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Abstract: Corona is the partial breakdown of air in a divergent electric field and is particularly evident
around high voltage equipment. Air comprises of nitrogen and oxygen and the corona process involves
many complex phenomena including ionisation, attachment and excitation and the interaction of the
ions and excited molecules generated by these phenomena. A particular state of excited molecular
oxygen, singlet oxygen, has the characteristic that it remains excited for a relatively long period of
time. Singlet oxygen plays a role in the detachment of electrons from the negative oxygen ions and its
role in corona discharges has been accounted for through theory and models, but due to the difficulties
of measurement of the singlet oxygen, the influence it does have on corona discharges is not entirely
clear. On this basis the gas processes associated with the corona discharge in air have been explored,
where a Boltzmann equation solver, the electron energy distribution function, transport coefficient and
Townsend coefficients are used to understand the phenomena and provide input to a gas discharge
model, where the gases are representing as species in a drift-diffusion model. The model indicates the
presence of negative ions and singlet oxygen, but clearly illustrates how the space charge plays the
critical role in positive corona due to the collapse of the electric field. An experiment that involved
altering the environment with air-flow produced an unexpected result in the positive onset streamers
where the repetition rate changed considerably, initially it was thought that this was due to the removal
of singlet oxygen. In an effort to determine if their was a relationship between repetition rate and
singlet oxygen, experiments detecting the emission from singlet oxygen and exciting oxygen through
a laser were undertaken. There was no evidence to suggest that the repetition rate of the positive
onset streamers could be related to singlet oxygen. There were no emissions detected from various
configurations, whilst visible corona was clearly seen. The experiment where laser induced excitation
showed no change in repetition rate. It could be inferred that a relationship between repetition rate and
that the detachment due to negative ions and singlet oxygen is not a dominant process in the corona
discharge.
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1. INTRODUCTION

Corona in air is the partial breakdown of the gas in
a sufficiently high electric field. For high voltage
engineerings it is responsible for audio and radio
interference and is a sign of poorly designed or degraded
hardware or materials.

Air is predominantly made up of nitrogen and oxygen and
corona occurring in air involves many complex phenomena
including the production of space charge and excited
molecular states of its constituents. Oxygen itself is an
electronegative gas and has the ability to attach electrons.
In the discharge process these phenomena combine to
influence the electric field and the production of secondary
electrons give corona its distinctive modes [1].

Positive corona involves electrons that are produced
by natural means and move towards the high voltage
electrode. This causes a number of reactions including
ionisation, attachment and excitation and a subsequent
collapse of the electric field. The process can only
begin again when the space charge dissipates [1, 2].
The main difference with negative corona is that in
negative corona the electrons are emitted upon positive

ion bombardment with the electrode producing a supply
of seed electrons are responsible for the repetitive nature
of Trichel pulses, whereas positive corona has no such
measurable mechanism to produce such seed electrons [1,
2].

Singlet oxygen, O2(a1∆g), is the lowest electronic excited
state of oxygen and it has the characteristic that it remains
in the excited state for a relatively long amount of time.
Lowke proposed in his work that the singlet oxygen has a
dominant role in the pre-breakdown corona and streamer
process because of its ability to detach electrons from
negative ions as given by the reaction [3, 4]:

O−
2 +O2(a1∆g) = 2O2 + e (1)

An initial experiment was performed in [5] where the
application of airflow to a point plane gap initially
intended to alter the space charge produced an interested
phenomena, where the low speed airflow significantly
changed the repetition rate of positive onset streamers.
This did not seem consistent with theory and considering
the reaction in Equation (1), it was hypothesised that the
removal of singlet oxygen was responsible [5].
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The paper covers the investigation into the phenomena
beginning with the physics of the mechanism, the
modelling of the positive corona process and the
experiments to ascertain if there is any influence of singlet
oxygen on the repetitive nature of positive corona.

2. CORONA IN AIR

The fundamentals of the gas discharge are presented in
this section where the basics of deriving the Townsend and
transport coefficients is key to understanding the following
sections.

2.1 Collisional Cross-Sections

Molecules in a gas are in constant random motion and
are constantly colliding with other molecules leading
to a distribution of velocity or energy given by the
Maxwell-Boltzmann distribution [6]:

f (v) =
(

m
2πkBT

) 1
2

exp
(
− mv2

i
2kBT

)
(2)

Where:

m = Mass of the particle [g]
kB = Boltzmann’s constant
T = Temperature [K]
vi = Velocity of particle [m.s−1]

Applying an external influence such as change in
temperature or an electric field (Lorentz force) would alter
this distribution.

All of the collisional reactions (elastic and inelastic) are
based on a probability phenomenon related to the energy
(or velocity) of an electron and a collisional cross-section,
σ, for each type of reaction [6].

The collisional cross-sections for nitrogen and oxygen are
illustrated in Figure 1 and Figure 2. The cross-sections
are based on the data collated by Itikawa [7–10]. The
figure illustrates only the momentum, electronic excitation
and ionisation cross sections. The data from the LXcat
database, which is used for Bolsig+, is similar [11, 12].

It is evident that for an electron with any given energy
that there are a number of reactions that could take place
where the most likely is the momentum collision for the
whole range of energies. As the electron energy increases
the ionisation cross-section tends towards the momentum
cross-section. There are multiple excited states of nitrogen,
which act as energy sinks and is the reason it is often
considered a good insulator, as these excited states retard
the growth of a streamer. There are fewer excited states
for oxygen when compared with nitrogen, there is however
the additional attachment cross-section. It is evident that
attachment is in a lower energy region of the graph when
compared to the ionisation. Importantly singlet oxygen,
a1∆g, has a cross-section that is spread over a wide range
of energies.
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Figure 1: Collisional cross sections of nitrogen
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Figure 2: Collisional cross sections of oxygen

2.2 Townsend and Transport Coefficients

The Townsend and transport coefficients (mobility and
diffusion) are derived from the cross-sections through the
Boltzmann equation solver, Bolsig+ [13].

The Townsend coefficients and mean energy for an applied
electric field are illustrated in Figure 3. The coefficients
match well with published data [14]. It is seen that
singlet oxygen has a relatively high Townsend coefficient
indicating that singlet oxygen will be produced for wide
range of applied electric fields. For a phenomena such
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as corona where there is a non-linear electric field this
indicates the singlet oxygen will be produced over the
entire region.
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Figure 3: Townsend coefficients and mean electron energy for an
applied electric field

2.3 Positive Corona

Positive corona is initiated by electrons that are freed due
to natural processes in the air. The electron avalanche
develops towards the electrode in an increasing electric
field. The highest ionisation activity occurs near the
conductor surface where the electric field is the highest
[1, 2]. Clouds of space charge are formed which consist
of mostly positive ions near the conductor and relatively
small amounts negative ions away from the conductor as
electrons are neutralised closer to the conductor. These
space charge clouds modify the electric field and the
discharge development leading to the modes of corona
including Burst Corona, Onset Streamer, Positive Corona
and Breakdown Streamer [1, 2].
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Figure 4: Positive corona

Burst corona occurs at the onset of positive corona where
electrons lose their energy due to ionisation activities
before they get absorbed by the conductor. The discharge
directs radially outwards from the electrode. Positive
ion space charge cloud is formed around the conductor
which suppresses the discharge. The spread of electrons
then moves to another part of the conductor. As the
ionisation spreads around the conductor and is suppressed
by the space charge cloud a positive corona current pulse
is produced [1, 2].

Onset streamers result from radial development of the
discharge. A large amount of positive ion space charge is
left behind by electron avalanches and this space charge
cloud enhances the electric field away from conductor,
causing successive avalanches. The positive ion space
charge cloud created from the avalanches reduces the
electric field near the conductor surface and suppresses
the streamer. When the space charge cloud is cleared,
the original field is restored and the cycle repeats itself.
The onset streamers have a pulse amplitude from a few
milliamps to a few hundred milliamps, and the repetition
rate increases with the voltage up to a critical point
where it is then suppressed by the negative charge and
the mode changes to glow. Positive onset streamers are
the main source of radio interference and audio noise on
transmission lines [1, 2]. The typical measured positive
onset streamer pulse is illustrated in Figure 5.
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Figure 5: Positive onset streamer

Positive glow corona does not have a pulsating nature
and occurs under a particular condition of production and
removal of positive ions, where the field distribution allows
for the rapid removal of positive ions while not allowing
for the development of discharges and streamers. Glow
corona manifests itself as a thin luminous layer over the
conductor surface, where the discharge current is a direct
current with a small superimposed pulsating current with a
high repetition rate [1, 2].

Positive breakdown streamers are similar to onset
streamers but extend further into the gap and lead to
breakdown of the gap. The streamer current and repetition
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rate are higher than onset streamers [1, 2].

3. MODELLING

The fluid model of a gas discharge is considered the most
appropriate and successfully applied method to model the
gas discharge.

Morrow et al proposed the use of the flux corrected
transport algorithm (initially described by Boris and Book)
as a numerical solution to the flow of charged particles in
a gaseous system [15–19]. Morrow and Lowke applied the
algorithm to the modelling of a streamer [15].

Shim et al further built on the FDM FCT methods for a
two dimensional analysis of needle plane corona [20]. The
finite difference schemes used in FCT however limit the
shape of the grid, limit the type of complex geometries
expected in discharges and can be computationally
expensive. Georghiou et al proposed an improved finite
element FCT method [21] and continued to implement
it for various cases including the modelling of the gas
discharge in two dimensions and investigating the role
of photoionisation [22, 23]. Sattari et al have developed
finite element methods to investigate Trichel pulses [24].
Deng et al have modelled the Trichel pulse under air flow
conditions in two dimensions and successfully illustrated
the influence the air flow on the space charge by showing
that there was a decrease in repetition rate of Trichel
pulses for 18 m.s−1 illustrate the effect of shifting the
space charge [25]. The commercial package COMSOL
Multiphysics� has become more popular in solving the
drift diffusion equations and has been applied to gas
discharges. Kim et al have investigated the breakdown
voltage in air using COMSOL Multiphysics� [26]. Tran
et al have investigated negative discharges in air with and
without a dielectric barrier. The use of the fluid equations
through COMSOL Multiphysics� in investigating surface
charges on a dielectric barrier found good correlation
with experiments [27]. Recently Zhuang and Zeng
have developed a local discontinuous Galerkin method
that combines the advantages of finite volume and finite
element stating that it is a compact, local conservative and
high order accurate method [28].

The FCT methods extend further into other research areas.
Liu and Pasko, for example, have used similar algorithms
to model positive and negative streamers that originate
from quasi-static electric fields developed during lightning
activity [29].

Whilst the authors have concentrated on negative corona
and Trichel pulse, apart from the work done on positive
glow by Morrow [15, 30], positive corona a modest
presence in literature, possibly due to the unknown
mechanisms that lead to initiation and possibly due to
the space charge and electric field calculations for the
discharge model.

The key to understanding the influence of singlet oxygen
is to illustrate and understand the physical phenomena in

positive corona using the information from the solution of
the Boltzmann equation and as such the 1.5D FDM model
is considered sufficient.

3.1 Drift-Diffusion Model

The gas discharge is modelled using the drift-diffusion
equations, where there are four species electrons, positive
ions, negative ions and singlet oxygen. It is possible to
extend this to any of the excited species but not necessary
for the work here. The continuity equations written for the
species in one dimension are given by [15–17, 19]:

∂Ne

∂t
=S+Neα|�ve|−Neη|�ve|−NeNpβ

− ∂(Ne�ve)

∂z
+

∂
∂z

(
De

∂2Ne

∂z2

)
(3)

∂Np

∂t
=S+Neα|�ve|−NeNpβ−NnNpβ

− ∂(Np�vp)

∂z
+

∂
∂z

(
Dp

∂2Np

∂z2

)
(4)

∂Nn

∂t
=Neη|�ve|−NnNpβ−NnNokd

− ∂(Nn�vn)

∂z
+

∂
∂z

(
Dn

∂2Nn

∂z2

)
(5)

∂No

∂t
= Neψ|�ve|−NnNokd −NoNO2kq (6)

Where:

Nx = Number densities of electrons, positive ions,
negative ions and singlet oxygen [cm−3]

NO2 = Number density of oxygen [cm−3]
�vx = Velocities of electrons, negative ions

and positive ions [cm.s−1]
α = Ionisation coefficient [cm−1]
η = Attachment coefficient [cm−1]
ψ = Singlet oxygen coefficient [cm−1]
S = Photoionisation term [cm−3.s−1]
β = Recombination coefficient [cm3.s−1]
Dx = Diffusion coefficient [cm2.s−1]
kd = Detachment rate coefficient [cm3.s−1]
kq = Quenching rate coefficient [cm3.s−1]

3.2 Photoionisation

A model of photoionisation was developed by Penny
and Hummert, where they related the number of
photo-electrons produced to the number of ionisation
events [31]. They showed that the photoionisation events
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are dependent on the pressure and distance from the
discharge with a function given by [31].

φ =
NP

ND
θPD (7)

Where:

ND = Number of ion pairs produced per second
NP = Number of photon pairs produced per second
PD = Pressure distance relationship [cm torr]
θ = Angle subtended by volume

The physical model for photoionisation was developed by
Zheleznyak et al [32] partially based on the data, where the
model was based on the assumption that excited nitrogen
atoms will emit in the region of 98 - 102.5 nm which
is absorbed by oxygen with an ionisation threshold of
102.4 nm and this leads to photoionisation. The rate
of photoionisation is dependent on the absorption of the
emission and as such the partial pressure of oxygen [23,
32, 33]. Kulikovsky implemented a photoionisation model
based on the the Zheleznyak model, where the number
of electron-ion pairs produced per second in incremental
volume dV1 due to ionisation events in volume dV2 is given
by [33]:

S(dV1,dV2)�
I(dV2) f (r)

4πr2 dV2 (8)

I(dV2) = ξ
Pq

P+Pq
αNe

dx
dt

(9)

f (r) =
exp(−χminPO2r)− exp(−χmaxPO2r)

r log(χmax/χmin)
(10)

Where:

r = Distance between volumes dV1 and dV2
P = Pressure [760 torr]
Pq = Quenching pressure [30 torr]
PO2 = Partial pressure of oxygen [22%P]
χmax,min = Absorption coefficients of O2 [cm−1.torr−1]

Pancheshnyi et al investigated the role of background
ionisation and indicated that this background ionisation
can be neglected when the photoionisation is included [34].

3.3 Electric Field

The electric field is solved through Poisson’s equation,
which describes the potential at a point [35]:

∇2φ =−qe

ε0
(Np +Nn +Ne) (11)

Poisson’s equation is solved with number densities set to 0
to obtain the Laplacian electric field EL.

Davies stated that the using a uniform or cylindrical form
of Poisson’s equation overestimates the influence of the
space charge on the electric field, as the discharge is only
limited to a channel. A solution using disc’s of space
charge is that takes account of the radius of the channel ,r,
is proposed where the Poissonian axial field at point along
the axis is given by [19, 36, 37]:

E(x) =
1

2ε0

∫ 0

−x
ρ(x+ x′)

[
−1− x′√

x′2 + r2

]
dx′

+
∫ d−x

0
ρ(x+ x′)

[
1− x′√

x′2 + r2

]
dx′ (12)

The total field is then the sum of the Laplacian and
Poissonian electric fields:

E = EL +EP (13)

3.4 Circuit Current

Sato applied this concept to the movement of space charge
in gas discharges and Morrow subsequently completed it
to the form given by [38, 39]:

I(t) =πr2 qe

VA

∫ d

0
(Npvp −Nnvn −Neve

+
∂2DNe

∂2x
)ELdx (14)

This form is however incomplete when relating it to the
circuit as this current will affect the voltage applied to the
test device [40]. The voltage applied to the test device is
given by:

VA = I(t)R− 1
C

∫
I(t)dt (15)

3.5 Results

The parameters used in the model are listed in Table 1.

An initial plasma number density is applied to the system,
which gives a peak electron and positive ion density of
0.9995 cm−3 at 0.02 cm.

Ni = exp(−(x+dx)2) (16)

The circuit current is illustrated in Figure 6 and it is
followed by the pre-current pulse development of the
electric field in Figure 7 and space charge in Figure 8 as
well as the post current pulse development of the electric
field in Figure 9 and space charge in Figure 10. The
Laplacian Field refers to the electric field with no space
charge and the Space Charge Field refers to the electric
field determined only by the space charge. The Total Field
is the sum of the two.
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Table 1: Input parameters for positive corona model
Parameter/coefficient Symbol Value
Pressure P 760 torr
Temperature T 20 ◦C
Anode radius r 0.02 cm
Electrode spacing d 2.5 cm
Grid size Ng 800
Grid spacing dx 0.03 cm
Time step dt 1×10−12

Secondary ionisation γ 0.01
Recombination β 2×10−7

Detachment kd 2×10−10

Quenching kq 2×10−18

Mobility of positive ion µp 2.34 cm2/V/s
Mobility of negative ion µn 2.7 cm2/V/s
Diffusion of positive ion Dp 5×10−2 cm2/s
Diffusion of negative ion Dn 5×10−2 cm2/s
Applied voltage Va 9 kV

It is clear that the in the process the role played by
the positive ions far greater than the negative ions.
The positive ions are generated rapidly at the electrode
reaching a peak density of 2.4 × 1013 cm−3 after 30 ns,
with the fast moving electrons at less than half this density
after 50 ns. It is clear from Figure 7 that this distorts
the field considerably causing a complete collapse near
the electrode and a peak away from the electrode. This
peak causes the streamer to propagate into the gap and
the collapse prevents activity in the region close to the
electrode. There will be no more ionisation activity until
this space charge clears.
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Figure 6: Circuit current for 250 µs

Following the distortion of the field in the initial pulse,
the field recovers slowly. The densities of the species
decrease due to the activities that occur where the field
has collapsed including recombination of positive ions and
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Figure 7: Electric field over 50 µs

electrons, recombination of negative ions, and detachment
of electrons from the reaction of negative ions and singlet
oxygen. There is no drift velocity as there is no electric
field and as such the normal Townsend generation of
species due to electron collision does not exist. While there
is some value in the process, it is thought that the 1.5D
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model is limited in this respect.

The oscillations seen at B occur only for the negative
ions for the positive corona. These are thought to be
numerical errors due to the recombination of positive and
negative ions and to the reaction of negative ions and

singlet oxygen.

Singlet oxygen is generated within the region close to the
cathode. After 4000 ns there is a peak singlet oxygen
density of 8.5 × 1012 cm3s−1 and a peak negative ion
density of 3.92 × 1010 cm3s−1. With a neutral density
of 2.5 × 1025 cm−3 and a quenching rate of 2 × 10−18

cm3.s−1, the expected emission is 4.25×1011 photons per
cm3 per nanosecond. The emission is slightly higher than
that of negative corona it is however localised around the
anode.
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Figure 9: Electric field over the 4000 µs

To illustrate the argument Figure 11 overlays the negative
ion and singlet oxygen densities at 4000 ns by the
detached electrons considering a detachment rate of 2×
10−7 cm3.s−1 for the reaction between negative ions and
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Figure 10: Number densities of species over 4000 µs

singlet oxygen. This is slightly misleading as the negative
ion and singlet oxygen densities are not constant over time
and still decreasing, however, there is value in identifying
that electrons are released. There is a peak rate of 2.55×
107 cm3.ns−1 at the anode and while this is a significant
number, these electrons may be absorbed before impacting
on the streamer. The rapid decline of detached electrons
rate is clear in the plot and critical in extracting the
influence of singlet oxygen. A higher density would be
expected to initiate the streamer process, however the rate
of 2.23 cm−3.ns−1 where α = η for the initial electric field
illustrates that there may be a small correlation between
the positive streamer and the singlet oxygen density should
the field recover to its initial state. It is clear that the space
charge is dominant and it takes a significant amount of time

to recover, in that time electrons may be formed by other
means leaving those generated by singlet oxygen relatively
insignificant. A number of experiments are undertaken in
the next section to understand the significance.
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by detached electrons

4. EXPERIMENTS

The experiment consisted of a point-plane configuration
excited by a 50 kV DC source as shown in Figure
12. The point provided the necessary sharp electric field
to produce positive onset streamers. The measurement
system consisted of a voltage measured across a resistor
below the second electrode. Gauss’ law states that the
measurement that the surface charge of the electrode will
change according to the space charge inside of it [41].

itotal
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0− 50 kV2.285nF 1400MΩ
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σ−

σ+

v=itotalR

Figure 12: Experimental arrangement

4.1 Air Flow

The experiment was performed at the the high voltage
laboratory at the University of the Witwatersrand which is
located at an altitude of 1700 m. The experimental setup is
illustrated in Figure 13 where a slow non-turbulent airflow
of 5 m.s−1 was applied to the configuration. This is a
continuation of the initial work in reference [5], where the
hypothesis was formed.

The results in Figure 14 illustrate the approximate regions
of burst, onset streamer and glow corona for the point plane
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Figure 13: Experimental arrangement
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Figure 14: Measurement positive corona for airflow

experiment. It is evident that the air flow had an influence
on the nature (and mode) of the corona, where initially
the onset streamers increased in repetition rate and then
sharply decreased in repetition rate. The average peak
current was consistently higher for the air flow condition
for all the applied voltages. The average peak current is
dependent on the movement of the space charge and any
small shift would cause the peak current to change slightly,
which is evident in Figure 14.

The repetition rate of onset streamers are related to the
collapse of the electric field at the conductor due to the
positive space charge and the recovery due to the removal
of the positive space charge [1], any influence on this
space charge should theoretically result in an increase in
the repetition rate as the field is restored faster. The results
under air flow conditions were partially inconsistent with
this theory.

The fact that the average peak current has a relatively small
deviation and the repetition rate has a large deviation lends
credibility to the hypothesis that singlet oxygen may be a
source of seed electrons and be related to the repetition rate
of the onset streamers. The detachment of electrons from
negative ions would be dependent on both the density of
negative ions and singlet oxygen and the slow moving air
removes the singlet oxygen from the system and does not

allow it to build up. Referring to the modelling of positive
corona the densities of singlet oxygen and negative ions
may not be large enough to react and produce sufficient
seed electrons away from the anode to be the dominant
process.

4.2 Infrared Detection

The purpose of the experiment was to measure a singlet
oxygen emission and relate that to the repetition rate of
positive onset streamers. Any relationship would indicate
that it is a measurable and significant process.

The emissions of singlet oxygen due to the transition from
singlet state to ground state or due to the dimol emission
are given respectively by [42]:

O2 +O2(a1∆g) = 2O2 +hν(1270nm)

O2(a1∆g)+O2(a1∆g) = 2O2 +hν(634nm)

Considering the Grum and Costa investigation into the
spectral emission of corona [43]:

• 200-500 nm is the dominant region of emission with
peaks at 337 nm and 358 nm due to transitions of
nitrogen. This region of emissions have since been
used as a basis for investigating corona on high
voltage equipment [44].

• 400-600 nm where the peaks in the region of 400 nm
are around 12.5% of the peaks in the UV region.

• 600-900 nm where the emissions are the lowest.
There is activity around the 630-650 nm region,
however there is no distinct peak in the region.

This as well as being the only emission in the region
informed the decision to measure 1270 nm. The 1270 nm
emission was investigated with an InGaAs pin photodiode
as a detector [45]. Importantly the photosensitivity of the
photodiode lies in the range of 900 nm to 1700 nm making
it the optimal diode to detect the photo luminescence
of singlet oxygen. As the only expected emission from
corona in this region is from singlet oxygen, the use of a
filter is deemed unnecessary. The use of the photodiode
over a photomultiplier tube was due to the saturation of the
latter in the presence of an electric field.
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Figure 15: Experimental arrangement
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The experiment was setup as illustrated in Figure 15
Figure 16 illustrates the optical emissions of the point
plane gap in the visible region, where the extension
of the onset streamers was approximately 1 cm from
the anode surface. The infrared measurement system
produced no detectable emissions from singlet oxygen,
which could have been due to the weak emissions or due
to detector sensitivity. The long lifetime of singlet oxygen
does not assist with detection even if the densities are
high. It has been noted that detection of singlet oxygen
has been a difficult measurement to make in numerous
fields including chemical and medical fields where more
sensitive photomultiplier tubes have been used to detect
it [46, 47].

Figure 16: Onset streamer

4.3 Laser Excitation

The aim of the experiment was to determine the
contribution of the singlet oxygen in the positive onset
streamer by using a laser to excite the oxygen and
observing the changes in waveform and repetition rate
of the positive onset streamers. The advantage of this
excitation due to the laser is that it isolates singlet oxygen
and should have no effect on the space charge.

The Beer Lambert law relates the absorption capabilities
of the material to the light and is given by [48]:

I = I0 exp(−σNx) (17)

Where:

I = Intensity
I0 = Initial intensity
σ = Absorption cross-section
N = Number density of the neutral
x = Thickness of material

At 1.27 µm and 1.06 µm with peak cross sections of 2.52
×10−26 and 0.717 ×10−26 cm2.molecule−1 for a mixture
of 21% O2 and 79% N2 at 20 ◦C and at an altitude of 1400
m; the intensity after 1 cm is 0.59I0 and 0.86I0 for 1.27 µm
and 1.06 µm respectively [49].

Jockusch et al have shown that oxygen is directly excitable
through the use of an Nd:YAG laser with a wavelength of

1064 nm where the expected processes related to singlet
oxygen include [46]:

The excitation process is [46]:
[

3Σ−
g (ν = 0)

]
+hν1064nm →

[
1∆g(ν = 1)

]

The emission processes are [46]:
[

1∆g(ν = 1)
]

→
[

1∆g(ν = 0)
]
+heat[

1∆g(ν = 0)
]

→
[

3Σ−
g (ν = 0)

]
+hν1270nm

The experiments were performed at the National Laser
Centre at the CSIR at an altitude of 1400 m with a
setup as illustrated in Figure 17. The laser was aimed
approximately 1 cm below the electrode and each laser
pulse had a 10 Hz frequency, a width of 10-20 ns, a beam
diameter of 1cm (unfocused) and an energy of 118 mJ or
800 mJ.
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Figure 17: Experimental arrangement
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Figure 18: Measurement of positive corona for laser excitation

The repetition rate for positive onset streamers under
normal conditions and for when the laser was fired in at
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118 mJ and 800 mJ are illustrated in Figure ??. There
are some differences at lower applied voltages, but tend to
converge from 40 kV. Below 40 kV it was difficult to define
the corona as onset streamers as it was inconsistent and it
has been defined as burst corona. It is not evident that any
singlet oxygen produced had an influence on the repetition
rate of corona. The modelling illustrated that the singlet
oxygen and negative ions produce high densities close to
the anode, but are not produced further away where the
reaction between negative ions and singlet oxygen does
occur but is significantly less (Figure 11). It is felt by
the author that the lack of negative ions in the region as
shown by the modelling is critical, it is also evident that in
the region where there are high densities of both negative
ions and singlet oxygen, the ionisation, attachment and
photoionisation mechanisms would be dominant.

5. CONCLUSION

The theory behind corona in air indicates that there are
multiple excited states of its constituents. These excited
states do play a role in the process, particularly where the
energy of photons emitted from the excited molecules is
high. The role of singlet oxygen was less well understood
due to its low energy level and its secondary role of
contributing to the production of seed electrons.

The modelling indicated that the influence of space charge
on the collapse of the field for positive corona is the critical
component of the pulse formation and duration. The
model indicated that there is a presence of singlet oxygen,
however the role it plays may be insignificant to that of the
space charge.

The experiments investigated the role of singlet oxygen
and illustrated that it is not a contributing factor to the
positive onset streamers. This is inferred from the fact that

• The airflow influenced the removal of space charge
and altered the repetition rate of positive onset
streamers. The mode is pushed towards that of
positive glow.

• The emission from singlet oxygen at 1270 nm was not
detectable, both due to the low emission from singlet
oxygen and sensitivity of the photodiode.

• The repetition rate does not change when oxygen is
directly excited in the system through the use of a
laser.

It is concluded that singlet oxygen plays no distinguishable
role in the repetition rate of positive onset streamers as the
production of seed electrons is minimal.
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