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Introduction 

We report a series of preliminary experiments aimed at exploring rapid heating (10-5 s) of metal targets using the fast pulse magnet at the National High Magnetic Field Laboratory.  The magnetic pulses are noncontact so that hazardous materials can be tested in a sealed container and examined after the shot.  It is difficult to directly measure the temperature of the sample, but the Faraday heating can be modeled with COMSOL.  The heating process is fast enough that transport is negligible and the temperature change is adiabatic.  The resulting temperature change is then the electromagnetic energy deposited by the pulse divided by the heat capacity of the sample.  All of the factors in the calculation are known, but it is more persuasive to experimentally confirm the modeling at a few temperatures. This implies calibrating the technique using samples that undergo a phase change that leads to visible modification of the sample.
Experimental 

The samples used here are metals with well known electrical and thermal characteristics.  We used either loops of thin wire or sections of tubing.  The inductive screening of the samples was negligible and the applied field fully penetrated the samples, which, in turn, implies even heating of the target. 


The fast pulse magnet was operated in the nondestructive mode, where the magnetic energy oscillates several times after the closing of the switch. The total magnetic field energy deposited in the sample is obtained by integrating the heating power over the pulse. 
Results and Discussion


The Nickel alloy wire shown in Fig. 1 was heated to a theoretical temperature of 900C.  This alloy should oxidize in air at any temperature above 400C.  The darkening of the wire indicates some oxidation, but a slow process such as surface oxidation is not suitable for calibration.  Fig. 2 shows a small section of Pd tubing heated with a 10 Tesla pulse.  The SEM micrograph clearly indicates small melted areas where sample slightly exceeded the melting point.  Modeling for this field pulse is still underway, but we have a clearly defined calibration point.
Conclusions

Melting points of metals can accurately be used to calibrate the peak temperature of rapidly heated samples.  Other phase transitions that have slower kinetics are not suitable for calibration.
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Fig.1 A section of a Nickel alloy wire loop after a 20Tesla pulse.  The modeled peak temperature was 900C.  





Fig.2 A section of Pd tubing after a 10 Tesla pulse.  The modeled peak temperature is not known. The slight melting indicates an experimental heating to the melting point of Pd.





	Melted area








