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1
“rihis* inventlon relates ‘fo’ electromc- protectlve
devices and ‘more- partlcularly, fo a’ mlcrowa,ve
system for: detectmg a’ forelgn obJect §lich as“an
intruder in’a predetermined: ‘afea.

“In & probective’ system Such as” is used to " de- ‘s -

téet the’ presérce of ‘an’ Mtrader ps Simg o a
Speclﬁed area, it is Sary that” the systein
emiployed brodiee a “signal upon’its’ deﬁectlon of
an intruder. It is usually aes1rab1e Thowever; that

. tHe systembe unaffected by external cﬁanges Stich
as, for exédmple, rain, §ficw or smioke.

“Ariother: characterlsmc of the system wI‘uch is
sometinies ‘desirable is’ that tHe sy5tem does 1ot
inipede necessary traﬁic When ‘the “systém Téed
notbe in‘tse. "In sueh’s tase; ani obstitiction siich
4sa feniceis 1mpractlcab1e Beéeatise it is riot ‘egsily
rémoved ‘axid latér réplaeed: “Protéction of:an
alrport is an example ih ‘which @ fence might
be ‘utidesirable. ~Piotection 6f & ‘span of water
is’another’such’ example.

“To prevent an intfuder from dlscovermg and
using a mésns ‘whereby the protédtive device: may
be outwitted, it is:desirable that the intruder- be
unaware of the ‘existence’ of ‘the- protectlve sys-
tem. “Another desirable characteristic is that the
required :apparatus to -outwit the ‘device be ‘too
complex or ‘too bulky to be readily transpéited
withiout being rioticed..

‘In accordance With thls mventmn an object
entering g given area is ‘detécted. although there
is’no visible means of protection at the point .in
question. 'This system  is -unaffected by normal
c¢hanges in weather conditions and 1o physmal
obstructions are .required. Very briefly, this is
accomplishéd with a “microwdve. signal trans-
mitted: by an anténns, towdrd o pa1r 0f :receiving
antennas which are conrected to.a balariceéd re-
ceiver. If an intruder passes.into:the transmitted
wave, his entry into the field either unbalances
the. amphtudes of signals-at the receiver by ab-
sorption of part of the wave or. the signal re-
flected from him arrives at- the two receiving an-
tennas out of. phase and unbalances the receiver,
either of which produces a. slgnal N

1t is, therefore, an object of. this’ mvent;on to
prov1de a reliable protective system t
detect an object entering a spec1ﬁed drea,

“Another’ object of this’ 1nvent1on ‘the" provi-
sion of a protectwe system which 1 be unai-
fected by normal changes ‘in ‘weather' cond1t10ns
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A g further object of thls 1nvention is the

(CL. 340—258)
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provision” of a’ p) oté"tive system that: ‘does 6t
incliide ‘a physical dhstruction which will’ inter-

fefe With normal’ traffic whén the system is: not

"ln Tse.

The’ novel features whzch Wwe beleve ‘to “be
charactenstlc of: th1s‘1nvent10n ‘are’set forth with
partlculanty inthe appended claims. "Fhis inven-
tion it&elf; "Howeéver, both as to its organization
and method of operatmn “may- best’ be undeérstood
by refeience” to the ﬁgures of the accompa,nymg
drawmg in whlch Fig.'1 is a plan viéw of the ‘en-
tire systém in schematm form showing the wave
propagation’ from a h‘ansmlttmg antenna whiéh
is ‘utilized in’ ca,rrymg this invention into effect;
Fig. 2 is a blan view of a modiﬁed form: of this
invention :showing ‘tHe ‘wave ' propagdtion from
a polarized transmittmg antenna; and Fig. 3 is
a 'table of ¥ectors which facllitates an under-
standifig of -the" operatlon of the system shown
in Fig, 2,

Referrmg to: F:g 1 there is shown - hlgh fre-
quency ‘tralismitter 1, which'is of ‘a conventionsl
type comprising ah’ ultra high frequency:oscilla-
tor 2, a.mddulatorstage in which the high .fre-
quency:signiliis'modulated with a low: freguency
signal, “ahd "preferably. ohe or ‘more. stages..of
amiplification 3. ...The.:high frequency electro-
magnetic :wave : generated -and ‘modulated. with,
for. .example, ‘a:sigty...cycle ‘wave. in the trans-
mitter:t, is fed throtigh a suitable matching net-
work, whlch is.shown in -the drawing as a high
frequency .coaxial ‘cable:4, to a. transmitting an-
tenria. system :5 ‘but.which may ‘also be a. stub
matehing .system ‘or “Soine other ‘high frequency
matching :devicé...... . .-

Althougha:directive. antenna system 5 comprls—
mg a simple:dipole:§-and a paraboli¢' refieétor -7
is. shown in:the:drawing, the. functioning .of this
invention is not dependent upon the employment
of 4 directive type transmitting antenna. In some
appliéations of this .invention, such,as ithe case
in‘which:a transmitting antenna is positioned in
the center of a.large:area to. be protected :and
& plurality of receiving: stations are placed around
it,..a. non-directional .antenna is advantageous.
Threfore,.the. diréctional -antenna system. 5. has
heenshown-only for the purpoese of .facilitating
an understanding of the: operatlon of this inven-
tion. ... ...

Transmxttmg antenna system 5 radmtes the
modulated electromagnetlc wave wWhich was gen-
erated and- ampliﬁed in: transmitter | throughiout
an n’g ded by 1inés 8" and 9. T ‘the‘art,
thisransle "I KnoWh sk THe are of rad1a.t10n
i receiwng&antennas 10'ana fi, whichHesd
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not have directional characteristies, are shown:

to be the same type of: directional antenna as the
transmitting antenna system ‘5. Antenna {0 is
sensitive to electromagnetic waves arriving at it
from any point within the boundaries (2 and LN
and antenna i! is sensitive to ‘electromagnetic
waves arriving at it from witkin the boundaries
{4 and 15. :

Receiving antennas {§ and 11 should preferably
be spaced at least a few wavelengths apart ‘to
prevent them from interfering with one another.
Any high frequency electromagnetic ‘wave re-

10

ceived by these antennas 10 and {1 is fed through -

5 ‘suitable matehing network:to a balanced re-
ceiver 16. High freguency coaxial cables {7 and
{8 are shown in the drawing as the matching net-
works. - »

The balanced receiver 16 consists of a pair of
conventional detectors {9 and 2€ and an ampli-
fier 21 which produces 2 signal when the differ-
ence between the sighals-applied to its input ter-
minals is changed.  The outputsiof detectors i3
and 20 are individually variable which permits
their output signals ‘to be made equal ‘even
though their input signals differ.. Because the
outputs of the two detectors 19 and 20 may thus
‘be made equal when the signals: received from
receiving antennas (9 and {i are unequal, it is
‘unnecessary for the receiving antennas {9 and i
to be equidistant from the transmitting antenna
system &.

| ‘detectors have beéen made equal; if the difference
in the input signals to the detectors changes, their
outputs will not be equal. This difference in out-

put signal is amplified by the amplifier, and i%

output of the amplifier may be used o sound o
alarm or perform some other task.

The direet rays 22 .and 23 leave the transmit-
ting antenna system or antenna §:and go direetly
to the receiving antennas 10:and t§. 'These par-
. ticular direct rays 22 and 23 are only two of the
many direct rays which travel directly between
the transmitting antenna 5 and the receiving an-
tennas 18 and {f. In addition to these direct
rays, there may be other rays which reach the
receiving antennas which do not travel directly
between the transmitting antenna and the receiv-
ing antennas. ‘These other rays include those re~
flected from the ground and those reflected from

permanent obstructions within the operative ¢

bounds of the protective device. These  per-
manently received signals are fed from antennas
f8 and ii through the coaxial cables {7 and 8
to the input terminals of the balanced receiver
{6.
that the permanently received sighals being fcd
to it from the receiving antennas 10 and {{ are
balanced out against one another; has zero out-
put voltage. s : B L :

- 'When an intruder 24 enters into the area in-

cluded within the boundaries 8, 9, 12 and 15, the
transmitter field will be modified either by ab-
sorption or refiection, a number of the transmit-
ter rays being reflected from his person and many
others being absorbed by his person. One such
ray 25 may strike the intruder 24, and many rays
will be reflected from him in many directions.
Two of these reflected rays 26 and 21 travel to

the receiving antennas 16 and 11, respectively,”
where they excite voltage signals which are sup-

plied to the balanced receiver 16.

The voltage signals developed at the receiving:
antennas by the reflected rays will, in all prob~
ability, be out of phase because the distance from:
the.intruder 24 to receiving antenns 18-is shorter-

The balanced receiver, which is so adjusted ?
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than the distance between the intruder and re-
ceiving antenna 1i. If the difference between
the distances traveled by the reflected rays from
the intruder to the two receiving antennas is
exacily one wavelength, a condition which. can-
not be maintained by an intruder, the signals ar-
riving at the antennas are in:phase and no. un-
balance of the receiver results. If the transmit-
ter field is'modified by absorption, then on enter-
ing the protected zone the intruder causes. an
unbalance of the receiver.

‘A modification of this system which increases
its sensitivity is the: use of transmitted polarized
waves in place of the unpolarized waves previous-
ly described. : It is known fhat an electromag-
netic wave which has been reflected from a flat
surface is partially polarized. This is because the
components of the wave in some planes of polar-
ization are absorbed more by the reflecting body
than are the components of the wave in some
other planes of polarization. Hengce, the physical
shape of the reflecting body determines the de-
gree of absorption of a polarized electromagnetic
wave. . If the transmitted wave is not completely
polarized, which is so in a practical case, this
greater absorption of the component of the wave
in: one plane: of polarization than in another
causes the plane of polarization of a reflected
polarized wave to:be rotated. :

Referring to Fig. 2, a polarized electromagnetic
wave transmitting antenna: 26, represented con-
ventionally in the drawing, transmits a polarized
wave that is represented by the vector 27.. Be-
cause Fig. 2 is a plan view of the system, the di-
rection of the vector 27 indicates that the: trans-
mitting antenns radiates a horizontally polarized
wave, and it is conventionally termed a hori-
zontally polarized antenna. . :

A pair of receiving antennas 23 and. 29 are
polarized in the'directions indicated by the ar-
rows in column A of the table in Fig. 3. An-
tennas 28 and 29 are each polarized at an angle

. of 45 degrees with respect to the plane of polar~

ization of the transmitting antenna 26 and at an
angle of 90 degrees with respect to one another.
Hence, they are said to be cross-polarized.
Column B of the table indicates the direction
and magnitude of the direct polarized electro-
magnetic waves arriving at the recelving an-
tennas 28 and 29. The components of the direct
ray which are in the planes of polarization of
the receiving antennas are equal or very closely
thereto. The signal voltages which are developed
at the individual receiving antennas are conse-

_quently also‘equal and are supplied through the
- coaxial cables 30 and 31 to the balanced receiver

- '32. Because the input voltages to the balanced

G0
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70.

receiver are equal, its-output is zero.

Referring again to Fig. 2, an intruder 33 isin a
position to- reflect and'to absorb many rays
radiated by antenna 26. One such ray 27, strik-
ing the intruder, is reflected by him in many
directions. 'Two of these directions are repre-
sented by rays 34 and 35 which travel between
the intruder and the receiving antennas 28 and
29, respectively. -

Having: been reflected from the intruder, the
plane -of polarization of these waves 24 and 35
is, in general, somewhat different from that of
the transmitted rays. The reason for this 10-.
tation ‘of the plane of polarization of an eleciro-
magnetic wave upon reflection was previously
explained. “A possible set of the directions and.

- magnitudes of the reflected wave arriving -at
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receiving- antennas 28 and: 29 is indicated: in-
column: G, of the table in Fig; 3:.
‘Fhe component, of_these reflected: waves:in-the:
direction of the. plane.of. polarization of an-
tenna 28 is greater than the component of the

reflected: wave in the direetion-of the plane:of:

polarization-of. antenna- 29 There-will ‘thus-be
a-larger-signal-voltage-developed at antenna-.2§
than at antenna 29. This change in the differ-
ence between the voltages applied through co-
axial cables 30 and 3{ to the balanced receiver
32 will, by means previously discussed, cause an
output signal to appear at the output of the
receiver. Of course, absorption of one of the
direct rays will also unbalance the receiver.

In addition to the unbalance of the receiver
which oceurs because of the change of the plane
of polarization of a wave when it is reflected,
there is the condition of phase difference be-
tween the waves arriving at the receiving an-
tennas 28 and 29 which occurred in the non-
polarized system. It is the combination of these
two effects which makes this system more
general than the simple unpolarized system.

What we claim as new and desire to secure by
Letters Patent of the United States is:

1. Apparatus for protecting an area by means
of a microwave electromagnetic system com-
prising an oscillator for generating a microwave
signal, an amplifier for amplifying said signal,
a directive antenna for radiating said signal
through an arc in a predetermined direction, a
pair of directive receiving antennas, said receiv-
ing antennas being so positioned that they are
most sensitive in the direction of said directive
antenna, and a balanced receiver connected to
said receiving antennas for indicating a change
in the relationship between the strengths of the
signals received from said receiving antennas.

2. Apparatus for protecting an area by means
of a microwave system comprising means for
producing a microwave signal, a directive trang—
mitting antenna for radiating said signal', a pair
of directive receiving antennas for receiving s?,1d
radiated signal, said directive antenna radiating
said signal toward said directive receiving an-
tennas, said directive receiving antennas _com-~
prising arrays positioned to have thei_r maximum
sensitivity in the direction of said dlrep'glve
transmitting antenna, said directive receiving
antennas being separated from one another by
a distance greater than one wavelength, and a
balanced receiver connected to said receiving
antennas for indicating a change in the relat@on—
ship between the strengths of the signals received
from said receiving antennas.

3. Apparatus for protecting an area by means
of a microwave system comprising means for
producing a microwave signal, a transmitter for
radiating said signal, a pair of directive receiv-
ing antennas for receiving said radiated signal,
said receiving antennas comprising arrays posi-
tioned to have their maximum sensitivity in the
direction of said transmitting antenna, said di-
rective receiving antennas being separated from
each other by a distance greater than one wave-
length, & balanced receiver connected to said
receiving antennas, said balanced receiver in-
cluding means for indicating a change in the
relationship between the strengths of the signals
received from said receiving antennas.

4, Apparatus for protecting an area by means
of a microwave electromagnetic system com-
prising means for producing a microwave-elec—
tromagnetic signal, a polarized transmitting
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antenng: for- radiating said: slgnal inonly. one
plane of polarization, a.pair of cross. polarized
receiving antennas, and a balanced ‘receiver
properly--connected to said-receiving antennas:
for-indicating- a- change- in- the- relationship- be-
tween the. strengths- of- the- signals received-by-
said- antennas. h

5 Apparatus for-protecting-an-area by-means-
of: & mierowave -electromagnetic: system compris-
ing a means for producing a microwave electro-
magnetic signal, a polarized directive transmit-
ting antenna for radiating said signal in only one
plane of polarization in g predetermined direc-
tion, a pair of cross polarized receiving antennas
for receiving said signal, a balanced receiver
connected through a maiching device to said
polarized receiving antennas for indicating a
change in the relationship between the strengths
of the signals received from said antennas.

6. Apparatus for protecting an area by means
of a microwave electromagnetic system com-
prising an oscillator for producing a microwave
electromagnetic signal, s polarized directive
transmitting antenna for radiating said signal
through an are in a predetermined direction, a
pair of polarized receiving antennas for receiv-
ing said signal, the plane of polarization of one
of said receiving antennas being at right angles
to the plane of polarization of the other said re-
ceiving antenna, said polarized directive trans-
mitting antenna radiating said signal toward
said receiving antennas, and a balanced receiver
connected through a matching network to said
polarized receiving antennas for indicating a

5 change in the relationship between the magni-

tudes of the signals received from said antennas.

7. Apparatus for protecting an area by means
of microwave system comprising means for pro-
ducing a mierowave signal, a polarized directive
transmitting antenna for radiating said signal in
a single plane of polarization and through an
arc in a predetermined direction, a pair of po-
larized directive receiving antennas for receiy-
ing said signal, said receiving antennas being
cross-polarized, said polarized directive trang-
mitting antenna radiating said signal toward
said polarized directive receiving antennas, the
meximum sensitivity of which are in the direc-
tion of the transmitting antenna, and a balanced
receiver connected to said receiving antennas for
indicating a change in the relationship between
the strengths of the signals received from said
receiving antennas.

8. Apparstus for protecting an area by means
of a microwave system comprising means for
producing a microwave signal, a polarized direc-
tive transmitting antenna for radiating said sig-
nal in a single plane of polarization and through
an arc in a predetermined direction, a pair of
cross-polarized receiving antennas, the plane of
polarization of each of said receiving antennas
making an angle of 45 degrees with the plane of
polarization of the transmitting antenna, said
polarized directive transmitting antenna radiat-
ing said polarized signal toward said receiving
antennas, the maximum sensitivity of which are
in the direction of the transmitting antenna, a
balanced receiver connected to said receiving an-
tennas, said receiver including means for indi-
cating a change in the relationship between the
strengths of the signals. received from said re-
ceiving antennas,

HARRY R. SUMMERHAYES, Jr.
ELLSWORTH D. COOK.
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