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The optimum discharge in an exploding wire circuit is described. In this type of discharge, the stored energy
of the capacitor discharges completely during the first pulse of the exploding wire phenomenon. It was determined
from the results of experiments conducted in air at atmospheric pressure with Cu, Ag, and Pt wires that for an
optimum discharge the initial voltage of the capacitor is directly proportional to the wire cross sectional area, and it
is independent of the wire length. Consequently, the ratio of the stored energy of an optimum discharge to the mass
of the wire is proportional to the inverse of the resistance of the wire at room temperature. The wire length was
varied from 2.5 to 17.8 cm and the wire cross sectional area was varied from 4.8X 1075 to 3.2X 1072 cm?.

HE circuit for the exploding wire experiment is

shown in Tig. 1. A 14.7 uF, 20 kV capacitor was used
as the cnergy storage capacitor. The total inductance of
the circuit was 0.5 uH, and the total resistance of the
circuit without the exploding wire was 10.76 m@. The
current i(f) was measured with a 2.430 mQ inductance-
frec T & M current viewing resistor, and the voltage across
the wire o(f) was measured with a Tektronix P-6015
high voltage probe. Both the current and the voltage
traces were recorded with a dual-beam Tektronix 543-A
oscilloscope.

The characteristic current and voltage traces for an ex-
ploding wire are shown in Fig. 2. The regions I, II, and
11T are known as the first pulse, dwell, and re-strike regions,
respectively. The phenomena that take place during these
regions have been discussed extensively by many authors.!

In an optimum discharge, the stored energy of the ca-
pacitor, I%, discharges completely during the first pulse.
The current and the voltage traces for an optimum dis-
charge are shown in I'ig. 3. Both the voltage and the cur-
rent diminish to zero by the end of the first pulse indicating
the total discharge of the capacitor. The re-strike phenome-
non does not occur.

The experiments were conducted in air at atmospheric
pressure, and Cu, Ag, and Pt wires were used. The wire
cross section was varied from 4.8X107% to 3.2X107°
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em?, and the wire length was varied from 2.5 to 17.8 cm.
Tt was determined from the results of these experiments
that the initial voltage of the capacitor for the optimum
discharge, Vo, is dependent only on the wire cross scction,
and independent of the wire length. The plots of Vo
versus the wire cross section A4 for Cu, Ag, and
Pt wires are shown in Fig. 4. The slopes of these curves
indicate that V is directly proportional to 4.

The plots of the stored cnergy to the wire mass ratio,
Jio/m, versus the resistance of the wire at the room tem-
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Fic. 2. Typical current and voltage traces
for an exploding wire.
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T16. 3. The current and voltage traces for
an optimum discharge.
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F1G. 4. The initial capacitor charging voltage versus the wire cross
section area. (The wire lengths for most of the datum points were
varied from 2.5 to 17.8 cm while keeping the wire cross section area
constant.)

perature, R, for the three metals are shown in Fig. 5.
The slopes of these curves indicate that Eo/m is inversely
proportional to R.. The energy transferred to the wire was
computed for several optimum discharges by integrating
the power curve obtained from the current and voltage
traces. This energy was more than 909, of E,, the energy
stored in the capacitor.

The 1/R, variation of the Eo/m ratio is a consequence of
the direct proportionality of V, to 4. In the circuit used
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F16. 5. The stored energy for an optimum discharge to the wire mass
ratio versus the resistance of the wire at the room temperature.

for these experiments, the Eo/m ratio was varied from 200
J/g to 20 000 J/g by decreasing R, from 200 to 2 mS.
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