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INTRODUCTION

It is well known from the work of Simpson and his colleagues (1937-1942) that
usually in a cloud-mass, there is a distribution of negative electrical charge with
some positive concentration at the top. Based on the bi-polar nature of charge
distribution in a cloud, Appleton, Watson-Watt and Herd (1926) showed that when
there was positive charge above and negative charge below, the discharge between
the two opposite charges would give rise to a positive net field-change at near
distances and a negative net field-change at relatively large distances, there
being a critical distance for zero field-change. These conclusions were later
confirmed by Schonland and Craib (1927). The oscillographic records of the field-
changes due to cloud-to-cloud discharges were perhaps for the first time obtained
by Schonland, Hodges and Collens (1938), and they clearly mentioned that there
was no evidence of return strokes in these waveforms. Lutkin (1939) described
gsome cloud-to-cloud discharges. He pointed out that in the waveforms of his
group 3, the sets of small isolated pulses of three half-cycles which were separated
by very short quiet intervals were just what would be expected from discharges
within the cloud, each discharge having a discontinuity in the current pulse.
Some waveforms in Lutkin’s group 2 were also attributed to discharges within the
cloud. It was later pointed out by Schonland, Elder, Hodges, Phillips and van
Wyk (1940) that Lutkin’s waveforms of group 2 were to be identified with discharges
of the stepped-leader type having no return stroke. They also suggested that Lut-
kin’s waveforms of group 3 were very likely due to successive dart discharges within
the cloud. They were also able to record the waveforms of Lutkin’s group 2 and
group 3. Pierce (1955) has mentioned that cloud-to-cloud discharges do not pro-
duce return stroke pulses. )

Out of thousands of waveforms of atmospherics recorded during the course of
our investigations, we have been able to find a large number of oscillograms which
we can attribute to cloud-to-cloud discharges. The main considerations which have
helped in deciding whether a particular oscillogram of the waveform is to be asso-
ciated with a cloud-to-cloud discharge are as follows:

(i) In a discharge within a bi-polar cloud with a negative charge below
and a positive charge above, the net electric field-change at some dis-
tance greater than the critical distance must be negative. For a
cloud-to-ground discharge the net field-change at all distances is
always positive.*

(ii) In the case of multiple strokes, the time-interval between successive
strokes for discharges within the cloud is relatively much smaller than
that for cloud-to-ground discharges. The time-interval between the

* A positive field-change is defined as the one which causes a positive charge to pass from
the aerial to the earth or which, when an amplifier is employed, results in the appearance of a
positive potential at the grid of the first valve due to the lightning discharge. The positive field-
change can be indicated on the fluorescent screen of any particular oscillograph-unit.

VOL. 23, A, No. 6,



500 B. A. P. TANTRY, R. S. SRIVASTAVA & S. R. KHASTGIR: ELECTRIC

successive strokes in cloud-to-ground discharges, as observed by
various workers, lies in the range of about 30-200 milliseconds. The
moving-camera observations of McCann (1944) revealed that the cloud-
to-cloud discharges were sometimes multiple in character with shorter
time-intervals between the successive components and with shorter
total duration of flash than in the case of cloud-to-ground discharges.

It has been concluded that a cloud-to-cloud discharge has got all the features
which are known to be associated with a cloud-to-ground discharge. These features
are :

(i) Multiple strokes.

(i1) Return-stroke pulses with or without successive reflections from the
ionosphere.

(iii) ‘Predischarges’ preceding the return-stroke pulse.

(iv) Slow field-changes and the ‘hook’-components following the return-
stroke pulse.

(v) Junction field-changes between the successive strokes.

In the case of a cloud-to-ground discharge, it is already established that the
most rapid destruction of thunder cloud moment takes place during the return stroke,
giving rise to an extremely rapid electric field-change in the form of an aperiodic or a
quasi-periodic pulse. Such pulses have been termed return-stroke pulses. It appears
therefore that the term ‘return stroke’ has a definite connotation and refers only
to discharges to the ground. Since we have observed similar pulses appearing in
successive multiple strokes in many oscillograms which we ascribe to cloud-to-cloud
discharges from considerations of the sign of field-change and the time-interval
between successive strokes, we have used the same nomenclature for such pulses
in cloud-to-cloud discharges. We have also retained the same terms for the ‘pre-
discharges’ originating in a leader stroke preceding the return stroke, for the c-field
change and ‘ hook ’-components and also for the junction field-change in the case of
cloud-to-cloud discharges.

EXPERIMENTAL RESULTS ON THE WAVEFORMS DUE TO CLOUD-TO-CLOUD
DISCHARGES

The waveforms of various atmospherics were recorded at Banaras during 1952-
1955 both during the day and the night with the help of the Automatic Atmosphe-
ries Recorder, a brief preliminary account of which has already been reported
(Tantry, 1952). The details of the Atmospherics Recorder, with a description of the
different parts and of the special electronic circuit arrangements for the automatic
recording of full and precise waveforms without overlappings, will be published
elsewhere. The various waveforms observed in cloud-to-cloud discharges have been
clagsified. Some details are given below :

(a) Simple multiple strokes between cloud and cloud

The waveforms showed a succession of simple multiple strokes from 2 to 7
in number separated by a quiet interval which varied from 0-5 to 2-5 milliseconds.
A good similarity of the different strokes indicates that they must have originated
in the same channel. The peak amplitudes of the strokes varied from 50 mV./m.
to 0-7 V./m. and in most cases the waveforms showed an initial rapid negative field-
change. As the distance of the source of atmospherics was always greater than
the critical distance for the zero field-change, the negative sign of the field-change
indicated that the discharge must be between a positive charge above and a neg-
ative charge below in a bi-polar cloud. The small time-interval of the successive
gtrokes lent support to the conclusion that the strokes were of cloud-to-cloud origin,
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Fia, |, Simple multipie strokes between cloud and cloud.  {a} 9455, 11-2¢ pm. ) 11-8»52: (_‘)ABU p-m.
Fre, 2, (Joud-to-cloud muitiple strokes with ° predischirges Yoo{a@) $-0-55. 1130 pom, (6) 24-8-532. 11-30 pom.
3.

Fie, Cloud-to-clond multiple strokes with jonospherie teflections,  22-8-54, 11-13 p.m.
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Fic, 4, Cloud-to-cloud multiple strokes with twin pulses, 22-8.34, night,

Fic. 5. Cloud-to-cloud multiple strokes with c-field change and ‘hook’-components. (a) 30-6-55, 9-30
(b) 14-8-55, 7-45 p.m.

Fie. 6. Cloud-to-cloud multiple strokes with junction field-changes.  30-6-33, 9-55 p.m.

p.m.
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Occasionally the initial pulse showed a positive field-change and this was considered
as due to the discharge between the positive charge, occasionally observed at the base
of the cloud and the negative charge in the cloud (Simpson and Scrase, 1937). The
typical oscillograms showing simple multiple strokes between cloud and cloud are
shown in Fig. 1.

{b) Cloud-to-cloud muliiple strokes with * predischarges’

Two representative oscillograms showing multiple strokes, each stroke having
¢ predischarges’ followed by an aperiodic return-stroke pulse, are shown in Fig. 2.
The observed negative pulses were characteristic of the discharges between the upper
positive and the lower negative charges in a cloud. The amplitude of the aperiodic
pulses varied from 50 mV/m. to 0-2 V/m. The ‘ predischarges’ were irregular high-
frequency pulses of much smaller amplitude. The ‘ predischarges’ observed in cloud-
to-cloud strokes must be associated with the stepped-leaders or with the branch-
ings in the leader much in the same way as the ‘ predischarges’ in the cloud-to-
ground discharges.

(¢) Cloud-to-cloud multiple strokes with tonospheric reflections

The oscilograms showing multiple strokes with successive reflections between
the ionosphere and the earth were usually observed at night. Fig. 3 which repre-
gents one such oscillogram shows three successive strokes. It can be seen that,
corresponding to each stroke, the aperiodic or quasi-periodic pulse associated with
the return streamer is followed by a series of ionospheric reflections. The distance
of the atmospherics as determined from the observed time-interval between succes-
sive reflections was about 430 Kms. The characteristic negative sign of the pulses
and the small time-interval between the successive strokes indicated that the wave-
forms must be due to discharges in a bi-polar cloud with the positive charge above
and the negative charge below.

(d) Cloud-to-cloud multiple strokes with twin pulses

These waveforms showed groups of pulses, usually two in number, each group
being separated from the next one by a quiet period lying between 05 and 2-5 milli-
seconds. Usually there was an initial positive field-change. This suggested that
the discharges were between the positive charge occasionally found at the base of
the cloud and the negative charge above. ach group of the twin pulses appeared
to be associated with each of the successive strokes. A typical oscillogram showing
groups of twin pulses recorded in this laboratory is shown in Fig. 4. These wave-
forms are similar to those recorded by Lutkin (1939) in his group 3 and by Rivault
(1945) in his type IL.

(e) Cloud-to-cloud multiple strokes with c-field change and ‘ hook ’-components

Typical oscillograms showing multiple strokes with the ¢-field ghal}g'e.and the
‘ hook ’-components are shown in Fig. 5. These oscillograms start with initial nega-
tive field-change indicating discharges in a bi-polar cloud with the positive charge
above and the negative charge below. The subsidiary field-changes of small ampli-
tude during the ¢-field change and even afterwards were called ¢ hook ’-components
by Malan and Schonland (1947). The amplitude-ratio of the return strpke pulse
t0 the ¢ hook ’-components was found to vary from 0-1 to 0-02 in all such oscillograms.

(f) Cloud-to-cloud multiple strokes showing junciion field-changes

These oscillograms showed the presence of a very slow field-change. ca'mlled the
junction field-change, between the successive strokes of a cloud-to-cloud discharge.
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A typical oscillogram is shown in Fig. 6. The initial negative field-change and the
small time-interval between the successive strokes indicated that these oscillograms
were caused by discharges in a cloud with positive charge above and the negative
charge below.

The j-field changes in multiple strokes between the cloud and the ground were
reported by Malan and Schonland (1951) and also by Pierce (1955).

As some of the oscillograms in Figs. 1-6 are not very clear in the prints, the
traces of such oscillograms are shown in Text-fig. 1.
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CONCLUSIONS

From the oscillograms of waveforms shown in Figs. 1-6 it can be said with some
certainty that cloud-to-cloud discharges are similar to the cloud-to-ground discharges
in respect of (i) multiple strokes, (ii) ‘predischarges’, (iii) return-stroke pulses with
or without ionospheric reflections, (iv) ¢-field changes and ‘hook’-components, and
(v) junction field-changes. As has already been mentioned, the identification
of an oscillogram caused by a cloud-to-cloud discharge is possible in many cases
from (i) the sign of the field-change and (ii) the small time-interval between the
successive strokes.

With regard to the c-field changes and the ‘hook’-components, it is not possible
to say whether the processes suggested by Malan and Schonland (1947) leading to
these field-changes are the same in a cloud-to-cloud discharge as in a cloud-to-ground
discharge. The junction-process in a cloud-to-ground discharge has been explained
by Malan and Schonland (1951). Tt is premature to say whether a similar process
would also explain the j-field change in a cloud-to-cloud discharge.
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ABSTRACT

The sign of the electric field-changes during the lightning discharge and the relatively small
time-interval (05 to 2-5 milliseconds) between the successive discharges in multiple strokes
have enabled identification of the oscillograms showing waveforms originating from cloud-to-
cloud discharges. A large number of oscillographic records taken at Banaras during 1952--1955
with the help of the Automatic Atmospheries Recorder constructed in the laboratory has revealed
that the waveforms due to cloud-to-cloud discharges have features similar to those due to cloud-
to-ground discharges in respect of (i) multiple strokes, (ii) ‘predischarges’, (iii) return-stroke
pulses with or without ionospheric reflections, (iv) c-field changes and ‘hook’.components and
{v) junction field-changes. The relevant experimental results have been discussed and typical
oscillograms showing waveforms due to cloud-to-cloud discharges are shown.

REFERENCES

Appleton, E. V., Watson-Watt, R. A,, and Herd, J. F. (1926). On the nature of atmosphe-
ries. Part ITL. Proc. Roy. Soc., A, 111, 654-677.

Lutkin, E. F. (1939). Nature of atmospherics. Part VI. Proc. Roy. Soc., A, 171, 285-313.

Malan, B3. J., and Schonland, B. F. J. (1947). Progressive lightning, Part VIL. Directly-correlated
photographic and electrical studies of lightning from near thunderstorms. Proc. Roy.
Soc., A, 191, 485-503.
(1951), The electrical process in the intervals between the strokes of a lightning dis-
charge. Proc. Roy. Soc., A, 206, 145-163.

McCann, G. D. (1944). Trans. Amer. Inst, Elec. Engrs., 63, 1157ff. Quoted by Meek and
Craggs (1953). Electrical Breakdown of Gases. Clarendon Press, Oxford.

Pierce, E. T. (1955). Electrostatic field-changes due to lightning discharges. Quart. J. R. Met.
Soc., 81, 211-228.

Rivault, R. (1945). Comptes Rendus, 221, 540ff.

Schonland, B. F. J., and Craib, J. (1927). The electric fields of South African thunderstorms.
Proc. Roy. Soc., A, 114, 229-243,

Schonland, B. F. J., Elder, J. 8., Hodges, D. B., Phillips, W. B., aud van Wyk, J. W. (1940),
The waveform of atmospherics at night. Proc. Roy. Soc., A, 176, 180-202.

Schonland, B. F. J., Hodges, D. B., and Collens, H. (1938). Progressive lightning, PartV. Proc.
Roy. Soc., A, 166, 56-75.

iSimpson, G. C. (1942). Electricity of cloud and rain. Quart. J.R. Met. Soc., 68, 1-34.

Simpson, G. C., and Robinson, G. D. (1941). Distribution of electricity in thunderclouds.
Proc. Roy. Soc., A, 177, 281-329.

Simpson, G. C., and Scrase, F. J. (1937). Distribution of electricity in thunderclouds. Proc.
Roy. Soc., A, 161, 309-352.

Tantry, B. A. P, (1952), Automatic atmospherics recorder. Jouwr. Sci. and Industr. Res., 11,
B, 218-220.

Issued December 18, 1957.



