woO 2012/088134 A2 || N0F V0 OO O A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/088134 A2

28 June 2012 (28.06.2012) WIPOIPCT

(51) International Patent Classification: (74) Agent: BRUESS, Steven, C.; Merchant & Gould P.C.,
HO1Q 13/20 (2006.01) P.O. Box 2903, Minneapolis, MN 55402-0903 (US).

(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every

PCT/US2011/066201 kind of national protection available). AE, AG, AL, AM,

. . AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(22) International Filing Date: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
20 December 2011 (20.12.2011) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

(25) Filing Language: English HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
. KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, MFE,

(26) Publication Language: English MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(30) Priority Data: OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
61/425,155 20 December 2010 (20.12.2010) Us SE, 8G, 8K, SL, SM, ST, 8V, SY, TH, TJ, TM, TN, TR,
61/425,161 20 December 2010 (20.12.2010) US TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(71) Applicant (for all designated States except US): (84) Designated States (uniess otherwise indicated, for every
EMPRIMUS, INC. [US/US]; 1660 South Highway 100, kind of regional protection available): ARIPO (BW, GH,
Suite 130, Minneapolis, MN 55416 (US). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,

(72) Inventors; and TI, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

(75) Inventors/Applicants (for US only): FAXVOG, Freder- DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
ick, R. [US/US]; 1220 Oakview Road, Long Lake, MN LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
55356 (US). JACKSON, David, B. [US/US]; 20650 SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
Woodhaven Place, Excelsior, MN 55331 (US). FUCHS, GW, ML, MR, NE, SN, TD, TG).

Greg [US/US]; 108 South 5th Street, River Falls, WI Published:

54022 (US). NORDLING, Gale [US/US]; 20625 Lin-
wood Avenue, Excelsior, MN 55331 (US). GROH, Brian
[US/US]; 15769 Island View Road NW, Prior Lake, MN
55372 (US). JENSEN, Wallace [US/US]; 6985 Eagle
Trail, Centerville, MN 55038 (US). RUEHL, James,
Nicholas [US/US]; 456 Lafayette Avenue, Excelsior, MN
55331 (US).

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: LOW POWER LOCALIZED DISTRIBUTED RADIO FREQUENCY TRANSMITTER

(57) Abstract: Methods and systems are disclosed for wireless communication, and in particular using a coaxial antenna for distrib -
uted wireless transmission. In one example, a wireless transmitter is disclosed that includes a radio frequency signal source and a
coaxial cable including a near end and a far end. The near end is electrically connected to the radio frequency signal source and con -
figured to receive signals from the radio frequency signal source. The coaxial cable has an inner conductor and an outer conductor.
The wireless transmitter includes a shorting connection at the far end of the coaxial cable, the shorting connection electrically con -
necting the inner conductor and the outer conductor, and a plurality of openings along the coaxial cable spaced at predetermined loc -
ations to output signals generated by the radio frequency signal source. The invention can be used for RF attenuation monitoring
and/or testing applications.



WO 2012/088134 PCT/US2011/066201

10

15

20

25

30

LOW POWER LOCALIZED DISTRIBUTED RADIO FREQUENCY
TRANSMITTER

This application is being filed on 20 December 2011, as a PCT
International Patent application in the name of Emprimus, Inc., a U.S. national
corporation, applicant for the designation of all countries except the US, and
Frederick R. Faxvog, David B. Jackson, Greg Fuchs, Gale Nordling, Brian Groh,
Wallace Jensen, and James Nicohlas Reuhl, all citizens of the U.S., applicants for

the designation of the US only.

Cross-Reference to Related Applications

The present application claims priority from U.S. Provisional
Application No. 61/425,155, filed December 20, 2010, and U.S. Provisional
Application No. 61/425,161, filed December 20, 2010, the disclosures of which are

hereby incorporated by reference in their entireties.

Technical Field

The present disclosure relates methods and devices for providing a
low power, localized radio frequency transmitter which allows for localized wireless

communications or localized radio frequency attenuation monitoring or testing.

Background

Radio frequency (RF) transmitters used in various applications emit
electrical signals at power levels adequate for maintaining reliable wireless
communications. Typical transmitters emit RF radiation more or less uniformly in
all directions. This requires a great deal of energy, due to signal attenuation levels
and interference occurring over the air in a typical RF transmission environment.

In some cases it is desirable to limit the amount of RF energy levels
in surrounding volume and yet still allow a reliable communications channel to
specific areas. For example in some circumstances, it may be desirable to reduce
interference or lower the amount of power required to communicate in a particular
area, which may be far from a radio frequency transmission source, or to penetrate a
heavily shielded enclosure. However, current wireless technologies provide a

limited useful range.
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For these and other reasons, improvements are desirable.

Summary
In accordance with the following disclosure, the above and other

issues are addressed by the following:

In a first aspect, a wireless transmitter is disclosed that includes a
radio frequency signal source and a coaxial cable including a near end and a far end.
The near end is electrically connected to the radio frequency signal source and
configured to receive signals from the radio frequency signal source. The coaxial
cable has an inner conductor and an outer conductor. The wireless transmitter
includes a shorting connection at the far end of the coaxial cable, the shorting
connection electrically connecting the inner conductor and the outer conductor, and
a plurality of openings along the coaxial cable spaced at predetermined locations to
output signals generated by the radio frequency signal source.

In a second aspect, a wireless communication system is disclosed that
includes a wireless transmitter and a wireless receiver. The wireless transmitter
includes a radio frequency signal source and a coaxial cable including a near end
and a far end. The near end is electrically connected to the radio frequency signal
source and configured to receive signals from the radio frequency signal source.
The coaxial cable has an inner conductor and an outer conductor. The wireless
transmitter includes a shorting connection at the far end of the coaxial cable, the
shorting connection electrically connecting the inner conductor and the outer
conductor, and a plurality of openings along the coaxial cable spaced at
predetermined locations to output signals generated by the radio frequency signal
source. The wireless receiver is placed in proximity to at least a portion of the
coaxial cable.

In a third aspect, a method for monitoring the effectiveness of
electromagnetic shielding of an enclosure is disclosed. The method includes
installing a radio frequency receiver within an interior of an enclosure, the enclosure
designed to provide shielding from electromagnetic events. The method also
includes installing a radio frequency transmitter external to the enclosure and in the
proximity of the enclosure. The radio frequency transmitter includes a radio

frequency signal source and a coaxial cable including a near end and a far end. The
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near end is electrically connected to the radio frequency signal source and
configured to receive signals from the radio frequency signal source. The coaxial
cable has an inner conductor and an outer conductor. The radio frequency
transmitter includes a shorting connection at the far end of the coaxial cable, the
shorting connection electrically connecting the inner conductor and the outer
conductor, and a plurality of openings along the coaxial cable spaced at
predetermined locations to output signals generated by the radio frequency signal
source. The method further includes activating the radio frequency transmitter,
causing the radio frequency transmitter to emit a radio frequency signal recognizable
to the radio frequency receiver, and, upon detection of the radio frequency signal at
the radio frequency receiver, generating an alert indicating that shielding

effectiveness of the enclosure has been compromised.

Brief Description of the Drawings

Figure 1 is a schematic view of a radio frequency communication
system, according to an example embodiment of the present disclosure;

Figure 2 is a schematic perspective illustration of a coaxial cable
useable in a radio frequency transmitter, according to an example embodiment;

Figure 3 is a schematic longitudinal cross sectional view of the
coaxial cable of Figure 2;

Figure 4 is a schematic longitudinal cross sectional view of a coaxial
cable useable in a radio frequency transmitter, according to an example
embodiment;

Figure 5 is a schematic illustration of an example environment in
which the radio frequency communication system of Figures 1-4 can be
implemented;

Figure 6 is a schematic illustration of an example environment in
which a radio frequency transmitter can be used, according to an example
embodiment;

Figure 7 is a flowchart of a method for monitoring the effectiveness
of electromagnetic shielding of an enclosure, according to an example embodiment

of the present disclosure.
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Detailed Description

Various embodiments of the present invention will be described in
detail with reference to the drawings, wherein like reference numerals represent like
parts and assemblies throughout the several views. Reference to various
embodiments does not limit the scope of the invention, which is limited only by the
scope of the claims attached hereto. Additionally, any examples set forth in this
specification are not intended to be limiting and merely set forth some of the many
possible embodiments for the claimed invention.

In general, the present disclosure relates to a low power, localized
radio frequency (RF) transmitter. In general, a coaxial cable can be used which has
a series of small emitting holes in the cable which provide a series of closely spaced
RF emitters. Such an antenna cable will allow a lower power broadcasting RF
communications system when potential interference with other equipment could be a
problem. The cable antenna can be placed along a line which is close proximity to
the users, such as a hallway or outer rim of an office area, such that the RF energy
emitted can be held to a lower level than in a typical installation.

Referring now to Figure 1, an example wireless communication
system 100 (also referred to herein as a radio frequency communication system) is
disclosed. The system 100 includes a receiver 102 and a transmitter 104. The
receiver is associated with an antenna 106 configured to detect and receive wireless
communication signals, to be passed to the receiver for processing.

The transmitter 104 provides a source of radio frequency signals to
excite a coaxial cable line 108. As illustrated in further detail in Figures 2-4, the
coaxial cable line 108 includes a plurality of openings disposed along the cable and
is shorted at a far end, such that a standing wave is formed within the coaxial cable
line 108. By locating the openings at specific locations along the coaxial line (e.g.,
at local maxima of the standing wave), the openings can emit wireless signals
containing the data modulated onto the line 108, for receipt by devices that may be
remote from the transmitter 104, but are close to the coaxial cable line 108. As such,
local radio frequency communication can be accomplished.

The receiver 102 and transmitter 104 are communicatively connected

to a network interface 110, which can be connected to a remote system, for example
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to provide network (e.g. Internet) access to remote locations, or locations where high
radio frequency signal levels are undesirable.

Referring now to Figure 2, additional details regarding the coaxial
cable line 108 are provided. As seen in this figure, the coaxial cable 108 forms a
multi-aperture antenna 200, and includes an outer shield 202 and a center conductor
204. The coaxial cable 108 can be fabricated, for example, using either standard low
loss coaxial cables or can be fabricated using interconnected printed circuit boards.

The multi-aperture antenna 200 includes a number of openings, or
holes 206, through the outer shield 202 which allow transmission of an electrical
ﬁeldvstanding wave when the multi-aperture antenna 200 is connected to a radio
frequency transmitter, such as is shown in Figure 1. The distance between holes 206
is, in the embodiment shown, determined to be such that distance between two holes
represents one half the wavelength of the radio frequency signal for a given
frequency (i.e., a desired frequency for data communication).

For example, using a coaxial cable having low loss and providing
appropriate small size holes, the holes 206 will emit a nearly equal power from each
hole. The wavelength of the exciting source (e.g., the radio frequency transmitter
104 of Figure 1) is approximately given by 1= c/f, where 1 is the wavelength, c is the
speed of light in free space and f is the frequency of the source. In practice the speed
of the wave in the coax cable, i.e. the phase velocity, will be slightly slower than the
free space velocity of light. Therefore, the wavelength will be expected to be
slightly smaller than that given by the above equation. As an example for an
exciting source of 3 GHz, the wavelength will be 10 centimeters, and the one half
wavelength of the standing wave will be 5 centimeters. Using a higher frequency
source would produce a closer standing wave spacing, and hence closer-spaced
emitting holes 206 in the coaxial cable 108. Other distances and frequencies can be
used as well, including those defined in a particular protocol standard (e.g., 802.x
communications).

Although in the embodiment shown a coaxial cable is used, in |
alternative embodiments, a different type of electrical cable and/or with different
material and construction could be used to fabricate the cable antenna. For example,

a differential, twisted pair cable could be used as well.
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The multi-aperture antenna 200 is terminated at an electrically short
termination 210, at a one quarter wavelength distance from the last hole 206. This
termination distance results in the standing wave as shown, providing local maxima
at each hole 206.

As seen in Figure 3, a schematic longitudinal cross sectional view of
the coaxial cable 108 of Figure 2 is illustrated, forming a multi-aperture antenna
200. As seen in Figure 3, the holes 206 extend through the coaxial cable 108,
exposing the center conductor 204.

In an alternative embodiment seen in Figure 4, wire stubs 302 are
inserted into the holes 206 of the coaxial cable 108, forming multi-aperture antenna
300. Inthis embodiment, the wire stubs 302 provide a more efficient emitter at the
periodic locations along the coaxial cable 108. In such embodiments, the holes 206
can be filled in around the wire stubs 302 with a dielectric insulating material 304,
which could also be used to cover and protect the ends of the protruding stubs 302.

Referring now to Figure 5, a schematic illustration of an example
environment in which the radio frequency communication system of Figures 1-4 can
be implemented. In the illustration shown, a radio frequency communication
system, including an RF transmitter as described above, could be placed in an area
where large signal strength is not desired, for example where it may be desirable to
control access to a network by controlling the individuals to whom an RF signal
reaches. In the embodiment shown, the environment 400 corresponds to an office
building environment. In this embodiment, a wireless transmitter 402, including a
multi-aperture antenna such as antennas 200, 300, of Figures 3-4, above, is depicted
as placed near a plurality of cubicles 404. In this embodiment, an RF source 406
can be located at one end of the cubicles 404, such that a far-end cubicle would
otherwise normally not be able to detect a low power RF signal propagated over the
air from a location at the RF source 406. Accordingly, a coaxial multi-aperture
antenna 408, communicatively connected to the RF source 406, can distribute RF
signals down the array of cubicles, such that each cubicle can receive data signals
from the RF source 406.

In alternative applications, an RF transmitter using an associated
multi-aperture antenna could be used in different environments. Other example

environments can include, for example, installation within an airplane cabin, such
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that a data service could be extended to passengers without interfering with airplane
instrumentation. Additionally, such a coaxial multi-aperture antenna could be used
in the case of a tunnel, to deliver wireless communications to remote areas where RF
communication would be otherwise attenuated before reaching. The same may be
true in other environments, such as battlefield environments, in which large
shielding obstructions may present barriers to RF communication from a single
endpoint.

Referring now to Figures 6-7, it is noted that other applications for
such a multi-aperture antenna are possible as well. In particular, Figure 6 illustrates
an example environment in which a radio frequency transmitter including a multi-
aperture antenna can be used to monitor and verify the effectiveness of shielding of
an electromagnetically-shielding enclosure.

In the embodiment shown in Figure 6, the environment 500 includes
an enclosure monitoring system 502 and an enclosure 504. In this embodiment, the
enclosure 504 has a door 506 shown as including hinges 508 and a latch 510. In
some embodiments, the door includes a gasketed door seal capable of preventing
electromagnetic signals from penetrating the enclosure when the door 506 is closed.

In the embodiment shown, a radio frequency transmitter 512 is
positioned external to the enclosure, and includes an RF source 513 and one or more
multi-aperture antennas 514. In the embodiment shown, the one or more multi-
aperture antennas 514 can correspond to antennas 200, 300 of Figures 3-4, above,
and are positioned around a periphery of the enclosure 504, such as around the door
506 at a gasketed seal. One or more radio frequency receivers 516 is positioned
within the enclosure 504, and configured to detect radio frequency signals of a
predetermined frequency (i.e., the frequency to which the antennas 514 are tuned).
Using this arrangement, the existence of a compromised enclosure can be detected,
for example according to the method described in connection with Figure 7, below.
This arrangement provides a means for applying much lower RF power emissions,
which, because of the close proximity to the door seal, will still allow for a reliable
measure of door seal integrity.

In accordance with the present disclosure, transmitted power levels
using antennas 514, 200, 300 of the present disclosure will be relatively low and

similar to or lower than the power levels of a typical wireless router transmitter. This
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power level will allow the radio frequency receivers within the enclosure to detect
EM attenuation discrepancies which are on the order of 80 — 100 db from that of the
specified enclosure effectiveness. For example, if the enclosure shielding
effectiveness is specified as having an 80 db attenuation effectiveness, then the
systems described herein will measure and alert the user when the attenuation is
compromised to at least the 80 db level. To increase the sensitivity of the
monitoring system either the transmitter power would need to be increased or the
sensitivity of the receiver would need to be increased.

Although, in the embodiment shown, two multi aperture antennas
514 are illustrated, such that each passes along two edges of the door 504, other
configurations are possible as well, using one or more such antennas.

Additionally, in alternative embodiments, the cable transmitter 504
and antennas 514 could be placed inside the cabinet with the RF receiver 516 on the
outside.

Referring now to Figure 7, a method 600 for monitoring the
effectiveness of a shielding enclosure is provided. The method 600 can, for
example, represent a generalized methodology for monitoring an enclosure within
the environment illustrated in Figure 6, above. In the embodiment shown, the
method 600 can include installing an RF receiver, such as receiver 516, within an
interior of an enclosure (step 602). The method 600 also can include installing a
coaxial transmitter (e.g., an RF transmitter including an RF source 513and a multi-
aperture antenna 514) external to the enclosure, such as around a door gasket (step
604). The method can include, when the enclosure is closed, activating the -
transmitter (step 606), and determining whether an RF signal of the frequency
emitted by the transmitter is detected at an RF receiver, such as receiver 516 (step
608). If no RF signal is detected, flow returns to step 606, for periodic monitoring
of the enclosure. If an RF signal is detected at the RF receiver, an alert can be
generated (step 610).

Referring to Figures 6-7, it is noted that, in certain embodiments, the
source can be modulated and encoded with a specific defining signal that can be
uniquely identified by one or more RF receivers located inside the enclosure.

Should the identifiable signal be detected by the RF receiver, the receiver indicates
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that RF energy is entering the enclosure and consequently that the effectiveness of
that enclosure’s shielding has been compromised.

In operation, when the system is functioning properly and the
enclosure no signal will be detected because of the extremely high attenuation
levels provided by the materials of the enclosure, as well as any additional sealing
structures of the enclosure, such as finger stock other electrically conductive gasket
materials. Openings in the enclosure also include attenuating structures, which may
be provided through use of honeycomb-shaped waveguide vents, a fiberoptic
waveguide port, or an electrical power filter. As such, if the enclosure is not
compromised, there should exist sufficient attenuation that the receiver will not
detect the signal transmitted by the transmitter. However should one of the
attenuation components or structures used in the enclosure become compromised,
the radio frequency receiver interior to the enclosure will detect the encoded radio
frequency signal generated by the radio frequency transmitter exterior to the
enclosure; in such cases, the radio frequency receiver can send a signal to security
personnel, such as a data signal to a remote computing system, to indicate that the
effectiveness of the enclosure has been compromised.

It is noted that, if the radio frequency receiver detects the signal from
the transmitter, the energy could be entering by a number of paths; namely, an open
door, a defective air vent, a defective door gasket or finger stock, fiber waveguide
beyond cutoff attenuator, any other finger stock or electrically conducting gaskets or
thru an electrical power filter.

In a complementary arrangement according to an alternative
embodiment of the present disclosure, the radio frequency transmitter can be placed
in an interior of the enclosure, and the radio frequency receiver can be placed
external to the enclosure. In this configuration, a larger transmitter signal could be
used (without worry of other interference with nearby electronics) and would allow
for a more sensitive measurement of the shielding effectiveness of the enclosure.

Referring to Figures 1-7 generally, it is noted that the methods and
systems of the present disclosure represent advantages over standard systems.
Generally, the distributed RF transmitting antenna disclosed herein allows use in
low power applications where interference is or could be a problem. The antenna

can be used for localized wireless communications, special RF testing or RF
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monitoring applications. Other applications and advantages are apparent as well,
based on the systems and methods described herein.
The above specification, examples and data provide a complete
description of the manufacture and use of the composition of the invention. Since
5 many embodiments of the invention can be made without departing from the spirit

and scope of the invention, the invention resides in the claims hereinafter appended.
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Claims:
1. A wireless transmitter comprising:

aradio frequency signal source;

a coaxial cable including a near end and a far end, the near end electrically
connected to the radio frequency signal source and configured to
receive signals from the radio frequency signal source, the coaxial
cable having an inner conductor and an outer conductor;

a shorting connection at the far end of the coaxial cable, the shorting
connection electrically connecting the inner conductor and the outer
conductor; and

a plurality of openings along the coaxial cable spaced at predetermined
locations to output signals generated by the radio frequency signal

source.

2. The wireless transmitter of claim 1, further comprising a plurality of wire
emitters, each of the plurality of wire emitters positioned in a corresponding opening
in the coaxial cable and configured to couple radio frequency energy out of the

coaxial cable at each of the predetermined locations.

3. The wireless transmitter of claim 1, wherein the shorting connection at the
far end of the coaxial cable is positioned to form a standing wave of an electrical
field within the coaxial cable when the radio frequency signal source emits radio

frequency signals within a range of predetermined frequencies.

4, The wireless transmitter of claim 3, wherein the plurality of openings are

positioned at local maxima of the standing wave.

5. The wireless transmitter of claim 4, wherein the plurality of openings is

spaced apart at a distance of approximately half a wavelength of output signals.

6. The wireless transmitter of claim 5, wherein the shorting connection is

located at a far end of the coaxial cable at a distance approximately one quarter of

11
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the wavelength of the output signals from a nearest opening of the plurality of

openings.

7. A wireless communication system comprising:
a wireless transmitter comprising:

aradio frequency signal source;

a coaxial cable including a near end and a far end, the near end
electrically connected to the radio frequency signal source and
configured to receive signals from the radio frequency signal
source, the coaxial cable having an inner conductor and an
outer conductor;

a shorting connection at the far end of the coaxial cable, the shorting
connection electrically connecting the inner conductor and the
outer conductor; and

a plurality of openings along the coaxial cable spaced at
predetermined locations to output signals generated by the
radio frequency signal source; and

a wireless receiver placed in proximity to at least a portion of the coaxial

cable.

8. The wireless communication system of claim 7, wherein the wireless

receiver comprises an antenna separate from the coaxial cable.

9. The wireless communication system of claim 7, wherein the system is
installable at a location selected from a group of locations consisting of:

an office;

an airplane cabin; and

a tunnel.

10.  The wireless communication system of claim 7, wherein the plurality of

openings are positioned at local maxima of the standing wave.

12
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11.  The wireless communication system of claim 10, wherein the plurality of
openings is spaced apart at a distance of approximately half the wavelength of

output signals.

12. The wireless communication system of claim 7, wherein the shorting
connection at the far end of the coaxial cable is positioned to form a standing wave
of an electrical field within the coaxial cable when the radio frequency signal source

emits radio frequency signals within a range of predetermined frequencies.

13. The wireless communication system of claim 12, wherein the wireless
communication system provides a network connection for one or more wireless data

users in a proximity of the coaxial cable.

14.  The wireless communication system of claim 7, wherein the location of the
coaxial cable defines a restricted area of allowed wireless communication within a

facility.

15.  The wireless communication system of claim 7, wherein the radio frequency

signal source comprises a modulated radio frequency signal source.

16. A method for monitoring the effectiveness of electromagnetic shielding of an
enclosure, the method comprising:
installing a radio frequency receiver within an interior of an
enclosure, the enclosure designed to provide shielding from electromagnetic events;
installing a radio frequency transmitter external to the enclosure and
in the proximity of the enclosure, the radio frequency transmitter comprising:

a radio frequency signal source;

a coaxial cable including a near end and a far end, the near
end electrically connected to the radio frequency
signal source and configured to receive signals from
the radio frequency signal source, the coaxial cable

having an inner conductor and an outer conductor;

13
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a shorting connection at the far end of the coaxial cable, the
shorting connection electrically connecting the inner
conductor and the outer conductor; and

a plurality of openings along the coaxial cable spaced at
predetermined locations to output signals generated by
the radio frequency signal source;

activating the radio frequency transmitter, causing the radio
frequency transmitter to emit a radio frequency signal recognizable to the radio
frequency receiver; and

upon detection of the radio frequency signal at the radio frequency
receiver, generating an alert indicating that shielding effectiveness of the enclosure

has been compromised.

17.  The method of claim 16, wherein the enclosure includes a door having a door

seal.
18.  The method of claim 17, wherein the coaxial cable comprises a distributed
antenna, and wherein the coaxial cable is installed around a perimeter of the door at

the door seal.

19.  The method of claim 18, whereby detection of the radio frequency signal at

the radio frequency receiver provides an indication of effectiveness of the door seal.

14
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