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This invention relates to a method for firing 
electric detonators and to an electric circuit 
therefor. More particularly, it relates to the 
method of firing electric detonators from energy 
derived from high frequency electric currents and 
to an electric circuit therefor. 
In an electric blasting cap unit comprising the 

detonator and a pair of electricity-conducting leg 
wires, the cost of the leg wires is an appreciable 
part of the entire cost of the unit, especially when 
Wire lengths greater than about 20 feet are con 
cerned. 

It has been proposed to reduce the cost of leg 
wires by using a single leg wire terminating in 
a priming composition. Within and insulated from 
a conductive shell and passing a current of Such 
high frequency through the Wire so that a spark is 
produced between the end of the Wire terminat 
ing in the priming composition and the conductor 
shell, thereby detonating the priming compo 
sition. This method of prining detonators re 
quires that the conductive shell container of 
the detonator have a large electrical capacity 
to ground. Suficient capacity is provided by 
mines and bombs having large metallic shells, but 
sufficient capacity is not provided by the small 
blasting caps of commerce or by nonmetallic 
blasting caps. 

It is an object of this invention to reduce the 
length of wire required to supply current for fir 
ing electric detonators and thereby to reduce the 
cost of the detonator unit. 

It is a further object to provide a method for 
firing electric detonators free of the hazards of 
accidental firing due to stray electric currents. 
Another object is to provide a method of fir 

ing both metallic and nonmetallic detonators 
With a single Wire transmission line. 

It is a Still furtheir object to provide an elec 
tric circuit by which this method may be car 
ried out. 
Generally described, the method of firing elec 

tric detonators in accordance with this invention 
comprises inducing a high frequency current in 
a resonant circuit Which includes the bridge wire 
of the electric detonator of the frequency of said 
circuit. The current flow created in the resonant 
circuit heats the bridge wire and fires the deto 
nator. The high frequency current is preferably 
induced in the resonant circuit by subjecting the 
circuit to electromagnetic waves. 
The invention, as generally described, is illus 

trated further by the accompanying drawings and 
the description of the method of operation in 
connection thereWith, Wherein Fig. 1 is a simple 
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resonant circuit including a simple antenna, and 
a bridge wire of an electric detonator, Fig. 2 is a 
resonant circuit including the bridge Wire of an 
electric detonator and a dipole antenna, Fig. 3 
is a resonant circuit including a folded dipole 
antenna, and the bridge wire of an electric deto 
nator in the circuit, Fig. 4 is a resonant circuit 
including the bridge wire of an electric deto 
nator and an inductively coupled dipole antenna, 
Fig. 5 is a resonant circuit including the bridge 
Wire of an electric detonator and a simple ca 
pacitively coupled antenna, Fig.6 is a resonant cir 
cuit including the bridge wire of an electric deto 
nator and circularly polarized capacitively coupled 
antenna, and Fig. 7 is a resonant circuit induct 
tively coupled to a source of electromagnetic 
radiation, 
Referring now particularly to Fig. 1, is an 

antenna, 2 is a feed wire or transEmission line, 3 
is a bridge wire, and 4 is a terminating coil. The 
dotted lines show the distribution of current in 
the circuit when subjected to electromagnetic 
waves of the frequency of the circuit. Dotted 
lines 5 indicate the distribution of current at the 

5 fundamental frequency and, S, the distribution 
at the second harmonic. When the circuit of 
Fig. 1 is subjected to electromagnetic waves cre 
ated by a radio frequency oscillator and radiated 
by a suitable transmitting antenna (not shown), 
the Waves are picked up by the antenna . When 
the circuit is tuned to the frequency of the elee 
tromagnetic waves picked up by the antenna. , 
current, flows through the circuit and is reflect 
ed at the ends of the circuit in Such a manner 
that a standing Wave is set up. The current foW 
is at a minimum at the ends of the circuit, as in 
dicated by the dotted lines 5. When the antenna. 
length is one-half the wavelength of the electro 
magnetic waves (i. e. As A), the current is at a 
minimum at the two ends of the antenna. There 
is a gradual increase in current flow in the feed 
wire 2 to a maximum and then a decrease again 
to a minimum. The over-all length of the cir 
cuit is such that current flow is at a minimum at 
the terminus. The terminating coil 4 has the 
function of tuning the circuit by adjustment of 
the inductance of terminating coil 4 so that the 
current flow is at a minimum at the terminus. 
When the bridge Wire of an electric detonator 
is piaced at such a position to feed Wire circuit 
2 as to be at a position of maximum current flow, 
the bridge wire is heated and the detonator is 
fired. 

In practice, for example, in blasting With dyna" 
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mite, the inductance is may be a coil of wire 
around the stick of dynamite, the bridge wire of 
the detonator is connected to the coil through 
one leg wire and to the antenna through the 
other leg Wire of the detonator. The detonator 
is inserted in the stick of dynamite. The stick of 
dynamite With the detonator and inductance are 
inserted in the bore hole and the antenna, is 
placed outside the bore hole. The blasting cap 
is then fired by directing electromagnetic waves 
at the antenna, from a transmitting antenna. 
activated by a high frequency oscillator placed 
at a safe distance from the borehole. 
The lengths of antenna, feed wire, and induct 

ance are those calculated for producing a 
resonant circuit of the requency of the electro 
magnetic Waves to be used as the Source of en 
ergy. In the simplest case an antenna, of one 
half wavelength may be used. The feed wire 
is any integral multiple of the antenna length, 
and the bridge wire is in the calculated position 
for maxinuin current flow. The terminating coil 
is wound in Such a manner as to Shorten the ef 
fective length from the bridge wire to the ter 
minus and to tune the circuit to the desired fre 
quency. It is understood with regard to lengths 
that the electrical length is meant unless other 
wise specified. The electrical length may or may 
not be the same as the physical length and it 
will depend upon the particular system involved 
but may be readily determined by those skilled 
in the art. Tuning may be accomplished by ad 
justing the length. of any of the components of 
the circuit as desired. 

Fig. 2 is a variation of Fig. 1, wherein a di 
pole O is connected to two transmission lines 

which are, in turn, connected to form a series 
circuit including inductances 3 and the bridge 
wire 3. As above, the dotted lines 5 indicate 
standing Waves of the fundamental frequency. 
The bridge wire 3 is in the position of maximum 
current flow for the desired frequency to which 
the System is tuned. The inductances 3 are 
varied to adjust the effective length so that the 
bridge wire is at a position of maximurn cur 
rent flow. In place of two inductances 3, one 
inductance 3 may be used if desired. 

Fig. 3 is a further modification of Fig. 2, where 
in the antenna, f is a, folded dipole. Otherwise, 
the transmission lines , tuning inductances 3, 
and bridge wire , 3 are positioned as described 
above. 

In Figs. 1, 2, and 3, the method of operation 
depends upon the setting up of standing waves 
in the circuit. In order to accomplish this, the 
antenna, and feed lines are both critically tuned. 
The antenna is tuned by adjusting, for example, 
its length, and the feed line is tuned by vary 
ing the inductance of coil 4 of Fig. 1 or coils 
-3. Of FigS. 2. and 3. 

Fig. 4 represents a circuit which requires less 
critical tuning of the transmission line. The di 
pole antenna O is in resonance with a trans 
mitter of electromagnetic radiation and has a 
current flow therethrough, usually as a result of 
a standing wave. The transmission line leads 
to an inductance 5 through which current drawn 
from the antenna flows. Inductively coupled with 
inductance S is a resonant circuit 5 Which in 
cludes an inductance , a condenser 8, and a 
bridge wire 3 of a detonator in series with each 

; other. Coupling is accomplished through in 
'ductances 5 and 7. In this circuit, inductance 
f5 need not be at a position of maximum cur 
rent flow and a standing wave need not be set 
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Fig. 4, using a single transmission line "2. 

dio transmitter. 

4. 
up on the transmission line ff. However, the 
resonant circuit f6 is preferably carefully tuned 
to the same frequency as the antenna in order 
to derive a maximum of current flow through the 
resonant circuit 6 and through the bridge wire 3. 

Fig. 5 represents a circuit similar to that of 
Elec 

tromagnetic waves are applied to antenna, , Cur 
rent flows through transmission line 2. A Stand 
ing wave may or may not be set up On transmis 
sion line 2. This line 2 is coupled by capacitance 
23 to the resonant circuit 6 which includes the 
inductance T, condenser 8, and bridge wire 3 
as above. Current flows through circuit 6 and 
heats bridge wire 3 sufficiently to fire the deto 
nator of which it is a part. Circuit 6 is prefer 
ably carefully tuned to the same frequency as 
the antenna, but transmission line 2 does not 
"need to be as carefully turned. 

Fig. 6 represents a circuit similar in all re 
spects to that of Fig. 5 except that the antenna 
2 is a helix for reception of circularly polarized 
electromagnetic waves. A helical antenna 2 
with a circumference of one wavelength nay 
serve as a receiving antenna, for circularly polar 
ized Waves transmitted by a siniliar helical an 
tenna fed by an oscillator. The circularly polar 
ized Waves are highly directive froin. Such an 
antenna and have the advantage that very little 
energy is lost due to extraneous radiation. The 
transmission line 2, coupling condenser 29, and 
circuit 6 are otherwise similar to Similar ele 
ments described above with respect to Fig. 5. 

Fig. 7 is a further inodification of Fig. 1, where 
in the transmission line 2 is fed by inductive 
coupling to an oscillator. Inductance 25 is con 
nected to a source of high frequency oscillationS. 
Inductance 2S is inductively coupled with induct 
ance 25. Variable condenser 27 provides a means 
of tuning the coupling circuit. Variable con 
denser 28 provides means for tuning the transmis 
Sion line circuit including the transmission line 
2, the bridge wire 3, and the terminating coil. 4. 
The terminating coil 29 aids in turning the over 
all circuit so as to create a standing Wave. On the 
transmission line 2 and on that part of the cir 
cuit including the bridge wire 3. The bridge wire 
3 is disposed in a position of maxinhun current 
flow which is a distance of A/4 from the terminus 
of the circuit. In a circuit such as that of Fig. 
7 the transmission line 2 may be used to trans 
fer energy from the high frequency Source...to 
the site of the detonator over very long distances 
Without excessive loss of power and With O2nly...a. 
Single transmission line thereby greatly reduc 
ing the cost of wire required. . 
The source of electromagnetic waves inay be 

any radio frequency power generator. Such as a ra. 
The power may be transmitted 

by inductive feeding to the resonant circuit which 
includes the bridge wire of the detonator as in 
Fig. 7 or it may be radiated by any suitably de 
signed antenna, to a receiving anteilina... the 
Waves may be polarized in any plane such as 
vertically or horizontally or they may be circular 
ly polarized. For maximum efficiency they are 
preferably directed by radiation from a Suitable 
directive antenna. The frequency of the elec 
tromagnetic waves inhay be of any frequency above 
about one negacycle, and preferably within the 
range of about 10 and about 3000 negacycles. 
Very high frequency waves are preferred because 
of their readily directive character and because 
Small antennas, inductors, and capacitors may 
be used This is...especially...important." Where, a 
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number of charges with individual circuits are 
placed close to One another. 
The electromagnetic waves may be transmitted 

at a fixed frequency or at a variable frequency. 
It is advantageous to use a variable frequency, 
for example, a frequency varied rapidly over a 
range, Which may be a relatively narrow range, 
to detonate effectively a blasting cap in a circuit 
tuned to an unknown frequency or in a circuit 
inaccurately tuned. 
The electromagnetic waves may be transmitted 

Continuously or in pulses. It is advantageous to 
transmit in pulses because less expensive and 
more readily portable equipment may be used 
for the transmitter, and large amounts of energy 
can be transmitted in a short pulse With equip 
ment not capable of transmitting large amounts 
of power Continuously. 
While the bridge wire may be at any position 

of high current flow in the circuit, it is preferred, 
in order to get maximum efficiency and to assure 
proper firing of the detonators With a minimum 
of power that the bridge wire be at or approxi 
mately at the position of maximum current flow 
in the circuit. While the bridge Wire of the 
detonator is preferably placed at a position of 
maximum current flow as in the examples, the 
bridge Wire need be placed in a position of Only 
Sufficiently high Current to fire the detonator to 
be operable. By using a variable frequency 
generator as a Source of power a high current 
flow may be effected by tuning the generator to 
the proper frequency of the circuit including the 
blasting cap to cause it to fire. Broadly, there 
fore, resonant circuits including the bridge wire 
of an electric detonator in a position of high 
current flow in the circuit is contemplated and 
the term "high current flow' is understood to 
mean Sufficient current flow to fire the detonator 
when the circuit is properly energized. 
By means of the method of firing detonators 

of this invention, shots may be fired progressively 
by beaming the waves progressively from One an 
tenna of a resonant circuit of this invention to 
another. Likewise, shots may be fired progreS 
sively by arranging a series of charged bore holes 
with resonant circuits tuned to different frequen 
cies and subjecting all of these circuits to electro 
magnetic waves whose frequency is progressively 
varied over the range of frequencies to which the 
various resonant circuits are tuned. Such pro 
gressive firing is of particular interest in quarry 
shots where it is desirable to reduce ground vi 
brations by firing 10 or 20 shots at intervals of 
5 to 50 milliseconds. 

It is obvious from examination of the various 
resonant circuits of this invention that they are 
circuits through which direct current or alter 
nating current of low frequency will not flow and 
that they are therefore free from Stray currents 
of a type which might cause accidental detona 
tion in the field. Each of the circuits requires 
less wire than is required in commercial blasting. 
In the case where a single line is used to carry the 
high frequency current to the site of the detona 
tor only about one-half as much wire is required 
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as in the usual circuits. In the case where 
electromagnetic radiation is used for transmit 
ting the power from the transmitter antenna to 
the receiving antenna, much less wire is required. 
In the mining of coal where bore holes in the face 
of the mine are not deep, the transmission line 
from antenna, to the blasting cap is relatively 
short and a great Saving in wire may be effected 
in Such a Case. 
What I claim and desire to protect by Letters 

Patent is: 
1. The method of firing an electric initiator 

having a bridge Wire Which comprises formation 
of a resonant electrical circuit consisting of an 
inductance, a capacitance and the bridge Wire 
of the electric initiator, positioning the bridge 
wire in the circuit at a point of high current flow 
for the resonance frequency, coupling the reSO 
nant circuit to a second Circuit Comprising an 
antenna, for the resonant frequency, Subjecting 
the antenna circuit to electromagnetic radiation 
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of the resonance frequency to induce a current 
in the resonant circuit, heat the bridge Wire and 
fire the initiator, said bridge wire receiving its 
critical firing current from the increased cur 
rent flow caused by the resonance of the circuit. 

2. A resonant circuit which consists of an in 
ductance, a capacitance and the bridge of an 
electric detonator, said bridge wire being posi 
tioned at a point of high current flow of the 
resonance frequency in said circuit; said reSO 
nant circuit being coupled to an antenna circuit. 

3. A resonant circuit which consists of an in 
ductance, a capacitance and the bridge of an 
electric detonator, said bridge wire being posi 
tioned at a point of high current flow of the 
resonance frequency in said circuit; said reso 
nant circuit being capacitively coupled to an 
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antenna circuit. 
4. A resonant circuit Which consists of an in 

ductance, a capacitance and the bridge of an elec 
tric detonator, Said bridge wire being positioned 
at a point of high current flow of the resonance 
frequency in said Circuit; said resonant circuit 
being inductively Coupled to an antenna circuit. 

WARD P. CONNER. 
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