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Abstract: In this work, we construct electrodes of brass to produce plasma by arc discharge and is characterized by using a movable 
Langmuir single probe. It is a simple way to measure plasma parameters such as electron temperature, electron density and ion 
density. A movable Langmuir single probe technique has a reference point since it is biased with reference to any one electrode of 
the plasma producing system. The values obtained are at atmospheric pressure. The plasma thus produced in laboratory has various 
applications which include gaseous discharge, plasma torch, sputtering, laser produced plasma as well as tokamak plasma. 
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1. Introduction 

In laboratory, plasma can be produced by discharge 

between two electrodes using high voltage DC source 

[1]. Brass is an alloy of copper, 65% and zinc, 35% 

[2], has atomic weight 64.18 and melting point of 

940 °C [3]. The simplest way for measuring plasma 

parameters is Langmuir technique [4], which was 

developed by Langmuir in 1924 [5]. In this technique 

a small metallic electrode in the form of wire, called 

probe, is inserted into the plasma [6]. The probe is 

attached to a DC power supply capable of biasing it at 

various voltages, positive or negative, relative to the 

plasma. The plot of probe current versus probe voltage, 

known as “characteristics”, provides facts about 

plasma parameters such as electron temperature, 

electron density and ion density. In single probe 

method, a large amount of current is drained from the 

arc discharge resulting into disturbance to the plasma 

[7]. At atmospheric pressure, probes of smaller 

dimension should be chosen. Also, the size of the 

probe is limited by mechanical stability [8]. In this 

work, we discuss the use of Langmuir single probe in 
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measuring plasma density in brass arc-plasma at 

atmospheric pressure that was successfully done at 

CDP, Kirtipur. 

2. Theory 

In single probe it is assumed that both electrons and 

ions obey Maxwell Boltzmann distribution [9] and the 

lateral dimension of probe is large compared to the 

sheath thickness so that edge effect can be neglected 

[10]. On the other hand the current drawn by the probe 

is so small that it does not alter the state of plasma; 

hence the dimension of the probe should be as small 

as possible [11]. The probe current is given by 

Ie = Ioe
eV/kTe            (1) 

After taking log and differentiating, we get 

 /
           (2) 

Eq. (2) is used for the determination of electron 

temperature,  by drawing tangent to the curve ln  

versus V of the probe. Since probe current mainly 

depends upon electron current it can provide better 

information about electron temperature in comparison 

to ion temperature [6]. Once the electron temperature 

is known, the electron and ion densities can be 
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determined [10]. 

               (3) 

and 

.
              (4) 

where Ie is the electron current in the probe, Ii is the 

ion current in the probe, ne is the electron density, ni is 

the ion density, e is electronic charge, A is the surface 

area of the probe, k is Boltzmann constant, Te is 

electron temperature, me is mass of an electron, mi is 

mass of an ion and V is probe potential. 

3. Experimental Setup 

A high voltage DC is prepared by rectifying 

3-phase AC supply using an arrangement of 6 diodes 

of capacity 6 A and 100 V each. A movable system is 

made from a body of dot matrix printer which moves 

to and fro uniformly through the arc. A cylindrical 

platinum wire is inserted inside a ceramic hollow tube 

and insulated using clay except on the tip of the probe 

[12, 13]. The schematic diagram for single probe 

method is shown in Fig. 1 and the pictures shown in 

Figs. 2 and 3 are the different aspects of the live 

experiment. 

4. Observations 

Specifications of the arc and the probe are as 

follows: Average diameter of the arc = 0.9 cm; 

Transient time of the probe in the arc = 0.03 s; 
 

 
Fig. 1  Schematic diagram of single probe circuit for determination of plasma density.  
 

 
Fig. 2  Experimental setup for production and characterization of plasma parameters in plasma laboratory at Central 
Department of Physics, Tribhuvan University, Kirtipur.  
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Fig. 3  Using single probe made up of platinum, which is inserted into ceramic hollow tube and, insulated using clay except 
on the tip of the probe.  
 

Diameter of the probe = 0.04 cm; 

Length of the probe = 0.4 cm; 

Surface area of the probe = 5.024×10−6 m−2; 

Average velocity of probe = 31.25 cm/s. 

The biasing voltage is varied from 0 V to -51 V 

(DC battery system) in steps of 3 V and the 

corresponding deflections of the BG mirror spot on 

the transparent scale are noted. It is to be noted that 

Lamp-Scale arrangement is used for estimation of the 

probe current. By obtaining the respective BG 

deflections, the different values of probe currents are 

calculated as given in Table 1. 

5. Results and Discussion 

The plot of probe voltage versus probe current at 

3.6 A arc current is shown in Fig. 4. In Fig. 4, solid 

and dashed lines represent exponential and linear fits 

respectively. A remarkable decrease in electron 

current is observed as there is sharp fall in current at 

low negative voltage. A decrease in current resembles 

to the decrease in the drift velocity of electron. 

According to Ohm’s law, it must be consistent from 

the beginning to the end. Despite this, a sudden fall of 

current from third bin (753.75 µA) to fourth bin 

(452.25 µA) clearly represents a deviation from 

Ohm’s law. Due to this reason, we have used 

exponential fitting. The best fitted equations for linear 

and exponential are as follows: 

I = 1598.0 + 59.4V         (5) 

I = 115.2 × eV/11.0          (6) 

The degree of departure from Ohm’s law can be 

studied by making a free hand plot between probe 

voltage and probe current at constant arc current for 

the electron current and the ion current. A free hand 

plot by making y-axis in logarithm scale is shown in 

Fig. 5. In Fig. 5, a constant decrease of electron 

current and the sudden fall of drift velocity of electron 

up to zero current can be observed. Beyond this region, 

a rise of ion current in the lower quadrant is found. 

The unexpected drop of electron current and rise of 

ion current is studied further in Figs. 6 and 7. 

Fig. 6 shows the performance of electron current 

(lnI) versus probe voltage (V), where I is probe current 

(µA) for electrode at 3.6 A arc current. The decreasing 

pattern of probe current with probe voltage follows the 

rule, ln I  V instead of the rule, I  V. The zero 

current is found at -34.5 V probe voltage. This voltage 

or potential is called “floating potential”. Physically 

this is the situation at which the drift velocity of 

electron abruptly vanishes. In other words everything 

is in the steady state. This nature indicates the 

possibility of ion current at high probe voltage. 
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Table 1  Probe biasing potential and corresponding probe current for brass electrodes arc current at 3.6 A. 

S. N. 
Probe potential 
(volt) 

Deflection 
θ (cm) 

Current through BG 
IG = θ × 1.5 (µA) 

Probe current 
I = 201 × IG (µA) 

lnI 

1. 0 6.0 L 9.00 1,809.00 -6.30 

2. -3 5.5 L 8.25 1,658.25 -6.40 

3. -6 5.0 L 7.50 1,507.50 -6.50 

4. -9 2.5 L 3.75 753.75 -7.20 

5. -12 1.5 L 2.25 452.25 -7.70 

6. -15 1.5 L 2.25 452.25 -7.70 

7. -18 1.5 L 2.25 452.25 -7.70 

8. -21 1.0 L 1.50 301.50 -8.10 

9. -24 0.5 L 0.75 150.75 -8.80 

10. -27 0.5 L 0.75 150.75 -8.80 

11. -30 0.3 L 0.45 90.45 -9.30 

12. -33 0.0 0.00 0.00 0.00 

13. -36 0.0 0.00 0.00 0.00 

14. -39 0.1 R 0.15 30.15 -10.40 

15. -42 0.1 R 0.15 30.15 -10.40 

16. -45 0.2 R 0.30 60.30 -9.70 

17. -48 0.2 R 0.30 60.30 -9.70 

18. -51 0.2 R 0.30 60.30 -9.70 
 

 
Fig. 4  Probe voltage versus probe current plot for brass at 3.6 A arc current: deviation of the behavior of electrons from 
Ohm’s law. The solid and dashed curves represent exponential and the linear fits. The best fit equations are given.  
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Fig. 5  Free hand behavior of electrons and ions.  
 

 
Fig. 6  Behavior of electrons. Here y-axis (lnI) is in the log scale.  
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Fig. 7  Behavior of ions. The best fit line represents second order polynomial. The reason is described in the text. The error 
bars represent the standard error of the deviation. The value of regression coefficients are given. 
 

Fig. 7 suggests the performance of ion current at 

high probe voltage. For ions only a few readings and 

the increasing slope are found to be less than as 

observed in the free hand graph. We have fitted the 

ion current polynomially due to following reasons: (i) 

A sudden drop to show floating voltage deviates very 

sharply from Ohm’s law (I  V) or electron behavior 

(ln I  V), and (ii) there are very few observations 

because of the experimental constraints. It is therefore, 

we have fitted second order polynomial. 

The best fit equations for electron current and ion 

current are 

lnI = 0.1V − 6.2            (7) 

lnI = − 0.003V + 0.090V − 6.2      (8) 

with floating potential -34.5 V. This is the case for 

brass at 3.6 A arc current. In all figures, error bar 

represents the standard error (σ) of the distribution. 

The values of regression coefficient in Figs. 6 and 7 

suggest a very good agreement between observation 

and fitted curves. 

Taking differentiation of Eq. (7) with respect to V, 

we get the value of . From this electron temperature 

is estimated to be 50,340 K. The electron and ion 

densities are found to be 6.45 × 1015 m−3 and 3.90 × 

1016 m−3 respectively. 

6. Conclusion 

Atmospheric arc discharge plasma using brass 

electrodes at an arc current of 3.6 A were produced 

and characterized using a Langmuir single probe at 

CDP, TU, Kirtipur. In case of Brass electrode, at 

atmospheric pressure and an arc current of 3.6 A, the 

values of electron density and ion density were found 

to be 6.45 × 1015 m−3 and 3.90 ×1016 m−3 respectively. 

Thus the single Langmuir probe was successfully used 
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to estimate the temperature and densities of plasma 

particles which then can be used to derive most of the 

plasma parameters. Such a plasma can be useful in 

various applications like plasma torch, sputtering, 

gaseous discharge as well as tokamak plasma. 

Acknowledgement 

G. S. Thakur acknowledges the support in the form 

of Ph.D. scholar grant from Nepal Academy of 

Science and Technology (NAST), Khumaltar, Nepal. 

The authors would like to thank Prof. Binil Aryal, 

Head and staff members of the Central Department of 

Physics, Tribhuvan University, Kirtipur, for their 

encouragement and support in the word. 

References 

[1] Narayan, B. et al. 1991. “Determination of Ion 
Concentration in Cu-Arc Plasma.” Indian Journal of Pure 
& Applied Physics 29 (7): 506-7. 

[2] West, E. G. 1982. Copper and Its Alloys. Ellis Horwood. 
[3] De Laeter, J. R. et al. 2003. “Atomic Weights of the 

Elements. Review 2000 (IUPAC Technical Report).” 
Pure and Applied Chemistry 75 (6): 683-800. 

[4] Hutchinson, I. M. 1987. Principles of Plasma Diagnostics. 

Cambridge: Cambridge University. 
[5] Boyd, R. L. F. 1950. “The Collection of Positive Ions by 

a Probe in an Electrical Discharge.” In Proc. R. Soc. Lond. 
A. 201 (1066): 329-47. 

[6] Rai, V. N. 2001. Basic Concept in Plasma Diagnostics. 
Indore : Laser Plasma Division. 

[7] Konuma, M. 2005. Plasma Techniques for Film 
Deposition. Alpha Science International. 

[8] Sen, S. N. 2007. Plasma Physics (Plasma State of Matter). 
6th ed. Meerut: Pragati Prakashan. 

[9] Huddlestone, R. H., and Leonard, S. L. 1965. Plasma 
Diagnostic Techniques. New York: Academic. 

[10] Chen, F. F. 2003. “Langmuir Probe Diagnostics.” In 
IEEE-ICOPS Meeting, Jeju, Korea, 2 (6). 

[11] Boyd, T. J. M., and Sanderson, J. J. 1969. Plasma 
Dynamics. Nelson. 

[12] Thakur, G., Khanal, R., and Narayan, B. 2016. 
“Production and Characterization of Seeded-Arc Plasma 
for Different Materials of the Electrodes.” In Proceedings 
of the PSSI Plasma Scholars Colloquium 1: 41-4. 

[13] Thakur, G., Khanal, R., and Narayan, B. 2017. “Production 

of Copper Arc Plasma and Its Characterization Using a 

Movable Langmuir Probe.” Varanasi Management Review: 

A Multidisciplinary Quarterly International Referred 

Research Journal III (2): 27-33. 

[14] Merlino, R. L. 2007. “Understanding Langmuir Probe 

Current-Voltage Characteristics.” American Journal of 

Physics 75 (12): 1078-85. 

 

 


