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Transient Drift-Dominated Unipolar Conduction
Between Concentric Cylinders and Spheres

MARKUS ZAHN, MEMBER, IEEE

Abstract-A new analysis analogous to recent work for parallel-plate
electrodes is presented using a unipolar ion-mobility conduction model
between concentric cylindrical or spherical electrodes. Exact solutions
are obtained for the transient behavior of the bulk electric-field and
space-charge density distributions and for the terminal current-voltage
(I- V) time dependence. The analysis is generalized to handle any initial
and boundary conditions for any terminal constraints or excitations.
Using the method of characteristics, the governing first-order charge-
conservation quasi-linear partial differential equation is converted into a
set of first-order ordinary differential equations. It is shown that for
current source excitations these equations can be easily integrated,
while for voltage-source excitations the equations are in the correct
form for the Runge-Kutta method of numerical integration. The co-
axial cylindrical geometry is emphasized, treating the special cases of
the charging transients to a step voltage or current from rest under
space-charge limited conditions and the discharging transients of sys-
tems which are in the dc steady state and instantaneously open- or
short-circuited. The solutions are computer drawn in three dimensions
using a recently available graphics package.

I. INTRODUCTION

W HEN APPLIED VOLTAGES are large compared to dif-
fusion potentials and if spatial dimensions are also large

compared to the diffusion length, drift-dominated conduction
analysis can be used to model charge transport in dielectrics
and semiconductors. For the case of unipolar ion conduction
in a one-dimensional planar geometry, recent results have ob-
tained generalized solutions for the transient time and spatial
responses of the electric-field and space-charge distributions
and for the terminal current-voltage (I-V) characteristics for
any initial and boundary conditions and for any type of ap-
plied excitations [ 1 ] - [3 ] . In those works, the governing par-
tial differential equations are converted to a set of ordinary
differential equations, using the method of characteristics, al-
lowing for easy numerical integration. Examples treated were
the charging transients to step currents and voltages from rest
[1], including the effects of rise time [2] as well as step
changes in voltage or current [3] excitation from a dc steady
state under open- and short-circuit conditions.
In this paper, we develop a similar analysis for a concentric

cylindrical or spherical geometry, again using the method of
characteristics. Since the mathematical development is the
same for both geometries, we will examine in detail the cylin-
drical coaxial case. Special cases treated herein include the
charging (step-voltage or step-current excitation) and discharg-
ing (open- and short-circuit) transients for space-charge limited
conditions at the inner electrode, as these cases are easily ex-
perimentally obtained. Only the generalized solutions for
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spherical electrodes will be presented. No case studies will be
examined.
The analysis of the charging transients for a step voltage is of

special importance when, for example, sufficiently high volt-
ages are applied to insulators and electrical breakdown occurs.
However, the breakdown begins after the voltage crest. This
time delay to breakdown coupled to time-of-flight measure-
ments of charge-carrier mobilities [4] , obtained from peaks in
the current waveform, provides information on insulation and
conduction characteristics which can be correlated to the anal-
ysis presented here. In addition, the bulk electric-field and
space-charge distributions can be measured using the Kerr elec-
trooptic effect for those dielectrics which become birefringent
when stressed by high voltages such as water and nitrobenzene
[5] . The short-circuit analysis applies during the post-
breakdown period.

II. FIELD EQUATIONS
We consider the cylindrical coaxial geometry in Fig. 1, where

the inner electrode at r = Ri is a source of ions with mobility
p in the dielectric medium. We assume all physical parameters
to be constant and consider only one-dimensional variations
-with the radial coordinate r, so that the current and electric
field are only in the radial direction.
The general equations of interest are the irrotationality of

the electric field E, Gauss's law relating the electric field and
permittivity e to the space-charge density q, and conservation
of current with the mobility constitutive law:

r~~ROVXE=o0 > Erdr=v
Ri

V * (E) = q

V * Jc + -q = ° Jc = qpE
at

(1)

(2)

(3)

where, without loss of generality, we assume, in this work,
that the injected charge is positive so that the mobility p is
positive.

III. STEADY-STATE DISTRIBUTIONS

It is convenient to normalize all variables to the outer radius
Ro and the steady-state voltage V:

rr/Ro tp=Vt/R2

E=ERo/V q =qR2/eV I=IR2 /27TeMLV2 (4)
where I is the total current flowing in the terminal wires.
Then setting the time derivatives in (1)-(3) to zero, the steady-
state distributions are [6]
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Fig. 1. The inner electrode at r = Ri is a source of ions with mobility ,u
in the insulating medium. All the plots refer to a coaxial cylindrical
geometry.

E(r, t - oo) = ( r122/)[I2 (1 - 1s2I)A 1/2

q(r, t ) 00) =I/(E) (S)
where Ei is the normalized emitter electric field at the inner
electrode r = Ri which must be specified as a boundary condi-
tion. Ei must obey the inequality 0< Ei < [-1 /(Ji In Ri)] . If
Ei were negative the current would flow in the wrong direction
for a passive medium, while if Ei > [- I/(Ri ln Ri)] the diver-
gence of E cannot be positive, as required by Gauss's law for
positive-charge injection, and simultaneously satisfy (1), re-
quiring a normalized average field strength between electrodes
of unity. The total normalized current can be found using (1):

= /Il2 [(1 - a2)1/2 - ( /

- a(cos-1 a- cos' (a/Ri))]
a = Ri(I - E2/I)112 (6)

If the parameter "a" is imaginary, it is convenient to define
b2= -a2 and rewrite (6) as

1 = I1/2 [(1 + b2)1/2 - (EfRi/I1 2)

- b In R[b+([ + b2) ](7)

In general, a numerical technique such as Newton's method is
necessary to solve (6) or (7) for the current I. However, there
are a few special cases which allow easy solutions.

Space-Charge Limited Conditions (Fi = 0)
If an infinite amount of charge is available at the charge-

emitting electrode, the emitter electric field must be zero to
keep the current finite. This space-charge limited boundary
condition is often assumed in semiconductor applications.
Then (5) and (6) reduce to

E(r, t > oo) = (I /2/r)[r2 - RI] 1/2

I = [(1 - Ri2)12 _ R cos-1 RJ] -2 (8)
Constant Electric-Field Distribution (Ei = (1 - Ri) )
Examining (5), we see that to have a constant electric-field

distribution Fi2 = I, which when substituted into (5) and (6)
yields

-

0 ) = 1/2 k,)-l

Charge-Free Case (Ei = [Ri In R,] )

If the charge density everywhere is to be zero (4 = 0), the
current I must also be zero. Using (7), the current can be zero
if Ei = - [Ri In Ri] -l, which when substituted into (5) yields

E(r, t > oo) = - [rlnRi] -1 q(r, t 00) = 0. (10)

These three cases indicate the possible field and charge dis-
tributions. For small emitter electric fields (pi < (1 - kd-1),
the emitted charge density is large, and the electric field is an
increasing function of radial position while the charge density
is a decreasing function of radial position. If Ei = (1 - Rj)- ,

the electric-field distribution is constant while the charge dis-
tribution drops off with an inverse position dependence (1Ii).
For Fi > (1 - Ri)-1, the electric-field and charge distributions
are decreasing functions of r, and the charge density also be-
comes smaller in magnitude. For Ei = [Ri ln Ri] l, the charge
density is zero and the electric field has a (1/r) dependence.

IV. TRANSIENT ANALYSIS

Using the normalization of (4), equation (3) can be reduced
to

_Ea-(rE) + a
E- (71E) + -~z() =1i(1)a~t f

where I, a function of only time and not position, is the total
normalized current consisting of displacement and conduction
currents flowing in the wires. By dividing (11) by r and inte-
grating over r from the inner to outer cylinders, the normalized
voltage (v = vlV) is related to the current as

I 2 E2
=InR I-dt + [E (1,t) E2(Rk,F)] + r-dF]-

InR Ldt 2J1

(12)

Equation (11) falls into the class of quasi-linear partial dif-
ferential equations of the first order, which can be solved using
the method of characteristics [7] . The solutions of (11) are

also the simultaneous solutions of the subsidiary equations

E
dt

d(rE) - dE I-E
di dt r

(13)

(14)

Equation (13) gives the trajectories of families of curves

which happen to physically represent the actual paths that the
injected charge travels, while the solutions of (14) yield the
electric field along these trajectories. The charge density along
these trajectories can also be simply expressed using the chain
rule for differentiation:

(15)d4= d q+4d= 2dta~ at

where to simplify (15) we used (2), (3), and (13). The solu-
tion to (15) is

(9) 4 = qo [P + 0(i- to)] -1

(11)

15 1

4(., i ). W) = vo .km -1 (16)
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where qo is the normalized charge density at time to, usually
determined by the initial and boundary conditions.

If the current is known, either by measurement or because it
is imposed, it is simple to integrate (13) and (14). However, if
the voltage is imposed, the current must be obtained by simul-
taneously solving (12).
For complete specification of the problem, it is necessary

also to supply the initial electric-field distribution as a function
of r at t = 0, EQ, t = 0), and the emitter electric field as a
function of time at the positive electrode. For negative charge
injection, in all of the previous analysis, p -e -,u and the bound-
ary condition must be specified at the negative electrode.

In the following sections, case studies are examined for the
charging and discharging transients of current and voltage ex-
citations for positive-charge injection under space-charge lim-
ited conditions. For all numerical work treated here it is as-
sumed that the charge is emitted from the inner electrode of
radius Ri = 0.25.

V. STEP-CURRENT EXCITATION
It is simpler to first consider a step current I from rest, which

remains constant thereafter, applied to an initially unexcited
system, as (13) and (14) can then be directly integrated. For
current excitations it is convenient to introduce the following
new normalizations:

r = rfR0 t = (,uI/2ireLR2)1/2 t

E (2irepLI E= =(27rpqLROqeI)12q
v = (21repLIIR)I2 v. (17)

All the equations previously used and normalized as in (4) are
also correct with the normalizations of (17), with the simple
substitution of I= 1 and replacement of the left-hand side of
(6) and (7) with v.
For an initially unexcited system under space-charge limited

conditions, we have

E(Q,t=)=0 q(r,t=O)=O E(ir=Rki,)=0. (18)
In the r-t plane, the solutions of (13) and (14) divide into
those characteristic curves emanating from t = 0 for all r and
those emanating from r = Ri for all t, separated by the demar-
cation curve emanating from the point r = Ri, t = 0 as shown
in Fig. 2 for the charging transient.

Integrating (14) and (13) and using (16), we obtain

E=t/r~~q onr nt+iit,
above the demarcation curve

E=(- t)/r q= l (t - to) on r2 = (t - jo)l +.R,2,
below the demarcation curve (19)

where Rinit is the radius at which those characteristics emanat-
ing from the t = 0 boundary begin and to is the time those
characteristics emanating from the r = Ri boundary begin.
The demarcation curve is obtained by setting init = Ri and
to = O.
The demarcation curve reaches the outer electrode I= 1 at

time tc = (1 - kb2)1/2. For t> i', the system's steady-state dis-
tribution is given by (5), with I = 1, using the normalizations
of (17). For 0 6 t < ti, the steady-state distributions are be-

Fig. 2. Characteristic trajectories in nondimensional Z-t space, under
space-charge limnited conditions (KA = 0) for the charging transient to a
step current and under open-circuit conditions the discharging transi-
ent with inner electrode radius ki = 0.25. All variables shown in Figs.
2-5 are normalized as in (17).

low the demarcation curve and the charge-free solution, with
the electric field having a 1/r dependence, is above the demar-
cation curve.
Integrating the electric-field distribution over i yields the

voltage as

Y t [I - ln (t2 + Ri '2]- Cos (Y2 +R2)1/2]'

0 < t < ic
1- i2)1/2 - A1 cos'1 Ri, t >tc. (20)

Fig. 3 shows a computer-drawn three-dimensional plot of the
solutions of (19) for the case Ri = 0.25; the associated trajec-
tories are shown in a charging-transient plot in Fig. 2. The
solid-line plots in Fig. 4 are the voltage relation of (20) for
various values ofRi.
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VI. OPEN CIRCUIT

We now assume that the space-charge limited solutions for
the step current reach the steady state (t> it) when the sys-
tem is instantaneously open-circuited (I= 0). The electric-
field and space-charge distributions then slowly decay toward
zero. The boundary condition at r = Ri is no longer necessary
as the solution everywhere is determined purely by the initial
conditions, which are just the steady-state distributions to a
step current:

E(,t ) = [r2 - I2lIq/ 4(i t ) = [r2 R?]-1/2.
(21)

Then from (13), (14), and (16), the solutions are

E(r, t) = [RAnit -R? l1/2/r and

q(r,t)=q(r,t=O)/[l + q(,t=O)t]
on2 init+2 n 1 (22)

There is no demarcation curve as all characteristic curves ema-
nate from the t = 0 boundary and none emanate from the
r = Ri boundary. The solution for r = RI is

(23)

Fig. 3. Three-dimensional computer-drawn plots of the normalized
time and space dependence of the electric-field and space-charge den-
sity distributions for a step current from rest under space-charge
limited conditions with Ri = 0.25.

The characteristic trajectories are shown in the discharging-
transient plot in Fig. 2; three-dimensional computer-drawn
plots for the electric-field and space-charge distributions of
(22) appear in Fig. 5.
The open-circuit voltage is given by

t (lnRi - 1) +(i2 - + 1)1/2 (R2 -

* [cosi (Ji-2)1/2 - COS [ X,2 ]]

~~~ ~~~~O~~~< t < Ri
= (ln Ri - 1) + (t2 -R + 1)1/2 - (t2 R )112

1 ,k, [(t2 - Ri2)1/2 + (2 - +1)1/221
*lnl t7 + (72 - 'k?)112

t>Ri (24)

and is plotted as dotted lines in Fig. 4 for various values of Ri.

VII. STEP-VOLTAGE EXCITATION

A voltage V is applied at t = 0 and remains constant there-
after. We now use the normalized quantities defined in (4).
We continue to examnine space-charge limited conditions
(E(r = Ri, i) = 0), but now the initial conditions require a non-
zero electric-field distribution as the integral over r between
the electrodes must be unity. Since space charge cannot in-
stantaneously form, the initial conditions are

(25)

Fig. 4. Space-charge limited-charging and open-circuit voltages as a

function of time for various values of Ri.

However, note the discontinuity at r = Ri and t = 0; approach-
ing this point along the t =0 boundary, E(r Ri, t =0) =

- I/(Ri In RI), while approaching it along the r = Ri boundary,
E(r=R=, t =0) = 0. This discontinuity, which also appears in
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f(. = ki, i) = 0 4 (. ='ki' i) = Ili.

k(T, T= 0) = 1/(Tln ki) 4(., i = 0) = 0.
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Fig. 5. Computer-drawn plots of the open-circuit field and charge dis-
tributions for a system initially in the steady state shown in Fig. 3.

planar geometry, results in two demarcation curves as shown
in the charging-transient trajectories in Fig. 6. Between the
two demarcation curves the electric field at t = 0 takes on all
intermediate values. Above the upper demarcation curve the
charge density is due solely to the initial distribution, which is
zero for this case. Below the lower demarcation curve the
charge density is due to the charge injected at r =Ri for t > 0.
At a fixed time there is a constant spatial distribution of
charge between the two demarcation curves: referring to (16),
40 = - and to = 0, so that q = I/t in this region. This is due to
the instantaneous charge injection at t = 0 when the surface
charge density , (r = Ri, t) =E(r= Ai, t) instantaneously
decreases:

qs(r=R ot=0)= l(RilnRi), t=O (26)
11, t=O+.

For space-charge limited conditions (EQ( = Ri, t) = 0), the
charge density at the emitting electrode remains infinite for all

Fig. 6. Characteristic trajectories for the charging transient to a step
voltage and the discharging transient for short-circuit conditions with
inner electrode radius Ri = 0.25. All variables plotted in Figs. 6-9 are
normalized as in (4).

time, as the zero emitter electric field exerts no force on this
charge, keeping 4 =-o so that all characteristic trajectories
emanating from r Ri have

q= 1/(t- to) (27)

It is not possible to directly integrate (13) and (14) because
the current I is not known and cannot be directly obtained
from (12) until the electric-field distribution over r and at the
electrodes is known. However, equations (13) and (14) are ex-
actly in the correct form for the Runge-Kutta method of nu-
merical integration [8], which combined with the trapezoidal
rule for integrating the spatial integral in (12) allows for their
easy numerical solution. Note that the time derivative of voltage
in (12) is zero for t> 0 and a positive impulse at t= O, represent-
ing the initial capacitive displacement current instantaneously
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Fig. 7. Three-dimensional computer-drawn plots of the normalized
time and space dependence of the electric-field and space-charge den-
sity distributions for a step voltage from rest under space-charge lim-
ited conditions with Ri = ,0.25.

charging the system and giving the initial electric-field distribu-
tion of (25).
The charging-transient trajectories are shown in Fig. 6. The

three-dimensional computer-drawn plots in Fig. 7 show the
electric-field and space-charge distributions as a function of
time and radial position for Ri = 0.25.
The terminal charging current as found from (1 2) is plotted

in the upper part of Fig. 9 for various values of Ri. In addition,
the initial impulse at t= 0 must be added.
From (12), note that at t 0+ the current steps up to the

value

I(t = 0+) = - [2R2 (lnkR)3]-1 (28)

and then for small values of Ri the current initially decreases
and then rises to its steady-state value given by (8). For large
values of Ri approaching unity, the current exhibits the usual
peak often used in time-of-flight measurements of charge-
carrier mobilities before settling to the steady state with some
small oscillations as found in parallel-plate geometries. Table I
lists the normalized steady-state currents for a step voltage
from rest for various values of Ri under space-charge limited
conditions, as determined from (8) and (28).

Fig. 8. Computer-drawn plots of the short-circuit field and charge dis-
tributions for a system initially in the steady state shown in Fig. 7.

TABLE I
NONDIMENSIONAL STEP VOLTAGE AND SHORT-CIRCtUIT CIRRENIS UNDFR

SPACE-CHARGE LIMITED CONDITIONS (E, = 0) FOR CONCENIRIC
CYLINDRICAL ELECTROI)ES

Step Voltage Short Circuit
From Rest From Steady State

Ri t~~(Z=0+) I (i) T(Z-0+)
[Eq. (28)] [Eq. (8)] [Eq. (31)]

0.01 51.1956 1.0321 -6.4446

0.25 3.0028 2.4512 -1.8441

0.50 6.0056 8.5283 -4.2020

0.75 37.3344 70.1592 -27.3699

0.99 5.0253x105 1.1239x106 -3.7664x105

155

Authorized licensed use limited to: IEEE Xplore. Downloaded on January 15, 2009 at 15:48 from IEEE Xplore.  Restrictions apply.



IEEE TRANSACTIONS ON ELECTRICAL INSULATION, DECEMBER 1976

LHPPG IN5 r.UPPINTu!
RI=.251

TIME7~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Ln~~~~~IM I

si Inn n .~ n-pq n-R n itf-i
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Fig. 9. Space-charge limited-charging (upper plot) and short-circuit
(lower plot) currents as a function of time for various values of Ri.
In addition, charging and discharging impulse currents should appear
at t 0. Note the scale difference between the charging and discharg-
ing plots.

VIII. SHORT CIRCUIT

After the step voltage has been on a long time, the field and
charge distributions are given by (5). We now assume the sys-
tem to be short-circuited (v = 0) but still use the nondimen-
sional variables of (4) normalized to the pre-short-circuit volt-
age. The short-circuit case is of special interest in electrical-
breakdown studies because when an arc occurs the potential
difference between electrodes instantly becomes zero. For an
instantaneous change in voltage, the charge distribution must
remain continuous, and the electric field must decrease by a
term which has no divergence so as not to change the charge
density from Gauss's law and to still satisfy (1) so that the
average electric field between the cylinders is zero. This re-
quires the electric field to be zero somewhere between the
electrodes, negative near the charge-injecting electrode, and
positive near the outer electrode.
To satisfy these conditions, the initial conditions are

V2- 2 1/21
(' )r [(1- R?)112 - R cos-1 Ri] r In Rik

= 0) = { [(1 -R)112 R cos1 Ri] [r2 R2] }-1/2.

(29)

Since the emitter electric field is negative, no further charge
can be injected into the system. The calculation reduces to a
pure initial-value problem, with the solutions everywhere de-
pending only on the initial conditions of (29) because all char-
acteristics emanate from the t = 0 boundary (to = 0). The
charge density distribution along each trajectory can be ob-
tained from (16) and (21) as

W, t) = WI t= 0)/[I + q(r, t= O)i]. (30)
Note that for rRi, ( Ri, O) = oo, so that q(r=i,t) =
lit.

However, we do not know the equations of the trajectories
and the electric-field distributions because (13) and (14) can-
not be integrated until the current I is found from (12). Again,
Runge-Kutta numerical integration of (13) and (14) in con-
junction with (12) is easily used. Note again that the time de-
rivative of voltage in (12) is zero for t > 0 and a negative im-
pulse at t = 0, causing the instantaneous change in the field
distribution of (29).
The discharging-transient trajectories are shown in Fig. 6.

The three-dimensional computer-drawn plots in Fig. 8 show
how the field and charge distributions gradually approach zero
for Ri = 0.25. The terminal discharge current, plotted in the
lower part of Fig. 7 for various values of Ri, is negative and ap-
proaches zero very fast. It instantaneously changes at t = 0
from the steady-state value of (8) to

I(t-O)-I('t-0) [I(t = O-)] 1/2 COS-1 RjRi(ln R) (31)

where I(t = 0 ) is given in (8). Table I lists these values for
various values of Ri.

IX. CONCENTRIC SPHERICAL ELECTRODES

We now consider the geometry shown in Fig. 1 to represent
a spherical cross section. We use the normalizations of (4)
with only the following substitution:

I=IR1/4ir,epV2. (32)

The governing equation obtained from (l)-(3), in spherical
coordinates, is

E aa-(j2E) 2 aaE=
-

a~~~~~~t
The subsidiary equations analogous to (13)-(15) are

dr
-=E

dt

d dE I- 2rE2
d(_E)=I- = -2

d4
= _2 > q = [+q(t-o)

(33)

(34)

(35)

(36)

and the current is related to the voltage as

Ri [dv 1 -2E2I =( R )-[d + [E (I, i)- E2(Ri, )] + 2 -d;.r](1- R1) Ldt 2 Ri

(37)

The dc steady-state solutions are

E= [2jIr3 + (E2 2I)R4]
q= I,(2) (38)

(38)

To completely specify a problem, the electric-field or space-
charge distribution must be supplied at t = 0 for all r and at
r= Ri for all E. The mathematics then proceeds in an identical
fashion to that presented in Sections V-VIII.

J-j u u U. I -J U. C-i U ,. JL) l-,

:3

RI=. 50
I =. 25

1) -.- I

SHORT CIRCUIT CURRENT

I
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X. CONCLUDING REMARKS

The generalized solutions obtained here, summarized by
(12)-(14), (16), and (34)-(37), are true for drift-dominated
unipolar conduction for one-dimensional radial charge trans-
port between concentric cylindrical or spherical electrodes for
any initial conditions, for any charge emitting boundary con-
dition, and for any type of terminal constraint or excitation.
How the charge arises and how it is generated and sustained is
reflected in the initial and boundary conditions. Once it is in
the bulk, the transport equations take over the determination
of the resulting dynamics. This generality makes the analysis
appropriate in various limits for insulators, semiconductors
[9] , plasmas, and electrochemical systems.
The examples of charging and discharging transients to volt-

age and current excitations treated here were chosen because
of their applicability to many experimental measurements and
because of their analytical simplicity. More detailed computa-
tions, such as those performed for parallel-plate electrodes
(2)-(5), can examine the effects of excitation rise time; non-
space-charge limited boundary conditions, such as specifying a
relation between the electric field and charge density at the
charge emitting electrode; as well as changes in excitation, both
increasing and decreasing, from a steady state.
Recent work in planar geometry for bipolar conduction [10]

can also be applied in these geometries and will be the subject
of future studies.
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The Nature of Metal-Electrodes/SF6 Reactions in

SF6 Decomposition Due to Direct-Current
Interruption Under Simulated Circuit-Breaker

Conditions
ASHOK K. VIJH, SENIOR MEMBER, IEEE

Abstract-The nature of metal/SF6 reactions under direct-current
(dc) simulated circuit-breaker conditions has been examined in order
to explore: 1) the identity of the process(es) responsible for the differ-
ent magnitudes of electrode consumption for various pure metals; 2)
the factors determining the different rates of reaction with SF6 ob-
served for different metals. It is concluded that high-current arc ero-
sion, which would be expected to consume the metal in the absence of
SF6, is also the primary mode of weight loss of electrodes in the pres-
ence of SF6. The rates of reaction of the evaporated metals seem to be
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related to their tendencies to attack SF6 at the sulphur "site" and not,
as is generally assumed, at the fluorine "sites." Rather good correla-
tions are observed between the reaction rates and the heats of forma-
tion per equivalent for metal sulphides or the electrode potentials for
metal/metal sulphide electrodes.

INTRODUCTION
B Y VIRTUE OF its high dielectric strength and good arc-

suppressing ability, SF6 has become widely used in circuit
breakers and a variety of gas-insulated equipment in power en-
gineering. Although SF6 is "chemically" inactive, it undergoes
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