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CHAP'::.'EH. VI 

VO: .. /l:AGE CUHRElf'i' CEJ,RAC'l'EJUf1Tir~s 01~ LO''l CUPcP..JmT ARCS 

6 .1 • INTRODUC'J.'IOlJ" ------· 
The variation 6f voltage and current in an arc 

plasma with Ag-Ag, Cu-Cu, Fe-Fe and Ag-Cu electr.ode systems· 

have been investigated varying the electrode sebaration dis-

tance from zero upto 0.5 em in air at atmospheric presrure. 

The investigation of the properties of low current arcs has 

been carried out over a wide range of arc currents with 

di:fercmt m.ete.l electrodes. r;onsidr3rable amount of infor-

mation has been collected by different workers on measured 

arc characterirtics (low intensity arcs) .(Ayrton,1902), 

Nottingham, 1926; Eberhart and Seban, 1966) to establish 

empirical relations of the f6rm Va = f (I) where Va is 

the voltage acrorr the arc and f(I) is a function of the 

arc current. An analysis of there empirical relations can-

not hor!ever, provide the valu.eo of the parameters of the 

arc plasma such as cathode and anode fall, contact paten-

tial and other al...Lied properties. liigh current arcs are 

increasingly beinc utilised for the study of scattering of 

lii;lJt specially from a C0 2 larer and e.lso for use in laser 

plasma interaction stu.c.'.i ef1. Pasternak and Offen berger ( 1975) 

have carried out probe and spectroscopic measurements in high 

der:r-it,y doc. argon arc plnr;ma anci have obtained the v-alues 

of electron denrity and electron temperature. 
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The object of the prenent invefltigatinn is to study the vol

tage current characteristics in arc plasma produced under 

atoospheric pressure and to calculate some parameters of the 

plar;ma after a systematic analysif~ of the rermlts. 

6.2. 

In this investigation the work has been carried 

out with arcn using four different types ~f electrodes, 

viz. (a) r;ilver-Pilver, (b) copper-copper, (c) iron-iron 

and (d) sil~er-copper (silver being the anode and copper 

the cathode in the laflt case). A d.c. source (100V) with an 

adjustible rheostat and an am~1eter (0-5A) is used to excite 

the arc. The a~c current is varied from 2 to 5A and meapure

ments were made for 2, 3, 3Q5, 4, 4.5 and 5A. (A detailed 

experimental arrangement has been discussed in the article 

2o9). The experiment consists in measuring the arc current 

and arc voltage (voltage across the arc) for various elect-

rode separations starting from x = Oo025 to x = 0.5 em where 

x is the electrode separation. The experiment has been re

peated with different initial arc currents (I = 2, 3, 3~5,4, 

4.5 and 5A). The tips of the electrodes were photographed and 

the diameter of the tips was obtained from measurements made 

with a travelling microscope. The last measurement was nece

ssary to obtain the cross section of the arc plasma so as to 

calculate its conductivity. All the measurements have been 

carried out at the atmospheric prespureo 
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RESULTS AND DISCUSSION ' -----·---·-----
6.3.1. Calculation of cnthode and anode f~ll: 

Variation of arc voltage uith electrode separation 
. . 

bar been plotted for c.iifferent electrodes such as Ar;-Ag, Cu-Cu, 

Fe-Fe and Ag-Cu for an initial arc currant of 4A ( l"igs. 6 .1 

to 6.4). In the lar-t caGe Ag is the anode and Cu the 

cathode. It haG been obr;ervec. that for small electrode sepa-

ration, the curve rises rapidly and then there is the linear 

increaGe of arc voltage with electrode separation. The total 

arc voltage VA ca!l be represented b~,r an expresrdon 

( 6 • 1 ) 

where 

v0 - cathode fall 

Vp total fall of voltage at the popitive column 

Va anode fall. 

The linear rise of the upper portion of 

the curve reveals that the positive column has become uni-

form whereas the lonGitudinal electric field is constant. 

In the arc plasma analysis, the linear portion of the curve 

has been extrapolated to x = 0 where x is the electrode 

separation and the int~rcept for I = 0 along the Y axis 

will give the sum of the cathode a1:d anode falls. 
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Electrode 

A g-Ag 

Cu-Cu 

Fe-Fe 

Ag -Cu 
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Table 6 .1 

Jiiedi urn 

Air 

Air 

Air 

Air 

v ( v) 
e 

9 - 9o5 

10 - 10.5 

9 - 11 

12- 12.5 

9.5 - 10 

17.o5 - 18 

10- 10.5 

11-11.5 

The non-linear portion of the curve can be similarly extra-

polated to x = 0 an~ the intercept will give the value of 

cathode fall. Hence anode fall can also be calculated. In 

this way,the values of cathode and anode fall for clifferent 

t,ypes of electrodes have been calculated and results have 

been uresented in Table 6.1. The· results indicate that the 
(j 

values of cathode and anode fall an calculated, are consis-

tent (von-Engel, 1965·). 

Calculation of conta8t potential difference 

at the electrode: 

As the arc voltage and arc currents for 

different electrode separations hnvc been measured, it is 

possible to calculate the power developed across the arc. 

The variation of po·.'rer developed at the arc with se"l)aration 

of el0ctrodes has been plotted for Ag - Ag, Cu-Cu, Fe-Fe 

and Ag-Cu electrodes. Thepe curves have been sho\m in figures 

6.5, 6o6, 6o7 and 6.(1., for differeLt arc currents, (2 to 5A). 
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It is evident that for x = 0, (Yrhere x is the distance 

between the two electrodes) the extrapolation of the curves 

will give the vnlue of power loss at the electrodes when the~ 

are in co!ltact. As the total power_dr~wn_from the d.c. 

source (100V) a!ld por,rer loss at the electrodes are known 

when they are in contact, from extrapolation of the curves 

the loss of power at the external resistance Rr can be 

obtained and he!lce the value of R 
r 

for different currents 

can be calculated. 8imilarl? dividing the power loss at the 

electrodes by the corresponding current, cont~ct potential 

d~fference for different electrodes can be calculated. The 

·value of Rr qas been calculated as it is necessary to 

find x (the value of x at which the power developed max 

at the arc becomes a maximum). The r·esU.l ts are presented 

in Table 6.2 for different electrode systems and are 

current r:. 

.. 



----------
I 

Arc current 1 

5 
4 

3 
2 

5 
. 4. 5 

4 

3 
2 

5 
4.5 
4 

3 
2 

A 
____ _l 

"P 
-'-i 

50 
42 
34 
21 

63 
58 
48 
38. 
24' 

52 
47 
42 

30 
20 

- _, _ 

------ ----

5 45 
4 34 
3 28 

2 18 

w 

500 
400 
300 
200 
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Table 6 .2 

·:;, 

·'"R = 
I ( ·p p -- o- . ) 
I . J. 

1'1 ..! ___ _ 

•t50 
:338 
:~66 

:179 

- ..l 

R 
r 

...()_ 

18.00 
22.37 
29.55 
44.75 

I v 
con--tact I ....., 

v _,_ 

10.0 
10.2 
11 • 3 
10.5 

--------- ---- ----
.Q_ u- C l!..-~~L t roC. e s~r stern 

500 4-37 17.48 12.6 
450 :592 19.36 12o8 
400 :352 22.00 12.2 
300 :~62 29.80 12.66 
200 "176 44.00 12oO 

Fe-Fe ele•Jtrode system 

500 •t48 17o93 10.40 
450 ·+03 19.90 10.44 
400 358 22o38 10.50 
300 ~~70 30o00 10.00 
200 180 45.00 10.50 

- -- -- - - ---- --------
Ag-Cu ele c·~rode s~rstem 

500 ·l-55 18.20 9.0 
400 :56 4 22.68 8.5 
300 :n2 30.22 9.3 
200 :1 (:; 2 45.50 9.0 

- - - - - - - - - - - - - - - - - - - - - -- - - - - - --
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where Pi = power loss at the electrodes 

when they are in constant, 

P
0 

= power .drawn from tl}e f'r)urce, 

PR = po~er loss at the external.reEistance, 

V = the contact potential at the electrodes. 
con::;tac t 

It is thus observed that for di~ferent values of arc 
. 

current, the contact potential diffr;rence is almost a cons-

tant for a pair of electrodes though it varies with the 

nature of electrodes v_rhich is generally expected. The values 
I 

of Rr as calculated from the extrapolation of the curve 

showing the vari~tion of power deve:oped across the arc 

rv'i th distance is also found to be c~onsistent with the vaLue 

obtained by direct measurement. This indi~ect method for the 

computation of Rr and ·: its consistency with the direct 

measurement justifje;the procedure adopted here for the 

calculation of V -tact' the contact potential. con .... 

6.3.3. Variation of PA (poTier generated at arc) 

with electrode separation: 

From the- nature of thEJ variation of PA with 

electrode separation as depicted in'figs. 6.5, 6.6, 6.7 and 

6 .8, it is evic~ent that the curves :::1how a tendency of satu-

ration at a certain electrode separ;:;.tion depending upon the 

nature of electrodAs and the value of arc current. To find 

out the v~riation quantitatively the following analysis h~s 

bren made. 



At an,;r 

where v s is 

tan ce, anc.i. 

be sir.1pli fi ed 

VA ::: 

VA ( 1 

v = A 

8o, 

PA = 

= 
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arc v0ltage YA n.nd ~tr c current, IA, 

PA = VAIA = v2 I R ( 6. 2) 
A a 

VA = Vc:c -· IA R ( 6 • ) ) 
.. J r 

the ~ource vo..L tage, Rr the external re ri s-

R is a the arc re~istance. The eqn. (6.)) can 

afl 

Vo - VA 
1.) Rr 

Ra 

+ Rr ) = Vo 
Ra 

u 

vc< 
L> 

( 1+ P.r ) 
H. a 

Vo u 

Rr )2 ( 1 + 
~ 1\a 

v2 R s a 

(:eta + R )2 
r 

") 

( fx/S + R )c::. 
r 

( 6 • 4) 

( 6. 5 ~ 

as Ra = :f'x /S where :P is the f:pecific resistance, x 

the exlectrode separation and S the area of cross section. 
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Differentiating PA ~ith reppect to x we get 

d~ 
dx. 

I··!Iaximi sing 

'fXjs + R~ = i:x:f'js 

X max = .R"P Sjf = R..,., s cr 
' (6.6) 

1.vhere S is the area of cross section, (f is the conduc-

tivity of the ate plasma, Rr the value of the external 

rer-istance and xmax is the valae of x for which the 

power developed a~ the arc shows a tendency of maximisation. 

6.3o4. Calculation ,f conductivity: 

It is evident from the nature of the curves 

shoning variation of arc voltaee ~ith electrode separation 

that in the linear portion of the curve, the electric field 

is almost a constc:tnt and actual Cfl.lculation sho1-vs that Ra/x 

is constant. It ho~ever, depends up0n the nature of the 

electrodes and a~so upon the Gtrencth of the arc current. 

The diameter of the cross section of the tips of electrodes 

before exciting the arc was mearured. by a travelling micro-

scope. Then the arc P.rn.s excited f0r a CJinute· for ta1.:inp,- the 

usual mea~urements. The diameter was again.mea~ured after 

coolinG the e~ectrades. The average value of cross section 

of the electroc~es cone out to be S == 0.1617 cm 2 • The cross-



section of the tips of the e..L.ectr::>.Jes has been asRumed to be 

equal to arc plascJa cross section. ·rhe values for xmax 

shovvn in the last column in Table i) .3 have been calculated 

.Table 6 "i . "'· 
---- I ----- --- ------

Ra/x.Q.cm -
1 '2. cr I 

Current A I s em -1 mhos Cm ' X em 
--- ---- _,_ -·· ,_ --- - - - '- m. a_! --

At£ - Ag 
2 2f!.O. 90 0.1617 Oo02202 0.1592 

3 125 .. 33 0.1617 0.04938 0.2359 

4 62.47 Oo1617 0_.09902 0.3437 

5 36.90 ·o.1617 0.16770 0. 4879 

Cu - Cu 

2 360 .. 00 ·0.1617 0.01718 0 • 1201 

3 169.44 0.1617 0.03652 0.1694 

4 101 .~o 0.1617 Oo06080 0.2162 

5 64.54 0.1617 0 .. 09583 0.2708 

F.e-l!,e ---
2 2e 1 • 50 0.1617 0.02198 0.1599 

3 122 .14 Oo1617 0.05066 0.2475 
4 64.74 Oo1617 Oo09576 0.3483 

I 

5 3E3.55 0 .. 1617 0 .16 04 0. 4649 

A~~ - Cu 

2 277.43 0.1617 0.02228 0.1621 

3 134 .. 93 0.1617 0.04585 0.2241 
4 S1.90 0.1617 0.07553 0.2808 

5 55.9b 0.1617 0.11050 0.3250 



195 

Values of R cai.culated for dj.fferent electrodes fnr 
r 

d:_f!:erent nrc currentr ha~!e been shovvn in Table 6.2. Though 

t:-:e experimental re~tllto (Figs. 6.5, 6.6, 6.7 and 6.2) do 

not show any maximum, Still the tendency of saturation is 

evident in each curve and the electro~~ s~paraiion at 

which tte process of s~turation sets in is in satisfactbry 

ar~rec=:ment with the v::1lue of xroe.x calculated. 

· 6.3.5o Arc voltaee arc current characteristics: 

The variation of arc voltage with arc current 

:'or different electrode separations is_ shown in the Figs. 

6.9, 6o10, 6.11 and 6.12 for Ag-Ag, Cu-Cu, Fe-Fe and Ag-Cu 

electrodes r~cpectively. It is obperved that the average 

arc voltage decrea~es with the increase of th~ arc current 

at constant electrode gap. The slope of each curve is nega-

tive for the range of current investigated. It is also 

observed that curve rnoveo upwards with the. increaoe in 

ele~trode gap. Now the relationship between arc voltage 

and arc can be 1·rri tten as 

( 6. 7) 

vrh ere C g is a fu..Yl cti0n of electrode gap. The value of 

the exponent rn can be obtained by log plot of arc voltage 

against arc cu_rrent. ·The variati:m has been plotted for 

di~ferent electrode system in Figs. 6.13, 6.14, 6.15 and 

6.16. The resulto are shown in Table 6.4. 
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Electrode 

system 

A g-Ag 

· Cu-Cu 

FP--Fe 

Ag-Cu 

I:Iedi urn 

Air 

Air 

Air 

Air 
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Table E o 4 

Current Electrode 

range A 1 gap em 

1 to 4 

1 to 4 

1 to 4 

1 to 4-

0.10 

0.20 

0.10 

0.20 

0.30 

0 .12 

0.20 

Oo30 

0.120 

0.180 

0.280 

I 

' ,Exponent a 

----
- 0.0330 

- 0.343 

- 0.338 

- 0.3454 

- 0.3760 

- 0.3578 

- 0.3614 

0.03536 

..;. 0·.3558 

- 0.2604 

- 0.2824 

- 0.2955 

----
It is thus observed that the value of m is nearly a 

constant and independeut of the gap separation. It is to be 

noted that the proposed equation is similar in form '\Vi th 

that introduced by Nattingham (1926). It is thus evident that 

from an analysis of the data relating the variation of 

arc voltage and arc cu.rrent with the electrode seuaration, 

it iG p<JP::-i ble to calculnte the cath()de and anode fall in arcs. 
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The method is straightforwn.rd and the results are consistent 

with literature values. F·u.rther, anal.~rrds of the results 

also provide the value~ of contact uotential for thepe ele-

ment~. This potential difference arises due to the fact 

that tho ugh the tv;o u etal s are in co!l ta .. ct still d ti-~',;to 
passage of the current, there is_ erosion of the electrodes 

and micro-irregularities occur due to improper machining 

and w1equal matching of the electrode surfaceso This causes 

a finite gap and a sizeable fractioL of the voltage deve-
. ·., 

lops even when the electrodes are in bontact. Further the 

variation of power developed at the arc with electrode 

separation has been quantitatively treated and theretical 

deductions are iri agreement with experiP-Jental results. An 

empirical re~ati0n between arc current and arc voltage 

has been established. 
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Abstract: The vadation of voltage and current in an ~rc pl;sma ~ith A~-Ag, 
Cu-Cu, Fe-Fe and Ag-Cu electrode systems have been investigated. ali~v;i~g 
a variation of the electrode separation distance from zero upto 0.5 em in air at 

atmospheric pressure. The analysis of the results provides the values of- cathode· 

and anode fall and also the contact potential difference· between the electrodes.··., 

The variation of power loss in the arc plasma with electrode separation has 

.been explained quantitatively. An empirical relation has -been 'established 

between voltage and current in an arc plasma. 

Keywords : Metallic arc, cathode· ~nd anode fall, po~ei reiation. 

, 1, Introduction 

:The investigation of the properties of low current arcs has been carried out over 
:a wide range of arc currents with different metal electrodes. Considerable amount 
:of information has been collected by different workers on measured arc charac~ 
:teristics (low intensity arcs) (Ayrton 1902, Nottingham 1926, Eberhart and Seban 
'1966) to establish empirical relations of the form Va = f(f), where Va is the voltage 
across the arc and f (I) is a function of the arc current. An analysis of these 
empirical relations can not however, provide the values of the parameters of the 

·arc plasma such as cathode and anode fall, contact potential and other allied 
' ' 
·properties. High current arcs are increasingly being utilized for the study of 
:scattering of light specially from a coli laser and also . for use in laser plasma 
,interaction studies. Pasternak and Offenberger (1975) have carried out probe and 
spectroscopic measurements in a high density de argon arc plasma and have 
obtained the values of electron density and electron temperature. The object of 

; the present investigation is to study the voltage current characteristics in arc 
:plasma produced under atmospheric pressure and to calculate some parameters 
; of the plasma after a systematic analysis of the results. . 
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2. Experimental setup 

ln'this investigation the work has been carried out with arcs using four different 
types of electrodes, viz. (a) silver-silver, (b) copper-copper, (c) iron-iron 
and (d) silver-copper (silver being the anode and copper the cathode in the 
last case). A de source (lOO V) with an adjustible rheostat and an ammeter 
(O- 5 A) is used to excite the arc. The arc current is varied from 2 to 5 A and 
measurements were made for 2, 3, 3.5, 4.5 and 5 A. The experiment consists in 
measuring the arc current and arc voltage (voltage across the arc) for various 
electrode separations starting from x=0.025 to x=0.5 em where xis the electrode 
separation. The experiment has been .n~peated with ·different initial arc currents 
(1=2, 3, 3.5, 4, 4.5 and 5 A). The tips of the electrodes were photographed and 
tlie. diameter of the tips was obtained from m~asurements made with a travelling 
microscope. The last measurement was necessary to obtain the. crosli section of 
the arc plasma so as to calculate its conductivity. All the measurements have 
been carried out at the atmospheric pressure. 

3. Results and Discussion 

(a) Calculation of cathode and anode /au: 
Variation of arc voltage with electrode separation has been plotted for different 

•r-------------------------~ 

60 

Electrode separarien i.n cmic_,., 

Figure 1. Variation.of,arc voltage with electrode sepaJ!!,jjpn. Ag-Ag. 

electrodes such as Ag- Ag, C_u- CJI, Fe- Fe and Ag- Cu for a;P:-.iPitial arc cu-rrent 
of 4 A .. A representative curve.for.Ag,-As electrode is shown in-:Flis._W~-~. lt has 
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been observed that for small electrode separation, the curve rises rapidly and 

then there is the linear increase of arc voltage with electrode ·separation. The 
total arc voltage VA can be represented by an expression 

VA= Vc+ Vp+ Va 
where 

Vc- cathode fall, 

Vp- total fall of voltage at the positive column, 

Va- anode fall. 

The linear rise of the upper portion of the curve reveals that the positive column 

has become uniform where as the longit~dinal electric field is constant. In the 
arc plasma data analysis, the linear portion of the curve has been extrapolated to 
x=O where x is the electrode separation and the intercept for x=O alung the Y 
axis will give the sum of the cathode and anode falls. The non-linear portion of 

Table 1 

Electrode Medium Vc (V) Va (V) 

Ag-Ag Air 9-9.5 9.5-10 

Cu-Cu Air 10-10_.5 17.5-18 

Fe~Fe Air 9-11 10-10.5 

Ag-Cu - Air 12-12.5 11-11.5 

the curve can be similarly extrapolated to x=O and the intercept will give the 
~. :·' 

value of cathode fall. Hence anode fall can also be calculated. In this way, the 
val~es of cathode and anode fall for_ qifferent types of electrodes have been 
calculated and results have_ been presented in Table 1. The results indicate 
that' the ·values of cathode and anode fall as calculated, are consistent (von-Engel 

I , 

1965). 

(b) Calculation of contact potential difference at the electrode : 
: 1 I 

As,the arc voltage and arc currents for different electrode separations have been 
measured, it is possible to calculate the power developed across the arc. The 
variation of power developed at the arc with separation of electrodes has been 
plotted for Ag- Ag, Cu- Cu, Fe- Fe and Ag- Cu electrodes and two representative 

curves for Ag- Ag and Cu- Cu have been shown in Figures 2 and 3 for different 
arc currents. It is evident that for x=O, the extrapolation of the curves 
will give the value of power-loss at the electrodes when they are in contact. As 
the total. power drawn from the de source (100 V) and power-loss at the 
electrodes are known when they are in contact, froin- extrapolation of the curves 

the loss of power at the external resistance R,. can- be obtained and hence the 
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value. or R'l' for· different currents can be calculated. Similarly div!ding the 
power~loss at. the electrodes by the corresponding current, contact potential 
difference for different electrodes can be calculated. The value of R'l' has been · 

Arc 
current 

A 

5 

4 

3 

2 

5 

4.5 

4 

3 

2 

5 

4.5 

4 

3 

2 

5 

4 

3 

2 

P, 
w 

50 

42 

34 

21 

G3 

58 

.48 

38 

24 

52-

47 

42 

30 

20 

45 

34 

28 

18 

Table 2 

Ag-Ag electrode system 

500 

400 

300 

200 

450 

358 

266 

279 

Cu- Cu electrode system 

500 

450 

400 

300 

200 

437 

392 

352 

2G2 

176 

Fe- Fe electrode system 

500 

450 

400 

300 

200 

448 

403 

. 358 

270 

180 

Ag-Cu electrode system 

500 

400 

300 

. 200 

455 

364 

272 

182. 

18 

22.37 

29.55 

44.75 

17.48 

19.36 

22 

29.8 

44.0 

17.93 

19.90 

22.38 

30.00 

45 

18.2 

22.68 

30.22 

45.5 

V contact 

v 

10 

10.2 

11.3 

10.5 

12.6 

12.8 

12.2 

12.66 

12 

10.4 

10.44 

10.5 

10.0 

10.5 

9 

8.5 

9.3 

9.0. 

calculated as it is necessary to find Xmax (the value of x at which the power 
developed at the arc becomes a maximum). The results are presented in Table 2 
for different electrode systems and arc currents. 
where, 

11 

P1 :=:power~loss at the electrodes when they are in contact, 

P 0 =power drawn from the source, 

PR =power,.loss at the external resistance, 

R'l'=calculated value of external resistance, 

Vcontac1=the contact potential at the electrodes. 
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· It is thus obs_erved that for different values of arc .current, :the contact potential 

difference is almost a constant for a pair of electrodes though it varies with the 

nature of electrodes which is generally expected. The values of R,. as calculated 
from the extrapolation of the curve showing the variation of power developed 
across the arc with distance is also found to be consistent with the value obtained 
by direct measurement. This indhect n:ethcd for the computation of R,. and its 
consistaricy with the.direct measurement justify the procedure adopted here for the 
calculation of Vcontact, the contact potential. 

(c) Variation of PA (power generated at arc) with electrode separation : 

From the nature of the variation of PA with electrode sej>anition- as cepicted in 
Figures 2 and 3, it is evident that the curves show a tendency of saturation at a 

ISO ·A 

125 

100 

t 

~ 75 
~ 

,!:: 

o~--~o--,--~o~-z------~0~4~----~o~-s 

ElectrOde separation in ems.-

Figure l. Variation of power developed at arc with electrode 
separation Ag-Ag [A : 5A; B : 4A, C : 3A, D : 2AJ. 

certain electrode separation depending upon the nature of electrodes and the 
value of arc current. To find out the variation, quantitatively the following 
analysis has been made. 

At any arc voltage VA and arc current iA, 

PA = VAIA = V~/Ra 
Vs 

I 
"I 



V ollage current okaracteristica ·etc 83' 

where Vs is the source voltage, Rr the external resistance, and Ra is the arc 
resistance. 

[1 +~:rR"_ 
V!! _X. 

· sP·s. 

[p. ~+Rr]!! 

as Ra=p.~ where p is the spectific ~esistance, x the electrode separation and S the 

area of cross section. Maxjmising PA with respect to x, 

Xznax = RrS = R,.Sa. 
p 

where S Is the area of cross section, a is the conductivity of the arc plasma, Rr 
the value of the external resistance and Xmax is the value of x for which the power 
developed at the arc shows a tendency of maximisation. 

,~ 

,_130 

i 
' f 110 

.s 
< 

Q. 

50;r· -, -· 
' I 

. . 
: 30 • 

20 ~--~0~ .• ----o~-2~---o~-3----~o~-4----~~5~~o=~,, __ 

Electrode separation in ems -

Fi!lure 3, Variation of power developed at arc with electrode separa
tion Cn-Cu [A: 5A, B: 4.5A, C: 4A, D: 3A, E: 2A]. 

( (d) Calculation of conductivity : 

It is evident from the nature of the curves showing variation of arc voltage 
: with electrode separation that in the linear portion .of the -curve, the- eiectric field 

is almost a constant and actual calculation ~bows that . Ra/x, is constant. It . ,, : 
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however, depends upon the nature of the electrodes and also upon the strength 
of the arc current. The diameter of the cross section of the tips of electrodes . 
before exciting the arc was measured by a travelling microscope.. Then the arc 
was excited for a minute for taking the usual measurements. The diameter was 
again measured after cooling the electrodes. The average value of cross section of 
the electrodes comes out to be S=O.l617 cm9 • The cross section of the tips of 
the electrodes has been assumed to be equal to arc plasma cross section. The 
values for Xmax shown in the last column in Table 3 have been calculated from the 
relation 

Xmu=RrSu. 

Values of Rr calculated for different electrodes for different arc currents have 
been shown in Table 2. Though the experimental results (Figures 2 and 3) do not 

60 

ro \'5 ?;O Z·S s·o 
Arc current.io amps -

FiJ1ure 4. Variation of arc voltage with arc current Ag-Ag 
[A : o.I em, B : 0.2 em, C: 0.3 em]. 

show any maximum, still the tendency of saturation is evident in each curve and 
the electrode separation at which the process of saturation sets in is in· satisfac~ 
tory agreement with the value of Xmaz calculated. 

(e) Arc voltage arc current characteristics: 

The variation of arc voltage with arc current for different electrode separations 
is shown in the Figures 4 and 5, for Ag- Ag, Cu- Cu electrodes respectively. It 
is observed that the . average arc . voltage decreases with the increase of the arc 
c~rrent at constant electrode gap. Th~ slope of each curve is negative for the 
r~n~_e_ Qf current investigated. It is also observed that curve moves upwards with 



Voltage current 'Characteristics etc . 85 

the increase in electrode gap. · Now the relationship between ate voltage· and arc 
can be written as 

Va;,Co?a 

where C0 is a function of electrode gap. The value of the exponent m can be 

t 
~ 
~ 
a> 
~ 

100 
90 
eo 
'lO 

60 

50 

40 
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zo 

. ~~r------------------------------, 
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50 

t 
}!!40 
0 
> .. 
. 5 
e 3:J 
0 
> 

10 

Arc current in amps -

Fliure 5, Variation of arc voltage with arc current Cu-Cu 
[A: 0.1 em, B: 0;2 em, C: 0.3 em]. 
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eo 
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60 

so 0 ~ 
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~ao 
0 
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~· 

·20 

o~~----~~~~--~~ 1 2 3 4 5 2 3 4 .5 
log(Ia)- logtia)-

Figure 6. Variation of log arc voltage against 
log arc current Ag-Ag[A: 0.1 em, 
B : 0.2 em, C : 0.3 em]. 

Figure 7. Variation of log arc voltage· · 
. against log arc current [A :. 0;1 
em; B : 0.2 em, C : 0.3 em]. . . 
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obtained by log plot of arc voltage against arc current. The variation has been 
plotted for different electrode systems in Figures 6 and 7. The results are shown in. 
Table 4. 

It is thus observed that the value of m is nearly a constant and independent 
of the gap separation. It is to be noted that the proposed equation is similar in 

Table 3 

Current Rafx Q s a X max 
A em-1 em• mhos em-• em 

Ag-Ag 

2 280.9 .1917 .02202 .1592 

3 .125.33 .1617 .04938 .2359 

4 62.47 .1617 .09902 .3437 

5 36.9 .1917 .1677 .4879 

Ag-Cu 

2 360 .1617 .01718 .1201 

3 169.44 .1617 .03652 .1694 

4 101.8 .1617 .06080 .2162 

5 64.54 .1617 .09583 .2708 

Fe-Fe 

2 281.5 .1617 .02198 .1599 

3 122.14 .1617 .05066 .2475 

4 64.74 .1617 .09576 .3483 

5 38.55 .1617 .1604 .4649 

Ag-Cu 

2 277.43 .1617 .02228 .1621 

3 134.93 .1617 .04585 .2241 

4 81.90 .1617 .07553 .2808 

5 55.98 .Hll7 .1105 .3250 

form with that introduced by Nottingham (1926). It is thus evident that from 
an analysis of the data relating the variation of arc voltage and arc current with 
the electrode separation, it is possible to calculate the cathode and anode fall in 
arcs. The method is straightforward and the results are consistent with literature 
values. Further, analysis of the results also provide the values of contact potential 
for these elements. This potential difference arises due to the fact that though 
the two metals are in contact still due to passage of the current, there is erosion 
of the electrodes and micro-irregularities occur due to improper machining and 
unequal matching of the electrode surfaces. This causes a finite gap and a 
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sizeable fraction of the voltage developes. even when the electrodes are in contact. 
Further the variation of power developed at the arc with electrode separation has 

Electrode 
system 

Ag-Ag 

Cu-Cu 

F'e- F'e 

Ag-Cu 

Medium 

Air 

Air 

Air 

Air 

Table 4 

Current 
range 

A. 

1 to 4 

1 to 4 

1 to 4 

I to 4 

Electrode 
gap em 

0.10 

Exponent 
m . 

-0.3301 
0.20 -0.343 
0.30 -0.338 

0.10 -0.3454 
0.20 -0.37GQ 
0.30 -0.3578 

0.12 -0.3614 
0.20 -0.3536 
0.30 -0.3558 

0.120 -0.2604 

0.180 -0.2824 

0.280 -0.2955 

been quantitatively treated and theoretical deductions are in agreement with 
experimental results. An empirical relation between arc current and arc voltage 
has been established. 
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