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This invention relates to electrical transmission lines, 
and more particularly relates to transmission lines wherein 
high frequency electrical energy is attenuated and lower 
frequency energy is transmitted with minimum power 
attenuation. The characteristic feature of the embodi 
ments of this invention is the provision of two conductors, 
at least one of which is helically wound to provide a high 
inductive reactance in the circuit and which is separated 
from the other conductor by a resistive material, which 
is preferably, of high magnetic permeability. 

It is desirable to provide electrical transmission lines 
for low-frequency energy that strongly attenuate electro 
magnetic energy of high frequency that is propagated in 
the line, for use on aircraft equipped with electrically 
detonated armament when the aircraft are situated in the 
vicinity of high-frequency transmitters. It is possible that 
electrical conductors used for detonating explosive charges 
may receive sufficient electro-magnetic radiant energy 
from radio or radar transmitters to cause sufficient cur 
rent to be induced to detonate armament explosives. 
The transmission lines of this invention cause high 

frequency energy to be attenuated without causing appre 
ciable power loss at lower frequencies. In one embodi 
ment of the invention one conductor is helically wound 
around another conductor and is separated therefrom by 
means of electrically resistive material which is prefer 
ably characterized by high magnetic permeability. In 
another embodiment of the invention two helical conduc 
tors are separated by means of beads of similar material. 

It is an object of this invention to provide electrical 
transmission lines which pass low-frequency energy with 
out appreciable power attenuation and which attenuate 
high-frequency energy. 

It is another object of this invention to provide a simply 
constructed transmission line which attenuates high-fre 
quency electrical energy. 

Other objects will become apparent from the drawings 
and from the following detailed description in which it is 
intended to illustrate the applicability of the invention 
without thereby limiting its scope to less than that of all 
equivalents which will be apparent to one skilled in the 
art. In the drawings like reference numerals refer to 
like parts and: 
FIGURE 1 is an elevation of one embodiment of a 

transmission line of this invention which causes high 
frequency energy to be attenuated; 
FIGURE 2 is an elevation of another embodiment of 

a transmission line of this invention which causes high 
frequency current therein to be attenuated. 

Present-day military armaments are extensively pro 
vided with electric detonating devices for igniting explo 
sive charges. The circuitry is usually of such character 
that live armament is fired when a relatively low-voltage, 
high-current pulse is produced in the detonator. In many 
field armaments, such as recoilless rifles, and in aircraft 
armaments it is impractical or undesirable to provide a 
high-voltage, high-current pulse for detonating the explo 
sive because the electrical power-pack must be lightweight 
and easily portable. However, it is necessary to provide 
protection against accidental detonation by relatively high 
intensity electro-magnetic energy induced from radio and 
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radar equipment. Consequently, conventional conduc 
tors, cables and transmission lines may be exposed to 
sufficient electro-magnetic radiation to have induced there 
in currents of a magnitude sufficient to electrically de 
tonate armaments. 
The spurious electro-magnetic radiation to which firing 

circuit conductors are exposed is characteristically high 
frequency radiation of 100 kilocycles or greater. To pro 
tect electrically detonated military armament from acci 
dental firing it is desirable to provide a transmission line 
which attenuates the high-frequency current, i.e. 100 kc. 
or greater, which is induced therein, but which enables 
lower frequency current to pass therethrough substantial 
ly without attenuation, thereby protecting the circuit from 
accidental activation when the armament is in a state 
of readiness for firing. 

If a closely spaced two conductor transmission line has 
negligible series resistance (R), but has appreciable series 
reactance (X), shunt susceptance (B) and shunt conduc 
tance (G), the expression for the attenuation constant of 
the line is: 

- VivB-F-G-Bla; R= 0 (1) 
X=2irfL (2) 

The Series reactance is proportional to the series induc 
tance (L) and the frequency (f) in the line. A large in 
ductance characteristic is conveniently provided by utiliz 
ing a helical conductor. The inductance of the conductor 
is proportional to the product of the current and the 
number of turns in the conductor as is well known. A 
large series inductance and high-frequency therefor tends 
to produce a large attenuation. The bracketed term of 
Equation 1 must also be large if a large attenuation is 
to be realized, and in general, this implies that between 
the conductors of a transmission line there must be a 
medium having a relatively large conductance. How 
ever, if a medium which has a large conductance is pro 
vided between windings of a helically wound conductor, 
the conductor will be shorted out and the attenuation 
may not be much greater than that which is obtained 
from the use of low-inductance conductors. 

In FIGURES 1 and 2 are shown two configurations of 
conductors that provide high-frequency attenuation in 
a transmission line. Both configurations utilize solenoidal 
conductors to provide the necessary inductance therein. 
In FIGURE 1 is shown transmission line 10 comprising 
conductor 11 embedded in electrically resistive material 
12 with conductor 13 wound axially therearound. Ma 
terial 12 is slotted in a connoidal configuration between 
windings of conductor 13 so that adjacent windings of 
conductor 13 are not short-circuited by conductive ma 
terial 2. The configuration shown in FIGURE 1 may be 
easily fabricated and provides a safe and effective high 
frequency attenuating transmission line. 

Material 2 may be any lossy material, as for example, 
a material of the following formulation: 

Parts 
Polysulfide resin ------------------------------ 100 
Carbon black -------------------------------- 60 
Stearic acid ------------------a- - - - - - - - - - - - - - 1. 

Zinc peroxide -------------------------------- 4. 
Calcium hydroxide --------------------------- 1 

In preferred embodiments of this invention non-conduc 
tive or slightly conductive material having high magnetic 
permeability is incorporated into material 12 to improve 
the attenuation characteristic of the line at high fre 
quencies. Thus, ferrite granules may be added although 
such materials are not essential for operability, to the 
above material, or alternatively discs of ferrite or other 
magnetic non-conductive material may be alternated with 
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discs of the above material along the length of the lines. 
Other materials which may be used include other poly 

meric synthetic resins which are filled with carbon black 
Such as polyethylene, polytetrachloroethylene, polyvinyl 
idene chloride, and other resins which are known as di 
electric material for use in electrical equipment and which 
may be compounded with carbon black to render them 
conductive and dissipative may be used instead of the 
above compounded composition. Foamed resins may also 
be used when mixed with carbon black, powdered lead 
Sulfide or other conductive or semi-conductive powdered 
materials. Sheath 4 of dielectric material such as natural 
or synthetic rubber, polyvinylchloride or other conven 
tional electrical cable sheathing may be provided as an 
outer casing on transmission line 10. If desired, metallic 
braid or other operable strengthening or protective ma 
terial may be placed on the outside of the cable in oper 
able manner. The slots in material 2 may be filled 
with a dielectric material such as polymeric synthetic 
resin or natural or synthetic rubber or other material 
which is preferably resilient and flexible. 

In FIGURE 2 is shown another embodiment of a 
transmission line of this invention wherein transmission 
line 5 comprises two solenoidal conductors 6 and 17 
disposed in side by side relationship and separated by in 
termittently spaced beads 18 of electrically resistive, pref 
erably high magnetic permeability material such as syn 
thetic polymeric resins filled with carbon black and ferrite 
or the like, or with carbon black or other resistive ma 
terial alone in non-preferred embodiments. The conduc 
tors 6 and 7 and beads 18 are embedded in dielectric 
material 9 such as natural or synthetic rubber, synthetic 
(resin or other conventional cable insulating material. If 
it is desired, each conductor 16 and 17 may be insulated 
separately and connected together by means of beads 8. 
While certain modifications and embodiments of the 

invention have been described, it is of course to be under 
stood that there are a great number of variations which 
Will Suggest themselves to anyone familiar with the sub 
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4. 
that this invention should not be limited except by such 
limitations as are clearly imposed in the appended claims. 

I claim: 
1. In electrical transmission lines for attenuating high 

frequency currents without appreciable loss at low fre 
quencies, the combination of a centrally disposed linear 
metal conductor, a conductive high frequency dissipative 
material surrounding said central conductor, a helically 
formed conductor disposed substantially symmetrically 
about said central conductor and extending longitudinally 
along the length thereof, said helically-formed conductor 
adding inductive reactance to the circuit and being em 
bedded in said dissipative material, said dissipative ma 
terial having a helically configured slot in the outer pe 
riphery thereof extending between successive turns of 
said helically-formed conductor thereby providing a di 
electric gap between turns of said helically-formed con 
ductor said slot being filled with dielectric material. 

2. The article of claim 1 wherein said dissipative ma 
terial is synthetic resin filled with carbon black. 

3. The article of claim 1 wherein said dissipative ma 
terial comprises a resistive material and a substantially 
non-conductive, high magnetic permeability material. 

4. The article of claim 1 provided with a protective 
casing therearound. - - 
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