ipavich 

et al 1988, Klumpar et al 1988, Sibeck et al 1988 and Strangeway et al 

1988). The AMPTE-UKS spacecraft (Ward et al, 1985) was well placed to do 

this: it was, as shown below, upstream from the earth's bow shock through

out its routine~ 5 hour period of operation with all experiments perform

ing normally. Also, as a consequence of the unusual orientation of the 

interplanetary magnetic field, it was at times within the unperturbed 

solar wind. The UKS became magnetically conjugate to the bow shock on 

occasions when the orientation of the interplanetary magnetic field 

ensured such contact for all regions of the solar wind in the earth's 

vicinity. Positions of the UKS and CCE throughout the events under 

consideration are shown in Fig. 1 projected onto the Geocentric, Solar, 

Ecliptic (GSE) X-Y plane. The full set of UKS co-ordinates, in this 

earth-centred frame of reference, in whi eh X is directed towards the sun, 

and Z to the ecliptic north pole, with Y forming a right-handed system, is 

shown as a function time in Fig. 2. We note the fortunate positions of 

the CCE and UKS whi eh all owed the CCE to cross the unusually compressed 

bow shock and magnetopause, and permitted the UKS to sample the solar-wind 

conditions leading to this compression. 

The UKS spacecraft was designed to operate for periods of approximately 

5 hours with all experiments running, and in the present case this period 

extended from 0815 to 1300 UT. Both spacecraft were close to the ecliptic 

plane as was the AMPTE-IRM which accompanied the UKS in its orbit (Bryant 

et al 1985), following approximately the same outbound path after a delay 

of 100s, and at a distance reducing from 160 km to 100 km between 0815 and 

1300 UT. This spacing was not selected as being particularly suitable for 

the present study: at this stage of the AMPTE mission the UKS was in 

course of being manoeuvred into its position behind the IRM in readiness 

for the AMPTE barium-release experiment of 27 December 1984 (Valenzuela et 

al 1986 and accompanying papers). 
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Following brief summaries (Section 2) of the particle and field instru

ments and their ,11odes of operation on 1 November 1987, we present in 

Section 3 the basi c measure,nents and a number of derived quantities. As 

part of this exercise sorne corrections are derived and applied in order 

that best estimates can be used in the ensuing discussion. We note in 

Section 3 a ma.rked correlation bell-,een latitudinal and longitudinal excur .. 

sions of the inter-planetary magnetic field, identify the shorter period 

oscillations (~ 1 min) in field and solar wind velocity as Alfven waves, 

and note a longer term (~ 1 hr) periodicity in all measured quantities. 

The temporal gradient in solar-wind speed is also noted. In Section 4 1"e 

derive as our first objective an estimate for the stand-off distance, Xbs, 

of the bow shock, employing CCE sightings of the shock and magnetopause as 

constraints, and using computed values of solar-wind dynamic pressure at 

the UKS to give a continuous profile. We next explore the magnetic con

jugacy between the UKS and the bow shock, using both geometrical con

siderations and the occurrence of electrostatic waves and electron 

streams as indicators of connection. Implications of the relatively small 

angle between the field and the GSE X axis are discussed. 

In Section 5 we examine the ori en tat ion of the magnet 1 c field, and in 

particular its consistently large (on average 75° or 285°) departure frorn 

the Parker-spiral direction (Parker, 1958). We evaluate the possible 

effect of the observed changes in solar-wind speed, and cQnsider how the 

orientation at 1 AU might be related to orientation of the field in the 

release region at the sun. A possible link with granulation of the re

lease region is discussed. The discussion conclude$ with an assessment of 

the relationship between the electron streams e,nanat i ng from the bow shock 

and the upstream electrostatic waves. The conclusions are summarized in 

Section 6. 

2. INSTRUMENTATION 

The positive-ion instrument (Coates et al, 1985) consisted of 2 electro

static analysers with channel plates. It followed its "SW2" programme on 

the day in question, with measurements alternating between the highly 

directional "high-resolution solar-wind" mode and a 3-dimensional "fast ... 

time-resolution" mode on alternate (4s) spins of the spacecraft. The 

solar-wind mode had an energy resolution of AE/~ = 7 percent and an 
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angular resolut ·i1)n of ,'3 azi 1nuth<ll :; ,~91n(~n t s, and 4 pol.1r bins 1vitl1in a 

tota.l field of v)
0 centr2d on the solar direction. These are the ion 

;:ieasure1nents on v~hicr1 ti1e pr,~sent analysis is ;iri111a1·ily bas(~d. 

Electron distril)utions 1v 12re :neas;Jred with t~vo electrostatic analysers 

(Shah et dl, 198!,), vc:ry siinil,ff in de '.;ig'l to tl1os(~ of the ion instrument. 

The energy resolution was AE/E = 3 percent, and the angular resolution was 

2:~
0

, or finer, covering the full spher2 ev,:ry 4s. The ener9y range was 

selected to be 30-64 e.V fro111 08Ei to 1130, and 1:? eV - 2 keV thereafter. 

The rnagneto,neter (S011thwood et al, 1985) \vas a 3-axi s orthogonal fl uxgate 

set in its "high-gain" mode to register in the range± 256 nT with± 0.()3 

nT r~solution. The rnagnetic vector was deterrnined every 50 ms. Plas,na 

wave measurements are taken from a st epped-frequency analyser connected to 

a pair of boom mounted probes 7 m apart (Darbyshire et al, 1985). Iri the 

mode employed on this day the frequency range was 392 Hz to 131.47 kHz in 

256 steps each of band1vidtl1 5Ei Hz. The tirne for a full frequency sweep 

v~as 16s. 

Figure 3 is a co1nposite of the key measure!llents and derived quantities 

frorn the particle instruments and magnetometer. Panel a shows the solar

wind proton inean drift speed, V. There is a general negative grddi ent 

throughout the period, with the speed falling fro1n ~ 470 k;n/s at 0815 UT 

t o ~ 4 2 5 km / s a t 13 0 0 U T , i • e • an a v e r a g e g rad i en t of "' 2 p e r cent p e r 

hour. There are, in comrnon with all other panels, several significant 

departures from the general trend occurring at approxirnately 1-hr 

intervals. Panels band c give the latitude, Bv and longitude, tv, of the 

flow. The latitude is as expected for radial flow from the sun, whereas 

the longitude varies betv,ieen 180° to 170° which ranges more •t1idely from a 

no;ninal 180° than the 3.5° - 4° expected from aberration due to the 

earth 1 s orbital velocity. The computed ion densities, n, (panel d) are, 

although quit2 typical for the solar wind, known to be underestimates of 

the true densities. Firstly, they are approximately equal to the electron 

partial densities (not sho~,m) obtained frorn el,~ctrons of 12 eV - 2 keV 

only. Since the electron distribution function in this range is (see 

Section 4) of the form F a E- 4•5 , the observed density is only a srnal l 

fraction of the total, the bull< of the electrons being below 12 eV and 

re111aining unob?erved. Secondly, on the occasions ~<Jhen the electron plasma 

- 3 -



fr~quency could be identified (':;ee belot1), the electron density, and by 

i,nplication the true ion density, was typically a factor of 4±1 higher 

than the corresponding co 1nputed ion density. (The 1~1ectron plasn1a 

frequency ~vas identified by a v.iell-defined feature being present in the 

srectrum; on this day it was often the lowest frequency of the band of 

electrostatic noise.) Tl1e discrepancy can be understood in ter:ns of the 

great dernand placed on the ion spectru!ll resolution by the unusually 10 ,.1 

te,:iperature in a situation where absolute ineasure,nents of density are 

notoriously difficult at any ti:ne. The right-hand scale of panel d 

provides an estimate based on the ciensities inferred from the electron 

plasma frequency. 

The rroton temperature Ti in panel e, ranging from 4 x 10 4 to l.~ x rnsK, 

is unusually low. Panel f gives the ran1 pressure Psw = 1.16 nmV2, appro

priate for a 4 percent concentration of a-particles in the solar wind 

(Slavin and Holzer, 1981), m being the rroton mass. The left-hand scale 

gives the nominal pressure, and the right-hand scale provides a best 

estimate based on the density correction described above. 

The next panel (g) shows the electron net heat flux along tt1e magnetic 

field Qe11, Since this quantity is relatively insensitive to the low

energy contribution, the scale is uncorrected. The most noticeable 

feature is that it is consistently negative, i.e. flowing, in the pre

vailing geometry, towards the bow shock. It will be seen in Section 4 

that the t irnes when the heat flux is reduced to zero correspond to those 

times when there is a compensating flux from the bow shock. Panel 11 shows 

the computed Alfv~n speed VA· 

Panels i and j show the latitude 08 and longitude ~R of the magnetic 

vector. The latitude is mainly negative (southward) before 1000 UT and 

mainly positive thereafter. The longitude is, apart froin a brief excur

sion near 1050 UT, consistently positive, ranging over the full 0-90° 

quadrant. It is always at a large angle to the Parker-spiral directions 

of 135° or 315° for the prevailing solar-wind speeds. 

The wide variations in latitude and longitude are very closely correlated, 

both in the shorter term (rni nutes) and 1 onger terrn (hours), as can be seen 

at once if the two tr~ces are viewed sideways, when they appear almost as 
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:nirror i1nagr~s about their common axis. This point is examined quanti-

tatively in the 5catter plot of Fig. 4. A regression analysis using 1 

1ninute averages (293 points) yielded <l>B = - 1.093 8[3 + 42.'546° with a re

gression coefficient of - 0.96. A preli1ninary analysis, following Belcher 

a n d Da v i s ( 1 9 71), s u g g e s t s t hat t he s e v a r i a t i on s i n t he f i e l d corn po n e n t s 

are correlated ~~ith variations in the solar-wind velocity components, 

indicating that the shorter-terin variations are probably Alfven waves. A 

twin-spacecraft study of the UKS and IRM data will in a later work examine 

their propagation properties. Si nee rnagnetohydrudynarni c waves of such 

periods would be unable to propagate, even within the super-Alfv~nic solar 

wind, over distances as great as 1 AU (Parker, 1969), these waves must 

have a relatively local origin. 

Figure 5 summarizes the electrostatic wave rneasureinents in the for111 of a 

frequency vs time spectrogram. Before 1005 UT there is just one short 

burst of activity (at .- 68 kHz), while after this there are prolonged 

bursts at lower frequencies following the same general temporal pattern as 

Fig. 5. 

The longer term (~ 1 hr) periodicity which dominates the overall appear

ance of Fig. 3, and to an extent Fig. 5, is almost certainly of solar 

origin, since each of the 5 natural intervals (0815-0905 UT, 0905-1005 UT, 

1005-1050 UT, 1050-1150 UT and 1150-1250 UT) is characterized by different 

mean values of rnost or all of the observed quantities. Such longer term 

fluctuations or equivalent spatial struct1Jres are able to survive the 

passage across 1 AU frrnn the sun to the earth (Parker, 1969). 

4. ANALYSIS 

Bow Shock 

A best esti:nate of the position of the earth's bow shock throughout the 

interval 0815 to 1300 UT may be obtained by combining the constraints 

afforded by sightings of the bow shock and magnetopause by Vie CCE with 

the changes of solar-wind dynamic pressure observed at UKS. The CCE was 

in the solar wind between 0730 and 0911 IJT. Since the local time ~'/as 

close to noon (Fig. 1) it is clear that the stand-off distance, Xbs' was 

less than the radial distance to the spacecraft during this interval. 
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The nose of the bow shock ,nust therefore t1ave heen earthward of a line 

1vhi eh reduces fro/ll 8. 7 Re at 0815 ;JT to 8. 5 Re at 0911 IJT. Anotf-ter 

extended period in the solar wind between 0927 and 0957 UT places the nose 

of the bow shock earthward of 8.4 Re reducing to 8.2 Re. The CCE entered 

the 111agnetosphere at 1058 UT and re,nained witl1in it for the rest of the 

period. This provides a lower limit for the stand-off distance of the 

rnagnetopause, Xmp· Using the e111pirical finding that Xbs, = 15.6 p-11 6 

(Slavin and Holzer, 1981), and Xmp = 11.7 p-l/ 6 (Holzer and Slavin, 1978), 

i.e. Xbs/Xrnp = 1.33, we obtain a lower limit for Xbs which reduces fro111 

9.8 Re at 1058 UT to 7.0 Re at 1300 UT. These firm constraints on bow 

shock position are indicated in Fig. 6 by the shaded areas, together with 

a continuous line proportional to the observed p- 116 , normalized to meet 

the constraints. We see that the line is fully consistent with tt1e con

straints, and in fact is firmly deter,ni ned by them. It constitutes a best 

estimate for Xbs throughout the period. It should be noted that this 

procedure depends on relative, but not absolute values of number density. 

Figure 6 cl early reveals the movements of the bow shock. We see, in 

particular the overall change from Xbs "'8 Re before 1000 UT to Xbs "'10 

Re after 1100 UT and the repeated crossings of the CCE orbit. Reference 

to Fig. 3 (panels a,d) shows that the changes are driven principally by 

variations in density (amounting to a factor of 3.6) rather than varia

tions in speed (whose square changes only by a factor of 1.25). 

Magnetic Conjugacy between the UKS and Bow Shock 

Figure 6, which depicts also the radial distance of the UKS, shows clearly 

that, even though it was several !lours from noon MLT, the UKS was at all 

times several Re upstream from the bow shock. However, it is important to 

establish which of the UKS measurements were representative of pure solar 

wind and which may have been perturbed by upstream effects generated at or 

by the bow shock. Si nee suet, effects are highly dependent on whether or 

not there is magnetic conjugacy, we now attempt to establish this firstly 

from the known geometrl}'. In order to do this we assume that the bow shock 

has the form of an hyperboloid. We adopt, following Slavin and Holzer, 

(1981), a focus on the axis at 1/4 of the shock stand-off distance Xbs, 
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and (initially) an eccentricity of 1.2. We allow for the small ("' 4°) 

solar-wind-speed-dependent aberration in alignment caused by the earth's 

orbital velocity; and, using the orbital position and measured magnetic 

vector, compute, for those cases where there is magnetic conjugacy, the 

distance, D, of the UKS from the bow shock, measured parallel to the 

magnetic vector. The results are presented in Fig. 7, trace a. Gaps in 

the trace correspond to times when the above procedure indicates that 

there is no conjugacy. We see that before 1000 UT there is only a brief 

period of conjugacy, while after 1000 UT there are apparently just two 

brief breaks in magnetic connection. The form that the conjugacy typi

cally takes is sketched in Fig. 8 which represents, in fact, the situation 

at 1120 UT. 

Electrostatic Waves 

Plotted in Fig. 7, trace b, is the plasma frequency, fpe, obtained from 

the wave spectrum. Densities corresponding to the observed cut-off fre-
2 

quencies (using n(cm- 3 ) = fpe(Hz)/81) are shown against the right-hand 

ordinate. Gaps in the trace correspond to times where there was no 

detectable wave activity, and consequently no measure of plasma frequency. 

It is immediately apparent that periods of wave activity correspond 

closely with periods of nominal conjugacy between the spacecraft and bow 

shock. In particular, they coincide in the brief period close to 0900 UT 

but are otherwise absent between 0815 and 1000 UT. They also endorse the 

breaks in contact expected around 1150 UT and 1240 UT. The correspondence 

is in fact so close as to suggest that, in view of the assumptions 

necessary to produce the nominal conjugacy, the detection of wave activity 

should be taken as the more reliable indicator of magnetic connection. A 

closer match between nominal conjugacy and observed wave activity is 

readily achieved by adjustment of the assumed eccentricity for the bow 

shock. Value~ of E between 1.02 and 1.3, which are fully consistent with 

studies of the shape of the bow shock (Slavin and Holzer, 1981), are 

adequate to give such a match. Si nee there is no reason to expect the 

shock surface to be an ideal hyperbola under the changing conditions 

encountered in this event, it seems fully reasonable to expect the 

effective value of E to vary. 
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Electron Streams 

It was noted in Section 3 that the predominantly negative electron heat 

f1 ux is occas i ona 11 y restored to zero by a cornpensat i ng flux from the bow 

shock. This is affected by increases in velocity-space density over the 

who1 e measured energy range (12eV-2KeV), with sporadic appearance of a 

ledge, too small to be deemed a plateau, between 400eV and 500eV. Since 

such a plateau, which could in principle be an unresolved bump, is a clear 

candidate for the generation of the observed electrostatic waves, we 

firstly test its correlation with wave activity by plotting, as curve c in 

Fig. 7, the intensity JeO of electrons with pitch angles 0-10° at an 

energy of 500eV. We find a strong correlation between these electrons 

streaming upstream from the shock and the detection of wave activity 

indicated by curve b. As a control we show in trace d tt1e compl ernentary 

intensity Je 180 of electrons with pitch angles 170-180° which does not 

exhibit any such clear relationship. 

Magnetic Field Inclination 

The fifth trace in Fig. 7, trace e, shows the angle, y, between the 

magnetic vector and the X axis, i.e. y = cos- 1 (Bx/B). It is easily seen 

that when this angle is small, in fact less than the asymtotic angle of 

the hyperbola, o = cos- 1 (1/e:), all_ points upstream from the bow shock 

will be magnetically connected to the shock. Conjugacy will be limited 

only by the transverse extent of the shock itself. Or, in other words, 

when y < o there is no geometrical foreshock boundary; the extent of the 

foreshock is determined by other considerations such as propagation 

characteristics and shock dimensions. The eccentricities which guarantee 

conjugacy for given values of o are indicated by the right-hand scale. We 

see, as expected, that the times for which y < 35° (corresponding to the 

adopted value of e: = 1.2) are approxi-mately equivalent to the times (vhen 

conjugacy is indicated by the geometrical analysis (trace a), the wave 

activity (trace b), and the- electron streams (trace c). 
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5. DISCUSSION 

The pri,nary objective of tr1is paper - to estdblish the solar . .,,ind condi

tions and to map U1e position of the earth's bow shock - has been 1:iet 

through a straightforward analysis of the data. It is clear that the 

unusual co,11pression of the how shock before 1000 UT was due principally to 

U1e high number density of the otherwise average solar wind. T1>10 issues 

requir;:! furt11er dttention. The first of thes,~ is the unusual orientation 

of tr1e interplanetary magnetic field with its attendant correlation be

tween latitudinal and longitudinal excursions together with the hourly 

periodicity of thes<~ excursions, and indeed, of all measured parameters. 

The second is the other close correlation - that between electrostatic 

waves and e l 1~ctrons streaming away froin the bow shock. These points are 

taken up beloN. 

Relationship between Electron Streams and Electrostatic Waves 

Here we use a Vlasov stability analysis to show that the observed high 

frequency electrostatic waves can be generated by an electron beam. 

The observed solar-wind electron distribution function (Fig. 9) is similar 

to the one described in Fig. 3 of Gurnett r.1nd Frank (1975). For the 

present exercise it is modelled as consisting of a cold Maxl'1ellian com

ponent with a temperature of l0eV, arid a hot Maxwellian component with a 

temperature of 200eV, together with an electron beam havin~ a drift velo

city parallel to the magnetic field of 12,000 kms- 1 and a temperature of 

50eV. Following Nairn (1988) we look for growing waves by solving the 

dispersion relation for electrostatic waves propagating parallel to the 

rnagnetic field: 

where 

1 + 4 Kj (k 11 ,w) = 0 
J 
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Z' is the derivative of the Fried and Conte (1961) function, j denotes the 

species, k the wavenumber, w the angular frequency, Aoe the nebye length, 

Vj the ther111al velocity and Vdj ti1e drift velocity along the rnagnetic 

field. 

We find solutions corresponding to growing el1~ctrostatic waves ~-1hich are 

driven by the presence of the bear7i. The ~'laves grow only if %/n 0 > 0.02, 
tl. ,L 

where % i s/density of beam electrons and n0 is the density of the 

background plasma. Growth is over a range of wavenumbers with frequencies 

ranging from just below, and up to, the plasma frequency. A bandwidth of 

20%, which is approximately that observed in Fig. 5, requires in this 

model %/n
0

=0.03 as shown in Fig. 10. The growth rate is then 0.027 wpe' 

where wpe is the pl asrna angular frequency. It is di ffi cult to deter1ni ne 

nb/n
0 

from the electron observations, but it is clear that it is roughly 

an order of magnitude lower than the critical nb/n
0

=0.02. This fact and 

the observation that waves are also seen at times when there is no 

evidence of a beam, rnay indicate that there is another 1nechanism for wave 

generation or that the diffusion in velocity space of the electron 

distribution is so rapid that it is wiped out almost i1nmediately. The 

diffusion time is much shorter than the time averaging interval of the 

data, 5s, so one would indeed expect to see the beam only close to its 

source. We note that, if this interpretation is correct, the peak in the 

wave spectrum occurs below, rather than at, the plasma frequency. 

Magnetic Field Orientation 

In order to predict the nominal orientation of the interplanetary field 

we need first to know the sense of the field (towards or away from the 

sun) at the appropriate time and position in the solar-wind release 

region. 

Although this proves to be impossible to determine with any certainty we 

discuss the procedure here, since some of the issues raised have an 

important bearing on later discussions. The field in the solar-wind 

source region (i.e. at an heliocentric distance of "' 2 Rc;,)is commonly 

considered to be radial, i.e. to lie along streamlines of solar-wind flow, 

as indeed must be the case in the steady state (Parker, 1958). The 

location of the emission region, accurate to± 10° of solar longitude, may 
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be obtained (Nolte and Roel of, 1973a) by straightforward reckoning of 

which region of the sun faced the earth at the time of release of a given 

solar-wind packet, assuming radial flow at constant speed. For the solar

wind speeds encountered on 1 November the transition time is "" 3.9 days, 

placing the source region vii thin 10° of the centre of the sun at around 

12()0 UT on 28 October. The Stanford Magnetograrn (Solar-Geophysical Data, 

prompt report 484, 1984) shows that at the photosphere, the average 

direction throughout the whole area of uncertainty was away from the sun. 

On a finer scale, the Kitt Peak Magnetogram (ref as above) reveals a 

number of changes in sense within this area, with reversals in direction 

occurring within angles of~ 1.5° at the solar surface, corresponding to 

intervals of 2.7 hours of meridian passage. This interval, we note, is 

comparable to both the modulation period of 1 hour noted in the measure

ments, and to the "' 5-hr duration of the observing period itself". The 

sense of the field in the release region at any given time may not there

fore be typical of the region as a whole, and may possibly vary during the 

course of the measurements. We shall, therefore, carry forward both 

possibilities in the following discussion. 

In Append•ix A we recall the geometrical considerations which determine cj>, 

the longitude of the interplanetary field, based on the work of Parker 

(1958). l~e do this in a form which may readily be extended in Appendices 

Band C to deal with variable solar-wind speed (Appendix B), and departure 

from a perfectly radial field in the release region (Appendix C). Without 

these complications it is readily seen · that: 

tan et> 

where R is the astronomical unit of 1.5 x 108 km, Q is the rotational 

angular velocity of the sun, 2.7 x 10- 6 rad s- 1 , and Vis the solar-wind 

speed. 

For a typical value of V (455 km/s), <I>= 138° (or 318°), the first figure 

applying when the magnetic field at the sun is directed outward, and the 

bracketed figure applying for an inward field. The mean observed longi

tude fobs was = 35° whi eh departs very substantially from the nomi na 1 by -

103° (or + 77°). 
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In Appendix B we relax the requirement for constant solar-v,ind speed and 

evaluate the effect of a purely temporal change dV/dt, of solar-wind 

emission speed uni form over the appropriate region of the coronal surf ace. 

In this case 

tan~ = - Rn /(1 - !L sL'L) 
V V2 dt 

On substituting for R, n and the mean observed value of V we have 

tan~= - 0.9/(l - G) 

where 

G 1 dV d . t h = V dt expresse 1n percen per our. 

We note that the effect is instantaneous (after the necessary propagation 

time) and does not require a prolonged period of temporal change. 

In Table 1 we show, for each of the main intervals defined by the modula

tion noted in Fig. 3, computed values of G and ~, together with the 

observed values and the differences. 

TABLE 1 

Magnetic-Field Longitude and Solar-Wind-Speed Gradient 

Interval G i hr- 1 4>obs 

1. (0815-0905 UT) -0.7 152° (332°) 45° -107° (730) 

2. (0905-1005 UT) -2.7 166° (346°) 70° - 960 (84°) 

3. (1005-1050 UT) -4.8 171° (351°) 15° -156° (24°) 

4. (1050-1150 UT) -2.0 163° (343°) 25° -138° (42°) 

5. (1150-1250 UT) 0 138° (318°) 25° -113° (67°) 

- 12 -



Frrnn Table 1 we note that the observed changes in solar wind-speed, taken 

as indicative of an overall temporal chanye, consi,jerably modify tt1e 

expected orientation of!_. However, there is still a large discrepancy 

betweei1 expected and observed values, whichever sense is assu:n1~d for the 

magnetic field in the release region. We note in passing that a gradient 

of + 2.3 percent hr- 1 with an outward directed field would be consistent 

with the !llean longitude of 35°. 

It is entirely possible, of course, that the observed variations in solar 

·,.Ii nd speed reflected an azimuthal structure rotating past the observer 

such that 

Q dV 
de 

The effect of an azimuthal 1Jradient has been treated by Nolte and Roel of, 

{1973a,b). From the modelling presented in the latter we see that, 

although a positive azimuthal gradient could produce the observed orien

tation, the negative gradient inferred frorn the observed time variation 

would not resolve the discrepancy. 

We consider now the effect of a small angle existing between the (radial) 

solar-wind flow and the coronal magnetic field in the release region. 

Such a small angle might arise for example above closed magnetic loops in 

the lower corona at the roots of coronal streamers, as depicted for 

example by Wilcox (1968, Fig. 56). 

From Appendix C we see that the effect of a small inclination ex in the 

ecliptic plane is to make: 

tan <t, = - RVQ ( 1 - !L tan a) 
ro 

where r0 is the heliocentric radius of the solar-wind release region. 

Taking r0 = 0.01 R, i.e. approximately 2 %) we have: 

tan <t, ~ - 0.9(1 - 100 tan o) 
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In order for <I>= 35°, we need a= 1° ~ approximately inwar'd) or un° 
(~ approximately outwat'd). Hypothetical values for each of the five 

natural intervals of t,,e event are given in Table 2. The table also giv~s 

values of 13, the inclination in the rneri1jinal plane, whic:1 correspond to 

the observed rnean latitudes in each of the intervals, using, since 1, = O 

in this direction, tan 8 = - 91 tans. Again, we note the very small 

departures fro111 the radial direction needed for a large effect on the 

orientation at 1 AU. 

TABLE 2 

Hypothetical Departures from Radial Magnetic Field 
in the Solar-wind release Region 

Interval a 

1 1. 20 (178.8°) -0.1 0 

2 2.3° (177.7°) -0.4 ° 
3 0.7° (179.3°) 0.4° 

4 0.9° (179.1°) o. 1 ° 
5 0.9° (179.1°) o. 1 ° 

The values of a and 8 are closely carrel ated (though not 1 i nearly) as 

would be expected from the earlier noted correlation between e and•· The 

possible origin of the sequence of values of a and 8 1"1ill be the subject 

of a later work; however, we venture here to suggest that it might lie in 

the traversal across the sun's surface and lower corona of magnetic loops, 

several degrees in solar angular dimension, whose almost, but not exactly, 

radial upper- coronal counterparts are projected into interplanetary space 

by the solar wind. The hourly periodicity in all measured quantities 

would then imply a granularity~ 1° within and throughout the larger 

coherent structure. 
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6. CONCLUSIONS 

The main conclusions to be drawn from the observations made by the UKS 

between 0815 and 1300 UT on 1 Nov~nber 1984 are: 

1. The position of the earth's bov1 shock can be traced throughout the 

period; the rnove1nent of the nose from .. 3 Re to "'10 Re was due 

pri,narily to a change in density of the solar ·wind from~ 60 cm- 3 to 

~ 20 crn- 3 • 

2. Short period (~l minute) fluctuations in the interplanetary field and 

solar-wind velocity are manifestations of Alfven waves of local 

origin. 

3. Longer period (~1 hr) changes are observed in all measured 

quantities. These rnay perhaps be attributed to granulation ~1° in 

the release region at the sun. 

4. A "ledge" at 400-500eV on the distribution function of electrons 

moving away from the bow shock appears to be an order of magnitude 

too small to give rise to the electrostatic waves observed on field 

1 i nes connected to the shock. The ledge may be a remnant of a beam 

which was responsible. 

5. A marked correlation between the latitudinal and longitudinal 

fluctuations in the magnetic vector at 1 AU may have its origin in 

passage across the solar disc of a coherent magnetic-loop structure, 

several degrees in extent, in the lower corona. 

6. The orientation of the interplanetary field at 1 AU appears to have 

been controlled by a small angle (~1°) existing between the magnetic 

vector and radial solar-wind flow in the release region in the upper 

corona. 
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APPENDIX A 

NOMINAL PARKER SPIRAL ANGLE 

(In which we assume a constant solar wind velocity V, and a magnetic field 
in the release region parallel to radial streamlines of solar wind) 

In Fig. Al, o is the centre of the sun, r0 is the radius of the solar wind 

release region ("' 2 Re), e is the earth, R is the astronomical unit, and 
ae and be are (radial) solar-wind plasma flow lines. 

Plasma emitted from a at time t = o reaches eat: 

R-r0 
t = -v-·- ••.•..•. (Al) 

Plasma emitted at t = tit from the same region of the sun whi eh has now 
rotated to b, where aob = ntit, will at time t have reached c where 

be = (t - tit) V 

Since these two elements of plasma, initially magnetically conjugate, 
will, in the "frozen in" approximation, remain magnetically conjugate, the 
magnetic vector at e will lie along ec. The azimuth of the field <I> is 
therefore given by: 

tan <I>= - tan (360 - <1>) 
cd oc sin n6t 

= - de = - R - oc cos nt 

[r0 + (t - 6t)V] sin n6t 
= - R - r0 + (t - 6t) cos n6t 

using Al, and letting 6t + o 

tan <I> 
Rn 

= - v 
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APPENDIX B 

SPIRAL ANGLE FOR TIME VARYING SOLAR-WIND SPEED 

(assu:ning that the solar wind e,nission speed varies ~1itl1 time, and that 

the magnetic field in the release region is parallel to the (radial) 

streamlines) 

Using the nomenc;:ld·ture of Fig. Al: 

Plasma emitted at ti1r1e t = At from b will now reach cat time t given by: 

dV be = (t .. At)(V + dt At) 

Following the same procedure as in Appendix A, and using the fact that V 

At<< R, we find that: 

tan qi 
(1 + l ~ At) Rn V dt 

= - - _ {_l ___ .!L !;1"v) --

V2 dt 

Provided that the change in velocity is relatively small, i.e. that 

dV « V 
cff At 

Rn R dV tan qi = -/(1 - - ---) 
V V2 dt 

The variation in V thus has the effect of modifying the effective solar 

qngular rotation to 

We note that rl' + o when t ~~ = -~, which for typical values of V _is 

i percent per hour. 

per hour. 

Rotation is effectively .. reversed if 1.£.Y. > 1 percent V dt 
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APPENDIX C 

SPIRAL ANGLE FOR NON-RADIAL MAGNETIC FIELD 

{In which the foregoing assumptions are removed) 

Plasma at fin Fig. Cl, magnetically conjugate to a, and moving towards g 

at t = o will be released frorn h, where boh = aog. This occurs after a 

delay of 6t = fg/V, if we assuine for simplicity a con_stant speed of 

propagation through the outer corona. As before, b is the position to 

which a has rotated after the interval 6t. 

Since bah= 
,. 

aoy 

aoh = aob 
,. 

aog 

= f26t 

= n6t _ V6t tan a 
ro 

= {n _ V tan ~ 6t 
ro 

which leads directly, by analogy with Appendix A, to 

tan~= - B.V {n - L tan a) 
ro 

from whi eh it is cl ear that the effect of non .. zero a is to modify the 

effective rate of angular rotation. 
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Substitution for R, n and r ,J leads, with the mean value of V to: 

tan~= - 0.91 (1 + 100 tan a) 

We note that the apparent rotation becomes Zl~ro if tan a = - 0.01, 

i.e. a = 179,4° (or 359.4°). The apparent rotation is reversed if 

tan a < - 0.01. We note also that a deflection ,a, in the rneridinal 

direction, for which the angular velocity n is zero, gives rise to an 

apparent rotation and to a latitudinal (North-South) deflection given by: 

tans= - 91 tan a 
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Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

9. FIGURE CAPTIONS 

Projection onto the Geocentric Solar Ecliptic (GSE) X-Y plane 

of t,1e orbits of the UKS and CCI: spacecraft. The orbit seg

ments shown start at 0400 UT and end at 1300 UT. Boxes in

dicate positions at each full hour. UKS is outbound while CCE 

is around apogee. For reference, circular arcs are drawn at 

5, 111 and 15 r<e. 

GSE X,Y,Z of the UKS spacecraft as a function of time for the 

period 0800-1300UT. The UKS had continuous data coverage from 

0815-1300 UT. 

Summary of charged-particle and magnetic field observations. 

The 11 panels show, from top to bottom, the solar wind speed 

(panel a) and its latitude and longitude (panels band c); the 

density and temperature of the ions (panels d and e); the ra,n 

pressure (panel f); the electron t1eat flux parallel to U1e 

magnetic field (panel g); the Al fven speed (panel h); and the 

latitude, longitude and magnitude of the magnetic field 

(panels i, j and k). For reasons explained in the text, one 

should use the scales on the right in panels d, f and h. Note 

the approximately hourly structure in all observations. 

Scatter plot of the latitude vs longitude of the magnetic 

field together with their regression line. The data shown are 

1 minute averages for the full period (293 points). 

Frequency vs time spectrogram showing the occurrence of 

electron plasma oscillations at various times during the 

observation period. Note the relative lack of wave activity 

before 1005 UT and the hourly structure thereafter. This wave 

activity is found to be a good indicator of magnetic connec

tion to the bow shock. 
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Fig. 6 

Fig. 7 

Fig. 8 

Fig. 9 

Stand-off distance of the bow shock Xbs as a function of time. 

The shaded areas represent constraints on Xbs resulting fro111 

sightings of the bow shock and magnetopause by the CCE, whose 

radial distance RcCE is also shown. The form, but not abso

lute position, of Xbs is derived from the solar-wind ram 

pressure measured at the UKS, whose radial distance RuKS is 

plotted. For explanation of the continuation of shading from 

RccE to 1. 32 RcCE see text. Note that the constraints on Xbs 

and its shape are consistent witl1, and indeed fir,nly define, 

Xbs throughout the observation period. 

Occurrence and effects of magnetic conjugacy between the UKS 

and the bow shock. Trace a shows the distance, D, between the 

UKS and the bow shock, measured parallel to the magnetic 

vector for those times when there was nominal conjugacy. The 

evaluation assumes the bow shock to be an hyperboloid of 

eccentricity 1.2. Trace b gives the electron plasma frequen

cies, foe• for times when there was measurable wave activity. 
I 

Trace c shows tf1e intensity, JeO, of 500eV electrons with 

pitch angles 0-10°. Traced is the equivalent for pitch 

angles 170-180°. Tracee plots the angle, y, between the 

magnetic vector and the GSE X axis. The eccentricity scale at 

the right identifies eccentricities for which magnetic connec

tion to the bow shock is guaranteed for all points in the 

earth's vicinity for given values of y. 

Sketch of typical location of UKS relative to the bow shock at 

a time of magnetic conjugacy. 

occurring at 1120 UT. 

The geometry shown is that 

Distribution function of electrons flowing parallel to~, i.e. 

away from the bow shock, at 1103 UT. The over a 11 form of the 

distribution is FaE-4.5. A narrow ledge is clearly discern

ible between 400 and 500eV. Possible links between distribu

tions of this type, observed at intervals throughout the 

period, and the occurrence of electrostatic wave activity are 

discussed in the text. 
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Fig. 10 Numerical solution of the electrostatic plasma dispersion 

function, showing the relation between the growth rate y and 

the real part of the frequency wr for two different bea171 

densities %/n 0 = 0.02 and 0.03. The former represents a 

threshold condition, and the latter matches most closely the 

observed wave spectrum. The scale along the top of the figure 

gives the absolute frequencies (f=w/2~) applying at 1103 UT. 

- 25 -



4 .. \ 
' . \ I 

' \ 
' \ 

' 
I 

'I. CCE ' I 

' \ I 

\ 
I 

2 \ I 

1300 UT ~ 
I I 

I 
I I 
I 
I 
I 

0 
I I - - - - - -, - - - - - -
I 

I , 
' I 

' I 
' I I I , 

-2 I I I 
I I I 

Cl) 
I ' 

I 

I 
I 

a::: / I 
/ I ,, I ,, , .. .,. 

I I 

-4 .,. ,, I 

>- , , 0400 I I ,. ., I --- .,. I I 

LJJ --- I 

en I I 

I I 

' (!) -6 I I 

/ ' / ' / I 

/ UKS I 

I , ,, , 

-a ,;, I 
/ , ,,,, 

I 

0400 UT I 
I .,, ., I 1300 UT - , 

---10 
___ ... 

, , ,, 
.,. , , , 

-12 
0 2 4 6 8 10 12 14 16 

GSE X, Re 

Fig. 1 



Cl) 

a:: 
... 

Cl) 

15----~--------------------
GSE X 

10 

5 

g O - ....., _ ___, _ _,, _____ w_www_....w __ w_www_w __ www_www ____ =-www-=......---=---

0 GSE Z 
+
f/) ·-

0 -5 

-10 
GSE Y 

-15"-----'----.JL-----'----i----------____, 
8 9 10 11 12 13 

Time, hours U T 



500.----------------------------. 

V, km s-1 450 
400 

Bv 

'Pv 
190° 
180° 
170° 

n cm-3 10 
t 

0 

Ti , K 
105 

0 

5 
P, n Pa 

0 
Q -2 0 e11,µ.w m 

- 50 

VA,kms-1 

0 
30° 

Be oo 
-30° 

60° 
'Pe 30° oo 

330° 
20 

B, nt 
10 

08 

40 

0 

20 

0 

50 

0 

9 10 11 12 13 
Time, hrs UT 

Fig," 3 

a 

b 

d 

e 

f 

g 

h 

J 

k 



C) 
Q) 

"C .. 
Q) 

"C 
:::, --C 
_J 

60r---r--,---,;---,--.--~--,---,--.-----,--r----.---.---.......... -

' / 
, ' 

30 

0 

-30 

-60 

-30 0 30 
Longitude , deg 

Fig. 4 

~ - -- -- ·- -- -

X 

X 

X 

60 100 



-- : 

-- ! 
"r 

n 

~ 
--y 

- i --~ 
- ;1 --~ 

--ii 

1! 

0 
C\I 

d 

" J 
:i 
~ 

~ 
:• 

~ 
! ,; 

.... -.-.-... •,..,.,....,.,•.·.·-·., ... ~·-

0 
(X) 

·.-:: .~-- -·-~ 

0 

--

0 

-N -

-..... 
:;) 

1.11 -0 
0, UJ •.-! - ~ µ., - -- t-

·~--··-···· 

. :~~\~J\. 
0 

-0 -

0 

-0,. 

I -

0 



Q) 

0:: 
.. 

Q) 
u 
C 
0 

-+-
(/) ·-
-0 7 
0 ·--0 
0 

0:: 5 

38 9 

::~/::.:/:' : 

RCCE 

1·32 x RccE 

R UKS 

Xbs 

10 11 12 
Time, hrs U T F:g. 6 

13 



60 

40 
D,Re 20 

0 
80 
70 

60 
fpe,Hz 

50 

40 

1012 

Je,0° 

-2 -1 
1011 

m s 
s(1 kev-1 

1011 

Je,180° 
1010 

N 

C 

d 

90T ___,..,~ ~ .i m e . J E 

y 45°[ ~~·:::]En 
oo 8- ' 9 10 11 12 13 

Time, hrs UT 

Figo 7 



-15 

Y,Re 
UKS 

-5 

0 ------~----..__ __ _.___, 
15 10 5 0 

X, Re 

Fig" 8 



5 

rt)(/) 4 
<D 
I 
E 
~ 3 
' >-
+-
(/) 
C 
Q) 2 
-0 
Q) 
u 
0 

g. 1 
I 
>-
+-

u 

~ 0 
> 
0 

• 
• 

I 

I 

I 

I 
-2-_______.____.a_-4-1..~~---L---_.________._-----'--'-~ 

1 2 3 
Log10 ( Energy /eV) 

Figo 9 



10 20 30 40 50 kHz 35---~----,.-----.------,----,--------, 

30 

Y x,o-3 
Wpe 

25 

20 

15 

10 

5 

0 
0-0 0•2 Oe4 

nb =0.02 
no 

0-6 0·8 1·0 1·2 
Wr -Wpe 





.--I 

u 


