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Description

This invention relates to an electronic security
system having a transmitter for providing in a surveil-
lance zone an electromagnetic field of a frequency
which is repetitively swept over a predetermined fre-
quency range, a resonant tag with at least one reso-
nant frequency within the said swept frequency
range, a receiver for detecting the presence of said
resonant tag in the surveillance zone and to provide
an alarm indication thereof and an antenna system,
comprising a transmitting loop antenna adapted for
coupling to said transmitter and a receiving loop an-
tenna adapted for coupling to said receiver.

BACKGROUND OF THE INVENTION

An Electronic security system for the detection of
unauthorized removal of items from a store, library or
other facility is described in US-A-4 243980. Such a
known system is often employed in retail stores to
thwart shoplifting, and in libraries to prevent book
theft, and is based on the detection of a disturbance
in an electromagnetic or magnetic field established in
a zone of surveillance. A tag or target in the surveil-
lance zone causes the field disturbance. In those sys-
tems which employ a radio frequency electromagnet-
ic field, the tag is usually a resonant circuit sharply
tuned to produce an abrupt change in the electromag-
netic field when the frequency of the applied field
passes through the resonant frequency of the tag. In
systems providing a low frequency magneticfield, the
tag is typically a high permeability magnetic strip
which can abruptly saturate to cause an abrupt
change in the magnetic field.

A transmitter and associated antenna provides
the electromagnetic or magnetic field in a surveil-
lance zone, and a receiver and associated antenna is
operative to detect the presence of the tag as deter-
mined by the sensible change in the interrogation
field. Upon such detection, an alarm is sounded or
other output alarm indication provided.

A preferred electronic security system for the de-
tection of resonant tag circuits is described in U.S. Pa-
tents Nos. 3,810,147; 3,863,244; and 3,967,161. In
the system of these patents, an electromagnetic field
is provided which is repetitively swept over a prede-
termined frequency range, the resonant tag having at
least one resonant frequency within the swept fre-
quency range. Each time the field passes or sweeps
through the resonant frequency of the tag, an abrupt
change in the field occurs which is sensed to produce
an alarm output.

Magnetic systems are similarly operative and are
shown for example in U.S. Patents Nos. 3,665,449
and 3,747,086.

In electronic security systems such as those de-
scribed above, two loop antennas are usually em-
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ployed, one for transmitting and one for receiving.
The transmitting loop antenna generates an electro-
magnetic field which extends far beyond the immedi-
ate area of the security system necessary for system
operation. In addition, the receiving antenna is sensi-
tive to external noise generated at great distances
from the receiver relative to the small area of interest
to system operation.

An antenna system is described in U.S. Patent
No. 4,016,553 in which the inherent problems of a
simple loop antenna in an electronic security system
are minimized by use of two or more identical parallel
loop antennas connected in phase opposition or
bucking relationship. The antenna system comprises
a cluster of at least two parallel electrically conductive
loops of similar size connected in phase opposition so
that current always flows in mutually opposite direc-
tions through corresponding portions of each loop. As
a result, the loops are magnetically arranged in a
bucking relationship. The length of and spacing be-
tween the loops is small compared to the wavelength
of the transmitted or received signals and is disclosed
to be typically one tenth of the wavelength. The spac-
ing between the parallel loops is an appreciable frac-
tion, for example one fourth, of the width of the egress
passage through which a detectable resonant circuit
must pass in a security installation. A separate anten-
na cluster composed of phase opposed parallel loops
can be connected to the respective transmitter and
receiver of the system, or a single antenna cluster can
be employed with both the transmitter and receiver.
At distances large compared to the dimensions of the
transmitting antenna, the generated electromagnetic
waves are cancelled by reason of the phase opposed
loop connection. At short distances between the re-
ceiving and transmitting antennas, the signals in ad-
jacent parallel antenna conductors do not cancel, re-
sulting in a net detectable signal. Electromagnetic
waves incident on the receiving antenna from distanc-
es large compared to the antenna dimensions do not
provide a sensible antenna signal, but electromagnet-
ic waves from sources close to the antenna are
sensed to provide a receiving antenna signal.

Thus the antenna system described in U.S. Pa-
tent No. 4,016,553 provides an electromagnetic field
in an interrogation region while preventing high inten-
sity fields from occurring outside of the interrogation
region. This antenna system also provides detection
of selected electromagnetic fields originating in the
interrogation region from a resonant circuit while
avoiding detection of fields originating from outside of
the interrogation region.

The antenna system described in the aforesaid
U.S. Patent No. 4,016,553 suffers several disadvan-
tages in practice. The bucking loop antennas must be
separated by a significant distance relative to the dis-
tance between the transmitting antenna cluster and
receiving antenna cluster. Moreover, the bucking loop
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antennas must be carefully aligned and balanced for
optimum effect. The loops of an antenna cluster are
typically spaced apart from each other by a distance
corresponding to one fourth the distance across the
egress passage. The size of the antenna cluster can
become cumbersome for passage widths of conve-
niently large dimension. For example, for a passage
width of 1,8288 m (six feet), the antenna cluster must
be sufficiently large to accommodate a loop spacing
of 0,4572 m (eighteen inches).

An improved antenna system for use with an
electronic system for the detection of resonant tag cir-
cuits is the subject of U.S. Patent No. 4,243,980 of the
same inventor as herein, and comprises a pair of sub-
stantially identical planar multiple loop antennas re-
spectively connected to the transmitter and receiver
of the security system and providing an electromag-
netic field of high intensity in the interrogation region
of the system while preventing high intensity fields at
distances outside of the interrogation region which
are large in comparison to the antenna dimensions.
The antenna system also discriminates against inter-
fering signals originating outside of the interrogation
region at distances large compared with the antenna
dimensions. Each planar antenna includes two or
more loops lying in a common plane, with each loop
being twisted 180° with respect to each adjacent loop
to be in phase opposition. The transmitting antenna
and receiving antenna are symmetrical, that is, iden-
tical or nearly so with respect to the number and size
of the two or more loops, and are cooperative in that
twisted loops of the receiving antenna reverse or de-
code the adjacent phase relationships of the twisted
loops of the transmitting antenna. For each antenna,
the total loop area of one phase is equal to the total
loop area of the opposite phase in order to minimize
the magnetic field generated by the transmitter at dis-
tances large compared to the dimensions of the an-
tenna and in order to reject noise at the receiving an-
tenna which is generated at distances large compared
to the dimensions of the receiving antenna. The an-
tenna system is also effective to provide higher reso-
nant tag detection sensitivity than conventional loop
antennas.

A further improved antenna system is described
in U.S. Patent No. 4,260,990 of the same inventor as
herein, in which the two cooperating planar antennas
are not symmetrical to each other. The transmitting
antenna can be a single loop planar antenna while the
receiving antenna can include two or more loops lying
in a common plane with each loop being twisted 180°
with respect to each adjacent loop. Alternatively, the
transmitting antenna can have two planar loops and
the receiving antenna three planar loops, the loops of
each antenna lying in a common plane with each loop
being twisted 180° with respect to each adjacent loop
to be in phase opposition.

The antenna systems of the ‘980 and '990 pa-
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tents are effective to reject radio frequency interfer-
ence generated by magnetic fields at distances from
the antenna large compared to the antenna dimen-
sions. However, such antennas are still susceptible to
electrical noise which is coupled capacitively to the
antenna.

An antenna system is the subject of U.S. Patent
No. 4,251,808, of the same inventor, which is not sen-
sitive to capacitively coupled noise and which enjoys
the advantages of electromagnetic noise rejection as
in the systems of the ‘980 and '990 patents. In the an-
tenna system of U.S. Patent No. 4,251,808, each mul-
tiple loop planar antenna is substantially enclosed
within a conductive shield to substantially eliminate
capacitive coupling of noise to the antenna. Each mul-
tiple loop antenna is enclosed within a metal or other
conductive shield which is grounded to provide a
shorted turn around the periphery of the multiple loop
antenna. The crosswires of the twisted loops are en-
closed within a shield portion which is electrically
separated from the shorted turn so that no electrical
current path is provided through the crossover shield
portion. The antenna is totally shielded from capaci-
tive coupling to external sources of noise or spurious
signals. If the antenna is perfectly balanced, no cur-
rents flow in the shorted turn of the shield since no
net voltages are induced into the shield by the anten-
na magnetic field. If there is a small unbalance in the
multiple loop antenna such that a voltage is induced
into the shorted turn of the shield, the current flowing
in the shield loop tends to cancel out the magnetic un-
balance, and thus the shorted shield loop automati-
cally corrects for small unbalances in the multiple
loop antenna and reduces the magnetic fields exter-
nal to the loop at distances outside of the interroga-
tion region.

SUMMARY OF THE INVENTION

The antenna system of the present invention pro-
vides a magnetic field which is substantially zero at
distances large compared to the dimensions of the
antenna, and has magnetic coupling between the
transmitting and receiving antennas which can be
readily predetermined by varying the relative sizes of
the antenna loops. The size and shape of the detec-
tion pattern can also be readily predetermined by
varying the relative sizes of the antenna loops. In one
preferred embodiment, the transmitting and receiving
antennas each comprise three magneticloops lying in
a single plane, the center loop having a magnetic
phase which is in phase opposition to that of the upper
and lower loops. The sum of the three magnetic di-
poles is equal to zero to provide a net magnetic field
as seen from distances large compared to the anten-
na dimension, which is substantially zero. In one pre-
ferred embodiment, the upper and lower loops each
have two turns of wire around the same area, and the
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center loop has a single turn of wire. The loops are
connected in series such that current around all loops
is equal. The area of the center loop is two-thirds of
the total loop area, and the area of each upper and
lower loop is one-sixth of the total loop area.

Each antenna is substantially symmetrical about
a centerline through the middle loop, and the antenna
is driven at the centerline of the loop such that the
magnetic field caused by the opposite symmetrical
sections of the antenna is in phase opposition and
cause substantially cancellation of the magnetic field
at distances large compared to the dimensions of the
antenna. Alternatively, the antenna can be driven at
an end of one of the outer loops. The number of turns
of the center loop is different from the number of turns
of the two outer loops. The ratio of the number of
turns of the center loop to that of the outer loops, and
the ratio of the area of the center loop to that of the
outer loops is determined to provide an intended net
magnetic coupling between the transmitting and re-
ceiving antennas and a net magnetic field of zero at
large distances. The antenna system can thereby be
easily tailored to suit specific installations to permit
intended coupling of a carrier signal from the trans-
mitting to the receiving antenna and to provide an in-
tended spacing between the transmitting and receiv-
ing antennas.

The invention can also be embodied in a shielded
antenna version which can be either end driven or
center driven, and in which the antenna is enclosed
in a conductive pipe or tube which serves as a Fara-
day shield against electrostatic and capacitive fields.

Although preferably the transmitting and receiv-
ing antennas are of the same configuration, each em-
bodying the principles of the invention, it is not nec-
essary that they be identical. The receiving antenna
should be constructed in accordance with the inven-
tion. The transmitting antenna can be of other config-
urations, such as a single loop, or of the types shown
in the aforesaid patents 4,243,980; 4,260,990; and
4,251,808.

DESCRIPTION OF THE DRAWINGS

The invention will be more fully understood from
the following detailed description taken in conjunction
with the accompanying drawings, in which:

Fig. 1 is a diagrammatic representation of an

electronic security system in which the antenna

system of the present invention can be employed;

Fig. 2 is a diagrammatic representation of an an-

tenna system in accordance with the invention;

Fig. 3 is a schematic diagram useful inillustrating

principles of operation of the embodiment of Fig.

2

Fig. 4 is a schematic diagram illustrating princi-

ples of operation of an antenna in accordance

with the invention;

10

15

20

25

30

35

40

45

50

55

Fig. 5 is a diagrammatic representation of an al-
ternative embodiment of the invention illustrating
certain impedance relationships;

Fig. 6 is a diagrammatic representation of the em-
bodiment of Fig. 5 connected to a transmitter or
receiver;

Fig. 7 is a diagrammatic representation of an em-
bodiment of the invention similar to that of Fig. 6
and of shielded construction; and

Fig. 8 is a diagrammatic representation of an em-
bodiment similar to that of Fig. 2 and of shielded
construction.

DETAILED DESCRIPTION OF THE INVENTION

Referring to Fig. 1, there is shown an electronic
security system in which a transmitter 10 is coupled
to an antenna 12 which provides a low frequency or
radio frequency magnetic field in an interrogation
zone which is the predetermined area to be controlled
for security purposes. A separate receiving antenna
14 is operative to sense the magnetic field and pro-
vide a signal to a receiver 16, the output of which is
coupled in turn to a band pass filter 18, amplifier 20,
signal discrimination circuitry 22, and alarm 24. The
band pass filter 18 is operative to pass only the in-
tended frequency band and to remove the frequency
components generated by the transmitter and high
frequency noise. The amplifier 20 is typically a video
amplifier operative to pass the signal from filter 18.
The signal discrimination circuitry 22 includes noise
rejection circuitry operative to discriminate between
actual tag signals and spurious signals which could
be falsely detected as a tag and therefore cause a
false alarm.

The system can be implemented for detection of
a tag 13 which is either a magnetic strip or other mag-
netic sensible element or a sensible resonant circuit.
In systems for detection of a magnetic tag, the trans-
mitter 10 generates a low frequency magnetic field
via the antenna 12. The tag 13 is typically a high per-
meability magnetic strip which is capable of abrupt
saturation to cause an abrupt change in the magnetic
field. For systems in which the sensible tag 13 is a
resonant circuit, the transmitter 10 and associated
antenna 12 provide a radio frequency field for inter-
rogation of the resonant circuit. The resonant circuit
is sharply tuned to produce an abrupt change in the
electromagnetic field when the frequency of the
transmitter passes through the resonant frequency of
the circuit. In either case, the abrupt change in the
field caused by the resonant circuit or by the magnetic
element is sensed by antenna 14 and receiver 16 to
provide an output signal. This output signal is proc-
essed by the band pass filter, amplifier and signal dis-
crimination circuitry to distinguish real tag signals
from noise and other spurious signals, and if a real
signal is detected, the alarm 24 is actuated.
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The improved antenna in accordance with this in-
vention, which is employed in the system of Fig. 1 for
each of the transmitting and receiving antennas, is il-
lustrated in one embodiment in Fig. 2. The antenna
comprises three magnetic loops constructed in a sin-
gle plane and of generally rectangular shape. The
center loop 32 is in phase opposition to that of the out-
er loops 30 and 34. The upper and lower loops 30 and
34 each have, in the illustrated embodiment, two
turns of wire around the same size area, while the
center loop 32 has a single turn of wire around an area
which is two-thirds the total loop area of the antenna.
The loop area of both the upper and lower loops is
equal to one-third of the total loop area. The antenna
is symmetrical about a vertical centerline 45 and a
horizontal centerline 36 through the middle loop 32.
The loops are connected in series such that the cur-
rent around all loops is equal.

The antenna generates three magnetic dipoles
asillustrated in Fig. 3. Each magnetic dipole is afunc-
tion of the number of turns of that loop, the current
through the loop, and the area. The net magnetic di-
pole at large distances is zero. The magnetic phase
of the upper and lower dipoles is in phase opposition
to that of the center dipole, and the sum of the three
magnetic dipoles is made equal to zero. Thus, the net
magnetic field, seen from distances large compared
to the dimensions of the antenna, is equal to zero.
This situation is illustrated in Fig. 4. Atlarge distances
from the antenna, depicted by point B, the distances
d4, ds and dg are approximately equal, and the net
field at point B is zero or approximately zero. How-
ever, at a distance close to the antenna, depicted by
point A, the distances d,, d, and d; are not equal to
each other, and thus the net magnetic field at close
distances to the antenna system is not zero.

In the embodiment of Fig. 2, the lower loop 34 is
coupled to a transmitter when used for transmission
purposes, and is coupled to a receiver when used for
reception purposes. Of course, either end of the an-
tenna can be coupled to a transmitter or receiver. For
convenience, the antennas are often described here-
in as transmitting antennas providing certain near
field and far field relationships. By the well-known
principles of superposition, it is understood that the
antenna used for receiving is similarly operable.

The antenna of Fig. 2 has each loop of the same
width W, thus the area of each loop is proportional to
the vertical height of the loop. The magnetic dipole
generated by each loop is proportional to the area of
the loop multiplied by the number of turns of wire
around the loop. In the illustrated implementation of
Fig. 2 in which the center loop 32 has a single turn of
wire, and each outer loop 30 and 34 has two turns of
wire, and the height of each outer loop 30 and 34 is
one-sixth of the total antenna height, and the height
of the center loop 32 is two-thirds of the total antenna
height, the dipoles are h/6 for each outer loop, and
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2h/3 for the center loop. The term h is the total anten-
na height. If the outer loop has three turns, the outer
loop dipoles are h/8, and the center loop dipole is
3h/4. If it is desired to increase the number turns for
the entire antenna, then all turns for each loop can be
multiplied by the same factor. The relative strength of
the magnetic dipoles can thus be tailored to the spe-
cific installation requirements by selection of the rel-
ative loop areas and relative number of turns of the
center and outer loops.

In the antenna of this invention, the sizes of the
three loops can be adjusted to generate a net magnet-
ic field of zero as seen from a distance, and net mag-
netic field of predetermined value at small distances.
The size of the center loop can be made arbitrarily
large compared to the outer loops so long as the ratio
of the height and number of turns for each loop meets
the criteria as described and as depicted in Fig. 2. As
the size of the center loop is increased, the net cou-
pling between the transmitting and receiving anten-
nas increases and the net cancellation of magnetic
coupling between the antennas is reduced. Thus, by
increasing the size of the center loop, it is possible for
the same size antenna and same transmitter antenna
current to couple a greater carrier signal into the re-
ceiving antenna. This permits a greater spacing be-
tween the transmitting and receiving antennas, which
is of importance in the electronic security system in
which the antenna system is employed. Moreover, the
prime detection area in the security system is the cen-
ter section or loop of the antenna. Therefore, as the
detection area is enlarged, the performance of the
system is improved. Thus, the antenna, according to
the presentinvention, can be implemented in embodi-
ments to suit the specific installation needs to control
the net magnetic coupling between the transmitting
and receiving antennas and provide a zero net mag-
netic field at large distances. The versatility of the
present antenna system is especially important in
electronic security systems. Since the coupling be-
tween transmitting and receiving antennas can be
readily adjusted, the detection pattern between the
antennas can be selected in accordance with the
spacing desired between the transmitting and receiv-
ing antennas, and in accordance with the net magnet-
ic coupling required to introduce a carrier signal of in-
tended strength into the receiver to overcome internal
and external noise coupled into the receiver from the
antenna system.

In the antenna illustrated in Fig. 2, the antenna
terminals are at the bottom of the antenna. Of course,
the terminals could alternatively be at the top of the
antenna. In any case, in this embodiment the antenna
is coupled to the transmitter or receiver at an end.
Since the dimensions of the antenna may be relative-
ly large compared to the wavelength of the transmit-
ter, there may be a significant phase shift from the
point at which the antenna is driven (at one end) to the
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point furthest away from the driving point. In this case
the currents through the three loops would not be in
phase and the net magnetic moment generated by the
three loops would not be zero. In the embodiment of
Figs. 5 and 6, the antenna is coupled to a transmitter
or receiver 38 at its center to provide a precisely bal-
anced antenna structure.

Referring to Figs. 5 and 6, the center loop has two
equal loops symmetrical about a centerline. The cur-
rent |, is equal to |,, and |; is equal to l;. Thus, the net
current at the crossover is zero and the crossover has
no effect on the system. The impedance Z,; looking
into the upper half of the antenna is identical to the im-
pedance Z,, looking into the lower half of the antenna.
If both halves of the antenna are driven in parallel (as
shown in Fig. 6), the net impedance of the antenna
will be one-half of Z45. If the antenna were driven from
the end (as shown in Fig. 2), the impedance Z3 would
appear in series with the impedance Z,,, and the net
impedance of the antenna would be two times Z;;
Thus, it can be seen that when the antenna is driven
at the center, the antenna impedance is one-quarter
the value when the antenna is driven from one end.
The two symmetrical sections of the antenna are driv-
en in parallel such that the currents in the crossover
39 cancel. This antenna has the unusual aspect of be-
ing formed of a continuous wire which is shorted to it-
self.

A further embodiment is shown in Fig. 7 and is a
center driven antenna similar to that of Fig. 6. In the
embodiment of Fig. 7, the antenna is symmetrically
enclosed in a conductive pipe, tube or other enclo-
sure in order to act as a Faraday shield against elec-
trostatic and capacitive fields. The shields 40 and 42
are symmetric about a centerline 45 perpendicular
with the horizontal centerline are isolated from each
other and are each symmetrically grounded to the
common ground point of the transmitter or receiver of
the system at the center of each shield. Since the
magnetic dipole of each antenna is perfectly bal-
anced, it is also possible to provide a totally shorted
ground turn around the entire antenna as illustrated
in the ‘808 patent. In this latter case, the shields 40
and 42 would be continuous around the periphery of
the antenna, and isolated at points 44 as in Fig. 7.

Fig. 8 shows an embodiment of the antenna
which is end driven and which includes a shield com-
posed of tubes 46 and 48. In this embodiment, the
shield is grounded at one end to the common ground
point of the transmitter or receiver 38.

The invention is not to be limited by what has
been particularly shown and described except as in-
dicated in the appended claims.

Claims

1. Electronic security system having a transmitter
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10

(10) for providing in a surveillance zone an elec-
tromagnetic field of a frequency which is repeti-
tively swept over a predetermined frequency
range, a resonant tag (13) with at least one reso-
nant frequency within the said swept frequency
range, a receiver (16) for detecting the presence
of said resonant tag in the surveillance zone and
to provide an alarm indication thereof, and an an-
tenna system (12,14) comprising

a transmitting loop antenna (12) adapted
for coupling to said transmitter, and

a receiving loop antenna (14) adapted for
coupling to said receiver, characterised in that

said transmitting loop antenna (12) being
substantially symmetrical about a geometric cen-
ter dividing the antenna into two sections, both
sections of said antenna being driven by said
transmitter (10) at the geometric center such that
the magnetic field caused by the opposite sym-
metrical sections of said antenna are in phase op-
position and substantially cause cancellation of
the magnetic field at distances large compared to
the dimensions of the antenna.

Electronic security system of claim 1 wherein
said receiving antenna (14) is substantially iden-
tical to said transmitting antenna (12).

Electronic security system of claim 2 wherein
said receiver (16) is coupled to said receiving an-
tenna (14) at the geometric center (45) of the
symmetrical sections of said receiving antenna.

Electronic security system of claim 2 wherein the
receiving loop antenna (14) is substantially elec-
trostatically shielded by enclosing the current
carrying members of said antenna in an electri-
cally conductive closed surface (40,42;46,48)
said conductive surface being split in at least two
places so that the split lines are at right angles to
the line of symmetry of the loop antenna sec-
tions.

Electronic security system of claim 4 wherein the
shield (40,42;46,48) is symmetrical about the
same line of symmetry as the loop antenna.

Electronic security system of claim 4 wherein
both sections of said shield (40,42;46,48) are
grounded together and to the receiver (16)
ground at a point substantially on the line of sym-
metry of said loop antenna (14).

Electronic security system of claim 2 wherein
said antenna (14) has three twisted loops
(30,32,34) lying in a common plane, each loop be-
ing in phase opposition with each adjacent loop
and the sum of the number of turns in each of the
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outer loops (30,34) times the area of each of the
outer loops is equal to the total area of the center
loop (32) multiplied by the number of turns of the
center loop.

Electronic security system of claim 7 wherein the
antenna (12;14) is substantially electrostatically
shielded by enclosing the current carrying mem-
bers of said antenna in a closed electrically con-
ductive surface (40,42;46,48).

Electronic security system of claim 8 wherein the
conductive surface of the shield (40,42,46,48) is
split in at least two places, each split providing
two pieces of substantially equal lengths, where-
in the split lines of the shield are at a right angle
with respect to the line of symmetry of said anten-
na.

Electronic security system of claim 8 wherein the
electrostatic shield (40,42;46,48) is symmetrical
about the same line of symmetry as the loop an-
tenna.

Electronic security system of claim 1 wherein the
transmitting loop antenna (12) is substantially
electrostatically shielded by enclosing the cur-
rent carrying members of said antenna in an elec-
trically conductive closed surface, (40,42;46,48)
said conductive surface being split in at least two
places so that the split lines are at right angles to
the line of symmetry of the loop antenna sections
forming opposing shield members symmetrical
about the split lines.

Electronic security system of claim 11 wherein
the shield (40,42;46,48) is symmetrical about the
same line of symmetry as the loop antenna.

Electronic security system of claim 11 wherein
both sections of said shield (40,42;46,48) are
grounded together and to the transmitter (10)
ground at a point substantially on the line of sym-
metry of said loop antenna (12).

Electronic security system of claim 1 wherein
said antenna (12) are three twisted loops
(30,32,34) lying in a common plane, each loop be-
ing in phase opposition with each adjacent loop
and the sum of the number of turns in each of the
outer loops (30,34) times the area of each of the
outer loops is equal to the total area of the center
loop (32) multiplied by the number of turns of the
center loop.

Electronic security system of claim 14 wherein
the antenna (12;14) is substantially electrostati-
cally shielded by enclosing the current carrying
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16.

17.

18.

19.

20.

21,

22,

12

members of said antenna in a closed electrically
conductive surface (40,42;46,48).

Electronic security system of claim 15 wherein
the conductive surface of the shield
(40,42;46,48) is split in at least two places, each
split providing two pieces of substantially equal
lengths, wherein the split lines of the shield are at
a right angle with respect to the line of symmetry
of said antenna.

Electronic security system of claim 15 wherein
the electrostatic shield (40,42;46,48) is symmet-
rical about the same line of symmetry as the loop
antenna.

Electronic security system of claim 15 wherein
the electrostatic shield (40,42;46,48) is symmet-
rical about a line of symmetry which is at right an-
gles to the line of symmetry of the loop antenna.

Electronic security system having a transmitter
(10) for producing a magnetic field in a surveil-
lance zone, a receiver (16) for detecting distur-
bances to said magnetic field, a device (13) which
can cause disturbances to said magnetic field,
and an antenna system (12;14) comprising

a transmitting loop antenna (12) adapted
for coupling to said transmitter, and

a receiving loop antenna (14) adapted for
coupling to said receiver, characterised in that

said transmitting loop antenna (12) being
substantially symmetrical about a geometric cen-
ter of the loop antenna dividing the antenna into
two sections, both sections of said antenna being
driven by said transmitter (10) at the geometric
center such that the magnetic field caused by the
opposite symmetrical sections of said antenna
are in phase opposition and substantially cause
cancellation of the magnetic field at distances
large compared to the dimensions of the antenna.

Electronic security system of claim 19 in which
said receiving antenna (16) is substantially iden-
tical to said transmitting antenna (12).

Electronic security system of claim 20 wherein
said receiver (16) is coupled to said receiving an-
tenna (14) at the geometric center (45) of the
symmetrical sections of said receiving antenna.

Electronic security system of claim 20 wherein
the receiving loop antenna (14) is substantially
electrostatically shielded by enclosing the cur-
rent carrying members of said antenna in an elec-
trically conductive closed surface, (40,42;46,48)
said conductive surface being split in at least two
places so that the split lines are at right angles to
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the line of symmetry of the loop antenna sec-
tions.

Electronic security system of claim 22 wherein
the shield (40,42;46,48) is symmetrical about the
same line of symmetry as the loop antenna.

Electronic security system of claim 22 wherein
both sections of said shield (40,42;46,48) are
grounded together and to the receiver (16)
ground at a point substantially on the line of sym-
metry of said loop antenna.

Electronic security system of claim 20 wherein
said antenna (12;14) has three twisted loops
(30,32,34) lying in a common plane, each loop be-
ing in phase opposition with each adjacent loop
and the sum of the number of turns in each of the
outer loops (30,34) times the area of each of the
outer loops is equal to the total area of the center
loop (32) multipled by the number of turns of the
center loop.

Electronic security system of claim 25 wherein
the antenna (12;14) is substantially electrostati-
cally shielded by enclosing the current carrying
members of said antenna in a closed electrically
conductive surface (40,42;46,48).

Electronic security system of claim 26 wherein
the antenna (12;14) is substantially electrostati-
cally shielded by enclosing the current carrying
members of said antenna in a closed electrically
conductive surface (40,42;48,48).

Electronic security system of claim 27 wherein
the conductive surface of the shield
(40,42;46,48) is split in at least two places so that
the split lines of the shield are at a right angle with
respect to the line of symmetry of said antenna.

Electronic security system of claim 28 wherein
the conductive surface of the shield
(40,42;46,48) is split in at least two places so that
the split lines of the shield are at a right angle with
respect to the line of symmetry of said antenna.

Electronic security system of claim 27 wherein
the electrostatic shield is symmetrical about the
same line of symmetry as the loop antenna.

Electronic security system of claim 20 wherein
said antenna (14) is composed of a multitude of
twisted loops (30,32,34) lying in a common plane,
each loop being in phase opposition with each
adjacent loop, and the sum of the number of turns
of each loop times the area of that loop of all said
loops in one phase being equal to the sum of the
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number of turns of each loop times the area of
that loop of all said loops of opposite phase.

Electronic security system of claim 19 wherein
the transmitting loop antenna (12) is substantially
electrostatically shielded by enclosing the cur-
rent carrying members of said antenna in an elec-
trically conductive closed surface, (40,42;46,48)
said conductive surface being split in at least two
places so that the split lines are at right angles to
the line of symmetry of the loop antenna sections
forming opposing shield members symmetrical
about the split lines.

Electronic security system of claim 32 wherein
the shield (40,42,46,48) is symmetrical about the
same line of symmetry as the loop antenna.

Electronic security system of claim 19 wherein
said antenna (12;14) has three twisted loop
(30,32,34) lying in a common plane, each loop be-
ing in phase opposition with each adjacent loop
and the sum of the number of turns in each of the
outer loops (30,34) times the area of each of the
outer loops is equal to the total area of the center
loop (32) multiplied by the number of turns of the
center loop.

Electronic security system of claim 19 wherein
said antenna (12) is composed of a multitude of
twisted loops (30,32,34) lying in a common plane,
each loop being in phase opposition with each
adjacent loop, and the sum of the number of turns
of each loop times the area of that loop of all said
loops in one phase being equal to the sum of the
number of turns of each loop times the area of
that loop of all said loops of opposite phase.

Patentanspriiche

1.

Elektronisches Sicherheitssystem, das einen
Sender (10) hat, zum Vorsehen eines elektroma-
gnetischen Felds von einer Frequenz, welche
wiederholt iber einen vorbestimmten Frequenz-
bereich gewobbelt wird, in einer Uberwachungs-
zone, sowie eine resonante Markierung (13) mit
wenigstens einer Resonanzfrequenz innerhalb
des gewobbelten Frequenzbereichs, einen Emp-
fanger (16) zum Detektieren des Vorhandenseins
der resonanten Markierung in der Uberwa-
chungszone und zum Vorsehen einer Alarmanga-
be hiervon, und ein Antennensystem (12, 14),
umfassend

eine sendende Schleifenantenne (12), die
zum Ankoppeln an den Sender geeignet ist, und

eine empfangende Schleifenantenne (14),
die zum Ankoppeln an den Empfanger geeignet
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ist, dadurch gekennzeichnet, da

die sendende Schleifenantenne (12) im
wesentlichen symmetrisch um ein geometri-
sches Zentrum ist, welches die Antenne in zwei
Abschnitte unterteilt, wobei beide Abschnitte der
Antenne mittels des Senders (10) an dem geo-
metrischen Zentrum derart betrieben werden,
daf die durch die entgegengesetzten symmetri-
schen Abschnitte der Antenne bewirkten magne-
tischen Felder gegenphasig sind, und im wesent-
lichen eine Aufhebung des magnetischen Felds
in Entfernungen bewirken, die verglichen mit den
Dimensionen der Antenne, groR sind.

Elektronisches Sicherheitssystem des An-
spruchs 1, worin die empfangende Antenne (14)
im wesentlichen identisch mit der sendenden An-
tenne (12) ist.

Elektronisches Sicherheitssystem des An-
spruchs 2, worin der Empfénger (16) an die emp-
fangende Antenne (14) an der geometrischen
Mitte (45) der symmetrischen Abschnitte der
empfangenden Antenne angekoppelt ist.

Elektronisches Sicherheitssystem des An-
spruchs 2, worin die empfangende Schleifenan-
tenne (14) durch EinschlieRen der stromfiihren-
den Teile der Antenne in einer elektrisch leitfahi-
gen geschlossenen Flache (40, 42; 46, 48) im we-
sentlichen elektrostatisch abgeschirmt ist, wobei
die leitfahige Flache in wenigstens zwei Orten so
gespalten ist, dal die Spaltlinien unter rechten
Winkeln zu der Symmetrielinie der Schleifenan-
tennenabschnitte sind.

Elektronisches Sicherheitssystem des An-
spruchs 4, worin die Abschirmung (40, 42; 46, 48)
symmetrisch um die gleiche Symmetrielinie wie
die Schleifenantenne ist.

Elektronisches Sicherheitssystem des An-
spruchs 4, worin beide Abschnitte der Abschir-
mung (40, 42; 46, 48) miteinander und mit der
Empénger(16)-Erde an einem Punkt im wesent-
lichen auf der Symmetrielinie der Schleifenan-
tenne (14) geerdet sind.

Elektronisches Sicherheitssystem des An-
spruchs 2, worin die Antenne (14) drei verdrehte
Schleife (30, 32, 34) hat, die in einer gemeinsa-
men Ebene liegen, wobei jede Schleife in Gegen-
phase mit jeder benachbarten Schleife ist und die
Summe aus der Anzahl von Windungen in jeder
der duleren Schleifen (30, 34) mal der Flache
von jeder der duReren Schleifen gleich der Ge-
samtflache der mittigen Schleife (32), multipli-
ziert mit der Anzahl von Windungen der mittigen
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Schleife ist.

Elektronisches Sicherheitssystem des An-
spruchs 7, worin die Antenne (12; 14) durch Ein-
schlielen der stromfiihrenden Teile der Antenne
in einer geschlossenen elektrisch leitfahigen Fl&-
che (40, 42; 46, 48) im wesentlichen elektrosta-
tisch abgeschirmt ist.

Elektronisches Sicherheitssystem des An-
spruchs 8, worin die leitfahige Flache der Ab-
schirmung (40, 42; 46, 48) in wenigstens zwei Or-
ten gespalten ist, wobei jede Spaltung zwei Teile
von im wesentlichen gleichen Léngen vorsieht,
worin die Spaltlinien der Abschirmung unter
rechtem Winkel mit Bezug auf die Symmetrielinie
der Antenne sind.

Elektronisches Sicherheitssystem des An-
spruchs 8, worin die elektrostatische Abschir-
mung (40, 42; 46, 48) symmetrisch um die glei-
che Symmetrielinie wie die Schleifenantenne ist.

Elektronisches Sicherheitssystem des An-
spruchs 1, worin die sendende Schleifenantenne
(12) durch EinschlieRen der stromfiihrenden Tei-
le der Antenne in einer elektrisch leitfahigen ge-
schlossenen Flache (40, 42; 46, 48) im wesentli-
chen elektrostatisch abgeschirmt ist, wobei die
leitfahige Flache in wenigstens zwei Orten so ge-
spalten ist, da® die Spaltlinien unter rechten Win-
keln zu der Symmetrielinie der Schleifenanten-
nenabschnitte sind, wobei sie gegeniiberliegen-
de Abschirmungsteile bilden, die symmetrisch
um die Spaltlinien sind.

Elektronisches Sicherheitssystem des An-
spruchs 11, worin die Abschirmung (40, 42; 46,
48) symmetrisch um die gleiche Symmetrielinie
wie die Schleifenantenne ist.

Elektronisches Sicherheitssystem des An-
spruchs 11, worin beide Abschnitte der Abschir-
mung (40, 42; 46, 48) miteinander und mit der
Sender(10)-Erde an einem Punkt im wesentli-
chen auf der Symmetrielinie der Schleifenanten-
ne (12) geerdet sind.

Elektronisches Sicherheitssystem des An-
spruchs 1, worin die Antenne (12) drei verdrehte
Schleifen (30, 32, 34) sind, die in einer gemein-
samen Ebene liegen, wobei jede Schleife
gegenphasig zu jeder benachbarten Schieife ist
und die Summe aus der Anzahl von Windungen
in jeder der duBeren Schleifen (30, 34) mal der
Flache von jeder der &uBeren Schleifen gleich
der Gesamtfldche der mittigen Schleife (32),
multipliziert mit der Anzahl der Windungen der
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mittigen Schleife, ist.

Elektronisches Sicherheitssystem des An-
spruchs 14, worin die Antenne (12; 14) durch Ein-
schliessen der stromfiihrenden Teile der Antenne
in einer geschlossenen elektrisch leitfahigen Fl&-
che (40, 42; 46, 48) im wesentlichen elektrosta-
tisch abgeschirmt ist.

Elektronisches Sicherheitssystem des An-
spruchs 15, worin die leitfédhige Fladche der Ab-
schirmung (40, 42; 46, 48) in wenigstens zwei Or-
ten gespalten ist, wobei jede Spaltung zwei Teile
von im wesentlichen gleichen L&ngen vorsieht,
worin die Spaltlinien der Abschirmung unter ei-
nem rechten Winkel mit Bezug auf die Symme-
trielinie der Antenne sind.

Elektronisches Sicherheitssystem des An-
spruchs 15, worin die elektrostatische Abschir-
mung (40, 42; 46, 48) symmetrisch um die glei-
che Symmetrielinie wie die Schleifenantenne ist.

Elektronisches Sicherheitssystem des An-
spruchs 15, worin die elektrostatische Abschir-
mung (40, 42; 46, 48) symmetrisch um eine Sym-
metrielinie ist, welche unter rechten Winkeln zu
der Symmetrielinie der Schleifenantenne ist.

Elektronisches Sicherheitssystem, das einen
Sender (10) zum Erzeugen eines magnetischen
Felds in einer Uberwachungszone, einen Emp-
fanger (16) zum Detektieren von Stérungen des
magnetischen Felds, eine Einrichtung (13), wel-
che Stdrungen in dem magnetischen Feld bewir-
ken kann, und ein Antennensystem (12; 14) hat,
umfassend

eine sendende Schleifenantenne (12), die
zur Ankopplung an den Sender geeignet ist, und

eine empfangende Schleifenantenne (14)
die zur Ankopplung an den Empfanger geeignet
ist, dadurch gekennzeichnet, da

die sendende Schleifenantenne (12) im
wesentlichen symmetrisch um eine geometri-
sche Mitte der Schleifenantenne ist, welche die
Antenne in zwei Abschnitte unterteilt, wobei bei-
de Abschnitte der Antenne mittels des Senders
(10) an der geometrischen Mitte derart betrieben
werden, dal die durch die entgegengesetzten
symmetrischen Abschnitte der Antenne bewirk-
ten magnetischen Felder gegenphasig sind und
im wesentlichen eine Aufhebung des magneti-
schen Felds in Entfernungen bewirken, die ver-
glichen mit den Dimensionen der Antenne, grof
sind.

Elektronisches Sicherheitssystem des An-
spruchs 19, worin die empfangende Antenne (16)
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im wesentlichen identisch mit der sendenden An-
tenne (12) ist.

Elektronisches Sicherheitssystem des An-
spruchs 20, worin der Empfénger (16) an die
empfangende Antenne (14) an der geometri-
schen Mitte (45) der symmetrischen Abschnitte
der empfangenden Antenne angekoppelt ist.

Elektronisches Sicherheitssystem des An-
spruchs 20, worin die empfangende Schleifenan-
tenne (14) durch EinschlieRen der stromfiihren-
den Teile der Antenne in einer elektrisch leitfahi-
gen geschlossenen Flache (40, 42; 46, 48) im we-
sentlichen elektrostatisch abgeschirmt ist, wobei
die leitfahige Flache in wenigstens zwei Orten so
gespalten ist, dal die Spaltlinien unter rechten
Winkeln zu der Symmetrielinie der Schleifenan-
tennenabschnitte sind.

Elektronisches Sicherheitssystem des An-
spruchs 22, worin die Abschirmung (40, 42; 46,
48) um die gleiche Symmetrielinie wie die Schlei-
fenantenne symmetrisch ist.

Elektronisches Sicherheitssystem des An-
spruchs 22, worin beide Abschnitte der Abschir-
mung (40, 42; 46, 48) miteinander und mit der
Empfanger(16)-Erde an einem Punkt im wesent-
lichen auf der Symmetrielinie der Schleifenan-
tenne geerdet sind.

Elektronisches Sicherheitssystem des An-
spruchs 20, worin die Antenne (12; 14) drei ver-
drehte Schleifen (30, 32, 34) hat, die in einer ge-
meinsamen Ebene liegen, wobei jede Schleife
gegenphasig zu jeder benachbarten Schieife ist
und die Summe der Anzahl von Windungen in je-
der der duBeren Schleifen (30, 34) mal der FlI3-
che von jeder der duferen Schleifen gleich der
Gesamtflache der mittigen Schleife (32), multi-
pliziert mit der Anzahl der Windungen der mitti-
gen Schleife, ist.

Elektronisches Sicherheitssystem des An-
spruchs 25, worin die Antenne (12; 14) durch Ein-
schlielen der stromfiihrenden Teile der Antenne
in einer geschlossenen elektrisch leitfahigen Fl&-
che (40, 42; 46, 48) im wesentlichen elektrosta-
tisch abgeschirmt ist.

Elektronisches Sicherheitssystem des An-
spruchs 26, worin die Antenne (12; 14) durch Ein-
schlielen der stromfiihrenden Teile der Antenne
in einer geschlossenen elektrisch leitfahigen Fl&-
che (40, 42; 46, 48) im wesentlichen elektrosta-
tisch abgeschirmt ist.
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Elektronisches Sicherheitssystem des An-
spruchs 27, worin die leitfédhige Fladche der Ab-
schirmung (40, 42; 46, 48) in wenigstens zwei Or-
ten so gespalten ist, dall die Spaltlinien der Ab-
schirmung unter einem rechten Winkel mit Bezug
auf die Symmetrielinie der Antenne sind.

Elektronisches Sicherheitssystem des An-
spruchs 28, worin die leitfédhige Fladche der Ab-
schirmung (40, 42; 46, 48) in wenigstens zwei Or-
ten so gespalten ist, dall die Spaltlinien der Ab-
schirmung unter einem rechten Winkel mit Bezug
auf die Symmetrielinie der Antenne sind.

Elektronisches Sicherheitssystem des An-
spruchs 27, worin die elektrostatische Abschir-
mung symmetrisch um die gleiche Symmetrieli-
nie wie die Schleifenantenne ist.

Elektronisches Sicherheitssystem des An-
spruchs 20, worin die Antenne (14) aus einer Viel-
heit von verdrehten Schleifen (30, 32, 34) zusam-
mengesetzt ist, die in einer gemeinsamen Ebene
liegen, wobei jede Schleife gegenphasig zu jeder
benachbarten Schleife ist, und die Summe der
Anzahl von Windungen von jeder Schleife mal
der Flache jener Schleife von allen Schleifen in
einer Phase gleich der Summe der Anzahl von
Windungen von jeder Schleife mal der Flache je-
ner Schleife von allen Schleifen von entgegenge-
setzter Phase ist.

Elektronisches Sicherheitssystem des An-
spruchs 19, worin die sendende Schleifenanten-
ne (12) durch EinschlieRen der stromfiihrenden
Teile der Antenne in einer elektrisch leitfahigen
geschlossenen Flache (40, 42; 46, 48) im we-
sentlichen elektrostatisch abgeschirmt ist, wobei
die leitfahige Flache in wenigstens zwei Orten so
gespalten ist, dal die Spaltlinien unter rechten
Winkeln zu der Symmetrielinie der Schleifenan-
tennenabschnitte sind, wobei sie entgegenge-
setzte Abschirmungsteile symmetrisch um die
Spaltlinien bilden.

Elektronisches Sicherheitssystem des An-
spruchs 32, worin die Abschirmung (40, 42; 46,
48) symmetrisch um die gleiche Symmetrielinie
wie die Schleifenantenne ist.

Elektronisches Sicherheitssystem des An-
spruchs 19, worin die Antenne (12; 14) drei ver-
drehte Schleifen (30, 32, 34) hat, die in einer ge-
meinsamen Ebene liegen, wobei jede Schleife
gegenphasig zu jeder benachbarten Schieife ist
und die Summe der Anzahl von Windungen in je-
der der duBeren Schleifen (30, 34) mal der Fl3-
che jeder der auBeren Schleifen gleich der Ge-
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samtflache der mittigen Schleife (32), multipli-
ziert mit der Anzahl der Windungen der mittigen
Schleife, ist.

Elektronisches Sicherheitssystem des An-
spruchs 19, worin die Antenne (12) aus einer Viel-
heit von verdrehten Schleifen (30, 32, 34) zusam-
mengesetzt ist, die in einer gemeinsamen Ebene
liegen, wobei jede Schleife gegenphasig zu jeder
benachbarten Schleife ist, und die Summe der
Anzahl von Windungen von jeder Schleife mal
der Flache jener Schleife von allen Schleifen in
einer Phase gleich der Summe der Anzahl von
Windungen von jeder Schleife mal der Flache je-
ner Schleife von allen Schleifen von entgegenge-
setzter Phase ist.

Revendications

Ensemble électronique de sécurité, comprenant
un émetteur (10) destiné a créer, dans une zone
de surveillance, un champ électromagnétique de
fréquence qui est balayé de maniére répétée
dans une plage prédéterminée de fréquences,
une étiquette résonante (13) ayant au moins une
fréquence comprise dans la plage de balayage
defréquences, un récepteur (16) destiné a détec-
ter la présence de I'étiquette résonante dans la
zone de surveillance et 4 donner une indication
d’alarme correspondante, et un ensemble a an-
tennes (12, 14) qui comprend :

une antenne (12) & boucle d’émission des-
tinée a étre couplée a I'émetteur, et

une antenne (14) a boucle de réception
destinée a étre couplée au récepteur, caractérisé
en ce que

I'antenne (12) a boucle d’émission est pra-
tiguement symétrique par rapport & un centre
géométrique divisant’antenne en deux sections,
les deux sections d’antenne étant pilotées par
I’émetteur (10) au centre géométrique, de manié-
re que le champ magnétique créé parles sections
symétriques opposées de I'antenne soit en oppo-
sition de phase et provoque pratiquement la
compensation du champ magnétique a des dis-
tances importantes par rapport aux dimensions
de l'antenne.

Ensemble électronique de sécurité selon la re-
vendication 1, dans lequel I'antenne réceptrice
(14) est pratiquement identique a I'antenne émet-
trice (12).

Ensemble électronique de sécurité selon la re-
vendication 2, dans lequel le récepteur (16) est
couplé a I'antenne réceptrice (14) au centre géo-
métrique (45) des sections symétriques de I'an-
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tenne réceptrice.

Ensemble électronique de sécurité selon la re-
vendication 2, dans lequel I'antenne (14) a boucle
de réception est pratiquement blindée électrosta-
tiguement par disposition des organes de trans-
port de courant de I'antenne a l'intérieur d’une
surface fermée conductrice de I'électricité (40,
42 ; 46, 48), la surface conductrice étant divisée
en au moins deux emplacements afin que les li-
gnes de division soient perpendiculaires a I'axe
de symétrie des sections de I'antenne & boucle.

Ensemble électronique de sécurité selon la re-
vendication 4, dans lequel le blindage (40, 42 ;
48, 48) est symétrique autour du méme axe de
symétrie que I'antenne en forme de boucle.

Ensemble électronique de sécurité selon la re-
vendication 4, dans lequel les deux sections de
blindage (40, 42 ; 46, 48) sont mises a la masse
ensemble et a la masse du récepteur (16) en un
point qui se trouve pratiquement sur I'axe de sy-
métrie de I'antenne a boucle (14).

Ensemble électronique de sécurité selon la re-
vendication 2, dans lequel I'antenne (14) a trois
boucles retordues (30, 32, 34) placées dans un
plan commun, chaque boucle étant en opposition
de phase avec chaque boucle adjacente et la
somme du nombre de spires de chacune des
boucles externes (30, 34) multiplié par la surface
de chacune des boucles externes est égale a la
surface totale de la boucle centrale (32) multi-
pliée par le nombre de spires de la boucle centra-
le.

Ensemble électronique de sécurité selon la re-
vendication 7, dans lequel I'antenne (12 ; 14) est
pratiguement blindée électrostatiquement par
disposition des organes de transport de courant
de l'antenne a lintérieur d’'une surface fermée
conductrice de I'électricité (40, 42 ; 46, 48).

Ensemble électronique de sécurité selon la re-
vendication 8, dans lequel la surface conductrice
du blindage (40, 42, 46, 48) est divisée a au moins
deux emplacements, chaque division formant
deux piéces de longueurs pratiquement égales,
les lignes de division du blindage étant perpendi-
culaires a I'axe de symétrie de I'antenne.

Ensemble électronique de sécurité selon la re-
vendication 8, dans lequel le blindage électrosta-
tique (40, 42 ; 46, 48) est symétrique par rapport
au méme axe de symétrie que I'antenne a boucle.

Ensemble électronique de sécurité selon la re-
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vendication 1, dans lequel I'antenne (12) de la
boucle d’émission est pratiquement blindée élec-
trostatiguement par disposition des organes de
transport de courant de I'antenne a l'intérieur
d’une surface fermée conductrice de I'électricité
(40, 42 ; 46, 48), la surface conductrice étant di-
visée a au moins deux emplacements afin que
les lignes de division soient perpendiculaires a
'axe de symétrie des sections de I'antenne a
boucle formant les organes opposés de blindage
qui sont symétriques par rapport aux lignes de di-
vision.

Ensemble électronique de sécurité selon la re-
vendication 11, dans lequel le blindage (40, 42 ;
46, 48) est symétrique par rapport au méme axe
de symétrique que I'antenne a boucle.

Ensemble électronique de sécurité selon la re-
vendication 11, dans lequel les deux sections du
blindage (40, 42 ; 46, 48) sont a la masse ensem-
ble et a la masse de I'émetteur (10) en un point
qui se trouve pratiquement sur I'axe de symétrie
de l'antenne a boucle (12).

Ensemble électronique de sécurité selon la re-
vendication 1, dans lequel I'antenne (12) compor-
te trois boucles retordues (30, 32, 34) placées
dans un plan commun, chaque boucle étant en
opposition de phase avec une boucle adjacente,
la somme du nombre de spires de chacune des
boucles externes (30, 34) multiplié par la surface
de chacune des boucles externes étant égale a
la surface totale de la boucle centrale (32) multi-
pliée par le nombre de spires de la boucle centra-
le.

Ensemble électronique de sécurité selon la re-
vendication 14, dans lequel I'antenne (12 ; 14)
est pratiquement blindée électrostatiquement
par disposition des organes de transport de cou-
rant de I'antenne a l'intérieur d’'une surface fer-
mée conductrice de I'électricité (40, 42, 46, 48).

Ensemble électronique de sécurité selon la re-
vendication 15, dans lequel la surface conductri-
ce du blindage (40, 42 ; 46, 48) est divisée a au
moins deux emplacements, chaque division for-
mant deux piéces de longueurs pratiquement
égales, les lignes de division du blindage étant
perpendiculaires a I'axe de symétrie de I'anten-
ne.

Ensemble électronique de sécurité selon la re-
vendication 15, dans lequel le blindage électros-
tatique (40, 42 ; 46, 48) est symétrique par rap-
port & I'axe de symétrie de I'antenne a boucle.
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Ensemble électronique de sécurité selon la re-
vendication 15, dans lequel le blindage électros-
tatique (40, 42, 46, 48) est symétrique par rapport
a un axe de symétrie qui est perpendiculaire a
I'axe de symétrie de I'antenne a boucle.

Ensemble électronique de sécurité ayant un
émetteur (10) destiné a créer un champ magné-
tique dans une zone de surveillance, un récep-
teur (16) destiné a détecter des perturbations du
champ magnétique, un dispositif (13) qui peut
provoquer des perturbations du champ magnéti-
que, et un ensemble a antennes (12 ; 14),
comprenant

une antenne (12) formant boucle d’émis-
sion, destinée a étre couplée a I'émetteur, et

une antenne (14) formant boucle de récep-
tion, destinée a étre couplée au récepteur, carac-
térisé en ce que

I'antenne (12) a boucle d’émission est pra-
tiguement symétrique par rapport a un centre
géométrique de I'antenne en forme de boucle qui
divise I'antenne en deux sections, les deux sec-
tions de I'antenne étant pilotées par I'émetteur
(10) au centre géométrique de maniére que le
champ magnétique da aux sections symétriques
opposées de I'antenne soit en opposition de pha-
se et provoque pratiquement I'annulation du
champ magnétique a des distances importantes
par rapport aux dimensions de I'antenne.

Ensemble électronique de sécurité selon la re-
vendication 19, dans lequel I'antenne réceptrice
(16) est pratiquement identique a I'antenne émet-
trice (12).

Ensemble électronique de sécurité selon la re-
vendication 20, dans lequel le récepteur (16) est
couplé a I'antenne réceptrice (14) au centre géo-
métrique (45) des sections symétriques de I'an-
tenne réceptrice.

Ensemble électronique de sécurité selon la re-
vendication 20, dans lequel I'antenne (14) a bou-
cle réceptrice est pratiqguement blindée électros-
tatiquement par disposition des organes de
transport de courant de I'antenne & l'intérieur
d’une surface fermée conductrice de I'électricité
(40, 42 ; 46, 48), la surface conductrice étant di-
visée 4 au moins deux emplacements si bien que
les lignes de division sont perpendiculaires a
'axe de symétrie des sections de I'antenne a
boucle.

Ensemble électronique de sécurité selon la re-
vendication 22, dans lequel le blindage (40, 42 ;
48, 48) est symétrique par rapport a I'axe de sy-
métrie de I'antenne a boucle.
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Ensemble électronique de sécurité selon la re-
vendication 22, dans lequel les deux sections du
blindage (40, 42 ; 46, 48) sont a la masse I'une et
I'autre et & la masse du récepteur (16) en un point
qui se trouve pratiquement sur I'axe de symétrie
de l'antenne & boucle.

Ensemble électronique de sécurité selon la re-
vendication 20, dans lequel I'antenne (12 ; 14) a
trois boucles retordues (30, 32, 34) placées dans
un plan commun, chaque boucle étant en oppo-
sition de phase avec chaque boucle adjacente, la
somme du nombre de spires de chacune des
boucles externes (30, 34) multiplié par la surface
de chacune des boucles externes étant égale a
la surface totale de la boucle centrale (32) multi-
pliée par le nombre de spires de la boucle centra-
le.

Ensemble électronique de sécurité selon la re-
vendication 25, dans lequel I'antenne (12 ; 14)
est pratiquement blindée électrostatiquement
par disposition des organes de transport de cou-
rant de I'antenne a l'intérieur d’'une surface fer-
mée conductrice de I'électricité (40, 42 ; 46, 48).

Ensemble électronique de sécurité selon la re-
vendication 26, dans lequel I'antenne (12 ; 14)
est pratiquement blindée électrostatiquement
par disposition des organes de transport de cou-
rant de I'antenne a l'intérieur d’'une surface fer-
mée conductrice de I'électricité (40, 42 ; 46, 48).

Ensemble électronique de sécurité selon la re-
vendication 27, dans lequel la surface conductri-
ce du blindage (40, 42 ; 46, 48) est divisée a au
moins deux emplacements, si bien que les lignes
de division du blindage sont perpendiculaires a
I'axe de symétrie de I'antenne.

Ensemble électronique de sécurité selon la re-
vendication 28, dans lequel la surface conductri-
ce du blindage (40, 42 ; 46, 48) est divisée a au
moins deux emplacements de maniére que les li-
gnes de division du blindage soient perpendicu-
laires a I'axe de symétrie de I'antenne.

Ensemble électronique de sécurité selon la re-
vendication 27, dans lequel le blindage électros-
tatique est symétrique par rapport a I'axe de sy-
métrie de I'antenne a boucle.

Ensemble électronique de sécurité selon la re-
vendication 20, dans lequel I'antenne (14) est
composée d’'une multitude de boucles retordues
(30, 32, 34) placées dans un plan commun, cha-
que boucle étant en opposition de phase avec
chaque boucle adjacente, la somme du nombre
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de spires de chaque boucle multiplié par la sur-
face de cette boucle parmi toutes les boucles
d’une premiére phase étant égale a la somme du
nombre de spires de chaque boucle multiplié par
la surface de cette boucle parmi toutes les bou-
cles de la phase opposée.

Ensemble électronique de sécurité selon la re-
vendication 19, dans lequel I'antenne (12) a bou-
cle d’émission est pratiquement blindée électros-
tatiquement par disposition des organes de
transport de courant de I'antenne & lintérieur
d’une surface fermée conductrice de I'électricité
(40, 42 ; 46, 48), la surface conductrice étant di-
visée a au moins deux emplacements de maniére
que les lignes de division soient perpendiculaires
aI’axe de symétrie des sections d’antenne a bou-
cle formant des organes opposés de blindage sy-
métriques par rapport aux lignes de division.

Ensemble électronique de sécurité selon la re-
vendication 32, dans lequel le blindage (40, 42 ;
48, 48) est symétrique par rapport a I'axe de sy-
métrie de I'antenne a boucle.

Ensemble électronique de sécurité selon la re-
vendication 19, dans lequel I'antenne (12 ; 14) a
trois boucles retordues (30, 32, 34) qui sont dis-
posées dans un plan commun, chaque boucle
étant en opposition de phase avec chaque boucle
adjacente et la somme du nombre de spires de
chacune des boucles externes (30, 34) multiplié
par la surface de chacune des boucles externes
est égale ala surface totale de la boucle centrale
(32) multipliée par le nombre de spires de la bou-
cle centrale.

Ensemble électronique de sécurité selon la re-
vendication 19, dans lequel I'antenne (12) est
composée d’une multitude de boucles retordues
(30, 32, 34) placées dans un plan commun, cha-
que boucle étant en opposition de phase avec
chaque boucle adjacente, la somme du nombre
de spires de chaque boucle multiplié par la sur-
face de cette boucle parmi toutes les boucles
d’une premiére phase étant égale a la somme du
nombre de spires de chaque boucle multiplié par
la surface de cette boucle parmi toutes les bou-
cles de la phase opposée.
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