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Laboratory experiments at the NASA Ames Vertical Gun Range demonstrate that macroscopic 
hypervelocity (4.5 - 6.0 kmls) impacts can generate magnetic fields In low ambient field 
environments[l,2]. Nonaligned electron density and temperature gradients within the 
impact-generated plasma provide a possible source of these fields [3] .  In the past, we inferred the 
presence of impact-generated plasma by noting the high electrical conductivity of the 
impact-induced vapor cloud [4 ] .  Quantifying various plasma parameters such as the electron density 
and electron temperature potentially provides a measure of the internal energy distribution within 
impact-generated vapor. The plasma's electron density and temperature have been measured 
directly in new experiments (suggested by L. Srnka) by means of an electrostatic (Langmuir) probe. 

A Langmuir probe was used to establish the electron density and temperature by measuring the 
current that flows between the probe and plasma as a function of an applied, variable potential. Since 
the lifetime of impact-generated plasma could be measured in milliseconds, it was necessary to 
sweep the applied probe potential rapidly while simultaneously measuring the probe current. In order 
to accurately determine plasma parameters, the characteristic dimension of an electrostatic probe 
must be much larger than the Debye length, Xd = (kTel4ve2Ne) and much smaller than the electron 
mean-free-path, Ae [5] . 

A cylindrical probe 11.4 cm long and 0.028 cm diameter was located 7 cm downrange and 15.5 
cm above the low-angle (15O from horizontal, 5.44 kmls) impact point of a 114 inch aluminum 
projectile into a solid aluminum target. Since we had no prior knowledge of Xd and Ae, several 
experiments with different probes determined the best probe size. The probe was connected to a 5 
kHz sinusoidal voltage source. It was enveloped by the impact-generated plasma for approximately 
3 ms and emerged unscathed. Both the probe potential and current were sampled every 2 psec by 
AID converters. Fig. 1 is a graph of probe current vs. potential for this particular impact. The curve 
has been shifted so that the probe's floating potential (at which no current flows) corresponds to 
zero volts. The probe current is dominated by electron current when the probe potential is positive 
(i.e, when the probe attracts electrons) and can be given by: 

Ip - le = lo exp 0 < Vp < Va 

where 

where Ip = probe current, le = electron current, e = electronic charge. Vp = probe potential, V a  = 
plasma potential (from Fig. 2) ,  k = Boltzmann's constant, Te = electron temperature, N e  = electron 
number density, Ap = area of probe (1.0 cm2) and me = mass of electron[5]. 

Figure 2 is a plot of In(lp) vs. Vp. The linear slope in Fig. 2 yields an electron temperature (Te) of 
approximately 4500 K which is probably an overestimate. Applying equation (2) yields an electron 
number density (Ne) of approximately l o 9  ~ m - ~  which is probably an underestimate. For a cloud 
density only slightly greater than that of the residual atmosphere in the impact chamber (about 1016 
~ m - ~ ) ,  only about 1 part in l o 7  of the impact-generated vapor cloud is ionized. Under these 
conditions, the Debye length (Ad) is less than 0.02 cm and the electron mean-free-path (Xe) is 
between 0.3 and 1.0 cm. 

Further experimental and analytical work should improve these results, but it is unlikely that our 
estimate of Ne will change by more than about two orders of magnitude for this type of impact. Since 
Xd and Xe are so close in magnitude, the use of greatly different probe sizes is restricted. Future work 
will focus on isolating the several possible mechanisms for producing ionization at such low impact 
velocities. The most likely mechanism intrinsic to the impact process may be a broad energy 
distribution within the impact-generated vapor cloud allowing Ionization of a small fraction of the 
overall vapor. Other contributing mechanisms include Ionization in the wake of the projectile as it 
travels through the residual atmosphere and ionization in the wake of the jetting phase. Ongoing 
experiments should resolve the relative importance of these mechanisms. 

Other impact experiments indicate that higher velocities or the use of other projectileltarget 
materials such as dry-ice, water-ice, calcium carbonate and powdered dolomite substantially 
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increase the amount of vaporization[6]. As Indicated by the degree to which the ambient magnetic 
field is excluded from the impact region[4], the electrical conductivity during these impacts is 
comparable to, if not greater than, the analyzed case of an aluminum projectile impacting into solid 
aluminum. Hence, the degree of Ionization is probably greater in these cases than in the example 
.discussed here. The large amount of neutral vapor produced by such vapor-generating Impacts, 
however, tends to reduce the electron mean-free-path, thereby reducing the effectiveness of the 
electrostatic probe method to obtain meaningful values of the plasma parameters. Nevertheless, 
careful probe design and placement should permit characterizing such parameters in the future. 
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Fig. 1 Langmuir probe characteristic. Vp is the probe potential relative to floating potential 
(at which no current flows). lp Is the current flowing Into the probe. I, is the electron 
current flowing into the probe at Va, the plasma potential. . 
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Fig. 2 Plot of In(lp) vs. Vp. Va (plasma potential) is where the graph deviates from linearity. 
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