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Detonating fuses, of the types used in blasting operations,

can create conducting paths in the atmosphere behind a shock wave

that propagates at about 6000 m/second. Measurements of some of

these paths behind a detonated fuse indicate electrical

resistances of a few kilohms per meter with conductive durations

of up to 25 ms.

Attempts to prolong this duration by electrical heating

s owed»that currents in excess of 1 A would be required tg»

maintain an arc. Estimates of the displacement currents that will

strong,

flow when. .a long length of fuse is detonated in the presence of a
external electric field suggest that the resulting

currents may be sufficient to aid in the triggering of lightning

by detonating fuses.
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FIGURES

Figure 1 Views of the Primacord experiment with armor plate
electrodes supported on wooden platforms and separated
by 0.5 m. The light string-like line shows a length
of 10.6 gm/m (50 grain/foot) Primacord. The white
instrument in the foreground of the lower picture
is the EG&G Light Mike. '

Figure 2 Circuit diagram for the measurement of conduction

current and luminosity associated with a Primacord
detonation. ‘

Figure 3 Luminosity and current associated with the detonation
of a 0.5 m length of 10.6 gm/m Primacord.

Figure 4 -~ Luminosity and current. associated with the detonation
'of a 3 m length of 10.6 gm/m Primacord.

Figure 5 The electrical resistance between electrodes of the 0;5 m
’ length of 10.6 gm/m Primacord shown in Figure 3.

Figure 6 The electrical resistance between electrodesvof the 3 m
. length of 10.6 gm/m Primacord shown in Figure 4.

Figute 7 . Circuit diagram for experiments aimed at electrically
: heating the Primacord detonation channel by discharge
of a high voltage capacitor. :

Figure 8 Circuit diagram for experiments aimed at electrically
heating the Primacord detonation channel by discharge
of a ' high voltage capacitor. through a 1686 ohm load
resistor. The voltage drop across the arc was measured
in these experiments.

Figure 9 Plot of the electric current. through the arc created by
 the detonation of a 0.5 m length of 10.6 gm/m
Primacord connected across a 15 uF capacitor initially
charged to 15.1 kV.

Figure 10 .Plot of the:voltage drop and electric current through .

’ an arc created by the detonation of a 0.5 m length of
10.6 gm/m Primacord connected across a 15 MF capacitor
initially charged to 14.9 kV. The arc apparently
extinguished after its voltage drop decreased somewhere
below 3000 V.

Figure 11 Plot of the voltage drop and electric current through
an arc created by the detonation of a 0.5 m length of
10.6 gm/m Primacord connected across a 15 uF capacitor
initially charged to 15.25 kV. The arc apparently
extinguished after its voltage drop decreased
to about 1600 volts.
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Figure 12

Figure 13

Grotrian‘s (1915) plot of arc current versus voltage
with a 1262 ohm load line showing an arc current
minimum of about 1.1 A.

Plot of displacement currents in an ellipsoidal
conductor with the semi-major axis growing at 6000
m/sec an electric field of 20 kV/m at the earth's
‘surface under various point discharge current densities.




Introduction

Brook et al (1961) proposed that lightning could be initiated
artlflcally by the sudden 1n3ectlon of a conductor into a region
“with strong electric fields. Later, Newman (1965) and his
associates utlllzed the technlque to trlgger llghtnlng by tow1ng a
grounded wire upward behind a rocket launched beneath a
thundercloud. The llghtnlng initiated in this fashion is similar
to the upper portion of a cloud-to~ground disdharge where positive
streamers propagate outward into an undisﬁurbed cloud from the top

of the return-stroke channel from the earth.

Some interest now has developed in the artificial initiation
of discharges ElQEE so as to 81mu1ate natural llghtnlng more
closely Wlth a downward coming leader and an upward propagating
return-stroke, uncontaminated by the remains of the grounded wire.
One means of achieving this, suggested by Baum and others, is the
sudden creation of an elevated, conductlng channel by the use of a
long length of ‘a detonating fuse,‘suspended‘vertically from a

captive balloon.

This report describes a preliminary investigation of some
detonating fuses and assesses the utility of these fuses for

lightning initiation experiments.

Properties of Detonating Fuses

-Detonating fuses typically consist of a penta erythritol

tetra nitrate (PETN) explosive powder inserted into long fabric
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tubes in amounts ranging from 20 grains/foot [4.25 gm/m] to 400

gralns/foot {85 gm/m].

When initiated by a blastlng cap at one end of the tube, a
detonation wave~front pPropagates down the tube w1th speeds of up
to 6000 m/sec. This fuse is commonly used to initiate widely
"separated blasts nearly 51multaneously, and is therefore available
in long sectlons, 300 m or greater in length. One readily
avallable,‘PETN detonetlng fuse is known under the trade*name of
"Primacord" which is furnished by;

" Ensign Bickford Company:
660 Hopmeadow Street
Slmsburg, Conn 06070 ‘ ‘
PETN has an exp1031ve energy of about 6300 J/gm which is o

‘equlvalent to aboutl340 J/m per graln/foot in Prlmacord

Experiments with Detonating Fuses : S

The first questlons to be‘asked about the’use of detonatlng
fuses for the creation of conducting channels are "what 1s the
channel's electrlcal resistance and how long does conductlon M:k
persist?" To answer these, we carried out several tests in the
TERA explosives facility here at New Mexidoofech‘using various
lengths and loadings of Primacord between two, steel armor plate
electrodes about 45 cm long and 4 cm thick. The surfaces ofhthese
electrodes had been exposed to the weather and were therefore
' covered with a coat of rust. We cleenednthese‘by use of a steel
wire brush until the underlying metal could be seen. Each

electrode was Lsolated from the: earth by placing it on a platform
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of dry wood. A section of Primacord was stretched between the
electrodes and taped in place by use of duct tape. At one end,
the Prlmacord extended several meters beyond the electrode to a

blasting cap that was used to initiate a detonation.

A view of the electrode arrangement rs given in Figure 1. A
potentlal dlfference of 6 28 volts was applied to the two
electrodes and any current between them, after the detonation of
the Prlmaccrd, ‘was sensed by measurement of the voltage drop
developed across the 1nput re81stance of a dlgital volt meter that
was connected in serles with the conductlng channel and the
battery. The voltmeter used here was a Biomation 8100 waveform
analyzer withba‘SO ohm inpnt impedance. It sampled at_20
microsecond intervals and stored the results in a 2 kilobyte
shift register. A sketch of the current measuring circuit is

shown in Figure 2.

A llght-sens1ng silicon diode (EG&G Light Mlke, ‘Model 560B)
was used +0 monitor the duratlon of any lumlnoslty assoc1ated with
the explosmon. The output from the dlode was recorded on a second

Blomatlon 8100 waveform analyzer and the data from,both Biomation

units were recorded on magnetlc tape: for analy51s.

4

The results of typlcal tests are shown in Figures 3 and 4
with plots of the current carrled between the two electrodes and
of the channel lumlnosity detected by the'photo diode. These data
indicate two separate regimes in each explosion, one assoc1ated

with the 1n1t1al detonatlon of the PETN and a later one,
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Figure 1

Views of the Primacord experiment
electrodes supported on wooden platforms and sepa:ated
by 0.5 m. | The light string-like.litie shows a length
of 10.6 gm/m (50 grain/foot) Primacord. The white

instrument in the foreground of the lower picture
is the EG&G Light Mike.
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Circuit diagram for the measurement of conduction
current and luminosity associated with a Primacord

detonation.
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Figure 3 Luminosity and current associated with the detonation
of a 0.5 m length of 10.6 gm/m Primacord.
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presumably associated with combustion of the fabric fuse casing

and other unburned components.

The total resistance, Rt‘ between the two electrodes for each

detonation was calculated from:

, 6.28 volts
Rt = -1 50 ohms

Lv Biomation

Plots of the channel resistance versusvtime are shown in

Figures 5 and 6 for the current measurements'displayed in Figure 3

and 4.

In'an,effort to separate the resistance of the éxélosion
channel from that at the electrbdes, £wo different lengths of
Primacord were detonated in each set of tests. 1In the first
detonation‘of each set, the eleétrodes were separated by 0.50‘m
and were connectéd by a straight run of Primacord. In the other
half of each test, the electrodes were placed 3.0 m apart and
again connected by a straight section of fuse. The results of

these tests are shown in Table I.

Estimates for the electrode resistance, Re' and channel
resistance/unit length, dR/dl, . were then obtained by a solution

of the two equations:

R, + 0.5 dr/dl = Ry

"R_ + 3.0 dR/dl = R

e t
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Figure 5 The electrical resistance between electrodes of the 0.5 m
length of 10.6 gm/m Primacord shown in Figure 3.
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The electrlcal resistance between electrodes of the 3m
length of 10.6 gm/m Primacord shown in Figure 4.
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Primacord Experiments

TABLE I
Measurements Obtained from First
Explosive Primacord Electrode Mihiﬁum
Loading Length (m) -Type. - Resistance
~(gm/m) ‘ ' e S Observed
(ohms)
5.3 0.5 grmor plate 50,000 -
5.3 0.5 armor plate 22,000
5.3 0.5 stainl;ss steel <3,165
5.3 0.5 stainless steél :<1,560
5.3 6.5 ,stainléss steel 1,440
5.3 0.5 ’j stainLess‘steei,,, <1,560
5.3 . 5 ~ stainless steel ,  5,300
5.3 3 . armor plate 5,000
10.6 0.5 armor plate 1,960
10.6 - 0.5 ' larmdriplate 1,900
10.6 . 0.5 * ngble’a:mérrplateéJ.7,100
10.6 0.5 stainless steel _jél,seo
10.6 3 stainless steel 3,740
i110.6 _ 3 double armor plates 2,950
10.6 3 armor plate 4,400
10.6 10 armor plate 6,900
85 0.5 armor plate 5,100
85 3 armor plate 3,140
black powderf 0.5 stainlessksteel 7,100
fuse surrounded B ‘
by 6 lengths of
5.32 gm/m ~
Primacord 3 stainless~steeL 5,000
| 15
1

Current
~Duration

(ms)

11.8
7.9
18.4
18.1
9.0
14.1
6.9
11.7
20.4
21.4

7.4

16.7
21.8

9.6

17.9

21
14.7

8.0

14.8

16.2

Luminosity-
Duration

(ms)

18.2

12,3

13.2

27.6

22.6

22.9
18.7

19.2




Results of these calculations are shown in Table II. This
exercise suggested that a large fraction of the resistance
occurred at the electrodes which were still somewhat rusty,

despite the wire brushing.

In an effort to improve the electrode coupling, we
substituted two stainlessg- steel slabs for the afmor plate
~electrodes but these did not dramatically decrease the electrode

resistance nor prolong the duration.

In another effort to improve the electrode coupllng, the ends
of the Prlmacord passing over armor ‘plate electrodes were
sandwiched beneath additional slabs of steel that were connected

electrically to the underlying support electrodes. When this

‘arrangement was tested, the electrode resistance increased and the -

duration of ‘conduction decreased, apparently as a result of more

rapid separation of the plasma from the confining electrodes.

We noted in thesefexperiments’that the‘duration_of the
luminosity was significantly'longer than thaﬁ of the current
conduction. One p0851b1e reason is that the ‘impulse supplied by
the exp1081on propelled the plasma channel away from the
electrode, soon breaking any electrlcal connection. The duration
of the luminosity therefore may be a better measure of the'
duration of the conductlng phase in the atmosphere than is the

measured current flow between fixed elect;odes.

The maxlmum duratlon of channel 1um1n031ty was found to be -

about 25 milliseconds durlng which, an advanc1ng prOpagatlon

lé6
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TABLE II

Resistances Inferred from Primacord Measurements

Explosives.
Configuration

5.32 gm/m Primacord, stainless.

steel

10.63
steel

10.63
plate

10.63
armor

black

electrodes

gm/m Primacord, stainless:
electrodes :

gm/m Primacord, armor

electrodes

gm/m Primacord, double
plate electrodes

powder fuse surrounded by

6 lengths of 5.32 gm/m Primacord,
stainless steel electrodes ,

17

Total
Electrode
Resistance

(ohms)

670
<l,lOQ
1,900
6,800

7,300

Plasma .
Resistance
{ohm/m)

1,550
<870
670
340

6,500




wave-front would have traveled about 150 m from its source. To
. trigger lightning, we need to have our conductor cut across a
potential difference of more than 2 MV and this could réquire a
conductor length in excess of 200 m for ambient electric field
strengths of the order of 10% v/m. Accordingly, the observed
_plasmafduration produced'by the detonation may be marginal or
»insufficient for the lightning triggering applications. ‘We,
therefore, considered means of prolonging the duration of
condnction. An 1ncrease in. the amount of explosive by the use of
"85 gm/m (400 graln/foot) fuses dld not prolong the conductlve
regime, so that we tried the seedlng of the plasma with pota531um

dlons and then by heatlng of the channel with electrlcal

, dlscharges.

The seeding was attempted by surrounding lengths of "slow
fuse" contalnlng a potassium-based, black powder in the center of
six strands of 25 grain Primacord taped together to form a
'cyllndrlcal rope. This composite arrangement with a central.core
of potassium was placed between the electrodes and detonated as
before. 1In this first test we found no slgnlflcant-change’ln the
duration of the channel conduction but theytest was preliminary
and not conclusive. Other configurations of alkali metal seeding

agents are possible: The Ensign Bickford people have indicated
| that, with suitable,support, they could make specially formulated
fuses containing cesium or potassium salts. These have not yet

been 1nvestlgated.
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Channel Heating by Electrical Discharges

In another attempt to’prolong the duration of a conducting
plasma, we discharged high vqltage capacitors through the
explosively - produced plasma channels to simulate possible
heating by incipient lighning. TheveXperimental arrangement is
shown in Figure 7. In this experiment, a capacitor was charged by
a lS_kV’high voltage supply. ‘One'side of the capacitor was

connected to earth and the other was‘eonnected to one of the steel

lectrodes that was isolated from earth bybplastic insulators.
he other steel electrode, attached to the first by a 0 5 m length
f 10.6 gm/m (50 grain/foot) Primacord was connected to earth
hrough al. 2 ohm re31stor. The current flow was sensed by
easuring the voltage drop across this resistor by a Biomation
100 waveform analyzer through a protective voltage divider. When
he Primacord was detonated, charge from the capacitor flowed
hrough the resulting plasma channel and energies of up to 1600 J
ere supplied to augment the 33,500 J released by the detonating

fuse. After each test, the capacitor was found to be partially

0.

lischarged by the plasma channel‘whieh‘usually extinguished at a

capacitor potential of about 3000 to 4000 volts.

The luminosity detector was not used in these tests because
the second Biomation unit wasg: employed in measuring the voltage

drop across the plasma channel. The results from these first

t

ests with a capac1tor are shown in Table III. Currents of up to

10 amperes were detected in the discharge channels but the.
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Blasting cap initiator

Primacord

High voltage

switch Steel electrodes

Biomation
5.11 ko 8100

?

_4 |

15 kV power
supply

hp 9825
controller
&

recorder

Figure 7 Circuit diagram for experiments aimed at electrically
-heating the Primacord detonation channel by discharge
of a high voltage capacitor.

20




TABLE III

Measurements Obtained from Primacord Plasma Channels,
Heated Electrically

Capacitor Initial Final Resistance Current Maximum Electrical
(uPF) Potential Potential (Channel Duration Current

Energy
(v) . (v) & Electrodes) (ms) (a) - Release
o Mean Minimum : a () -
100 3,690 3,075 4,780 835 18.6 4.0 310 ¢
| 15.3 10,410 3,530 5,900 830 16.0 - 8.4 720
15.3 14,950 3,910 4,900 930.°14.8  10.1 1,560

Armor Plate Electrodes .
0.5 m lengths of 10.6 gm/m Primacord

o A




durations of the conductlve perzod were not prolonged over those
for the unheated channels.

These results suggested that the electrical discharges
through the channel Qere'ineffectual in extending the plasma
duration due to the relatively small amount of electrical energy
- and to the negative resistance effect. The hotter the plasma, the
more it was ionized and the lower was its reslstance which

discharged the capacitor more rapzdly.

To reduce this effect, a current llmltlng resistor was used.
in the next set of experiments with the electrical dlscharges. .A
1686 ohm, 500 watt re81stor5was inserted in series with the |
Primacord channel in the.circuits shown schematically by Figure 8.
The results from electrical dlscharges through 0.5m lengths of
10.6 gm/m Prlmacord on stalnless-steel electrodes are shown 1n
Flgures 9, 10 and 11 and are listed in Table 1V. In thls
arrangement., the capacitor potential at arc extinction:could not.
be read directly and the granularlty of the Biomatlon reading gave
an uncertainlty in the voltage drop readlngs. As can be seen,
however, this technique kept some of the the arc dlscharge in a
conductlng;ctate for,significantly longer durations than achieved
earlier. Afterfthe analysis described below, we concluded.that
the load resistance was too large causing the arc to be starved,
which led to itsvextinction. - With a snaller load resistance,
the duration of the arc could have been extended to about 150 ms
before the capacitor voltage dropped to the extinction level.

To explain our experimental results, W. P. Winn plotted Grotrian's
(1915) relation_between the current through an electric erc in air
between ironleieCtrodes and tne potential difference across the

arc:
22




Blasting cap initiator

Primacord
‘ . 1686 @ SR
1.065 M a R HlrMe
‘ : Stainless-steel
electrodes
‘15 E o
M /9879 50 @
—_t S A A
e 8100 8100 |
1.2 a SOQZ,. ) B
_ 1] T]
- o N

15 kv power supp]_y - : Biomation 8100
_ waveform analyzers
' under hp 9825
control

Figure 8 Circuit diagram for experiments aimed at electrically
heating the Primacord detonation channel by discharge
of a high voltage capacitor through a 1686 ohm load
resistor. The voltage drop across the arc was measured

- in these experiments. ‘
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Measurement. Obtained from Primacor
‘ Heated Electrically

TABLE 1V

d Channels,

Through a 1686 Ohm Current Limiting Resistor

Initial Resistance
Potential (Channel & Electrodes)
(V) Mean Minimum
10,850 2,900 550
15,060 11,760 4,100
15,250 20,140 4,300
14,890 2,800

15.3 wuF cCapacitor
Stainless steel ele
10.6 gm/m Primacord

16,100

cfrodeskseparated by 0.5 m

24

Cufrent
Duration
(ms)
53
51.5
32.6

15.9

Maximum
Current

(a)
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Figure 9 Plot of the electric current through the arc created by
the detonation of a 0.5 m length of 10.6 gm/m
Primacord connected across a. 15 MF capacitor initially
charged to. 15 1 kV. o
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e ———t o
TIME AFTER DETONATION (ms) o

Plot of the voltage drop and electric current through
an arc created by the detonation of a 0.5 m length of
10.6 gm/m Primagord connected across a 15 uF capacitor
initially charged to 14.9 kV. The arc apparently
extinguished after its voltage drop decreased somewhere
below 3000 v. ~ 26' :
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-Figure 11
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Plot of the voltage drop and e1ectric‘current‘thrdugh‘

an arc created by the detonation of a 0.5 m length of
10.6 gm/m Primacord connected across a 15 uF capacitor

- initially charged to 15.25 kV. The arc apparently

extinguished after its voltage drop decreased
to about. 1600 volts.
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 Vape = 62 + (1140 + 3260/1)L

where I is the current in amperes and L is the arc length in

meters. The 62 V term reflects a voltage drop across the

‘ electrode vapor at the ends of the arc while ‘the length dependent
term is a characterlstlc of fhe long gas column. A plot of this

relation is eﬁown 1n Figure 12 on which has been drawn a’ "load

line" representlng the effect of the current limiting resistor R.

The equation for the voltage dlfference is given by

Voower = Vare + IR.

supply
‘A solution for the arc current from Grotrian's
relation intersecting the load line gives

| . 5 |
Vps = 62 - 1140L $[(62 + 1140L - v_)> 4 X 3260r0]}/2

2R

The minimum current is’given when

(62 + 1140L - v, )2 = 4 X 3260RL

s0 that

Imin = (V'ps - 62 - 1140L)/2R.

The maximum R value for an 1ntersectlon ‘of its load 11ne

- with the arc relation is glven by
| R = (V,, - 1140L - 62)2/(4 X 3260L)
or about. 1262 ohms for our final potentials. -
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Grotrian's relation for an arc in air:
V"'k v =62+ (1140 + 3260/T
Ps arc 326 /Iarc)L‘

N

o~

N
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[
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3 S ,

2 Vs Load line for 3500 V power supply and

=] \ a 1262 ohm series load resistor.

% ;

> .

-\, /R
s
0 - A Ii - A A A a a 3
0 10

ARC CURRENT, I (A)

Figure 12 Grotrian's (1915) plot of arc current versus voltage
' - with a 1262 ohm load line showing an arc current
minimum of about 1.1 A.
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For our experiﬁental conditions, Tnin iskabout 1.14 A for an arc
extinguishing at an arc voltage drop of 2100 V. This

value is compatible with our experimental results and is of .
interest as an estimate of the minimum required for the‘“iOng
continuing currents" associated with lightning. It further
suggests that a power ingut of greater than 4800 W/m may be
required to sustain an arc in air at e”pressure of 0.85

atmospheres.

Displacement Current Estimates

It is also of intefest to calculate the displaceﬁenf current
that would flow in the conducting channel behind a detonatlng wave
through a length of suspended Primacord under the influence of an
external, vertlcal electric field, E .+ For this calculation, we
assume the conducting channel to be -approximately represented by a
vertical, prolate ellipsoid with a semi-major axis 1ength of c and
a tip radius of curvature of a. From Gauss law, the induced
charge, Q, on the upper half of the conductmng surface of an

ellipsoid is given by Moore (1983) as*

‘weE (c2 - ac)

Q= '
- 0.5(1 - a/e) "% 1n [1 b (1 = a/c)%i_k -1
1l - (1 - a/c) '

The time derivative of this relation gives the displacement

current I through~the-midseetion~d£‘the‘ellipsoid; For constant
Eo' and an ellipsoidal conductor growing at dc/dt in the direction

of Es
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1+(l-a/c)*®

2 a 1In T
d \ 2c (c”-ac) 1-(1l-a/ec)? 1
3 = TeE(de/dt) + . Lo
' D 2D2 202 (l-a/c)? 2(c-a)

where

- \x
D = 0.5(1-a/c);'2 i1n [1 + (1-aje) ]
l,f (l-a/c)™

[Ny

At. our area of operations on South Baldy Peak, the value of Eo at

+

he surface is frequently in excess of 20 kV/m. For this field

[}

trength and for ¢ = 150 m, dc/dt = 6000 m/sec and a =1 cm, the
calculated value for I is about 0.25 A. Under these strong |
electric fields, the earth emits point discharge ions with current
densities of up to 10 nA/m%. The emission of these ions Iiﬁits
Ea' the strehgth of the fiéld at the earth's surféce; The fields
aloft, above many of these point discharge ions, however are much

stronger. According to Wilson (1925) the strength E(z) of the

field aloft is given by
E(z) = [Ez + 2jz/E k]l/2
o o ,

where j is the point discharge ion current density

z is height

K is the point discharge ion mobility.
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displacement current at the center of a full, prolate ellipsoid.

Plots are given in Figure 12 of the displacement currents
versus the length ¢ of the semi-major axis growing at 6000 m/sec
above a surface E0 of 20,000 V/m with various point discharge
current densities. we May expect these currents to increase
significantly-whenever 4 plasma streamer develops for its

Propagation velocity may be much greater than that of the

Primacord.

A plasma streamer may develop whenever the strength of the
electric field at the tip of the‘growiné channel exceeds some
critical value. 1In stronger fields, the eénergy required for the
ionizatibn of a new volume is provided by the eénergy released by

the exclusion of the field from this volume.

Phelps (1974) has found that positive streamers, once
initiated, will grow eéxponentially in electric fields stronger

than 4 X 10° V/m at one atmosphere.

The equilibrium strength, Et' of the electric field at the
tip of a conducting prolate ellipsoid in an external field of Eo

is given by Moore (1983) as

(1 - a/c)3/2

(0.5a/c)in | L+ (L - a/e)%] _ (1 - a/c)?
1 - (1l - a/c)*
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For ¢ > 50 m, a = 1 cnm and E > 10 kV/m, E, > 10 Mv/m. 1t
seemgﬂlikely, therefore, that the vertical, conduct.ing channel
prod@ced by the detonation of a 50 m or greater length of

Primaéord in‘strong electric fields could grow andg develop into a

lightning discharge.

From thisg exercise, it appears that detonating fuses may have

some utility in the triggering of lightning.

Conclusions

From the Preceeding resuits, we expect that cbnducting
channels can be Produced in the atmosphere by the detonation of
vertically hanging lengths of Primacord. The maximum conductive
duration of these channels ig about 25 ms so that the resulﬁing
maximum conductor length probably éxtends approximately 150 m from
the detonating wave front back to where the plasma is

extinguishing and is no longer a conductor.

As Carl Baum has Suggested, initiation of the detonation at
thé center of a vertical length of Primacord could cause two
Separating wave fronts that could diverge by 300 m before the
center section becomes non conductive. If this approach were
still marginal, simultaneous firing of detonating caps at the 1/4
and at the 3/4 points on a 600 m'length of Primacord could

initiate 4 wave fronts, briefly making the entire length into a

conductor.




The next'step clearly is to suspend vertical lengths of

Primacord from a captive balloon'beneath a thundercloud and to

determine if lightning triggering can be achieved.
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