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ABSTRACT OF THE DISCLOSURE

There is disclosed an attenuator for providing protec-
tion against spurious energies induced by electromagnetic
and electrostatic fields comprising an insulated wire, outer
shield and shielding enclosure having an elongated metal
barrier of either concentric tubes or of corrugated metal
to increase the D.C. resistance of the shielding enclosure.

This application is a division of copending U.S. ap-
plication Ser. No. 163,162, filed Dec. 29, 1961, by present
applicant which issued as U.S. Patent 3,227,974, Jan. 4,
1966.

The present invention relates to a miniature low-pass
attenuator, and more particularly to a radio-frequency
interference guard for reducing to a negligible level the
radio-frequency power transmitted in the attenuation band.

The instant invention solves the serious problem of
damage caused by spurious energies induced in electronic
circuits by electromagnetic and electrostatic fields. When
used in any compatible electrical or electronic circuit it
reduces to a negligible level the radio-frequency power
transmitted in the attenuation band without appreciably
attenuating direct current and low frequencies in the pass
band. This solution is particularly important for providing
adequate protection to weapon electroexplosive devices
against electromagnetic and electrostatic fields.

It has been the practice to attempt to solve this problem
by the use of low-pass non-dissipative electric filters,
broad-band attenuators and lossy transmission lines, or
low-pass dissipative electric filters.

The elimination of hazards of electromagnetic radia-
tion to ordnance requires protection at all frequencies
above a nominal frequency in the region of 10 to 100
kilocycles, Further, the impedence of the spurious elec-
tromagnetic generators may have any value from a few
tens of ohms to megohms and will generally be complex.

Low-pass non-dissipative electric filters generally com-
prise a combination of inductances and capacitors, usual-
ly in the form of ladder networks of = or T sections.
The performance of these filters depends upon their ability
to cause appreciable impedence mismatch between genera-
tors and loads of specified impedences thereby resulting
in purely reflective attenuation. These filters are unac-
ceptable for solving the problem of electromagnetic radia-
tion hazards to ordnance because the generator impedence
cannot be specified. At some particular frequencies the
filter impedence may therefore be matched by its con-
jugate impedence and the filter becomes a matching sec-
tion causing all the available power to be dissipated into
the load, or into the weapon electroexplosive device.

Attenuators contain resistive, dissipative, elements in
various combinations of series and/or parallel configura-
tions with the normal design requirement being the broad-
est possible bandwidth downward to direct current. Dis-
tributed equivalent circuits take the form of transmission
lines the materials of which produce series and/or paral-
lel losses. Broad-band attenuators are also non-acceptable
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for the protection of weapon electroexplosive devices be-
cause low-pass characteristics are essential. Broad-band
desensitization of the system could be achieved much more
simply by desensitizing the load, or electroexplosive de-
vice, but this is not a solution where preferential attenua-
tion is required. Transmission lines which possess low-
pass characteristics and adequate high-frequency attenua-
tion could offer a solution, but no satisfactory transmis-
sion lines having these characteristics are presently avail-
able.

Low-pass dissipative electric filters are, intentionally or
unintentionally, a combination of low-pass non-dissipa-
tive electric filters and attenuators in which the inductances
and capacitors have appreciable loss at high frequencies or
in which series and/or parallel resistive elements have
been included. These low-pass dissipative electric filters
can provide a partial solution to the protection of elec-
troexplosive devices if used under closely controlled con-
ditions. For example, a filter that provides real attenua-
tion at a particular frequency into a low impedence load
by the use of a series lossy element, such as a ferrite choke,
in which loss is proportional to load current may give
a real gain into a high impedence load. Furthermore, at
some frequencies any filter may exhibit band-pass effects
and may give a net insertion gain if the reflective insertion
gain is greater than the dissipative insertion loss.

Conventional lumped circuit filters and attenuators are
generally considered unacceptable for the provision of
adequate protection against spurious energies induced by
electromagnetic and electrostatic fields. Since there is no
inherent difference in the design of a loss-less filter and a
matching section, that is, they are both impedence trans-
formers, the attennation or gain achieved by :their use is
a unique function of the system in which they are used
comprising a generator, a filter/matching section, and a
load. Further, the roles of these devices may be inter-
changed at critical combinations of frequency, generator
and load impedences. The foregoing is particularly im-
portant in the protection of electroexplosive devices where
one is concerned with the Thevenin equivalent generator
impedence at the input to the filter. Furthermore, addi-
tional band-pass effects often arise in filters as 2 result
of the changes in component impedence with frequency.
That is, capacitors often become inductive at certain fre-
quencies, inductances are reduced by self-capacitance ef-
fects, and resistors increase their values and become reac-
tive.

The instant application accomplishes the reduction of
RF power to a negligible level in the attenuation band
while passing DC and low frequencies in the pass-band
without appreciable attenuation. This is accomplished by
causing all incident energies to pass through the wall of
an elongated tube of required wall thickness thereby
achieving a sufficiently high shunt DC resistance to enable
firing to occur with reasonably low currents while em-
ploying the intrinsic low-pass characteristics of a metal
barrier for filtering out harmful energies.

Accordingly, it is an object of the present invention to
provide interference protection against spurious energies
induced by electromagnetic and electrostatic fields.

Another object is to provide an attenuator capable of
attenuating equally both the electric component and the
magnetic component of a field.

A further object of the invention is the provision of a
low-pass attenuator which eliminates electrostatic haz-
ards by completing an electrostatic shield around the load
and, by providing a low resistance path across the pair
of firing circuit wires, prevents the build-up of electro-
static charges in the circuit.

Still another object is to provide a radio-frequency inter-
ference guard employing the intrinsic low-pass character-
istics of a metal barrier in filtering out harmful energies,
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Yet another object of the present invention is the pro-
vision of a low-pass interference guard which is capable
of employing reflective attenuation in the dissipative at-
tenuation band in order to increase the probability of
protecting itself against overheating by RF sources.

A still further object is the provision of a low-pass inter-
ference guard which does not rely on reflective attenua-
tion for its low-pass performance characteristic and which
cannot, therefore, be rendered non-effective by matching
to the generator but employs reflective attenuation in
the dissipative attenuation band.

A yet further object of the invention is the provision of
a miniature low-pass attenuator capable of reducing RF
energy in the attenuation band without appreciably attenu-
ating DC and low frequencies in the pass band.

Yet a still further object of the invention is to provide
a radio-frequency interference guard for achieving pro-
tection of weapon electroexplosive devices against spuri-
ous energies induced in their associated circuits by electro-
magnetic and electrostatic fields.

Other objects and many of the attendant advantages
of this invention will be readily appreciated as the same
becomes better understood by reference to the following
detailed description when considered in connection with
the accompanying drawings wherein:

FIG. 1 is an exploded perspective view of an embodi-
ment of the invention;

FIG. 2 is a side elevation of the invention, partially
assembled, of the embodiment illustrated in FIG. 1;

FIG. 3 is a schematic drawing of an idealized concept
for achieving the purpose of the invention;

FIG. 4 is a schematic side elevation of another embodi-
ment of the invention;

FIG. 5 is a schematic side elevation of the embodiment
of FIG. 1;

FIG. 6 is a schematic diagram of the radio-frequency
interference guard of the invention interconnected with
an electroexplosive device;

FIG. 7 is a schematic diagram of another manner of
interconnecting the radio-frequency interference guard
of the instant invention with an electroexplosive device;

FIG. 8 is a schematic diagram of the interconnection of
the radio-frequency interference guard of FIG. 5 with an
electroexplosive device;

FIG. 9 is a schematic diagram of another manner of
interconnecting the radio-frequency interference guard
of FIG. 4 with an electroexplosive device;

FIGS. 10, 11, 12, and 13 are schematic side elevations
of alternative constructions of a portion of the radio fre-
quency interference guards as illustrated in FIGS. 4
and 5.

Referring now to the drawings wherein like reference
characters designate like or corresponding parts through-
out the several views, there is shown in FIG. 1 an ex-
ploded view of a radio-frequency interference guard 20.
The main longitudinal support of the radio-frequency
interference guard is a center spindle 21 to the center of
which is brazed or otherwise suitably connected a metal
disc 22. For purpose of example disc 22 may be approxi-
mately 342" wide. On the spindle 21 is wound a coaxial
line having an inner conductor 32 and an outer conductor
of high purity iron tube 34. The coaxial line is short cir-
cuited and sealed off at points 75 and 76 by soldering and
from this point onwards, the inner conductor has an outer
sheath 31 which may be any suitable insulator such as
Teflon.

The inner conductor 32, for purpose of example, could
be a nylon covered copper wire having a diameter of
0.005 inch. The outer conductor, for purposes of exam-
ple, could be six feet long and have a nominal outer di-
ameter of 0.012 inch and a wall thickness of 0.001 inch.
The exterior of the coaxial line which is to be wound on,
and within, the radio-frequency interference guard should
be suitably enameled to provide DC insulation.

The disc 22 has an aperture 23 therein so that the co-
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axial line will be threaded therethrough and so that the
half portions 29 and 30 of the coaxial line extend on each
side of disc 22. Prior, however, to constructing the co-
axial line and to threading the coaxial line through aper-
ture 23 for winding it upon spindle 21, a small brass collar
37 is soldered or otherwise sunitably connected externally
but to the linear center of the iron tube 34. The brass
collar 37 has an internal diameter approximately the
same as the outer diameter of the tube 34 and an outer
diameter which will cause an interference fit when pressed
into aperture 23 of disc 22. Disc 22 and collar 37 should
be of brass or of other suitable material to achieve satis-
factory shielding between the two sides of the radio-
frequency interference guard 20. The disc 22 and collar
37 should also be silver plated so as to provide a good
conductive connection to the tube 34, and to caps 27
and 28.

When the coaxial line is fixedly held by the insertion of
collar 37 into aperture 23 of disc 22 it is wound, as at 36,
on the spindle 21 between disc 22 and the retaining discs
33 and 35. With a coaxial line of the dimensions set forth
by example above there would be required approximately
four Jayers of line on each side of disc 22 where the re-
taining discs 33 and 35 are approximately 0.75 inch apart.

After the coaxial line has been wound on spindle 21
and suitably secured the silver plated brass caps 27 and
28 are inserted over opposite ends of the spindle 21
through central apertures 38 in the end plates of these
caps. The caps 27 and 28 have an outer diameter approxi-
mately equal to the diameter of the central portion 26 of
disc 22 so as to communicate therewith and also an inner
diameter slightly larger than the outer diameters of por-
tions 24 and 25 of disc 22. Thus, the caps 27 and 28
may be inserted on the spindle so as to have the end plates
thereof juxtaposed respectively to the retaining discs 33
and 35 and to have the opposite extremities of the caps
fit into the L-shaped grooves provided by maintaining cen-
tral portion 26 of disc 22 with a larger diameter than the
outer portions 24 and 25. Thus, the caps 27 and 28 coact
with disc 22 to provide an outer shield for the invention
and protection for the coiled iron tube 36. Further, each
of the caps 27 and 28 have apertures 44 at the periphery
of the end plates thereof. Thus, after suitable insulation
31, such as Teflon, is provided outwardly from points 75
and 76, where the windings terminate, for suitably in-
sulating the input and output, the leads will be brought
out through apertures 44. Thereafter, washers 40 and 41
and nuts 42 and 43 will be placed upon the suitably
threaded end portions of spindle 21 for completion of
the radio-frequency interference guard 20. It should be
understood that the radio-frequency interference guard of
FIGURES 1 and 2 is “potted.” Further, a lead-through
capacitor, such as capacitor 79 of FIG. 5, would be con-
nected across the input of the embodiments of FIGS. 1
and 2 as in FIG. 5.

The instant invention is based on the idealized con-
cept of enclosing the electrical load within a continuous
electromagnetic shield of suitable metal and thickness
to provide adequate protection against all radio-frequency
and electrostatic fields, While the protection against very
low frequency magnetic fields is impractical because of
the prohibitive thickness of metal required, such protec-
tion can be obtained indirectly by the use of balanced
circuits which tend to cancel out induced EMF’s.

This idealized concept as illustrated in FIG. 3 employs
an electrical load 56 which is energized intentionally
1cross terminals 50 and 51 to cause a potential difference
setween points 52 and 53 on the exterior of the com-
pletely sealed pure iron box 57. For DC in steady state
a potential difference is set up internally between points
54 and 55, which is substantially equal to the external po-
tential difference between points 52 and 53. Low fre-
quency excitation is also possible and hence a DC step
function will pass, with small attenuation, all but its high
frequency components. Power frequencies, such as 60
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cycles per second or 400 cycles per second may be em-

ployed for energizing the load, without serious loss.
The attenuation through the metallic barrier is gov-

erned by the real part («) of the propagation function

(-
v=a+jﬁz(l+j)1/“’;‘_"

a=attenuation function .(neper/meter)
B=phase function (radian/meter)
w=initial permeability -(henry/meter)
s=conductivity (mho/meter)

w=2m frequency in cycles per second

(1)

where

from which is derived the equation for “skin depth”

_1_1_ [z

T« B (2)
meters/neper or radian which is the distance at which
both the electric field (E) and the magnetic field (H)
are attenuated to a value of e—! of their respective mag-
nitudes at the surface. Clearly, from Equations 1 and 2,
it is also the distance at which the phase is retarded by
one radian.

Since the power is proportional to the product of E,
H or the square of the voltage or current, the low-pass
power characteristic of the ratio-frequency interference
guard is therefore a simple function of frequency:

attenuation=2a=2k\/f
nepers per meter where

8

wuo

3)

K=\/muc
which is determined by the metal used
f=frequency in cycles per sscond

Since the material which gives maximum attenuation
per unit volume is pure iron because of the fact that it
has the highest po product up to about 1010 cycles per
second, the sealed box 57 will be normally made from
iron,

Basically, there are several reasons why it is undesir-
able, however, in practice to place the load 56 inside of
a box, as shown in FIG. 3. First, the attenuation process
is associated with a loss wave which penetrates into the
metal and causes heating. Since it is undesirable to have
a heat source in close proximity to primary explosives,
where the radio-frequency interference guard will be used
to protect weapon electroexplosive devices, such an em-
bodiment is non-acceptable. Secondly, in order to achieve
a sufficiently high shunt DC resistance to enable firing
to occur with reasonably low currents, it is necessary to
make the “box” in the form of a small diameter tube. The
increase of resistance by the use of high resistivity mate-
rial is not acceptable because its use defeats the prime
requirement for high attenuation which is a high value
of ¢ as seen in Equation 1. Similarly, decreasing the wall
thickness in order to give a high resistance and a short
length is also not acceptable since DC resistance is in-
versely proportional to wall thickness (¢) where RF at-
tenuation is an exponential function e—°t. The correct
solution, therefore, is based upon use of the longest pos-
sible tube with the required wall thickness.

In the instrumentation of this solution the attenuator
would, therefore, take the form shown schematically in
FIG. 4. FIG. 4 illustrates a single element radio-frequency
interference guard 60 which is similar to the embodiments
of FIGS. 1 and 2 except that only one winding com-
partment is employed, rather than two, causing the disc
22 and the collar 37 to be replaced by an end cap por-
tion of the outer shield 67 which contains an insulated
bush 68 through which the inner wire passes. The outer
shield of the single element radio-frequency interference
guard is schematically illustrated as 61 while the input
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wire or inner conductor 62 joins and is soldered to the
iron tube 64 at point 65. The iron tube is connected to
the outer shield by a ring such as the brass disc 22 and
collar 37 of FIGS. 1 and 2. A lead-through capacitor 69
is connected across the input, that is, the capacitor is
connected between the inner conductor of the coaxial
line and the outer shield.

FIGS. 1 and 2 and the schematic FIG. 5 of a double
element of a radio-frequency interference guard consists
essentially of two of the single elements of FIG. 4 con-
nected back to back and lends itself to easier construc-
tion while producing more than twice the attenuation
of the single element. As in FIG. 4 the double element
embodiment of FIG. 5 has an outer shield 71 of the
radio-frequency interference guard the inner conductor
72 and the iron tube 74 short circuited by solder to the
inner conductor 72 at points 75 and 76. A lead-through
capacitor 79 is also employed in the double element 70
as is the connection of disc 77 which is equivalent to the
disc 22 and the collar 37 of FIGS. 1 and 2. The instant
invention, therefore, sets forth a radio-frequency inter-
ference guard 20 as a separate unit which may be con-
nected independently through well shielded interconnec-
tions and containers 71 to an electro-explosive device 70
as in FIG. 6. As best seen in FIG. 7 the radio-frequency
interference guard may also, however, be connected as an
adapter unit directly to the electroexplosive device 70
where satisfactory thermal insulation 82 is maintained
between the radio-frequency interference guard and the
electroexplosive device.

For balanced two-wire systems a double element unit
or two separate units would be required to satisfactorily
protect the weapon electroexplosive device from the
spurious energies induced by electromagnetic and electro-
static fields without unbalancing the circuit. That is, as
illustrated in FIG. 8, two radio-frequency interference
guards 20 may be maintained within one container if
shielded properly by shielding 83 and connected to the
electroexplosive device 70. A satisfactory compromise,
however, may be seen in FIG. 9 wherein the radio-fre-
quency interference guard 20 is connected directly to the
electroexplosive device 70 with one wire attached to the
case of the radio-frequency guard 20 at point 84. Of
course, satisfactory shielding 83 would be required and
an insulating barrier 85 would be necessary between the
shielding 83 and the assembly of the radio-frequency
interference guard 20 and the electroexplosive device 70.
Further, thermal insulation 82 would be required between
the radio-frequency interference guard and electroex-
plosive device as set forth in FIG. 7.

There is yet another requirement for a protective device
such as the instant invention. Since it is impossible to pre-
specify the maximum available RF power against which
protection is or will be required, the usefulness of any
device depends on the power handling capacity of the
input element to the device. This raises the problem of
reliability and possibility of safety. Power limiting devices
may be used but they may also inhibit the device in the
pass-band when normal functioning is required in the
presence of spurious RF fields. To minimize this problem
it is, therefore, necessary to arrange for the real part of
the input impedence to fall to a negligible value in the
attenuation band. The instant application offers this capa-
bility since above the frequency where a metal is several
skin depths thick it becomes equivalent to an infinitely
thick sheet. Above cut-off frequency, that is in the at-
tenuation band, the surface impedence of the metal be-

comes:
= 7 X ~ ; WK
BB iXa (14 )42 @

ohms per square where R is the real part and X is the
inductive part of the impedence, and Z is the ratio of
tangential components of E and H, the electric and mag-
netic fields. In this frequency band the iron tube “looks”
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like a solid wire to externally incident waves and the total
RF impedence of the tube, allowing for the self-induct-
ance caused by coiling, increases as the square root of
the frequency. Since both the reactance and the resistance
increase as the square root of f the Q of the arrange-
ment tends to a constant value.

A two-fold advantage can be achieved if a good
quality capacitor is connected across the input of such a
value that anti-resonance frequency occurs within the
pass-band. Such a capacitor is set forth in FIGS. 4 and 5
as being capacitors 69 and 79, respectively. First, the
transposed real part at anti-resonance will be appreciably
greater than the true resistance. Second, the input im-
pedance to the device will be capacitive in the attenua-
tion band and the transformed real part of this impedence
will fall rapidly to a very small value. The rate of de-
crease is the combined effect of the falling reactance of
the capacitor and the rising AC resistance and inductance
of the tube. This effect is increased by the increased in-
ductance of the coiled tube.

The input impedence of such a combination is:

7= 1/9{7——.7.[“’3/20(72—!_172)’_‘@]}
S = 50) F (024 C)2

(5)
where

C=parallel capacity

y=the real part of Z

x=the imaginary part of Z

Z=(y+jx)w* is the input impedance of the radio-fre-
quency interference guard and x>y because of coiling
of the tube.

Anti-resonance occurs at wy where

T
w"_[vz-i- xZ)O] (6)
and for frequencies w>wq the imaginary part is negative:
The real part is

2/3

R
TF P2 (212 —20%%C Q)

where R is the AC resistance of the radio-frequency inter-
ference guard. At anti-resonance:

ser=if1+(3)]

which is greater than R, ReZ=R when w=w; (w; being
that frequency which causes the denominator of Equa-
tion 7 to become unity) and then

P C2( v +a?) =203 C oy =2 [(_’Yz‘;‘vT)C]

ReZ =

2/3
= 2600
For high frequencies such that (w3/2) 25032

R N 1
T+ C2 (2 +27) —w"’/”C’Z('Y

ReZ~ po

Y

Although, theoretically, it is still possible to match a gen-
erator of the correct conmjugate impedance into this at
any frequency, the probability of obtaining a Thevenin
equivalent generator impedence at the terminals of the
radio-frequency interference guard of the instant inven-
tion with a real part equal to ReZ rapidly decreases with
increasing frequency until it may be considered negligible.
Protection of the device against overheating in this zone
then depends upon reflective attenuation.

While, as previously mentioned, to increase DC resist-
ance by decreasing thickness, through perforation, or the
use of a metal of high resistivity defeais the primary
object, high DC resistance can be obtained by alternative
constructions. FIGS. 10, 11, 12, and 13 are such alter-
native constructions for increasing the DC resistance of
the shielding enclosure or membrane and accomplish
this by essentially increasing the length of the barrier.
FIG. 10 illustrates corrugation of the iron tube 94

<t
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throughout its length, and the soldered connection 93 of
the inner conductor 92 and the iron tube 94. At the
other end the tube is joined to the outer shield 91 at 97,
as in previous embodiments. FIG. 11 sets forth the use
of a corrugated disc barrier 104 maintained between the
outer shield 101 of the radio-frequency interference guard
and the inner conductor 102. FIG. 12 illustrates the use
of a plurality of concentric tubes 114 interconnected by
annular spacers 117 of the same metal. The inner con-
ductor is soldered at 116. This, of course, causes a very
long path from the inner conductor comnection point
116 to the connection at the outer shield 111. FIG. 13
illustrates the simple use of a very long, straight coaxial
line which when the inner conductor 122 is short circuited
to an iron tube 124 at point 125 and connected after
an extended length to the outer shield 121 by a disc
at 127 causes a very long path.

The advantages of the use of the instant invention are
numerous. It achieves far higher dissipative attenuation
in the attenuation band than any other known device of
comparable dimensions yet produced and its attenuation
in the pass-band is satisfactorily low and substantially
constant. The instant attenuator is essentially a low-pass
power device in that it attenuates equally both the electric
component and the magnetic component of the field and
has a cut-off frequency, the frequency for half power,
which can readily be adjusted to any required value by
selecting the appropriate tube thickness. All other param-
eters are easily controlled and the size of the instant
invention is determined mainly by the DC requirements
and by the considerations of power handling. The slope
of the attenuation/frequency curve of the instant inven-
tion tends, by definition, to be

d—b= constant

Vi

in the attenuation band up to approximately 1010 cycles
per second where the initial permeability of iron falls to
that of non-ferromagnetic metals, which is also the free
space permeability. Because of the extremely high at-
tenuation obtained at this frequency the reduction in per-
meability is unimportant. This attenuation characteristic
is based on established physical laws which have been
verified up to 0.01 millimeter wavelength and are be-
lieved to apply at even shorter wavelengths, The at-
tenuation band response can therefore be computed once
the constant has been determined experimentally at low
frequencies. Further, the shape of the attenuation/fre-
quency characteristic is largely independent of the termi-
nating impedance, particularly in the attenuation band.
The instant invention is, however, constituted primarily
for low impedence loads.

The instant invention is further advantageous since it
does not suffer from the spurious band-pass and resonant
phenomena of conventional lump component filters. Ad-
ditionally, unlike conventional dissipative filters, this
device does not rely on reflective attenuation for its low-
pass performance characteristics and it cannot, therefore,
be rendered non-effective by matching to the generator.
It does, however, employ reflective attenuation in the dis-
sipative attenuation band in order to increase the prob-
ability of protecting itself against over-heating by RF
sources. The attenuator comprising the present invention
also achieves the elimination of the electrostatic hazard
by completing the electrostatic shield around the load and,
by providing a low resistance path across the pair of
firing circuit wires, prevents the build-up of electrostatic
charges in the circuit.

In summary, this invention is based on and derived
from Maxwell’s equations but embodies a new application
of these laws. The current use of thick metal barriers is
confined to shielding applications. On the other hand, very
thin deposited metal films are used as resistive elements
for high stability, wide band line terminations and at-
tenuators, The two existing applications represent the two
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limits of use of metal barriers. That is, a metal barrier
so thick that virtually infinite attenuation is achieved at
high frequencies, and a metal film so thin that the alter-
nating current resistance is virtually constant over a wide
band of frequencies. The immediate invention employs
the intrinsic low-pass characteristics of a metal barrier in
a filter application, which characteristics have been gen-
erally accepted as a disadvatnage in conventional applica-
tions.

Obviously, many modifications and variations of the
present invention are possible in light of the above teach-
ings. It is, therefore, to be understood that within the
scope of the appended claims the invention may be prac-
ticed otherwise than is specifically described.

What is claimed and desired to be secured by Letters
Patent of the United States is:

1. An attenuator for providing protection against spu-
rious energies comprising

an input to the attenuator having an insulated wire;

an outer sheld comprising a silver plated brass cap, a
silver plated end plate for said cap and aperture in
said end plate and a silver plated brass collar for in-
sertion into said end plate; and

a shielding enclosure having an elongated mstal bar-
rier comprising a plurality of elongated concentric
iron tubes interconnected at alternate ends thereof
thereby creating an extended path to said outer shield
having a connection to said input a solder connec-
tion to said silver plated brass collar of said outer
shield for increasing the D.C. resistance of said
shielding enclosure whereby electrostatic build-up is
eliminated and radio frequency power is attenuated
to a negligible level without appreciably attenuating
D.C. and low frequencies.

2. An attenvator for providing protection against

spurious energies comprising

an input to the attenuator having an insulated wire;

an outer shield; and

a shielding enclosure having an elongated iron barrier,
said barrier being corrugated to thereby increase the
D.C. resistance to said shielding enclosure by provid-
ing an elongated path, having a connection to said
input and to said outer shield for increasing the D.C.
resistance of said shielding enclosure whereby elec-
trostatic build-up is eliminated and radio-frequency
power is attenuated to a negligible level without ap-
preciably attenuating D.C. and low frequencies.

3. A radio-frequency interference guard for providing
protection against spurious energies induced by electro-
magnetic and electrostatic fields comprising

an input to the radio-frequency interference guard hav-
ing an insulated wire;

an outer shield for electrostatic shielding and protec-
tion;

a shielding enclosure having an elongated iron tube
means as a metal barrier connected to said elongated
input wire for increasing the D.C. resistance of said
shielding enclosure and means for connecting said
elongated iron tube to said outer shield whereby
harmful energies are filtered out by the low pass
characteristic of said metal barrier;

wherein said elongated iron tube connection to
said input comprises a first soldered short cir-
cuit connection at the input to said radio-fre-
quency interference guard and a second short
circuit connection at the output thereof to there-
by form a coaxial line with said elongated input
wire; wherein

said means for connecting said elongated iron
tube to said outer shield comprises a disc, an
aperture in said disc, a collar having an outer
diameter suitable for achieving an interference
fit in said aperture and an inner diameter ap-
proximately equal to the outer diameter of said
elongated iron tube means and a solder connec-

[

10

15

20

30

35

40

45

50

85

60

65

70

75

10

tion between said collar and said elongated iron
tube means at substantially the linear center of
said elongaetd iron tube; wherein

said elongated iron tube means is corrugated to
thereby increase the D.C. resistance of said
shielding enclosure; and wherein

said outer shield comprises a first end cap having
a first cylindrical portion, a first end plate over
one end of said first cylindrical portion and a
first aperture in said first end plate for entry
therethrough of said input to said radio fre-
quency interference guard, and a second end
cap also having a second cylindrical portion, a
second end plate over one end of said second
cylindrical portion, and a second aperture in
said second end plate for exit therethrough of
said output from said radio-frequency interfer-
ence guard whereby said first and second end
caps communicate at their open ends with said
disc to cover and protect each half of said elon-
gated iron tube in separate compartments there-
by electrostatically shielding said elongated tube
from external electrostatic fields and each com-
partment from the other.

4. A radio-frequency interference guard for providing
protection against spurious energies induced by electro-
magnetic and electrostatic fields comprising

an input to the radio-frequency interference guard hav-
ing an insulated wire;

an outer shield for electrostatic shielding and protec-
tion;

a shielding enclosure having an elongated iron tube
means as a metal barrier connected to said elongated
input wire for increasing the D.C. resistance of said
shielding enclosure and means for connecting said
elongated iron tube to said outer shield whereby
harmful energies are filtered out by the low pass
characteristic of said metal barrier; wherein

said elongated iron tube connection to said input
comprises a first soldered short circuit connec-
tion at the input to said radio-frequency inter-
ference guard and a second short circuit con-
nection at the output thereof to thereby form a
coaxial line with said elongated input wire;
wherein

said means for connecting said elongated iron
tube to said outer shield comprises a disc, an
aperture in said disc, a collar having an outer
diameter suitable for achieving an interference
fit in said aperture and an inner diameter ap-
proximately equal to the outer diameter of said
elongated iron tube means and a solder connec-
tion between said collar and said elongated iron
tube means at substantially the linear center of
said elongated iron tube; wherein

said iron tube means comprises a plurality of con-
centric tubes interconnected at alternate ends
thereof creating an extended path to said outer
shield; wherein

said outer shield comprises a first end cap having
a first cylindrical portion, a first end plate over
one end of said first cylindrical portion and a
first aperture in said first end plate for entry
therethrough of said input to said radio-fre-
quency interference guard; and a second end
cap also having a second cylindrical portion,
a second end plate over one end of said second
cylindrical portion, and a second aperture in
said second end plate for exit therethrough of
said output from said radio-frequency interfer-
ence guard whereby said first and second end
caps communicate at their open ends with said
disc to cover and protect each half of said elon-
gated iron tube in separate compartments there-
by electrostatically shielding said elongated tube
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from external electrostatic fields and each com-
partment from the other.

5. A miniature low-pass attenuator comprising

an input having an insulated wire, a central spindle
suitably threaded at each end thereof;

a central disc attached externally but to the linear
center of said spindle and having an aperture there-
in;

a collar in said aperture having an outer diameter suit-
able to cause an interference fit therein;

a shielding enclosure having an elongated corrugated
iron tube having an outer diameter approximately
equal to the inner diameter of said collar and being
threaded on said input wire;

a short circuit solder connection to said input wire at
each end of said elongated iron tube thereby form-
ing a coaxial line;

a solder connection externally but at approximately the
linear center of said elongated tube between said
elongated tube and said collar;

a first retaining disc on said spindle between one ex-
tremity of said spindle and a first side of said cen-
tral disc;

a second retaining disc between the opposite extremity
of said spindle and a second side of said central disc;

half of said coaxial wire being wound on said spindle
between the first retaining disc and said first side
of said central disc and the other half of the coaxial
wire being wound on said spindle between said sec-
ond retaining disc and said second side of said cen-
tral disc;

a first end cap having a first cylindrical portion;

a first end plate over one end of said first cylindrical
portion;

10

15

20

25

12

a first aperture in the center of said first end plate for
insertion of said end cap on said spindle thereby
causing communicating juxtaposition of said internal
surface of said first end plate and said first retaining
disc and of the open end of said first cylindrical
portion and said first side of said central disc;

a second aperture at the periphery of said first end
plate for entry therethrough of said input wire;

a second end cap having a second cylindrical portion;

a second end plate over one end of said second cylin-
drical portion;

a third aperture in the center of said second end plate
for insertion of said end cap on said spindle thereby
causing communicating juxtaposition of the internal
surface of said second end plate and said second re-
taining disc and of the open end of said second cylin-
drical portion and said second side of said central
disc;

a fourth aperture at the periphery of said second
end plate for exit therethrough of said output from
the attenuator; and

threadable means for engagement with both threaded
extremities of said spindle to securely fasten said
radio-frequency interference guard into a compact
separate unit.
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