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EXPERIMENTAL INVESTIGATIONS OF IMPACT-GENERATED MAGNETIC FIELDS 
D. A. Crawford and P. H. Schultz, Dept. of Geological Sciences, Brown University, Providence, RI 02912. 

The production of magnetic fields within impact-generated plasma is likely to explain magnetic fields that 
have been observed during hypervelocity impact experiments at the NASA Ames Vertical Gun [I-41. The 
magnetic fields apparently arise during three processes: field generation due to nonaligned electron density and 
temperature gradients within impact-generated plasma, field rarefaction during expansion of the electrically 
conductive plasma within the ambient magnetic field and field amplification that can occur during cavitation[4]. 
The magnetic fields were measured by a multichannel digital acquisition system connected to fifteen magnetic 
search coils (see Fig. I), each capable of measuring a single component of aBlat. The data from each channel 
were calibrated and integrated. Many channels (with different coil orientations and locations) were combined 
using a Gaussian spatial filter to form a map of the 3-D magnetic field. 

Fig. 2 is a plot of the average magnetic field observed by search coils arrayed in a horizontal plane 9 cm 
below 17 hypervelocity (-5 krnls) impacts of 0.64 cm A1 projectiles into a powdered dolomite target. It shows 
average magnetic fields observed approximately 300p (-470 R lVp) after the time of impact. For these 
experiments, the ambient magnetic field was aligned vertically and reduced to -400 y (-4 mG) by a mu-metal 
shield surrounding the impact region (see Fig. 1). At early time, the magnetic field is likely to be very intense, as 
predicted by theory[4], but because it is confined to such a small region (within 1-3 projectile radii of the impact 
point), it is difficult to observe. At late time, the magnetic field is spread over a large region within the expanding 
plasma, so that it can be readily measured, but is relatively weak. The peak observable magnetic field, measured 
at a distance x >> Rp, usually occurs well after the time of impact when the plasma has expanded enough to have 
a readily observable magnetic field. By this time, however, the field within the plasma may have decayed to as 
little as times its peak value[4]. With this in mind, the magnetic fields shown in Fig. 2 are consistent with 
spontaneous field generation during projectile penetration and cavitation producing an azimuthal or bilaterally 
antisymmetric field combined with a radial or bilaterally symmetric field produced by amplification of the 
ambient vertical field during cavitation. Ongoing experiments may further test this model. 

Impact-generated magnetic fields have a strong dependence on impact angle, as demonstrated by comparing 
the six individual plots of Fig. 2. The spiral field pattern that appears during vertical impacts is consistent with 
self-generated magnetic fields produced by nonaligned electron density and temperature gradients. The vertical 
field pattern is primarily oriented up, in the same direction as the ambient field and is probably due to ambient 
field amplification during cavitation. It is roughly equivalent to that produced by a vertically oriented dipole 
located at the impact point with dipole moment m - ergs/G. For impact angles away from vertical but greater 
than -60" from horizontal, the vertical field pattern is initially in the same direction as the ambient field but then 
develops into a rarefaction field with opposite polarity as shown in Fig. 2. During impacts at lower angles, 
ambient field amplification does not appear to occur, yet the spontaneous magnetic field is enhanced overall. The 
field is stronger downrange and exhibits bilateral antisymmetry across the plane containing the projectile 
trajectory. Impacts with different projectile and/or target compositions yield different magnetic field patterns. 

A remnant of the impact-generated magnetic field can be induced within the target material by the passage 
of the impact-induced shock wave[5-61 or by cooling through the Curie point of small portions of impact melt or 
hot target material. During oblique impacts, spalled fragments of the projectile may impact further downrange, 
inducing a shock and/or thermal remanence[7-81. Because the configuration and duration of the field depend on 
the impact angle and the projectileltarget composition, remnant impact-generated magnetic fields could be a use- 
ful geophysical tool for the study of impact craters on the Earth and planetary surfaces by helping to determine the 
impact angle, direction and composition of the impactors. Projectile 
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Fig. 1 Schematic illustration of the experimental setup. 
The mu-metal shield is -1 m in diameter in this view 
from above. The witness plates, located downrange of 
the impact point, serve to break up and contain 
ricochet fragments from low angle impacts that would 
otherwise damage the shield and interfere with the 
measurements. A typical search coil array is shown. 
Observations from several experiments with different 
search coil locations and orientations are combined to 
form the magnetic field maps shown in Fig. 2. 
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Mametic Field (vertical imma. 5.04 kmhl M a s t i c  Field (45 degrees, 5.06 kmrmh) 

Maenetic Field 175 dearcu. 4.85 M a )  Magndic Field (30 degrees, 4.98 hnlr) 

Magnuic Field (60 d e w ,  4.92 huh) Magnetic meld (15 dcgreer, 5.12 kmb) 

Fig. 2 Magnetic field observed 150-450 ps after 1 7  hypervelocity (-5 km/s) impacts of 0.64 cm A1 projectiles 
into a powdered dolomite target. (The actual average velocity is shown in each of the plots.) The impact angle 
was varied between 90" from horizontal (upper left) and 15" (lower right) in 15" increments. Each plot is the 
average of 2-4 impact experiments (30-60 measurement locations/orientations) with each measurement located in 
a horizontal plane 9 cm below the impact point. Shading represents the vertical component of the magnetic field 
whereas vectors represent the horizontd component with white vectors appearing where the field is directed into 
the page. The crater (white circle) defines the origin (white cross) of the coordinate system. The white triangle 
indicates the projectile trajectory prior to impact. Magnetic field units are in gamma where 1 y = 1 c 5  G.. 
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