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The process of electrical explosion is a pulsed high-energy impact on a metal 
conductor. As exploding conductors, metal wires and films or foils can be used. 
Electric explosion of thin metal films found application for determination different 
materials thermophysical properties under the extreme conditions [3]. The aim of this 
work is to study the process of electric explosion of thin films with characterization of 
resulting gas dynamic structures. 

There are three modes of electric explosion: slow, fast and ultrafast. They differ by the 
energy input into the conductor. In this work, the slow regime of electric explosion 
was studied. It can be characterized by the low energy input into the conductor 
(≈1…13 J/mg) during a long time (≈50…100 μs). To obtain high-quality data of the 
explosion process, the combination of Schlieren visualization and direct photography 
was used. These methods allow visualizing any optical disturbances, optical radiation, 
and also have a high sensitivity. 

Schlieren photography diagnostics scheme: 1 - laser (Nd-YAG, λ=532 nm); 
2 - translucent mirror; 3 - beam expander; 4 - film; 5 - wedge; 6 - screen; 
7 - high-speed camera; 8 - optical elements; 9 - interference filter; 10 - 
polarisation filter. 

Experimental set: 1 - film, 2 - glass substrate, 3 – explosion 
products, 4 - vacuum chamber, 5 - pump, 6 - capacitor, 7 - 
charger, 8 - electrical ballast, 9 - thyratron module, 10 – current 
monitor, 11 - voltage divider, 12 - oscilloscope, 13 - laser beam, 
14 - Nd-YAG laser, 15 - lens, 16 - pinhole, 17 - screen, 18 - 
camera, 19 - interference filter, 20 - synchronizing unit. 

Experimental conditions:  
- Cu, Ti films 
- Initial resistance R0≈100 ... 130 Ohms 
- Capacitor stored energy E0 = 7.5...14.7 J 
- Ar medium 
- Atmospheric pressure 

Typical waveform of current I(t), capacitor 
voltage UC(t) and film voltage UF(t): 1 - 
laser pulse under schlieren image 

Schlieren image of process of Ti film explosion at 
different time moments: 1 - high temperature products 
of explosion, 2 – shock wave front, 3 - shock compressed 
gas (R0=126 Ohm; E0=14,7 J) 

Based on the Schlieren images, the shock speed was  
calculated and amounted as v=410…530 m/s. The 
parameters (density ρ2, pressure p2 and temperature 
T2) at the shock wave front were calculated: 
 

ρ2=ρ1·(γ+1)·(γ-1+2q)=2,7…3,7 kg/m3, 
p2=p1·(2γ-(γ-1)q)·(qγ+q)=1,9…3,5·10 Pa, 

T2=T1·(ρ1/ρ2)=383…466 K, 
 
where q=γ·p1·ρ1·v=0,3…0,6; p1, ρ1, T1 are parameters 
in undisturbed gas (p1=10 Pa, ρ1=1,78 kg/m3, T1=293 
K), adiabatic exponent γ=1,67 (Ar).  

Long-exposure photography of the film explosion: 1 - electric arc 

Exploded Ti film (40 nm) on silica: 1 - initial 
film, 2 - area of discharge 

Conclusion:  
Combined photographic technique (Schlieren and direct 
photography) was used for characterization of a slow electric 
explosion of Cu and Ti thin films. The structure of the resulting 
flows (shock front, high temperature expanding region, etc.) was 
visualized. The generated shock speed was 410…530 m/s. Direct 
photography allowed to detected a luminous plasma region under 
the substrates. That combined technique is suitable for a detailed 
study of electric explosion of thin metal films.  
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