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Abstract
Solar atmosphere expansion into interplanetary space was a dominant theoretical models when Pioneer-V was
launched in March 1960, to determine among others the source of measured anomalous Interplanetary Magnetic
Fields (IMF); lacking alternatives, the experimenters endorsed the solar-wind theory; this paper noticed loopholes in
that endorsement; such as the probe’s failure to detect any increase in IMF for fifty five minutes, and a maximum
horizontal magnetic field was recorded at three Earth Magnetic Observatories two hours before Pioneer-V measured
maximum IMF, indicating the existence of magnetic disturbance source nearer to the Earth, contrary to the theory;
these observations are hoped to give the scientific community a different angle to review many unresolved issues,
that will reflects positively on the determination of type of the alternative renewable energy.
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Introduction
The past human dependent on fossil fuels, had led to accumulation
of excessive greenhouse gases resulted in current global warming [1],
with general certainty that, green alternative energy is the only exit
from current circumstances [2], although great efforts and resources
were exerted [3-5], however disappointments force some to seek new
basic in science [3], hence what is the essence of that science? What is
the type of that energy? Why it took so long? With fruitless attempt to
assimilate nature in energization process [5]; hence what is the
mechanism behind such energization? And why it was so elusive?
The natural energization of charged particles in the sun [6], and in
the heliosphere [7], including the bow shock [8], magnetosheath [9]
and magnetopause boundaries [10] may hold an answer to the
renewable energy quest [11], hence efforts were exerted in space
explorations since early rockets and satellites era [12], and more than
two hundred satellites were sent to probe the Solar System (planetary,
solar, asteroids and comets) since end of fifties [13], without finding
the clue.
The reason undermined these efforts could be traced to the
developed concepts of the Interplanetary Magnetic Field (IMF), which
was based on the extension and expansion of the solar atmosphere into
interplanetary space [14], the heliosphere magnetic discrepancy was
deduced from terrestrial observation [15], and realization that
computed Solar magnetic field at one astronomical unit is 10-2γ,
(sunspots fields are negligible); while at 106 km Earth’s magnetic field
is only 10-2γ, hence no appreciable magnetic field should be expected
within the interplanetary space [16], but satellites measurements
detected anomalous magnetic field 100 times greater and opposite in
direction to geomagnetic field and continuously changing directions
[12]; hence Pioneer V was sent on March 11, 1960, to study among
others the detected anomalous Magnetic Fields [17], for that reason
the probe was stationed far at 5.2 x 106 km (863RE) on the Sun-Earth
line to be far from magnetosphere influence [18]; when a large solar
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flare erupted on March 30, 1960 at 14:55 U.T., the plasma reached the
probe and earth the following day, maximum IMF of 23.4γ was
measured, another 50γ the following day [19]; influenced by prevailed
solar theories [14] the experimenters endorsed the IMF [20] developed
by Parker [21], and others [22], thereafter the Interplanetary
Monitoring Platform (IMP-1) was sent to recheck measurements [15],
and IMP-1 carried extensive measurements, without repeating the
experiment; thus the IMF envisioned as emanated from the sun [23].
The endorsement meant an entrained corona magnetic field is
carried by solar wind [24], along the nine planets to inflate the
heliosphere [25], a concept concealed various ideas, and generated
many others; with great impact on astrophysics; thus the IMF formed
the bases for nearly all related theories with many interpretations,
among which: The magnetosphere [26], envisioned as closed cavity
[27], and the outer geomagnetic lines of force are thought to carry
solar wind away [28], the solar wind was envisioned to flow around the
cavity, and igniting aurora through reconnection mechanism [29],
neutral points were introduced [30], changes in magnetic field
intensity and direction is interpreted as neutral sheet [31], and
geomagnetic lines of force are thought to connect with the IMF [32],
the magnetic reconnection extended to activate solar flare eruption
[33], and to explain the extremely high temperatures solar corona [34],
it was also thought to play major role in energy release, hence it has
been invoked to explain chromospheres eruptions and many solar
phenomena [35]; thus the IMF interwoven in complicated
explanations, such as the sector structure [36], which thought to reflect
on solar coronal holes, as source of low and high solar winds speed
[14].
However recent discovery that the impenetrable blunt
magnetosphere body [37], is continually breached by solar wind in
several places [38], then energization in Van Allan radiations belts is
carried through magnetic waves [39], in addition to detected
anomalous magnetic fields bellow 4RE [40], and with early suggestion
of External Magnetic Field (ExMF) production in the interplanetary
space [41], suggestive to detected and measured anomalous magnetic
fields [42], lead to reviews of early space explorations, including
Pioneer V experimenters, where loopholes were detected, the paper
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highlight on these loopholes, as this may offer a different line of
though towards the long awaited alternative renewable energy.

•

Pioneer-V Loopholes

•

Pioneer V was positioned in remote and far from geomagnetic field
influences [18], when magnetic storm occurred [22], thus endowed
uniqueness to the experiment [43], hence it represents the only
experiment that could have verify the IMF origin.
Figure 1, is a composition of both Figures 1a and 1b [19] depicting
IMF measured at Pioneer V and variation of horizontal geomagnetic
field intensity at Honolulu Magnetic Observatory, and Figures 2a and
2b [20] showing Telemetered data from Pioneer V depicting timing of
solar flare eruption, plasma arrival at Pioneer V, and at Earth and
magnetic fields measured at the probe on March 31/April 1, 1960.
While Figure 2, is an enlarged imposition of events in the three red
marked squares on Figure 1. From both figures, the following
loopholes were detected as consequence of 31st March events.

•

•
•
•
•

•

•

•

•

Figure 1: Re-analysis of March 30/31, geomagnetic storms, by
combining Figures1a & 1b [19], with Figures 2a & 2b [20]. The
figure shows: 1-Solar flare Starts at 14:55 U.T. March 30, 1960. 2Plasma arrival at Pioneer V at 5:40 (no increase in IMF). 3-Plasma
arrive earth at 06:30. 4-Pioneer V IMF increased, 1.5γ to 7.5γ at
07:20. 5-Geomagnetic storm starts on Earth at 08:00. 6-Maximum
H. field in Honolulu at 11:50. 7-Maximum IMF 23.4γ at Pioneer V
30 March at 13:50U.T., and 8- Second maximum IMF 53γ 7 hours
on 1st April.
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When Pioneer V first engulfed with the solar plasma at 05:40 U.T.,
as shown by line 2 in Figures 1 and 2, no initial increase in IMF,
hence no embedded IMF detected.
For more than fifty five minutes, between first plasma arrivals at
Pioneer V at 05:40 U.T. till plasma arrival to Earth at 06:30 U.T.,
no any increase in IMF was measured, shown by line 3 and the red
strip in the expanded zoom Figures 1 and 2.
After 55 minutes from Pioneer V first engulfed with plasma at
05:40 U.T., IMF start increases at 06:35 U.T., from 6.0γ till it
reached 7.5γ at 07:20 U.T.; an increase of only 1.5γ after 1:40 hours
from first engulfed with plasma.
The IMF at Pioneer V steadily increased after 07:20 U.T., till it
reached maximum 23.4γ at 1:50 U.T., after 8 h 10 m from first
engulfed with plasma.
Pioneer V measured maximum IMF of 23.4γ, two hours after a
maximum magnitude of horizontal geomagnetic field recorded at
Honolulu Magnetic Observatory, at 11:50 U.T.
Maximum horizontal geomagnetic field components were
measured at San Juan [44], Fort Belvoir [45], and Honolulu
Magnetic Observatory [19], two hours before Pioneer V.
Measurement of maximum horizontal magnetic fields at
Honolulu, San Juan, and Fort Belvoir two hours before Pioneer V,
suggested the existence of IMF disturbance source nearer Earth
than Pioneer V [42].
Two magnitudes of 23.4γ on 31st and 50γ on 1st April [19]
measured by Pioneer V, showed periodic pulse characteristic [46],
or periodic fluctuations [44], or one big pulse per flare, not related
to supposed embedded solar filed which supposed to varied with
solar wind density and velocity, as given in Figure seven by Russell
[47].
The experimenters [20] stated that “our results describe large-scale

transient magnetic fields over great distances from Pioneer V; the
magnetometer in Pioneer V registers field changes at the position
of the vehicle perpendicular to its spin axis.” This transition
magnetic field at great distance implied recognition of delayed
IMF.
Evidence of IMF locally produced was strong from Pioneer V data
as suggested by the experimenter’s conclusion [20]: “Both kinds of
observations show that magnetic fields are being moved or
generated in interplanetary space as a consequence of the solar
flare on March 30.”
With confusions, and lack of alternatives, the experimenters [20]
clearly stated why they made their decision: “The only known way
by which these transient fields could be established, or existing
fields manipulated, is by moving, conducting plasma of solar flare
origin.”

Spatial Magnetic Production
The early proposed shapes, nature and characteristics of IMF as an
extension and expansion of solar atmosphere [14], had led to the
embedded concept due to lack of alternative theory [20], and Pioneer
V experiment was conducted merely as “an opportunity to observe
magnetic field of the plasma cloud” [22]; however results from the
experiment contradicts the solar expansion theory, while justification
of measured 50γ IMF as due to “The accidental occurrence of solar
cosmic rays during the time“ [44], was disputed by solar protons
arrival before and after the experiment [19,48], even if the 50γ resulted
from cosmic rays, it should have been detected concurrently with the
IMF.
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However these loopholes were overlooked due to three suggestions
[23], first of which emphasized on 1- the “absence of identifiable
individual (source of) disturbances,” responsible for producing the
IMF, then 2- the graphs of low level interplanetary field for 48 days
were compared with solar activity graph, then 3-a conclusion is
reached that “the background field level might itself have varied in
response to varying background solar condition.”

by relatively strong magnetic fields with large smooth rotation in the
magnetic field direction [14], but the source of such strong field was
detected in magnetosheath at 12.46RE with magnitude three times
greater than Honolulu record [55], however Honolulu was among the
three geomagnetic stations, where horizontal magnetic fields were
recorded two hours before maximum IMF measured at Pioneer V [19]
implying the existence of source of such magnetic field near Earth
[42], and since magnetosheath is a region dominated by great
turbulence and local acceleration [28], in which flow of energetic
protons is prominent feature [56], with field greater than that of the
interplanetary region [22] and magnitude as high as ~56γ was
measured [57], therefore the continual link between anomalous
magnetic fields (sometimes rotating) with particles concentration and
acceleration should be inferred as a local spatial production of these
IMF, which been named the Interplanetary External Magnetic Field (IExMF) [42]; an I-ExMF source at magnetosheath is at around 12.46RE
[55], and that is where both the 23.4γ and 50γ were suggested to be
produced; but such anomalous magnetic field with magnitudes of
150γ, 300γ, and 700γ has been produced in ionosphere [58,59] during
the High-altitude Nuclear Detonation (HND) [60] experiments and
measured worldwide [61], its spatial location and magnetic moment
was estimated [62], therefore the production of anomalous magnetic
field similar to IMF in ionosphere during HND experiment, is a good
proof that the ExMF is spatially produced in ionosphere and within
the interplanetary space, hence IMF production is related to solar
wind, thus to the solar activity [42], in line with above Pioneer V
analysis, and as partially stated by Greenstadt [43], that “Disturbance
in interplanetary conditions influenced the measured field component
by statistically increasing its amplitude.”

Conclusion

Figure 2: Enlarged and superimposed three marked squares in Fig.
1. [19,20], showing: 1- Started of Solar flare on March 30, 1960 at
14:55U.T. 2- Pioneer V engulfed by plasma at 5:40. 3- Plasma
arrival to earth at 6:30. 4-Pioneer V IMF increased to 7.5γ at 07:20.
5- Geomagnetic storm starts on Earth at 08:00. 6- Maximum H.
field in Honolulu at 11:50, and 7- Maximum IMF of 23.4γ
measured by Pioneer V at 13:50 U.T
Five decades had elapsed, so far several astrophysical phenomena
still not been resolved [49,50], implying either they are outside science
realm, or required theoretical breakthrough, but from these loopholes
it is deduced that, the truth had been concealed by Pioneer V
interpretation. After that experiment, several discoveries had given
clues, but were overlooked or misinterpreted by Parker’ solar model
[43], where satellites discovered that, energetic particles concurrently
exists with anomalous magnetic fields [51]; and spatial increase in
electrons density, lead to an increase in magnetic field magnitude,
hence leading to an increase in electron’s energy [52], and that ions
heating, occur behind the (anomalous) magnetic structure [53], and
particles are accelerated in Van Allen radiation belts, through an
intense electromagnetic waves region [39], and such regions with large
magnetic field fluctuations were detected by Pioneer 1 and measured
by Pioneer V between 9.4RE and 15.7RE [54], such magnetic field
structures later named “the magnetic clouds,” they are characterized
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Several loopholes were detected in the 30 March/1 April 1960
Pioneer V experiment, which endorsed the solar origin of
Interplanetary Magnetic Field (IMF), it is showed that, horizontal
magnetic fields were measured in three Earth Magnetic Observatories
two hours before IMF was measured by Pioneer V, this with many
factors lead to the suggestion that, the IMF was produced nearer Earth
in Magnetosheath at around 12.46RE, and it is been named the
Interplanetary-External Magnetic Field Moment (I-ExMFM), and
such I-ExMFM was produced in ionosphere many times during the
High-altitude Nuclear Detonation (HND), thus if External Magnetic
Field-Moment (ExMFM) was produced in ionosphere then it could be
produced in the interplanetary space and anywhere, supporting the
non-solar origin of IMF and the possible production of I-ExMFM.

References
1.

2.

3.
4.
5.

IPCC Report (2013) Climate Change 2013: The Physical Science Basis
Summary for Policymakers. Working Group I Contribution to the IPCC
Fifth Assessment Report Climate Change, Cambridge University Press,
UK.
IPCC Report (2011) Special Report on Renewable Energy Sources and
Climate Change Mitigation (SRREN). A Report of Working Group III of
the IPCC, (Published for the Intergovernmental Panel on Climate
Change. [Edn] Edenhofer O, Madruga RP, Sokona Y, Seyboth K,
Matschoss P, et al. Cambridge University Press, UK.
Pollitt MG (2010) UK Renewable Energy Policy since Privatisation,
University of Cambridge, UK.
Bamboat T (2008) The Search for Energy Alternatives, ERM.
Martinot E (2013), Renewable Global Future Energy, REN21.

Volume 2 • Issue 2 • 1000108

Citation:

Yousif ME (2014) The Source of the Interplanetary Magnetic Field (IMF) Measured by Pioneer V. J Astrophys Aerospace Technol 2:
108. doi:10.4172/2329-6542.1000108

Page 4 of 5
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

Dröge W (2003) Acceleration and Propagation of Solar Energetic
Particles. Klein KL [Edn] Springer 612: 193-212.
Reames DV (1999) Particle acceleration at the Sun and in the
Heliosphere. Space Sci Rev 90: 413-491.
Blandford R, Eichler D (1987) Particle Acceleration at Astrophysical
Shocks: A Theory Of Cosmic Ray Origin. Phys Rep 154: 1-75.
Louarn P, Budnik E, Sauvaud JA, Parks G, Meziane K et al, (2003)
Observation of energy-time dispersed ion structures in the
magnetosheath by CLUSTER: possible signatures of transient
acceleration processes at shock. Ann Geophys 21: 1483–1495.
Chen J (2008) Evidence for particle acceleration in the magnetospheric
cusp. Ann Geophys 26: 1993-1997.
NASA (2005) Report of the Earth Science and Applications from Space
Strategic Roadmap Committee (Strategic Roadmap Committee Number
9, May 2005), USA.
Heppner JP (1967) Physics of Geomagnetic Phenomena Vol.II. By
Matsushita S, Campbell WH (Edn), Academic Press, New York.
Wikipedia (2013) List of Solar System probes, the free encyclopedia.
Ness NF (2001) Spacecraft studies of the interplanetary magnetic field. J
Geophys Res 106: 15,803-15,817.
Ness NF, Scearcea CS, Seek JB (1964) Initial results of the Imp 1 magnetic
field experiment. J Geophys Res 69: 3531-3569.
Mariani F (1965) Results on magnetic field inside and outside the
magnetosphere, lecture at ESTEC (European Space Technology Centre)
in Noordwijk, Italy.
Fan CY, MEYER P, SIMPSON JA (1960) Preliminary Results from the
Space Probe Pioneer V. J Geophys Res 65: 1862-1863.
Ness NF, Burlaga LF (2001) Spacecraft studies of the interplanetary
magnetic field. J Geophys Res 106:15,803–15,817.
Coleman PJ Jr, Sonett CP, Davis L Jr (1961) On the interplanetary
magnetic storm: Pioneer V. J Geophys Res 66: 2043-2046.
Fan CY, Meyer P, Simpson JA (1960) Rapid reduction of cosmic
radiation intensity measured in interplanetary space. Phys Rev Letters 5:
269.
Parker EN (1958) Dynamics of the interplanetary gas and magnetic
fields. Astrophys J 128: 664-676.
Cahill LJ (1965) Magnetic Fields in Interplanetary Space. Science 147:
3661.
Greenstadt EW (1963) Effect of Solar Activity Regions on the
Interplanetary Magnetic Field. American Astronomical Society, Provided
by NASA Astrophysics Data System, USA.
McDonald R (2005) Planetary Magnetic Fields, themcdonalds.net.
McComas DJ, Funsten HO, Fuselier SA, Lewis WS, Möbius E et al,
(2011) IBEX observations of heliospheric energetic neutral atoms:
Current understanding and future directions. Geophys Res Letters 38.
Gold T (1959) Plasma and Magnetic Fields in the Solar System. J
Geophys Res 64.
Beard DB (1964) The solar wind geomagnetic field boundary. Rev
Geophys Space Phys 2: 335-365.
Wolfe JH, Silva RW, Myers MA (1966) Observations of the solar wind
during the flight of Imp 1. J Geophys Res 71: 1319–1340.
Dungey JW (1961) Interplanetary magnetic field and the auroral zones.
Phys Rev Letters 6: 47-48.
Dungey JW (1967) Physics of Geomagnetic Phenomena, Vol.II: A Model
with an Interplanetary Magnetic Field. By Matsushita S, Campbell WH
(Edn). Academic Press, New York.
Ness NF (1965) The Earth's magnetic tail. J Geophys Res 70: 2989–3005.
Alfvén HA (2000) Hydromagnetics of the magnetosphere. Space Sci Rev
2: 862-870.
Priest E, Forbes T (2000) Magnetic Reconnection MHD Theory and
Applications. Cambridge University Press, UK.
Mathis M (2013) Magnetic Reconnection and Coronal Temperatures.

J Astrophys Aerospace Technol
ISSN:2329-6542 JAAT, an open access journal

35.
36.
37.
38.
39.
40.
41.
42.
43.

44.
45.
46.
47.
48.
49.
50.

51.
52.
53.
54.
55.
56.
57.
58.

Karpen JT, Antiochos SK, Devore CR, Golub L (1998) Dynamic
Responses to Magnetic Reconnection In Solar Arcades. The Astrophys J
495.
Wilcox JM, Ness NF (1965) Quasi-stationary corotating structure in the
interplanetary medium. J Geophys Res 70: 5793–5805.
Russel CT (2000) The Solar Wind Interaction with the Earth’s
Magnetosphere: A Tutorial. Ieee Transactions on Plasma Science 28.
Angelopoulos V, Sibeck D, Carlson CW, McFadden JP, Larson D et al,
(2008) First Results from the THEMIS Mission, Space Sci Rev 453-476.
Fox KC (2013) NASA's Van Allen Probes Discover Particle Accelerator
in the Heart of Earth’s Radiation Belts, NASA's Goddard Space Flight
Center, Greenbelt, Md, USA.
Mead GD, Chill LJ Jr (1966) Explorer 12 Measurements of the Distortion
of the Geomagnetic Field by the Solar Wind. J Geophys Res 72:
2737-2748.
Yousif ME (2004) The Universal Energies, J Theoretics.
Yousif ME (2012) Solar or Interplanetary External Magnetic Field.
Greenstadt EW (1966) Final Estimate of the Interplanetary Magnetic
Field at 1 A.U. From Measurements made by Pioneer V in March and
April, 1960. American Astronomical Society, Provided by NASA
Astrophysics Data System, USA.
Sonett CP (1963) Rocket Experiments In Cosmic Magnetism And Their
Significance, Space Sci 374-426.
Coleman PJ Jr, Sonett CP, Judge DL, Smith EJ (1960) Steady Component
of The Interplanetary Magnetic Field: Pioneer V, Phys Rev Lett 5.
Lamar University (2008) Circuits Laboratory, Transient Response of RC
Circuit, Department of Electrical Engineering Lamar University, USA.
Russell CT (2001) Solar Wind and Interplanetary Magnetic Field: A
Tutorial, Space Weather, Geophysical Monograph 125, American
Geophysical Union, California.
Arnoldy RL, Hoffman RA, Winckler JR (1960) Solar cosmic rays and soft
radiation observed at 5,000,000 kilometers from earth. J Geophys Res 65:
3004-3007.
Chapman S (1969) Atmospheric Emission. (Edn) By McCormac BM.
NATO Advanced Study Institute, Norway, Reinhold Book Cor. New
York.
NASA (2005) Science In NASA’s Vision For Space Exploration,
Committee on the Scientific Context for Space Exploration, Space Studies
Board, Division on Engineering and Physical Sciences, National Research
Council Of The National Academies, The National Academies Press
Washington, D.C.
Fredricks RW, Crook GM, KenneI CF, Green MI, Scarf FL et al, (1970)
OGO 5 Observations of electrostatic turbulence in bow shock magnetic
structures. J Geophys Res 75: 3751-3768.
Neugebauer M, Russell CT, Olson JV (1971) Correlated Observations of
Electrons and Magnetic Fields at the Earth’s Bow Shock. J Geophys Res
76:4366-4380.
Morse DL, Greenstadt EW (1976) Thickness of magnetic structures
associated with the earth’s bow shock. J Geophys Res 81: 1791-1793.
Coleman PJ Jr, Sonett CP, Judge DL, Smith EJ (I960) Some Preliminary
Results of the Pioneer V Magnetometer Experiment. J Geophys Res 65:
1856-1857.
Nishida A, Cahill LJ Jr (1964) Sudden impulses in the magnetosphere
observed by Explorer 12. J Geophys Res 69: 2243–2255.
Gosling JT, Asbridge JR, Bame SJ, Strong IB (1967) Vela 2 measurements
of the magnetopause and bow shock positions. J Geophys Res 72:
101-112.
Russell CT, Wang YL, Raeder J, Tokar RL, Smith CW et al, (2000) The
interplanetary shock of September 24, 1998: Arrival at Earth. J Geophys
Res 105: 25,143 – 25,154.
Dyal P (1965) Operation Dominic. Fish Bowl Series. Debris Expansion
Experiment. Air Force Weapons Laboratory.

Volume 2 • Issue 2 • 1000108

Citation:

Yousif ME (2014) The Source of the Interplanetary Magnetic Field (IMF) Measured by Pioneer V. J Astrophys Aerospace Technol 2:
108. doi:10.4172/2329-6542.1000108

Page 5 of 5
59.
60.

Chavin S, William FC, Ralph WK (1979), MHDEMP Code Simulation of
Starfish-ADA106089, Mission Research Corporation, Washington D.C,
USA.
Glasstone S (2006) EMP radiation from nuclear space bursts in 1962,
Glasstone, on line.

J Astrophys Aerospace Technol
ISSN:2329-6542 JAAT, an open access journal

61.
62.

Kato Y, Shigeo T (1963) Geomagnetic Disturbance accompanying the
High Altitude Nuclear Detonation at Johnston Island, Japan.
Yousif ME (2014) Exploring the High-altitude Nuclear Detonation and
Magnetic Storms. J Astrophys Aerospace Technol 2: 105.

Volume 2 • Issue 2 • 1000108

