
Investigation of Voltage Variations Across Spark Gap and Laser 

Discharge Channel of Homemade Transversely Electrical Excited 

Atmospheric (TEA) Nitrogen Laser 

Mukhtar Hussain*, Tayyab Imran 

 Department of Physics & Astronomy, College of Science, King Saud University, 11541 Riyadh, 

Saudi Arabia 

Corresponding email:*awanchep@gmail.com 
Abstract 

We have investigated the voltage variations across 

the free running spark gap electrodes and laser 

discharge channel of homemade transversely 

electrical excited atmospheric (TEA) pressure 

nitrogen laser. The behavior of the voltage 

observed and measured in laser discharge channel 

and across the free running spark gap at different 

separations of the spark gap electrodes. The 

oscillatory behavior of voltage determines the 

operation of the spark gap and laser discharge 

channel stability. 

Keywords: Free running spark gap, Laser 

discharge channel, TEA nitrogen laser 

I. Introduction 

The free running spark gap (SG) consisted of two 

parallel electrodes, air or nitrogen gas is filled between 

the electrodes; ionization of nitrogen gas or air 

occurred when the potential difference between the 

electrodes surpasses the collapse voltage of air or 

nitrogen gas. The white sparks appeared across the 

free running spark gap because of the collisions of the 

electrons with the air molecules leads to spontaneous 

emission at atmospheric pressure. The spark gap used 

for ignition purpose, an electric switch for TEA 

nitrogen laser [1, 2], for the high-speed imagining [3], 

and spark machining for DC accelerator [4, 5]. The 

spark gap also successfully used in radio transmitters 

[6], high voltage low inductance switching [7] and 

protective devices [8]. The oxygen molecules effects 

on the electrical breakdown of air and verification of 

capillary plasma in the long spark gap studied [9, 10]. 

The delayed characteristics of air spark gap for pulse 

power applications described and demonstrated [11]. 

The oscillatory behavior of current, voltage, and 

power of laser discharge channel has reported by Thati 

et al. [12]. The modeling of Blumlein circuit, the 

resistance, and inductance of laser channel presented 

by Zho et al., and Aboites et al. [13, 14]. The time-

dependent inductance and resistance of free running 

spark gap of Blumlein based nitrogen laser for various 

resistive phase periods reported in our earlier reported 

research work [15]. The properties of discharge 

evaluation, pulse source analysis, and parametric 

analysis of Blumlein based pulsed laser described 

earlier [16-18]. The plasma treatment at nanosecond 

scale studied and investigated by Nayan et al. [19]. 

The theoretical and experimental investigation of 

nitrogen laser at low pressure and atmospheric 

pressure thoroughly explained [20- 23]. 

In the present research, we generated the high-

frequency pulses fed to the flyback transformer which 

ultimately connected to the spark gap of the TEA 

nitrogen laser [2]. The voltage variations across the 

free running spark gap measured during the operation 

at the different separations of the spark gap electrodes. 

The effect of the spark gap electrode separation on the 

behavior of the voltage across the Blumlein based 

circuit having a specific arrangement of electrodes 

which formed the laser discharge channel is measured 

and investigated. The experimental investigation of 

the voltage pulses in the free running spark gap and 

aluminum based laser discharge channel in TEA 
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nitrogen laser [20] determined its reliability, repetition 

rate, energy per pulse, efficiency. 

II. Theory 

The schematic of Blumlein circuit along with free 

running spark gap shown in figure 1, which consists of 

two parallel plate capacitors interconnected by an 

inductor. The laser discharge channel designed by the 

aluminum electrode between the two capacitors 

connected through an inductor. The high voltage 

supplied to the free running spark gap which mounted 

on the ground plate of both the capacitors and positive 

plate of capacitor C1.  

 

The parallel plate capacitors charged simultaneously 

across the inductor through the free running spark. The 

amount of the charge stored on the plates of the 

capacitor depends on the separation between the free 

running spark gap electrodes. As the voltage exceeds 

the breakdown voltage of air between the electrodes of 

the spark gap, the air ionized, and electric discharge 

appears across the spark gap which discharges the 

capacitor C1 instantly while inductor offers 

impedance to capacitor C2 leaving it highly charged. 

Due to this phenomenon, the high potential difference 

created between the laser discharge channel whose one 

electrode is attached to the capacitor C1 and other to 

the capacitor C2. The voltage variation in the Blumlein 

based laser discharge channel and free running spark 

mathematically expressed in an equation 1. 

𝑉(𝑡) = 𝐴𝑒−𝑏𝑡 cos(𝜔1𝑡) + 𝐵𝑒−𝑐𝑡 cos(𝜔2𝑡)  

     (1) 

Where A and B are constants 𝑉0 = 𝐴 + 𝐵, b and c are 

known as damping constant, 𝜔1 and 𝜔2 are frequency 

of free running spark gap and laser discharge channel. 

The equation 1 shows the oscillatory behavior of 

voltage in the free running spark gap and laser 

discharge channel which determined to validate the 

reliability and performance of the system.  

III. Results and Discussion 

The homemade prototype high voltage source has the 

oscillator/driver circuit which generates the high-

frequency pulses to operate the flyback transformer [2, 

20]. The high voltage (~ 10 kHz) output pulses from 

the flyback transformer measured by a high voltage 

probe (PM29246, Philips Inc.), having a multiplication 

factor of 1.30 kV connected to 100 MHz oscilloscope 

(DS1102E, RIGOL Inc.). The flyback transformer 

operates at high frequencies. Therefore on average 

66.7 kHz square waves gave to the input of the flyback 

transformer to generate the dc high voltage pulses. The 

rise and fall time of the square wave pulses measured 

1.60 µs and 1.20 µs respectively. Such high-frequency 

square waves are shown in the figure. 2 (a).  
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Fig. 1 Schematic of Blumlein circuit with free 

running spark gap 

(a) 
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The free running spark gap electrodes made of brass 

whose inner and outer diameters are 1.20 mm and 2.50 

mm respectively. When the spark gap separation 

adjusted to 4.0 mm, the voltage variations across the 

spark gap, which measured by using high voltage 

probe connected to the oscilloscope shown in figure 3.  

 

The rise and fall time of voltage pulses measured 6.40 

ms and 0.2 ms respectively. At peak value of the 

voltage pulse, air ionized and spark gap fires. 

Consequently, the voltage across the spark gap behave 

as shown in figure 3, oscillate with the average 

repetition rate of 106 Hz.  

The voltage variations across the free running spark 

gap when electrode separation adjusted to 5.00 mm 

shown in figure 4. It evidently observed that the peak 

value of the voltage is much higher as compare to the 

spark gap electrodes separated by 4.00 mm. It has a 

dual mode, rise and fall time of this dual mode voltage 

pulses across the spark gap measured 10.0 ms, 5.0 ms, 

and 110 µs, respectively, which indicates that the 

voltage rise time increased and fall time decreased for 

large spark gap separation. The dual mode has the 

different voltage rise time but the same fall time. This 

dual mode has spread of pulse repetition rates on 

average from 100 Hz to 200 Hz. The voltage curves 

showed more smother fall variations at wider spark 

gap separation.  

 

The voltage variations across the laser discharge 

channel consisted of two aluminum electrodes (figure 

1) separated by 2.0 mm apart as shown in figure 5 (a).  

The high voltage variations measured by using the 

high voltage probe connected to an oscilloscope when 

the separation of the electrodes of free running spark 

gap adjusted to 4.00 mm. The voltage depicts the 

oscillatory behavior with the average repetition rate of 
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Fig. 3 Voltage variations across the 4.00 mm 

electrode separation spark gap 

Fig. 4 Voltage variations across the 5.00 mm 

electrode separation spark gap 

Fig. 2 (a) Input pulse to Flyback transformer, (b & c) 

Output pulses of Flyback transformer (actual voltage 

level and magnified)   

(b) 

(c) 
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Fig. 5 (a) Laser discharge channel voltage variations 

at spark gap 4.0 mm, (b) Single cycle Laser 

discharge channel voltage variations  

416.7 Hz. The single cycle behavior is shown in figure 

5 (b).  The rise and fall time of the voltage pulses 

measured 53.40 ms and <600 µs respectively. 

 

 

 

. 

 

The voltage variations across the laser discharge 

channel shown in figure 6 (a) which measured when 

the electrodes of the free running spark gap separated 

to 5.00 mm. It shows the oscillatory behavior with the 

average repetition rate of 277.8 Hz. The voltage 

repetition rate along the laser discharge channel have 

the asymmetrical nature due to the free running of the 

spark gap and high pressure. The single cycle behavior 

is shown in figure 6 (b).  At 5.0 mm spark gap 

separation, 3.80 ms and <600 µs average time of rising 

and falling of the voltage pulses measured in the laser 

discharge channel.  

 

 

The coherent ultraviolet pulses obtained during the fall 

time of the voltage pulses in the laser discharge 

channel. Our measured results are quite consistent, and 

the investigation shows that the rise and fall time of 

voltage across the free running spark gap electrodes 

and laser discharge channel is inverse to the electrode 

separation. The investigation shows that the free 

running spark gap electrodes and the laser discharge 

channel electrodes charged simultaneously. When the 

voltage breakdown occurs across the free running 

spark gap electrodes, the electric discharge occurs 

instantly in the laser discharge channel. 

IV. Conclusion 

We have demonstrated the voltage behavior across the 

free running spark electrodes and laser discharge 

channel of Blumlein based TEA nitrogen laser for 

different spark gap electrode separations. The 

investigation demonstrated the oscillatory behavior of 
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Fig. 6 (a) Laser discharge channel voltage 

variations at spark gap 5.0 mm, (b) Single cycle 

Laser discharge channel voltage variations 

(a) 

(b) 

(a) 

(b) 
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the voltage which inversely varies with the spark gap 

electrodes separation. The results exhibited the free 

running nature of spark gap operation leads to the 

asymmetrical repetition rate of the voltage across laser 

discharge channel. 
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