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ABSTRACT

Analysis of Pioneer V enguthentwith solar plasma on March 30, 196fhowed thasolar
magnetic field was not detectdny the proberather a high interplanetary magnetic field
(IMF) was later measureafterfirst been recorded bionolulu earthstation this questioned
envisionedembeddedolarmagneticfield. A propogd mechanism dfolar wind captured at
and before the bow shock, producing Interplanekaternal Magnetic Fieldl {EXMF), led

to energization of these particleshile boundaries between IMFepresensspace between
intermittent produced|-ExMF. Intensel-EXMF (Il -ExMF) is produced around 1Rg
within magnetosheath, igniting transitory magnetic wailies roarg; initiating the sudden
commencement and related maihase Explanation of theseand the propagation of
magnetic disturbances and the interplanetary sector structure, is basée=xdF
characteristicsUnderstanding tree mechanismsvill reflect positively on attaining the
alternative renewable green engerdhat can protect our planet, environment and
establishment of more advanced human society

1.0Introduction

Contrary tothe name, theinterplanetary magnetic field (IMF) refer to the magnetic field
embodied in the solar plasm@arker, 1958] that means,hte solarmagnetic field present in
the Corona is carried by themitted particles,hencethe solar wind is said to carry an
entrainedmagnetic field[McDonald 2005] which means the solar wind and its entrained
IMF, could be carriedll along the ninglanet toinflate the heliospherfMcComaset al,
2011] or as far as solar plasma can reach.

The usage of rockets 10947 for scientific studieshadlead tothe launch offirst satellites

Sputnik 3 in 1958 for magnetimeasurment thenVanguard 3 inl959that masured strong

field near earth,[Heppner 1967] culminated with more investigations duringhe
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international Geomagnetic Yed®58/57 [Nessand Burlaga 2001 National Academy of
Sciencegl961] then cameseries of satellitesthe unique of which wa®ioneer V which
presented what thought to be the prove for the solar origin of the@dlerhan et al 1961],
then camethe Interplanetary Monitoring Platforsh (IMP-1 or IMP-A) satellite,in 1963to
study the IMF, radiation between the earth and the moon, and esuth relationships
[Heppner 1967] all of which resulted in the discovenf Van Allen radiation bel{Van
Allen, 1959] and aranomaliesmagnetic fieldopposite in directiono the geomagnetic field
several radial distance from the edittilcox 1966]

The IMP-1 satellite magnetic dataas interpreteds a proof to Pioneer Wata[Wilcox and
Ness 1965] and related t@bservations on theun Wilcox 1966 Wilcox and Nessl965] in
accordance tthe solar spiral magnetic field theory by Pariearker, 1958],developed into
the reconnection theorto resolve auroral problem®{ingey 1962] but the IMF originated
from a pageby Hannes Alfvén tdNaturein 1942[Alfvén 1942a] andthefrozen inmagnetic
field expression appeardater [Alfvén 1942b] both papers got attention in 1948, when the
prominent physicist Enrico Fermi appreciated seminyaAlfvén in public sayingfiof course
such waves could exis@i-althammar 2012].

The IMF has broughhe idea of neutral pointsvith theformation of current sheet, to explain
the discontinues changen field direction [Dungey 1967, thus IMF, was suggestedob
explain detected and measur@thomalous magnetic fieddwhich oppositein direction to
geomagnetic field and continuously changing in directidappnerl1967. Some thinkstie
IMF had complicated the solar wind as a material to be dealt yRihssell 2000] and
consequence® that the IMF brought with it three types of disturbances azeahanism to
allow for the plasmalfield to be interacted with the magnetospRarssgl 2000a] thus he
IMF had great impact on astrophysics,with nearly all relatedpresent theories and
interpretations emerged from it, amasgeh interpretationare:

- The magnetospherwas suggestedGold, 1959;Beard 1964] and conceivedto be
closal cavity [Beard 1964]

- Solar wind was suggested to carry away lines of force of the outer geomagnetic field
as suggested arke{ Wolfe and Mayers1966]

- Thesolar wind wasenvisionedo flow around the cavitjDungey 196l]

- The introduction of neutral poinf®ungey 1967].

- Thesuggestiorof reconnection mechanisfor substormsPungey 1961].

- Interpretation of neutral she¢Ness 1965], which bought credibility to Dungey
[1961], connection of geomagnetic field lines with the interplanetary magnetic field,
which was also tackled Adfvén [1963].

- The mechanism of Aurora particles in Auroral Oval was thought to be driven by
magnetic reconnection fromagnetotai[Dungey 1963]

- Connection mechanism also taken to the[§urest and Forbes2000]

- The Solar Flare explosion is thought twe activatel through the magnetic
reconnection[Priest and Forbes2000] and is thought to play major role in the
energyrelease process and possibly in the subsequent evolution, it has been invoked



to explainchromospheresruptions and many other solar phenoméferpenet al,
1989]

On March 11, 1960, Pioneer V was launched, in orbit sufficiently far from Badhits

magnetic field and solar wind interaction region so as to sample the physical properties of the
undisturbed interplanetary mediuffessand Burlaga 2001],it wasnearlyat 5.2 x 16 km

or 863k on the SurEarth lineon 3 March 1960, when a large solar flare erupted on the

sun, the plasmaeached the satellite and earth the folltg day[Coleman et al 1961].
Combination of measurd data byFan et al [196(3], and Coleman et al[1961],lead to a
conclusion that Pionee&Yy di dnot detected the embedded | M
i ncoming plasma, rat her a maxi mum I nterpl a
eight hours laterand the peak of that IMFwas measuretly Pioneer Vtwo hoursafter a

similar peakchanged the horizontal component of geomagnetic field at Honolulu station
[Colemanet al., 1961] that lead to a confusiom determining the source of the IMF,

although earlief~an et al.[1960d] st at audrestlty describé largscale transient
magnetidields over great distances from Pioneerthve magnetometer in Pioneer V registers

field changes at the position of the vehicle perpendicular to its spin @is L o ¢ a | produ
of IMF was alscassumdrom Pioneer V data as expressedday et al [196Q1] fiBoth kinds

of observations show that magnetic fields are beirayed or generateth interplanetary

space as a consequence of the solar flare on Marah T3t above lead to confusion, with

no alternativesthey addedfiThe only known wayby which these transient field®uld be
established, or existing fields manipulated, is by moving, conducting plasma oflaaar

origin.o

The firststatement should haveadto moreexperiment®f that kindinstead a decision was

made tosupportParker [1958] theory, and~an, Meyer, and Simpsofll96( stated that
fiTherefore, we believe these Pioneer V results provide the most direct evidence to date for

the existence of conducting gas ejected at high velocity from solar flares, a concept strongly
supported already by many solar and terrestrial observatinAkhough this last statement

bears no historical responsibility, betquestionisvh at i f t he gengrktedwnas and
the interplanetary space as a consequence of the solar flare or solarimter@ction with
geomagnetic fieleb asinferredfrom Fan et al [196(Q4 first two statements?

Within five years from Pioneer V launch, the IMF was envisioned as of solar origin, and after
nearly five decades, from endorsement of Parker thdtagker, 1958], Pioneer V results is
fading away, and the IMF bame more complicated

These discrepanciesequired a review othe old literatures, related to early satellites
measurements, hencergrally,although the radial variation of the IMF strength up to 19 AU
was thought to be in consistent with Parkenedd, [Burlaga et al, 1998], and that is
supportedoy some who thinks the IMF magnitude only varies by fractions of a gamma on
long time, Ness et al 1964],while Coleman et al[1960b] deduced that the measurements
would be much more irregular, if the field were imbedded in clouds of turbulent gas emitted
from the sun,and it has beendetermined that the IMF falls off significantly faster than
predicted by Parkens stated bylavin et al [1984],who also implies the existence of other
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factors that may be responsible about the production and declination of the IMF, where
several studies by Pioneer 11 data suggest that the magnetic field strength decreases more
rapidly with digance than predicted by Parker's mo&h[th and Barned4.983].

On the other handhé sudden increase in magnetic field whidéterminegshe bow shock,
boostedanalready existed IMF, such increases is interpreteleatime at which the average
field level deviates from the interplanetary levels usually identifiabé within two seconds
[Heppner et al 1967],abnormallystrongIMF, can reacté 3 a 10.3Re, and magnitudeof

1 2 Shad been measured 8.2%R: [Cahill and Amazeein1963] while the magnetopause
locationalsodepend on thelMF intensity[Heppner et al 1967] and thathe simultaneous
plasma measurements from O@&Cand Vela 2 satellites shows that the abnormal bow shock
position is primarily the result of an exceptionally strokt- occurring simultaneously with

an inflated magnetospheefHeppner et al 1967],such anmalies wereevendetected athe
magnetic clouds between 2 and 4 Aldich were larger than thosseen at 1 AUBurlaga et

al., 1982],all theseraised a question about the limit of embedded solar magnetic field, which
should allowed for alternative option, such as [teal production ofmagnetic field within
theinterplanetary space

Then came the greatest shothe magnetosphere which was ddesed an impenetrable
blunt body Russel 2000a], was breached, in several places and contindalfyefopoulos et

al., 2008], some tried to seek explanation within sb&arIMF-origin, by proposingdidden
Portals in Earth's Magnetic FieldPlillips, 2002]. But asthe penetration recently proven
[Angelopoulos et gl2008], it wasalready beeknown thatsolar wind continually blow into
the magnetospherdNeugebauer and Snydet962], and flow of energetic protonis the
prominent feature ofthe magetosheath[Gosling et al, 1967], and that, satellites
measurementsgstablishedstrong relation between increase in magnetic field, solar wind
density and energization procesdeppner et al [1967] All thesepoints to the extreme
complexity of the magnetosheath which idominated by phenomena such as local
acceleration, injection, and diffusion of high energy electrons, twisted magnetic fields,
turbulent plasma flow, and probably a great variety of wave phenoriéoiée[and Mayers
1966]

The odl statusof the boundariefCahill and Amazeeinl963]arehighlightedas an example
to emphasizerelationship between these boundaries amdrmittent anomalies magnetic
fields, while detection osuchsouthwarddirected rotation ofield F, by Exp 6 around &g,
found to be similar to rotation of dipole field lines detected by BXpbetween &0Re,
[Smith 1962], as thee showed deformation of the geomagnetic field, it also showed
existence of different method that produced thesemaloudields, rence asuggestion of
spatial productiorof intermittent InterplanetaryExternal Magnetic Field (I-ExMF) along
the geomagnetic lines of forgegsuled fromcaptued and gyratng solar wind along these
lines of forceat or before the bow shodkesecharacteristics energizeapturedoarticles to
higherenergylevels Thus thesource otthe magnetic eventecordedat Honolulu station and
later byPioneer V Fan et al, 196@], is traced to magnetosheathl2.5Re, during magnetic
storms,whenenergetic protonilow across the boundarwhereintensel -ExMF (Il -EXMF)

is thought to berodued As the paper tackl¢he production ofl-ExMF, from perspective
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related to the IMFthe magnetic stormare been related to th@oduction of the magnetic
waves (Lion roars)Smith et al 1969]which isthought to modulate the producedEXMF,
and initiatedgeamagnetic stormsimeasured world wide as DsEhe interplanetary sector
structure which was thought to originate from the JiMilcox and Nessl965]is explained
based on-ExMF related characteristics.

If Lord Kelvin in 1892can refute, any connection between magnetic storms and any kind of
dynamical action on the surCiirto et al, 2007], and thatthe autocentric principlean
dominate human believes pte-Copernicardogma Carter, 2006] both exampleshowed

how error can form a guiding principle for an individualgeneralscientific community

But what aboutmeasurements carried olNIF by many satellites during the & five
decades, all of which shows IMF existence?

Since solar wind speed of flows was found to be about 400 kmita density of 5 crit
[Russell, 2000], and the IMF resulted mainly from relatively steady magnetic field of ~4.5nT
and a highly variable components [Svalgaard, et al., 2003], thereforeldkigely steady -
ExXMF components the one alwaygroducedat specific local spatiaareas as long as the
solar windcontinued flowing from the sun and interacts at approppkeet field while the
variable components is caused by any increased in solar wind

The accurate knowledge of mechanism causing different stages of magnestammaar

vicinity is the first step towarda better understandingf our sun, nearest stars, Galactic
system, and a process towards developing the required alternative, sustainable and renewable
energy and related propulsion systems needed by currefitane generations.

2.0 Assertion ofthe Interplanetary Magnetic Field

PioneeV measurementaereconductedduring an active periodf Marchto June 1960and
gave raises tmterplanetarynagnetic fieldof 20-5 0O, greater tha normal field component of
2.50, although this later been correctédiesand Burlaga 2001] the fieldwasperpendicular
to theprobed s  ef @iisnthus nearly perpendicular to the eastm line Coleman et al
1961]a year laterExp. 10 waslaunched on March 25, 196it confirmed these readings and
added that, a steady increase in measured filed, tilRg2d&nd from 42.25 to 42RE, the
field i ncr eas eHepingretad968|or anhnareaseb250% pé¢rcentage.

Later, Exp 12 was launchedon August 16, 1961jt confirmed the above and measued

magnetic field o f 630R, amand05Do0 at arealafeer 14 homs o p at i al
outboundflight, and again on 13 September 196iimeasurecaf i el d of Ri 250 at
while changes ibothangles Uandy indicate that the field immediately outside the boundary

is artiparallel to the earts field [Cahill and Amazeein1963] Mariner 2, hunched on

August 27, 1962gavemeasurementthat consistent with interplanetary field in the plane of

the ecliptic with a strengt {sateloté directpmp withx i mat e
magnitude comparable to Pioneer 5 data, but different bjNas et a] 1964]



Thus resultgrom Exps.6, 10, 12 andl4 lead some authors to conclude thatabiineddata
seemed to fiD u n g ¢1964]anodel of the distorted geomagnetic field, which includes the
connection of geomagnetand interplanetary field lingdNess 1965]
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Fig.1. Re-analysis of March 30/31, geomagnetic storms, by combining Fig.2.a&b Coleman et al. [1961], with
Fig.2-A Fan et al. [1960]. The figure shows the following sequence: Starts of the solar flare, plasma arriving at
Pioneer V, no detection of an embedded solar field, arrival to the earth, registration of Horizontal field at
Honolulu, and high magnetic field measured 6 hours later at Pioneer V satellite.

For all these, lte interplanetary monitoring platform IMP (or Exp 18) was sent to
investigate thenagnitude, direction, and temporal variations of IM€&, the resultsstrongly
suggested existence of filamentary structure in the interplanetary medium associated with
sources of solar magnetic fieldsiterpreted asstretcled from the sun bythe plasma as
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discussedby Parker[1958] it also explainedhe abruptecrease of magnetic field magnitude
to zeroasa null surface separatimggions of opposite fielddNess et al 1964]

2.1 ReVisiting the Historical Experiment

Exps.6, 10 12,14 and 18probeswere sent to confirnthe measured high IMF magnitude by
Pioneer V which occurrednearly concurrently withthe registration oflarge amplitude
change in the horizontal component of the geomagnetic field, at Honolulu statiwn sh
Figs.1-A&B [Coleman et a] 1961], themeasurementsonfirmedstrong link between both
events Coleman et a) 1961].

In one of their reports about that experimenthere was doubts about where IMF was
producedasFan et al [196(8] s t gaehtwramsiefit magnetifields was produced far from
Pioneer V, but measured by Pioneé& Such discrepancy is clear fronettatementhat

fisolar plasma either carries magnetic fields, or manipulate an interplanetary magnetic field
[Fan et al, 196@]. But there is no mention about an embedded magnetic field, rather they
referred it indirectly to the sun due to lack of alternative, wkare et al [1960b] stated that
fiThe only known way by which these transient fietiidd be established, or existifiglds
manipulated, is by moving, conducting plasma of Sitdae origin.o

Since the measurements represent a corner stone in the current theory for the solar origin of
the IMF, and all related explanations emerged from it, we would like 4asitethe
experiment, because we observed loophole in it, in addition faithee of current models to
replicates the great source of energgitained within the solar wind.

The large eventf March 30, 1960, was detected and analyzed by Pioneer V, while thee prob
was nearly 5.2 x fokm or 863Re on the SurEarth line Fan et al, 196@]. The ejection of
plasma from the solar flaref importance 2at 14:55i 18:58 U. T. on March 30 led to the
commencement of the geomagnetic storm and the beginning of the cosmic radiation intensity
decrease at about 12:00 U. T. on Marchsith average velocity of 2000 km/sebge time
difference betweemplasmaarival at Pioneer V and at the earth was estimaiedind ~43

(50) minutegFan et al, 196G).

Fig.1, is a composition of both F@.a&bby Coleman et al[1961] depidhg magnetic field
measuremestat both Pioneer V and Honolulu statjowith the sametime sequence of
events the other is Fig-A, by Fan et al [196(], it shows timing of the solar flare, and
plasma arrival aPioneer V andhe earth. These three figurae combined in Fig.4A-B-C
respectively in a manner represemg the true timing andsequence oMarch 3031, 1960
events,from the start of solar flareplasma arrivalat Pioneer V,plasma arrival at earth
boundarythe starts ofchange in horizontal component at Honolulu and detection of IMF by
Pioneer V; all these can be dabed in the following sequensevherethe numbes of these
sequences arerinted at top of Fig.1C, and traceable t¢he timeline anddesignatd
positiors:

1- The first flare Stagd on 30 March 1960, at 14i58:58 U.T. Fig.1C. [Fan et al,

19604
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2- Arrival of first plasma at Pioneer V orbdn 31 March 1960at 05:40U.T. (~50
minutes before arrival at ea)thrig.1-C. [Fan et al, 196G.

3- Arrival of first plasma with speed greater than 2,000 Kmts earth on 31 March at
6:30U.T. (50 minutes aftefirst arrival atPioneer V), till Fig.1-A. [Fan et al, 196@].

4- First increase in IMF as measured by Pioneer V on March 31, 1960, at 07:20 U.T. (1h
40 min. after plasma first arrival at Pioneer V), from.EB&C.

5- Severe geomagnetic storm, accompaniednimjor earth current disturbances, a
complete blackoutof the North Atlantic communications channelnd auroral
displays,startedon earth on March 31 at UT. (2h 20min after plasma first
arrived to Pioneer )/ Fig.1-A. [Arnoldy et al, 1960]

6- Maximum magnitude of horizontal field registeradHonolulu, onMarch 31, 196Q
at 11:50 UT. (6h 10 min. aftefirst plasmaarrival at Pioneer V) Fig.1-A. [Coleman
et al, 1961].

7- Maximum mageticfield of 2340 r egi st ered at PilBOriJeler V
(8h 10 min. afteplasméfirst arrival to Pioneer V))Fig.1-B. [Coleman et al 1961]

From this sequence and in relation with Fig.1 (A, B, and C), the following observations are
made:

- For more tharl:40 hours after been engulfed with plasmapRieer V di dnot
any increase itheinterplanetary magnetic fieldsshown in Fig.1B.

- After solar plasmarrival to the earth at 6:30 U, magnetic fields at Pioneer V start
increasinggradually, while iffirst decreased at Honolulu station

- Magnetic field recorded at Honolulu statimereased anceached maximum reading,
as shown in Fig-A, by point6 at 11:50 U.T., afte6:10 hours from plasma arrivait
Pioneer V.

- Maximummagnitudeo f 2 3. 40 me a s uas shdwn inyig-B,ibypoiete r V,
7 at 13:50 U.Tafter 8:10 hours fronioneer V first enguthent withthe plasmaand
after 203 hours frommaximumfield measued at Honoluly the same measurement
was recorded at Fort BelvolEDLEMAN et al 1960a]

Since Pioneer V failed to detectady increase ifMF for more thanl:40 hours after first
engulfed by solar plasma, and the magnetic fields charts for both Honolulu station and
pioneer V startchanging simultaneouslyaftewards as shown in Fig-A&B, and the
maximum magnitude of magnetic field recorded at Honabgleurredbefore Pioneer Vand
sinceFan et al [196C¢] first conclusionrva s i n |argerscale trahsgemt magnetields

over great distances from Pioneer Measured by Pioneerovihereforewe concluded that

the magnetic fieldvhichwas measuredt Honolulu station and the IMF at Pioneer Were
producedirom one source, and it it of solar origin and that:

1- If the IMF was embedded in the plasma, Pioneer V should have detedtestiantly
whenPioneer V wadirst engulfed withthe solarplasma.

o



2- If the IMF was embedded in the plasma, Pioneer V should have detected it before
Honolulu station.

3- Sequenceof evens showed that, the magnetic field spitsaowards both Honoluju
where itdisturbs the horizontal component of geomagnetic fieddd toPioneer V,
thusbothf i e madesappositely from one source of production.

4- The IMF was produced at a period of time, between plasma arrival to the earth
boundaryand first magnetic change at Honolulu station.

5- The IMF was produced at a spatial location, nearer to Honolulu statioerthanto
Pioneer V.

Based on above conclusiom model will be presented based on measurements and analysis
been carried out during the past five decades.

3.0 Boundaries orSpatial Producednterplanetary Magnetic Fields?

ReviewingExp.12measurements givesy Cahill and Amazeein1963]in Fig.2;it showed
many anomalies fieldssome werdnterpreted as boundariesjth magnituds greater than
the computed fielsl with difference pF = F (measured)i B (computed).In these
measurementghe number ofchanges between fieldse nearly equivalent to number of
changen anglesdetected by botlg andU as given in Table.lyhich isderived from figures,
4, 5, and 6[Cahill and Amazeeirl963].

From Figures | Radial DistanceRg) | Number ofBx Change | Number ofy Change
1 4.3t0 8.74 40 42
Fig.4 2 10.4 to 13.1 27 32
1% 44 to 5.73 9 14
Fig.5 2" 55 to 13.2 61 66
Fig.6 45 to 109 44 49

Table.1. Number of measured magnetic fields boundaBigsié equal to change in angfe
as given inFigures 4, 5 and 6, by Exp.124hill and Amazeein, 19§3the boundaries are
thought to represents intermittent production of magnetic fields.

The change in magnetic fields odboundaries phenomenwas revealed by satellites
measurementddeppner 1967 Gosling et al 1967],the satelliteswere found tacross several
boundaries during such experiments, witltkness oeach boundary range from 100 km to
1000 km, Cahill and Amazeeinl963 Heppner 1967, and a single and multiple crossings

of the shockare observed@osling et al, 1967], while seven boundaries crosses took place
within three hours Burlaga and Ogilvie 1968], and as the boundary is traverseften
multiple crossings of the boundary occur for which the boundary apparently sweepsdack an
forth across the spacecra@égsling et al, 1967], and boundaries were perpendicular to the
earthsun line in many casesigppner 1967 Coleman et al 961, Ness et al 1964], which

9



means they wergerpendicular to the magnetic lines of force, whileh fields were detected

by Expl12 at lower radial distance of 4 to B% as shown in Fig.2, which is a representation

of Figure 5 by Cahill and Amazeeifl963], and the fields aldmas beerdetected between
42.25t0 42.R;, withma g n i t u dHeppeef et &, 3963].While for magnetopausehe¢
magnetic field directions adjacent to the boundary were, in general tangential to the
magnetopause surface but oppositely directed on the two sides, although they were
perpendicular in some caseldejppner 1967, and Coleman et al [961] concluded that
geomagnetic field termination took place neaRd4n the ground that thield intensities
between 7 and 13Rwvere greater than expecteand the field on the far side of the boundary
decreased more rapidly thdrm®, and power level of fluctuation decreased in passing the
boundary Heppner 1967], while on some other passes there is indication that the boundary
has moved past the satellit€ghill and Amazeein1963], this been consolidated by results
obtained fom Exs.12, 14 and 18 in sunward hemisphere, which showed that the termination
near 14t as detected by Pioneer 1 and 5 is now identified with the shock fiepipher

1967], and Exp.12 locadethe magnetopause near the eath line of the noon meridian
which was consistently identified by the change in field direction, and the change in angle, an
indication that the field outside the boundary was-patallel to the field insideHeppner

1967, while Wolfe and Mayer$1966], locatedmaximum distance ahagnetopause itheir
Table.lat 30.Rg, and they puthe transition region at 31Rp, whichforced one tauestion
position ofthe geomagnetic fieldsr themagnetosphereoundarydoes itextended to 3R:=?

The average boundarigmsitions are probably strongly determined by the interplanetary
solar wind velocity, dnsity, and direction of flow,Gosling et al 1967], but it was found

that, the fluctuahig part of geomagnetic field, between the shock wave and the
magnetosphere is not part of the geomagnetic field, but rather the compressed and distorted
interplanetary fieldSpreiter and Jone4.963]

These discrepancies leaHleppner et al [1967], to quesbn factors determing
magnetosphere boundaries? The nature of bow shocks multiple crossings? The speedy
movements of the bow shock, and variations in the field associated with the shock, and to
st at eitisnfo@ tomplgx than the internal plasn@essur® ,  wWomtdoraery et al

[1970], questioned the existence of several regionsBantt et al[1980]questionedriteria
thatconstitute judgment for the encounter of the bow shock?

These and many others, forced itself due to oddness of thesdasies, for example, the fast
crossing of total shock structure in less than 12 seconds, while 20 crosses took place in a
single passHeppner et al 1967], these clearly shows thie link between these boundaries

are, spatial anomalies magnetic diadivided by empty spacayhere field directions are
opposite on both sides of the boundary, and tbesaomenaan exist from Be [Cahill and
Amazeein, 193to more thar41.4(R: as detected by ACERussell et al 2000].

Hence one carsuggestedhat, what had been crossed is something different from solid
spatial fixed structure, therefore these fields boundaries suggests the existence of variable
intermittent production aépatialmagnetic fields along thgeanagnetic lines of force.
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4.0 Gyrating SolarWind

As shownin Fig.1-B&C, andthe above eventsxplanatios, it took the energetic protons
only 50 minutes to cross toagnetospherperipheriesrom Pioneer V, so whit took more
thanone hours forany sign ofIMF to be detected at Pioneer?\And 8 hous for IMF to
reachednaximummagnitudeat Pioneer \?
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Fig.2. Variation in measured magnetic fields, some are highlighted at 4.5, 8, and 13R,, with changing

angles (a-W¥) [Cahill and Amazeein, 1963]. The intermittent fields packages divided boundaries are
characteristics of intermittent spatial produced magnetic fields.

Thereis a delay betweethe start of suddemommencemenstormdue to he existence of

bow shock, where great turbulence associated with unstable magnetic \Welgsrhann et

al., 2009], andsolar wind existed witlvaried speed and densftylontgomery et al 1970} it

is wheresolar windchangedslow from sugersonic to subsonixford 1962],thisis thought

due to reduction in particl eogearmdreaseinty t o
particleds density aAxford I8@gwhehha e @uel d ospraen
concentration while gyratinground the geomagnetic lines of farce

The process ofcaptuing solar wind constitute part of the magnetic force, lead to drop i
particle speed as it experienced a large change in momejithomsen et al 1986],and
since gyration was detected as gyrating ions distributions observed between ~9 &jd ~83
from the shock, which are characterized by gyromotion around the magnetic Meldaie
et al, 2001], and gyrating protons in both qupsrpendicular and quaparallel geometries
of backstreaming in the foreshock, and multiple reflections alonghthek s[Thomsen1985]
or the gyrating ion distributionsyhich may be gyrotropicwhich is a torus in velocity space
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whose symmetry axis is parallel to the magnetic fidldojnsen1985], it is also commonly
observed in association with the magnetic foatl aovershoot of quagierpendicular,
supercritical shocksFaschmann et gl 1982] and it was observed by Wind spacecraft at
distances larger than RB, and can be found at more thanROfrom the shockEastwood et
al., 2005] such existencallowed Andesonet al [1985] to state that, gyrophase bunching is
an inherent and fundamental property of the bow shock for, mm$ for Electron under
certain conditions.

Thereforesolar wind andhe streaming ions are thought to interact with the geomagnetic
lines of force beforeand atthe bow shockspatial boundary, the resulted interaction cause
charged particles to gyrate around the geomagnetic lines of force, producing magnetic force
[Yousif 20@] given by

O 6671 iR ALOET OBF O P

Where, By is the geomagnetic field in TesI&ep i S t he el ectronoés or
magnetic field CMF) [Yousif 2003a] in Teslar, is the magnetic radius in meter, c is speed

of light, « is factor related to the capturing proceds, i s t he angl e bet wee
during the capturing procesg,is the elementary charge in Coulomk,is the solar wind

velocity when captured artde magnetic forc€, is in Newton (N).

4.1 Production of Interplanetary External Magnetic Field (EXMF)

The exterior of geomagnetic field is typical
seldom bel ow 2002, and Rebumardsiod4RE as measueed Iy s e e n
Pioneer | Cahill and Amazeein1963], anda large fluctuations were observed in the
magnetic field componentsetween 9.B: and 15.7Re [Colemanet al, 1960a], and large
fluctuations in solar wind flow speed and flaWirection occurred simultaneously with the

solar wind ion density fluctuatiorBpme et al 1980], andhe turbulent flow in the plasma

cloud might cause regions of enhanced magnetic field to éigamt et al, 1962],related

these to magnetic fluctuabn at comet Halley observed by both VEGAand VEGA?2
spacecrafts, which seems more turbulent than those in the undisturbed soldrenédil,

1991], and the total magnetic fields measured by ACE at 2R1 .d0d Wind at 183.64,

gives anomalous fieldf ~3% each, whileGeotail at 20.2Rs, measured ~4ban increase of

28%, andthe Interball which was at 11.Rg, in the magnetosheath measured total field of

~560 [Russell et a] 2000], and since all these large anomalous fields lead many to state that
magnetic fields should not be neglected in theoretical treatmieaidi¢ld, 1976], therefore

the incoming solar plasma which carrying nearly equal parameters, if it is embedded with
solarmagnetic field, then the fields shouldve measured higher magnitudes solarward not
downstream, thus the increase of 28% and 60% measured by above &wbtaterball
respectively,are of changeable parameter not like solar wiRiligsell et a] 2000], which

gives impression that, the IMF liscdly produced magnetic fieldather tharoriginatedfrom

the sun

With boundaries been interpreted merely as distances between intermittent local spatial
produced magnetic fieldandsuggeson thatsolar wind gyrate around the geomagnetic lines
12



of force, as given by Eqg.{1}, and glidirdpwnstreamalong the guiding cent¢Kern, 1967]

And with disregard tdGold [1959] abstract ideas on transportation of magnetic field of solar
origin with solar gasyegulation of ionized material in the magnetosphere by insulating
sheath, and instability of material on tube of force, therefore the IMF is thought to be
produced within, before and after the area of the great turbulence inter&aime [et al.

1980] and fluctuated magnetic field, or the bow shodWdafiani, 1965;Ness et al] 1964,

Cahill and Amazeeinl963],therefore the captured solar wind (electrons and protons) given
by Eqg.{1}, gyrates along the geomagnetic lines of forceglusterswaves of eletrons or
protons,with above high density concentrations, this would produced the above mentioned
intermittent magnetic fields, namely the Interplanetaxyernal Magnetic Fieldl {ExMF), it

is produced in a manner different from known induction theasyskeown in Fig.3A, the
magnetic fields are produced in a range of magnitudes, with angles continually giving
impression of either away from the sun or toward the sun, such as observed 44y IMP
satellite Wilcox 1966] or as shown in B®&5, the produced-ExMF is such that, it
opposed the initial geomagnetic field producg i t , and in Jthahe wi t
fiProduced I-EXMF is in such a direction that it opposes the field that producedoit
[Trinklein, 199(Q

The EXMF idea was first memdned by Kapitza, who thought the production of intense
magnetic field outside an atom, could cause change in atoms charactefepitzg 1967],

the I-EXMF which is thought to representshe filamentary structure detected in the
interplanetary mediurby IMP-1 [Ness et al 1964], thughe intermittent boundaries shown
in Fig.2, are local spatial producée€ExMF, and each producddExMF may give diverse
magnitudes, proportional to numker density of the solar wind (electrons/protons) and the
lengthof gyrating particles along the geomagnetic lines of force as shown inAig.3

If number of electrons or protoms solar windinteracted withgeanagnetic lines of force
along one meter is denoted ), with field intensity 8¢), therefore producedEXMF as a
result of interaction given by Eq.{1}, arghown in Fig3&4, is given by

8 8 & &, 6 & a——s Y c

Where,| is the effective length of the magnetic lines of foiBg,is circular magnetic field
(CMF) produced by electrons or protong,,i s el ect r on 6 svsisovelocityofot on 6 s
the solar wind particles, and the produced Interplanetary External MagneticBrighdig in

Tesla

4.2 Solar WindEnergizationProcess

Themagnetopauseasidentified by the rapid jumps and very large magnitudes of fields with
abrupt change of directioat 9.7R: [Ness et al 1964], but magnetopause positiovas later
beenidentified by appearance or disappearance of streaming protons thdgtan@minate

feature of the magnetosheath, and are not generally observed inside the magnetosphere
[Gosling et al, 1967] These energetic magnetosheath particles areelerated and
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transmittedby thebow shock Kat & r ¢ é.p2909) whezetenergdtic electronsxpanded
to 182 keV Bibeck et al] 2002],and these energetic particles are found to be a general
feature related to anomalous produced magnetic fi€lalricks et al, 1970].

Produced Intense Interplanetary-External

I-ExMF = 5 e i
Diateer ¥l /* a=x Magnetic Field (I-ExXMF) (1 0 o
- ' N
— A=,
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Fig.3. In (A) simple representation of, gyrating protons, producing Interplanetary External
Magnetic Fields (I-ExMF), magnitude of each is proportional to number of protons (density) and
length of gyrating protons [ Yousif, 2004], it also shows the boundaries. In (B), flow of solar flare
protons and (C) the produced intense I-ExMF (II-ExMF) propagates towards Honolulu and
Pioneer V at the same time, but reached the satellite at 7,+7,.

Thus it was also found that,the increase in electrons densityead to anincreasedin
magnetic field magnitudethus increasing | e c t r o n fNeugebauer etgl$971], and
that,ions heating, occubehind the magnetic structurfMorse and Greenstadtl976]

Therefore particles accelerationnatureis thought to be carried out in the follows sequence

Electronsand/or protons high density (or synonymous toyyrating around magneticlines
of force Y anomalous magnetic field (or synonymous toproduction of I-EXMF Y
accelerated particles (or synonymous tognergization of particles

As this process is what is consistently been folaschmann et a[1988} Neugebauer et
al., [1971} Morse and Greenstagd1976],thatthe energizationprocesstaking placeduring
I-EXMF production is related to electrons/protons density, therefore deyected
momentary increase in solar wirtensity in the interplanetary spaameansa capturing
gyratingprocessas given by Eq.{1}that couldlead toproduction ofthe I-EXMF given by
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Eq.{2}, henceboth of these leading to themergiation ofthe solar wind therefore energy
given at step by K; is given by [Yousif 2004]
. , Q & an 6 . .. |
] pm O nuo - v OB+ v o
ad y

Wh e r g is the relative magnitudes of both tRe& S-EXMF in production ofExMF
[Yousif 2004], and Ks the energy gained by a particle.

If Biex given by Eqgq{2} continuously increasing, then energy built up gainedcbgrged
particles given in Eq.{3} may be approximately computed as measvoecsif 2004]

b 0 0 V88 VO - U T

Where, I, K é Kare energi zat ij o e reixthddemrar efdcontinlity = U
approximation at step Kr is the total approximate energy acquired or gained by the charged
particle in Joules.

5.0 The Sudden Commencemektagnetic Storm-First Approach

Magnetosheatlstreamingprotons, {Gosling et al, 1967], were similar tothe onewhich
engulfed Pioneer V on March 31, 196@ah et al, 196@], and later ignited the sudden
commencement detected at Honolulu and Pione&dlieman et al 1961].

Vela 2A wason the magnetosphere side and close to the bounddusn it recorded
movements of such protons on June 9, 1B&5 anIMF starts increasaat 0440 U.T. (to be
linked with IMF increase at Pioneer Mhen streaming protons fluxes appeared as®4
UT., causi ng c han@osliegetah19&7h anthér Suslderf Gomrhedicement
(SO storm occurred on March 12, 1964t the impulse, Vela 2A was within the
magnetosheath and close to the average position of the magnetopause, whiefluyrexit
protons were detectedimultaneously with an increase in therizontal compona of the
field at Guam statiofGosling et al, 1967}

The persistexistence of energetic protons at magnetosheath boundary with magnetopause,
prior to the start of the SC and the start of magnetic changes on magnetopause and earth
surface, as demonstrated by above examples, wla® recorded by IMR where,
immediately after the geomagnetic sudden commencement stormi&tlZL., on December

2, 1963, a clear unique event was observed to occur in the interplanetary magnetic field data
three minutes before the terrestrial magnetic field evelNes$ et al] 1964], such strong
relation between the geomagnetic storms and protons streaming into magnetadbkeath,
exhibitedby the large ion flux during January 31, 1964 geomagnetic stehach occurred

when IMR1 was in inbound to 15R¢, and it detects flux with large fluctuations in both flux

and direction of incidenceWolfe and Mayersl966],and since the daily variation etidden
impulses ¢i) at Honolulu seems to be diurnal, witteximum around @on and minimum
around midnigh{Nishida and Cabhill 1964], this means the er the initial positive phase

(Dst > 0) is related to solar windctivities blowing from the syras propose@iAkasofu and
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Chapman 1963], but how variations in the solar wind produce the variations in the magnetic
field measured on EardsGannon[2012]asked?
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Fig.4. Example of storm period [ Gannon, 2012], the arrow head shows
the repetitive sinusoidal nature of the Dst at each cycle, starting from
the sudden commencement, the main phase and the recovery phase.

The relative magnitudes ofésiat various observing points, showed that large magnitude
three times greater than thatldbnolulu, was obtained arouradradial distancat 12.46R¢
[Nishida and Cahill,1964], which could be inferred a/or near to the source of the
magnetic field production, and that region (1R46is the region of high turbulence in the
magnetic fieldwhich separates the magnetopause from the shock We&ss et al.1964], it

is where accelerated solar wind are transmitted by the bow skagkt[é r c €.02009y et a
and since the position of the bounding surface of the magnetosheath isneftearate
[Wolfe and Mayers1966], and the magnetosheath region was detected at various radial
distances, among them at 12 15.7Rg, 16.4Rg, while the cutoff was detected at 1R¢3
[Wolfe and Mayers1966], therefore the cutoff coutdove up toor bellow, hence theentral
radialdistance of thenagnetosheatis thought to be nearly 42.5Rg, near si above region.

Observationsdue toPioneer Vfailure to detectembedded solar magnetic fields with the
incoming plasma, on March 31, 196and with Parker theory strong momentum [Parker,
1959],forceFan et al [1960a] to state thd@imagnetic fields are either being moved from the

sun or generated in the interplanetary spgace t her ef or filureand theenearlyn g t h a
concurrent detection of IMF by both Honolulu station and two hours later by Piori€anV

et al, 196@], which cast great doubt about the solar origin of the IMF, and with the detection

of such as high density magnetosheath solar windiy@m$on density ranging between 35 to

127 cmi [Goslingetal, 1967], in contrary to bac#@®round
cm® [Watermann et al. 2009], such ions concentration is the main sequence towards
achieving - gyration+ I-EXMF + Energizéion - process Paschmann et al[1988];
Neugebauer et gl[1971];Morse and Greenstadf1976],and ag~an et al [196(4] stated in
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regards to origin of Psolar plasena eithér cargea shagmeegcd
fields, or manipulate amterplanetary magnetic fied henceasgiven by Eq.{2} |-EXMF is
produced along the geomagnetic lines of fdrgesuch solawind concentrationtherefore as
energetic particles accelerated from bow shock towards the magnetostidatyrating
radiusdue to balance of force given by Eq.{1} witentripetalforce (Bev=m¥/r), thusthe
magnetic radiuvecone smallerwith anincreased il-ExMF magnitude given by Eq.{2},
therefore thenagneticadius is given by

& 7 0
0 N

Where, ry, is the magneticradius and with such reduction in radiusand since each
geomagnetic storms depends on specific solar wind that drive tamnpn 2012]
therefore that state starts witle produdion of anintenselnterplanetaryeExternalMagnetic
Field (Il -ExMF) [Yousif 2004]in themagnetosheatltentered al2.9Rg, asdemonstrateth
Figs.3, it is given by

r& an o6
G ;0w

0 pmm [ O Y [0)

Where, 18 is the relative number of geomagnetic lines of force in square métesif

2 0 0 3 & ik the relative magnitudes of both produced primary and secobadi (P &
S-EXMF), ny, is gyrating number of electrons/protons in volume of geomagnetic lines of
force, | is the effective length of the magnetic lines of force around which charged particles
gyrates,Bgyx is the previous field intensity, and the produced intdihgexMF (Bigx) is in
Tesla.

5.1 Magnetic Storns and Lion Roars

There is an intense, sporadic bursts of naibewd magnetic noise in thearth's
magnetosheath with frequencies md®0 Hz [Smith et al 1969] with the Pioneer V
measurements during solar activitgplemanet al [1960a] concluded that a collisionless
magnetoacoustic waves may be formed in the interplanetary metierurst was detected
and found to be a persidtéeature of the magnetosheatBinjith et al 1967] the signals
which is intense was found t@aupy narrow band centered between 100 and-@Emith

et al, 1969], when the recorded signal played in a loudspeaker, the low frequency burst
sounded like a roaring liorsmith and Tsurutanll976].The wave is circularly polarized in a
counterclockwise senser thesensewhereelectrons gyrat@aroundthe magnetic fieldand
found to propagate along the magnetic fielnjith and Tsurutanil976], these waves are
thought to represents the gyrating iovisich are often associated with low frequency MHD,
the center of which rotates around the ambient magnetic [irddchmann, et al., 1979
Meziane et aJ 2001].

A strong correlation has been found between the probability of lion roars occurrence and
geonagnetic activity $mith and Tsurutanil976], and the level of that activity as measured
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by Kp, and the probability of occurrence ranges from 10% in magnetically quiet intervals to
75% during disturbed periodSinith and Tsurutanil976]

But the observedrequencies of lion roars were found to exist roughly midway between
proton and electron gyrofrequencié&atjith et al 1969], which suggest the phenomenon to
represents the production of magnetic waves by bothrefectand protons, therefore
gyratingcharged particles (electrons and protoms)ich produced I-ExMF at12.5Rg in the
magnetosheath regioacceleratd by the Lorentz forcgiven by Eqg.{1}, the force increased
with the produced I-EXMF or By ex given by Eq.6}, with smaller radius given biq.{5},
thereforethe acceleratiorwould creates radiatignand since thdl-ExMF is relatively
intense, the producedave is at low frequencyhis frequencyis given by Turku, 2006]

no -
————= Ou X
¢“a 7w
Where, the cyclotron frequendyis in hertz, and proportional to the magnitude of intdihse
EXMF.

5.2 The Sudden Commenceme&tMain PhaseFirst Approach

The occurrence of thenterplanetary magnetic fieldlMF) data three minutes before the
terrestrial magnetic field everiigss et al 1964], with field events occurred after sudden ion
flux, such asthat of December 2, 1963, at 21:14 U.Tvhich startedapproximately three
minuteswith a sudden impulsg/pe magetic storm observed worldwidg\/plfe and Mayers,
1966], or the proton flux of March 12, 1965, detected by Vela 2A while within the
magnetosheath and close to magnetopf@ssling et al, 1967], and thatthe sudden flux
enhancement of magnetosheath caatiwith the onset of the stornN[shida and Cahill,

1964], therefore these events were similar to the solar protons which engulfed pioneer V on
March 31, 1960, then caused geomagnetic stemhours later, detected at Honolulu station
andtwo hours later byPioneer 5 [Fan et al, 196@&] and since magnetosheath boundary at
15. 7R, revealed extremely chaotic plasma flow characterized by high temperatures (broad
energy spectra) and variability in the direction of incidence and flux ampljivdée and
Mayers 1966], and that shortly before the terrestrial observations of the sudden
commencement, the field decreased very rapidly and varied somewhat for several hours,
eventually returning to a configuration similar to that before the sthiess[et al, 1964], the
sequence ofvhich explained in Fig-B&C and also to be related to Figdnd sincethe

center of the magnetic storm is estimated to occur within the magnetosh&atfRat from

t he e ar ttHatdpeinticthe centerifointensel I-EXMF production as given by Ef.

In Fig.4, hewhole ofDst shapancluding theSC, themain phase (MP) to threcovery phase
(RP), is interwoven withlow frequency pulsesach cycles designatedy arrows but as
explained the source of magnetic disturbances at the magnetoshsathhere great
turbulence in magnetic fieldxists[Ness et al.1964], wheretherearetwo types of waves
[Smith et al 1969] havingfrequencies ragesfrom 3 to 300 Hz[Smith et al 1967] with
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amplitudemagnitudeb e t we e n 4 0 Snaith ahd Ts@@amid76] in addition tdigh
amplitudesit do havelow durations $mith et al 1969] As the region is suggested to
produced intensél -ExMF given by EQ.{6} it is such field thought to beneasured at
Honolulu and two hours later at PioneerRap et al, 196@]. As shown in Fig.lthere was
secondIMF on April 1, 1960due to the second flagréhe IMF measuredb3o at Pioneer V
[Colemanet al, 196@], and sincehe difference inpropagatiortime between Honoluland
Pioneer \to attain IMF peak magnitudéstwo hoursas measured in FigA&B for the first
flare of 31 March therefore tracing a two hours on the tte of IMF maximum of 80 o n
second IMF ofApril 1%, will bring the line tothe main phase ddonolulu Dst apointx, with
field measurement & 1. o

Given Honolulu firstmagnetic disturbance 1 1. 6 2, Pioneer V first I
second | MRdsirce ot data arperceived to bgroduced from one source

therefae from these data, the magnitude of the second Hon&@weaused by the second

magnetic disturbands given by the following ratio

6 .0 6 .vo._. , Vo p @
0 D6 P ﬂ)Dc_o © Co o v

Where,Bp; is Pioneer V first IMF a 31 March,Bp; is Pioneer second IMF on April By is

Honolulu firstmagnetic disturbancef 31 March, andy, is Honolulu supposed magnitude

related to the secondagnetic disturbancevo hours beforéhe peak measured at PiareV

as shown in Fig-A & B by the dashed green lines, the magnitude of the savagetic
disturbanceat Honolulu, coincided with the main phas@MP) of the first magnetic
disturbance thus the impact of theecond2 6 0 i s t hat I t pbasemmdged t h
formeda strange peak shown in FigAlas point-x, therefore the net resultant of SC on the

MP is the reduction of the negative magnitude of the M& performancein addition tothe

strong relations between occurrence_an roars and geomagtic activity as measured by

Kp [Smith and Tsurutanil976], with the initial positive phase @@> 0) attributed to the

i mpact of a sol ar st r e akasofaand CHapmadOésl,anchtties ma gr
sudden commencements are associated withancements of solar wind and the Z
component of the IMF with geomagnetic activi§ufton et al, 1975]. With SC rise time

range from 1 to 10 minute€{rto et al, 2007],and since Pioneer |, waves were found to be
generated betweer2lo 15 earth radjiwith a lifetimes of 2 to 5 cycles and periods of 10
seconds$ONETT et a) 1959], and the Lion roars occurs at nearly the same, @aeey few

seconds for intervals of minutes to hou&mfith and Tsurutanil976], with amplitudes

ranging between 40 ard6 0  8mith andl Tsurutanil976] while that of DCF does not
exceed 709 dur i n dkasofe ang Chapntark963, end vath mamment

correlation between lion roars occurrence and decreases in magnetic field magnitude at
magnetosheattgndthat all lion roars are accompanied by decreasesagnetic field and

vice versa, for intervals of tens of minut¢S$mith and Tsurutani 1976] and the
magnetosheathfield having frequenciesvariations below 1 hz have been reported
extensively with variable intensity Smith et al 1967] and sincen most cases, a negative

impulse is superposed on the MI of SC, the period of the negative impulse differ in each
event, and the occurrence of the negative impulse does not seem to be dependent on
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geomagnetic activity Tsunomura1998], andhe contribution from the external source of the
sudden impulses (si) is estimated to reach 2/3 of the total magnhiigteda and Cahill
1964],whichis thought due tdl -EXMF as given by Eq.{6}.

Therefore it is suggested that, therts offirst frequencyof Lion roars given by Eq.{7}
togetherwith 11 -ExMF magnitude given by Eq.{6}, initiate the SC othe Dstas shown in

Fig.4, andin reaction toll -ExMF production the geomagnetic field will opposed such
producti on, i n accordance with Lemtherése | aw,
producing ashaped interwovenwith low frequencymagneticwave as shown in Fig.4,
thereforesuchmagnetiadisturbancean be expresd as follows

0 0 0 ¢Q 0 0 £Q Y W

Where,Bg is the geomagnetic fielde x is thel-EXMF, fy is Lion roars frequency, n is the
number.andDg; or theSCI -EXMF is the magnitude dhe magnetic disturbande Tesla.
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Fig.5. Three-dimensional sketch of the production of the Interplanetary-External Magnetic Fields (I-
ExMF) by geomagnetic lines of force, at magnetosphere peripheries, the axis of the geomagnetic field M
is tilted relative to the Earth rotation axis Q. The produced I-ExMF gives impression of sector structure
[Smith and Tsurutani 1978].

The changegivenby Eq.{9}, explairedthe correlatiometweenchangesn the magnetic field
magnitude directionand the occurrence of lion roas observedbove where the lion roars
starts when the field magnitudkecreases and end as the magnitude rec¢@engh and
Tsurutanj 1976], and sincH -ExXMF productionis carried ouby periodicintermittentwaves

of solar wing, this causeintermittent start and decrease of both the lion roars and the
geomagnetic field, all of which occurs during small period of tinemceexplaired why the

lion roars can occurs every few seconds for intervals of minutes to hSmwh[and
Tsurutanj 1974, andsincethe streaming protons could produce both the waves and the field
decreases and all three oxuat the same time Smith and Tsurutani 1976] this
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understandable since the streaming protons prodhedd-ExMF given by Ex{}, the later
in turn produced Lion roars as given by Ef,{andboth the lion roars anthe | I-EXMF
cause geomagnetic storms andop in geomagnetic field given by BY as a result of that
decreasethell-EXMF ceased and Lion roars stops

Since the solar protons weaeriving before and after the sudden commencement on March
31, 1960 Coleman et a] 1961], therefore the sudden intense production oS -EXMF

given by Eq.{7} is thought to represents the final resultant of accumulated mechanism lasted
four hours (deduced from Fig.1) during the gyration process that finally produc8dhe
EXMF.
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Table.2. Data of the first sector, measured by{M&uring the first orbit, as given MWilcox
and Ness1965]. These data are used in Fig.6, to show readings along the yellow and green
colors orbit.
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5.3 GeomagneticStormPropagationiPi oneer V Event so

As shown in Fig.JA-B&C, the SCGII -ExXMF recorded maximum magnitude at Honolulu
station before Pioneer V, this due to short distabeéveen SCIll -ExMF source of
productionandHonolulu station, thus as tI®&C1l1 -EXMF spreadst the samerne along the
geomagnetic lines of force in both directiohencethe timeT; travelled bySCII -ExMF,
first arrived at Honolulu station, while theamefield/time arrived atan equivalentdistance
d=x in the opposite directiortowards Pioneer Vas shownn Fig.3-C. But thetime for
sudden increase in magnetic field at Honolulu due@dl -ExMF productionand the start of
SC as given by Eq.{9}is to be related taletecion of the field after threeminutes in later
related eventsNess et al 1964]; therefore the speed at whichange inmagnetic field
propagates towarddonolulustation is given by



Where,dyy is the radial distance frorthe spatialpoint at which SGII -EXMF is produced
(12.53R¢) in meters tdHonoluly, tyy is time travel bySGI -EXMF (to reach earth station) in
seconds, and tHeC-Il -ExXMF velocity Vscis in Tesla.

Since the known propagation velocity of 700 km ‘seeas measured due to magnetic
disturbanceson December 2, 1963, biess et al[1964], while the probe seems to be at
19.7Rg, thereforethe magnetic disturbances, or the produbstlmoves towards Honolulu
and Pioneer V at the same time as shown in Kigahd the suggestdaist production point

is at 12.5Rg, from Honolulu, therefore witNsc= 700,000 m3, the time to reach Honolulu is
= 114 sequivalent to t =1:54 minutes.

As the sam&Cl -ExMF was also moving towards Pioneel(8g) in opposite directionat
a distance of 5.2xfOmeters from eartliFan et al, 196G, therefore the distance from
Pioneer V to th& G-I -EXMF spatial production poir() is given by
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Where,dpe is the radial distance frorRioneer V toearth in meters, and is the distance
from SGII -ExMF production point tee a r (Honwlslu), and the distance from Pioneer V
to SGII -EXMF production pointlpx at 12.5Re in meters.

Sincedpe = 5.2 x 16 km [Fan et al, 196G, therefore the time fothe SCII -ExMF to
propagate to Pioneer V is given by
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From Ex.{12}, the time required for the produc&C-I1-EXMF to propagate to Pioneer i¥
2:03 hours whendee = 5.2 x 16 km [Fan et al, 196G, referring to Fig.1, this is the
difference in time between disturbances arrival to Honolulu and to Pioneenith is 200,
thereforeall parameters areorrect including SCIl -ExMF production pointandthe field
which is coming from 12.4Bg in magnetosheath, andrge three times irmagnitudethan
registeredsi at Honolulu Nishida and Cahill,1964].

6.0WhatIs the SectorStructure?

As Exp 18 was sent tonvestigate the magnitude, direction, and temporal variations of the
interplanetary magnetic field (IMF)Ness et al 1964], the results were agyaédbased on
Pioneer V interpretationgFan et al, 196@&], and the origin of measured anomalies
interplanetary magnetic field wattledto emergedrom the sunand embeddedith the
plasma, in accordance to Parker the®grker, 1959].

But one of the most complicated interpretations emedyethg IMP-1 experimentwhich
lasted three solar rotations of the quiet ,swas the observation of quasistationary
corotating structure in the interplanetary mediudvilfox and Nessl965], the sector
structureconsists of seven sectors, divided into four, accordiriglias direction (+)o /or (-

) from the sun, they are (+2/731(7) (+2/7)and(-2/7),these sectors wetbought to originate
from the surfWilcox and Nessl965] and the observed direction of the interplanetary field is
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on the averagaas thoughin consistent with the Archimedean spiral picture predicted by
Parker [1958], but thenegative and positiveense of the fieldhanges from time to time
[Wilcox and Ness1965]

As attentionrhad been drownei the failure of Pioneer V to detect embeddsalar magnetic
field with the solar plasmaandthe detection of IMF eight hours latebpoth of themwere
overlooked andinsteadsolar magnetic field was chosenths origin of the IMF due to lack
of alternative theoryHan et al, 196@], anddistortion froml-ExMF by other planet on 1
December 1963, is excluded accordinghat dayOrrery[The Orrery, 2013thereforethese
sectorsareto be analyzed in accordance with the suggeattinativel -EXMF ; but before
that, the main-ExMF characteristicare to bedraw into attentiorto helpin the analysisof
IMP-1 measurementshesecharacteristicgre:

a Charged particles gymatalong the geomagnetic lines of ford¢e produce the
Interplanetary External Magnetic FieldEXMF).

b- Many linesof force will be covered by gyrating charged particles.

c- Line/orlines offorce may have lengthy or intermittent charged particles.

d- Line/orlines offorce may produced intermittetHEXMF .

e- The direction of producedEXMF is opposite to the geomagneticldie

f- Each intermittent producddExXMF polarity isopposite tdhe adjacent one.

g- Magnitudes of produceldExXMF varied from intermittent group to another.

6.1 Spatial Measurements of-ExMF
The average magnitudef the IMF within each of the seven sectaxss givenin Fig.7 by
Wilcox and Nes$§1965], the first sector which represents measurements carried out during
IMP-1 first orbit [Wilcox and Nessl965] is given in Table.2.

The timerequiredfor the 1/7 sectogiven in table.2to rotate past thearth isalmost equal to
oneorbital period otthe satellitgf Wilcox and Ness1965], whichis 93.05hoursor 3.9 days

[Car, 1966 Ness et al 1963] andthe interplanetary measurements cannot be made during
perigee passes; when IMP within geanagnetic field which is one day[Wilcox and

Ness 1965],therefore the spatial interplanetary boundary that adjacent to the magnetosphere,
wherethe |-EXMF is producedis shown in Figh, while the spatial positions whei#&P-1

first orbit, is shown in Fig, this is thespatial spacevhere thel-ExMF could be produced
based oreq.{2}, it is covered byntermittent strips ofellow and green colors

As shown in Figs, the radial distance aoheasurements in thaterplanetary spaceas the
satellite apogee which was 30R¢ [Car, 1966,Ness et al 1963],starting fromaround5Re,
most of the space movered withsolar wind protons in this caskeecause energetic protons
of MeV were detected by IMB, duringthe three solar rotationsWilcox and Ness965]
although it can consisff electrons or mixturef both

Each cluster of protons gyrate around the geomaginads of forceprodueng thel-ExMF;
the polarity ofwhich is opposite to adjacent one andthat of the geomagnetic fieldas
shown in Figs3,5&6, hence fieldé polarities between adjacent proedcl-ExMF could
cause confusianThe magntudes of produced-EXMF varieswithpar ti cl eds dens
clusterlength according to Eqg.{2}hence with sudden shift from one prod®rcluster to
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adjacent with | ess pr ot on 6 sthedigdisensetofdjrectiorh e
away or toward the su\lilcox and Nessl965] could means a movement from one cluster
to another ascould be deduce fronkig.6, therefore theseepresents reversal of field
direction, with an abrupt decreased of field magnitude to zero when moving from cluster to
another, which represents the null poiNegs et al 1964], as measured by satellitesna
shown in Fig6 and Fig.3A.

Giventhese and as shown in Fig. IMP-1 measurementduring the first orbit startedfter

5Re, while the satellite moves across and through clusters of gyrating protons at various
angles while detecting charged particlg$Volfe and Mayers1966] and since thesector
boundary is the position at which the sense of direction of the interplanetary magnetic field
changes \Vilcox and Nessl965],wh e r e a s clpstespgrodu®d istermittent!-ExMF

which has space betweethem hencethat is what are perceivexs boundaies according to
above definitionand since solar wind plasmati®ought to beorganized by sector structure
[Wilcox and Nessl965], and as given by Eqg.{2},the I-EXMF production is also
proportional tosolar wind densitytherefore measuremera$ magnitudesdensity,polarities
andanglesof I-ExMF by IMP-1, at positions designated by green and yellow colors, within
the IMP-1 first orbit shown in Fig6, or what had beemperceived as quastationary
corotating structure in the interplanetary mediulvilfox and Nessl965], is merely
measurements ohagnitudes, polarities and angledafal spatialproduced -ExMF .

Such I-ExMF productionin magnetosphere peripheries is also shown in5Fighich had
been perceived as sector strucfi8mith and Tsurutarii978]

7.0 Conclusion

The paper generates mayestions, which with little efforts can be resolved, such as:
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