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3,237,191 
OBJECT DETECTION SYSTEM 

George Bojko, Framingham, Mass., assignor to 
Pinkerton’s, Inc. 

Filed May 28, 1963, Ser. No. 283,760 
10 Claims. (Cl. 343-5) 

This invention relates to intrusion alarms, and more 
particularly to a signal generator and antenna system 
for use in intrusion alarms. 

Various types of intrusion alarms have been developed 
in the past. The operation of a vast majority of these 
hitherto known systems is based on the phenomenon 
called Doppler effect wherein motion of an ‘object toward 
or away from an antenna causes the energy re?ected 
from the object to arrive back at the antenna at a 
different frequency than the transmitted wave. When 
these two frequencies are combined, a resultant “beat 
frequency” is produced which ‘is called the Doppler 
shift. The advantage ‘of employing Doppler in the usual 
system is that a frequency is being detected qualitatively 
rather than quantitatively. This means that it can be 
?ltered and ampli?ed, and as a result a high degree 
of sensitivity is possible. Intrusion alarm systems, how 
ever, based on the Doppler principle are otherwise vul 
nerable for various reasons. First, an object moving on 
a circle the center of which is at the antenna is difficult, 
if not impossible, to detect. Second, any spurious trans 
missions of short wave radio transmitters from police 
cars, for instance, can cause false alarms. In fact, mov 
ing curtains can set up a Doppler shift, and if the sys 
tem is sensitive enough to- be effective against persons, 
a curtain may well ring the alarm. Another source of 
false alarms in Doppler systems is moving ‘objects of 
high re?ectivity outside the normal range of the system. 
Thus, if a large metal bus goes by, even at a distance, 
enough re?ection may result to compare equally, at the 
antenna, with the relatively low intensity re?ection of 
a person near the antenna. 
One system which avoids a majority of the drawbacks 

of the Doppler type alarm is ‘described in United States 
Patent to Reynold S. Chapin, No. Re—25,100. In the 
Chapin patent a standing wave pattern is established by 
the radiated energy and the alarm is excited at least 
in part by detecting a change in the standing wave pat 
tern caused by the presence of an intruder in the area 
of the pattern. This latter type of detection is distin 
guishable from the conventional vDoppler system in that 
a major share of the re?ected energy returns to the an 
tenna at the same frequency as the incident radiation. 
Thus detection largely results, not qualitatively from 
beating a re?ected wave against a transmitted wave but 
rather from a quantitative shift in the antenna impedance 
due to a shift in the positions of the nodes and anti-nodes 
in the standing wave pattern due to change of position 
of the intruder in the ?eld. 
One drawback, however, of the standing Wave type 

device, described in the Chapin Reissue Patent No. 25,100 
is that the system in that patent is still quite sensitive to 
Doppler in addition to standing wave changes. Thus, 
while a person walking around the antenna of that de 
vice cannot escape detection because when he does so 
he also interferes with the standing wave pattern, the 
system additionally responds to ordinary Doppler shift 
frequencies re?ected ‘directly from moving objects ap 
proaching or receding, or produced by nearby transmit 
ters. Thus, police car or amateur two-way radio trans 
mitters and large re?ectors such as trucks andv busses 
have tended to cause false alarms with that system. Also, 
although small moving objects such as dogs, cats and 
mice and even thin objects such as curtains were not 
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as likely to cause false alarms with that system, as with 
purely Doppler systems, because they did not materially 
disrupt the standing wave pattern, they still could, at 
times, cause false alarms. Also line voltage ?uctua 
tions or other spurious voltage changes inherent in the 
system cause false alarms. 
An object of this invention, therefore, is to provide 

an intrusion alarm system which, at one and the same, 
(a) enjoys the full bene?ts of the standing wave pat 
tern mode of operation of the Chapin Reissue Patent 
No. Re—25,l00 but with increased sensitivity; (b) elim 
inates false alarms due to line voltage ?uctuations or 
other ?uctuations inherent in the system, (c) virtually 
eliminates all false alarms from energy received, from 
nearby transmitters, and (d) greatly reduces Doppler 
shift type response even in the detection area. 

In the accomplishment of these and other objects of 
my invention in a preferred embodiment thereof, I em 
ploy a low energy micro-wave CW detection system oper 
ating in the 400 megacycle range. The circuitry for 
signal generation and detection is similar to that shown 
in the Chapin Reissue Patent No. Re—25,l00. However, 
instead of employing a single antenna, I use a pair or a 
plurality of pairs of spaced antennas, and a balancing 
circuit by means of which all equal changes in impedance 
at each antenna are cancelled out. In addition I em 
ploy a tuning circuit in each antenna. The tuning cir 
cuit eliminates the police car type of transmission andv 
the balancing circuit cancels out spurious ?uctuations 
in voltage or ?uctuations due to inherent imperfections 
in the system. Doppler shift type frequencies also are 
eliminated completely for objects moving on a line nor 
mal to and bisecting the line between the two antennas, 
and for all other motion in the ?eld, the Doppler re 
sponse is more or less minimized. In theory, there is 
one point at which the Doppler type response of my 
system can be equal to that of the Chapin system pro 
vided the two antennas are spaced apart precisely an 
even multiple of the wave length, but this condition is 
easily avoided, and for all other positions the Doppler 
type response is substantially minimized. 

In addition, in my system, the changes in transmitted 
wave frequency caused by changes in antenna impedance 
(which in turn in?uence the oscillator), additionally aug 
ment the distortion of the standing wave pattern caused 
initially by a change of position of the object being de 
tected. This leads to increased sensitivity‘ in my system. 
The standing wave pattern, on the other hand, is hetero 

geneous in nature because it is formed by the addition or 
subtraction of a large number of superimposed re?ections 
all oscillating at the frequency of the transmitted wave. 
Therefore, the nodes and anti-nodes of the standing wave 
pattern are spaced in a non-uniform manner and changes 
in their locations take place non-uniformly as an object 
in the ?eld changes position. The result is that the im 
pedances at the two antennas do not change uniformly, 
and cancellation does not occur. 
By this technique, it is, therefore, a feature of my in 

vention that much more emphasis is placed on the stand 
ing wave pattern concept ?rst taught but not fully ex 
ploited by the device described in the Chapin Reissue Pat 
ent No. Re. 25,100. In fact, by a careful analysis of the 
primary re?ection pattern with my invention, it will be 
seen that a far more effective and intense pattern can be 
created by one or more pairs of antennas equipped with 
my cancelling or balancing circuits. In explaining the 
standing wave system employed in my invention, the pri 
mary or “one bounce” re?ections need only be considered. 
Usually only a small percentage of the transmitted energy 
is re?ected from conventional objects in dwellings, such as 
tables, chairs, Wall's, ?oors, ceilings, persons, etc. I cal 
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culate that an average re?ection intensity of somewhere 
around 3—10% of the energy striking any one point in a 
room is typical. Of course, wide variations in this, also 
occur depending upon the materials involved, and the sec 
ondary re?ections can de?nitely have an in?uence in the 
system. 
When an object is placed in a room, wherein the in 

trusion alarm of my invention is located, there will be 
primary re?ections from the object to both antennas from 
transmissions received from each. Thus, a theoretical 
total of four primary re?ections are available for frequen 
cy shift (Doppler) purposes due to object motion, but since 
the balancing circuit will normally at least partially cancel 
the response due to these Doppler type re?ections, and 
since the theoretical maximum Doppler can occur only 
when the antennas are spaced apart by an even multiple 
of the wave length and the object is approaching both 
antennas along an extension of the line between them, the 

- detection of Doppler type energy with my system is greatly 
reduced. However, since the re?ections which create the 
standing Wave pattern with my system are greatly increased 
by the two antenna arrangement, an increase in sensitivity 
results. Of course, in a more complex re?ection environ 
ment, such as one ?nds in any conventional room, the 
number of available standing Wave re?ections increases 
While the Doppler type primary re?ections remain the 
same, and accordingly the above-stated emphasis on stand 
ing wave type response will normally be substantially 
greater. 
A further feature of my invention arising out of its in 

creased emphasis on the standing wave type mode of opera 
tion is that it is much less sensitive to motion from small 
objects, such as mice, cats, dogs, birds, etc., because they 
do not have enough mass to cause signi?cant distortion 
of the standing wave pattern and their Doppler type dis 
turbance is largely eliminated by the balancing circuit. 

Another feature of my invention relates to the spacing 
and positioning of the antennas. They must be far enough 
apart and placed so that the heterogeneous nature of the 
standing wave pattern results in non-uniform responses 
at the respective antennas when an object in the ?eld 
changes position. Ordinarily a spacing of several wave 
lengths is su?icient, but greater distances are feasible. 
Even at ?fty feet the transmissions of the respective 
antennas augment the standing wave ?eld surrounding the 
other. I prefer a spacing of between about 15’ to 30'. 
A further feature of my invention intended to maximize 

standing wave values and minimize Doppler values is the 
use of re?ectors in the ?eld. By placing highly re?ective 
objects in the standing wave ?eld, I can greatly increase 
the primary wave re?ection pattern intensity. This would 
not be useful without my balancing circuit, but with it 
the Doppler components involved in this increased ?eld 
intensity are laregly eliminated, While the standing wave 
components are augmented. 

These and other objects and features of the invention 
will be apparent from the following Written description 
and drawings, in which: 

FIG. 1 is a diagram of the detection system showing 
the oscillation generator in schematic form and the other 
components of the system in block diagram; 

FIG. 2 is a view in perspective of an inverted antenna 
assembly showing the antenna, antenna base and associ 
ated electrical and structural components; 
FIG. 3 is a schematic drawing of the antenna and as 

sociated electrical components; and, 
FIG. 4 is a schematic drawing of the antenna and 

associated electrical components showing a modi?cation 
therein. 

Turning now to the drawings, FIG. 1 shows the oscil 
lation generator indicated generally at 2 in a schematic 
representation while the other major components of the 
object detector system are shown in block diagram. The 
oscillator 2 generates a continuous sinusoidal wave of 
radio frequency energy which is radiated from two an 
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tenna assemblies 4 and 6 to create a standing wave pattern 
of alternate points of maximum and minimum energy lo 
cated generally in the path of a moving object. The 
radio frequency energy re?ected from the object and the 
surroundings intercepts antenna assemblies 4 and 6 and 
produces a voltage across the impedance of each antenna 
thereby causing current to flow through the impedances. 
The returned energy from the object and surroundings 
combines with the oscillator energy in the impedance of 
each antenna to form a new voltage therein which is the 
vector sum of the transmitted and received voltages. The 
resultant voltage from each antenna system will change 
in amplitude and phase in accordance with the posi 
tion of the object in the radiation pattern and this change 
provides a means for detecting the presence or change of 
position of the object. The two resultant voltages are 
combined in a manner to be explained subsequently and 
the combined voltage representing the level of intensity 
of the standing radio frequency ?eld pattern is coupled 
through capacitor 8 to an audio ampli?er 10. 
The ampli?ed audio signal is fed through a low pass 

?lter system 12 to an indicator 14 which provides a visual, 
aural or electrical indication of the change in the stand 
ing wave pattern established by the radiated radio fre 
quency energy caused by change of position of an object 
therein. 7 . 

The oscillation generator 2, shown schematically in 
FIG. 1, is representative of the various circuits which will 
produce and sustain oscillations in the very high fre 
quency or ultra high frequency spectrum. Although the 
frequency of operation for the object detector is not 
critical, it has been found that the % meter portion of 
the UHF band is well suited for detecting the presence 
of a person because the wave length at 400 megacycles 
creates a standing wave pattern in which the equi-poten 
tial points are separated by a distance roughly com 
parable to the physical size of the object to be detected. 
This standing wave pattern produces an extremely sensi 
tive system because only a small change in the position 
of the detected object will cause a large phase shift in 
the standing wave ‘pattern which results in a correspond 
ingly large change in the impedance of the antenna. 
The oscillation or signal generator 2 consists of a self 

excited, twin triode electron tube oscillator 16 and as 
sociated components. The electron tube 16 can be any 
one of the twin triode series of tubes whose interelectrode 
capacitance is suf?cient to provide signal feedback of the 
proper phase and amplitude to sustain oscillation. The 
oscillator tube 16 is connected in a grounded cathode 
con?guration with the grid bias being provided by the 
grid leak current ?ow through a grid resistor 18. The 
output of the oscillator tube 16 is developed across a 
tuned plate tank circuit consisting of inductor 20 and 
capacitor 22. The plate inductor 20 is formed from a 
length of No. 11 A.W.G. wire bent into an elongated U 
shape and connected to the plates of the twin triode 16. 
The plate tank circuit is tuned by varying the capacitance 
of the tank capacitor 22. This is accomplished physically 
by changing the separation distance between the ?at tuning 
disc of the capacitor 22 and the plate line inductance 20. 
The plate supply voltage for the plates of the twin 

triode 16 is applied to the electrical center of the U 
shaped plate line inductor 20 through a decoupling cir 
cuit consisting of a radio frequency choke 24 and a shunt 
capacitor 26. 
The radio frequency output of the oscillator tube 16 

is coupled to the antenna circuit by the mutual inductance 
of the plate line inductor 20 and a link coupling inductor 
28. The link inductor 28 is formed in the same manner 
as the plate line inductor 20 and mounted in a plane 
parallel to the plane of the plate line inductor 20 at a 
distance determined by the amount of the inductive cou 
pling desired between the respective inductors. 
The induced radio frequency energy in the link induc 

tor 28 is coupled to the dual antenna assemblies 4 and 6, 
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through identical circuits formed by capacitors 30 and 
32, jacks 34 and 36 and the antenna feed lines 38 and 40. 
Radio frequency chokes 42 and 44 block the RF energy 
from the signal balancing circuit consisting of resistors 46 
and 48, potentiometers 50 and 52 and resistors 54 and 56 
whose ‘functions will be explained subsequently. 

Referring now to FIGS. 2, 3 and 4, FIG. 2 is a perspec 
tive view of one of the dual antenna assemblies which 
has been inverted to show more clearly an antenna base 
58, a radiator 60 and the associated electrical components 
62 mounted within the base 58 on a metal plate 63. The 
metal plate 63 is physically and electrically connected to 
the base 58 to provide a common ground for the compo 
nents 62. The antenna base 58 is formed by spin casting 
aluminum in the shape of a truncated hemisphere having 
a diameter of approximately 51/2” and an altitude of 2". 
The radiator 60 is a length of aluminum rod approxi 
mately 9" in length and 3/8" in diameter. The base 58 
functions as a ground plane for the radiator 60 which 
is secured to the ?at part of the truncated hemispherical 
base 58, but electrically insulated therefrom by means of 
a feed-through porcelain insulator 64, a portion of which 
can be seen in FIG. 2. 
The electrical components 62 mounted within the an 

tenna base 58 can ‘best be understood by comparing the 
perspective view of FIG. 2 with the schematic circuits 
shown in FIGS. 3 and 4. With a dual antenna system as 
shown in FIG. 1, the circuit of FIG. 3 would be employed 
in one antenna assembly while the circuit of FIG. 4 would 
be utilized in the other antenna assembly. Although 
only ‘one pair of antennas is shown, the concepts disclosed 
are equally applicable to multiple pairs of antennas and 
hence it is not intended to limit the invention to a single 
pair of antennas. ‘ 
The two antenna assemblies 4 and 6 are connected to 

the oscillator assembly 2 through antenna feed lines 38 
and 40, jacks 34 and 36 and capacitors 30 and 32, re 
spectively. The antenna feed line can be any suitable 
transmission line, however, a coaxial cable would nor 
rnally be employed to connect the two antenna assemblies 
4 and 6 to the oscillator assembly 2. The outer conduc 
tor or shield of the coaxial cables 38 and 40 is grounded 
at the oscillator assembly 2 through the shells of jacks 
34 and 36, respectively, and at the antenna assemblies 
4 and 6 through the shells of corresponding jacks 71 
mounted in the antenna bases 58. Referring now to 
FIGS. 3 and 4, the center conductor of the coaxial feed 
line is connected to the antenna tank circuit inductor 66 
at a point above ground which corresponds to the charac 
teristic impedance of the feed ‘line to provide a matched 
termination for the transmission line. The “cold” or 
ground end of the antenna tank circuit inductor 66 is 
held at RF ground by capacitor 68. 
The antenna tank circuit, consisting of inductor 66 and 

a variable capacitor 70, is tuned to the operating fre 
quency of the signal generator 2 by adjusting the capaci 
tance of capacitor 70. When the antenna tank circuit is 
tuned to resonance a maximum amount of the oscillatory 
radio frequency energy is transferred from the signal 
generator 2 to the antenna tank circuit and coupled to 
the radiator 60 through a series capacitor 72. The series 
capacitance coupling of the antenna tank circuit to the 
radiating element 60 signi?cantly improves the interfer 
ence ratio of the detection system and renders the sensi 
tivity of the system relatively independent of antenna 
loading. The value of capacitor 72 is selected to provide 
suf?cient capacitive reactance to block or greatly at 
tenuate spurious frequencies ‘falling below the desired 
range of signal frequencies while presenting an effective 
RF short circuit to the desired signal frequencies. Inter 
ference from spurious RF transmission is further reduced 
by the selective resonance of the high Q, sharply tuned 
antenna tank circuit. Any spurious RF transmissions 
which do fall within the narrow frequency range of the 
tuned antenna circuit vwill not affect the moving object 
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6 
detection system because the signal voltages produced by 
these transmissions are cancelled out in a balancing cir 
cuit, indicated generally as 74 in FIG. 1. 
The cancellation of the effects of spurious RF trans 

missions falling within the frequency range of the tuned 
antenna circuit can best be understood by referring to 
FIGS. 3 and 4 and the oscillator schematic shown in 
FIG. 1. The antenna circuits shown in FIGS. 3 and 
4 are identical with the exception of the recti?er crystals 
76 and 78 which are connected with reversed polarity 
with respect to each other. Any spurious transmission 
falling within the spectrum sensitivity of tuned dual 
antenna system will produce a voltage across each antenna 
tank circuit. The RF voltages developed in the tank 
circuits are detected by crystals 76 and 78 and produce 
the demodulated signal corresponding to the recti?ed 
RF. Since the crystal recti?ers 76 and 78 are connected 
'with reversed polarities, as shown in FIGS. 3 and 4, the 
recti?ed signal voltages from the crystals will have corre 
sponding reversed polarities. The RF from antenna 
assembly 4 is by-passed by capacitor 68 and the recti?ed 
and ?ltered signal appears across potentiometer 50. Simi 
larly, the RF from antenna assembly 6 is by-passed by 
capacitor 68a and the recti?ed and ?ltered signal appear 
across potentiometer 52. 
The recti?ed signal voltages from the two antenna 

assemblies are fed through the antenna feed lines 38 
and 40 and chokes 42 and 44 to the balancing circuit 
comprising resistors 46 and 48, potentiometers 50 and 
52 and resistors 54 and 56 as shown in FIG. 1. Poten 
tiometers 50 and 52 are initially adjusted to compensate 
for any inherent imbalance in the circuit so that the 
output from the balancing circuit will be Zero when equal 
but opposite polarity signals are applied to the balancing 
circuit. If the antenna feed lines 38 and 40 are unequal 
in length, the balancing circuit 74 can be further adjusted 
to compensate for the additional signal attenuation pro 
duced by the longer feed line. In this situation a zero 
output would result from opposite polarity signals im 
pressed on the balancing circuit which differed in magni 
tude by an amount equal to the additional signal attenua 
tion of the longer feed line. In either case, however, it 
should be noted that the combination of the reversed 
polarity crystals 76 and 78 and the balancing circuit 74 
provides a means for cancelling the effects of internally 
created transients from the oscillator 2. If the antenna 
feed lines are equal in length, the transients will produce 
equal but opposite polarity signals which are impressed 
on the balancing circuit and thereby cancelled. Simi 
larly, if the antenna feed lines are unequal in length, the 
signals impressed on the balancing circuit will be opposite 
in polarity, but will di?er in magnitude. However, the 
initial adjustment of potentiometers 50 and 52 will com 
pensate for this inequality and the output will remain at 
zero. The output of the balancing circuit is taken from 
the junction of resistors 54 and 56 and represents the 
ditferential combination of the signals applied to the 
balancing circuit. 
As mentioned previously, the spurious RF transmissions 

which fall within the spectrum sensitivity of the antenna 
systems will produce RF voltages across each antenna tank 
circuit. However, since the recti?ed signal voltages from 
the spurious transmissions will have equal but opposite 
polarities as a result of the reversed polarity crystals 
76 and 78, the signals will be cancelled out in the balancing 
circuit 74 thereby producing a zero output to the moving 
object detection system. 
The cancellation of the spurious RF transmissions is 

possible only because these transmissions normally strike 
both antenna assemblies substantially with the same modu 
lation envelope thus creating equal but opposite polarity 
detected voltages which can be cancelled in the balancing 
circuit. A similar cancellation of signals could theoreti 
cally occur in the unusual situation created by the motion 
of the object to be detected along a line which is equi 
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distant from both antenna assemblies. In this exceptional 
situation equal returned signals would be intercepted 
simultaneously by both antenna assemblies thereby causing 
equal but opposite polarity signals to be produced by 
the reversed polarity crystals '76 and 78. These signals 
would be cancelled in ‘the balancing circuit in the same 
manner as signals produced by spurious transmissions 
falling within the bandpass of the tuned antenna. How 
ever, this is such an unusual situation and of such exacting 
symmetry that the probability of its occurring in a normal 
detection environment is non-existent. 

Although a moving object within the detection ?eld 
will also re?ect radio frequency energy to both ‘antennas, 
the returned energy received by one antenna will be dif 
ferent in phase and time with respect to the energy re 
turned to the other antenna. Since the returned energy 
is different in phase and time, the recti?ed signals from 
the antenna assemblies 4 and 6 will not be equal and 
opposite in polarity. Therefore, the signal addition in the 
balancing circuit produces a resultant voltage whose 
amplitude and phase varies in accordance with the motion 
of the object through the standing wave pattern. 
The combined or resultant signal is taken from the 

junction or resistors 54 and 56 on line 80. Line 80 
emerges from the oscillator assembly shield 82 through a 
feed-through by-pass capacitor 84 and is capacitively 
coupled to the input of the audio ampli?er 10 by ca 
pacitor 8. The capacitive coupling of the balancing 
circuit to the audio ampli?er prevents the detection 
system from responding to the steady state voltage pro 
duced by the recti?cation of the oscillator RF energy 
while coupling the ?uctuations in signal voltage repre 
senting the motion of the object through either the stand 
ing wave pattern created by placing the antennas Within 
an enclosed space or the radiation ?eld established by 
positioning the antennas in a non-con?ned substantially 
non-re?ecting environment. This motion induced signal 
?uctuation varies in the order of 1 to 10 cycles per second 
and hence the coupling and ampli?er response includes 
the sub-audio range. 
The sub-audio signal representing in amplitude and 

phase the presence of a moving object Within the detection 
area is ampli?ed by the audio ampli?er 10 and applied 
to a low pass ?lter 12 having a bandpass of 0.1 to 10 cycles 
per second. The signals within this frequency range 
are applied to the indicator 14 to provide a visual, aural 
or electrical indication of the presence of a moving object 
within the standing Wave pattern established by the 
antenna assemblies. The indicator 14 obviously may be 
connected to any type of alarm circuit or other signalling 
means placed within the detection environment or located 
at a position remote from the protected area. The circuits 
for the audio ampli?er, low pass ?lter and indicator have 
not been shown because they are well known in the art 
and many variations therein could be employed to accom 
plish the results described above. 

Although the dual antenna system has been shown 
as the preferred embodiment, it is apparent that all of 
the features previously described are obtainable with a 
single antenna assembly with the one exception of signal 
cancellation in the balancing circuit. It is also obvious 
that numerous other circuits may be employed to process 
the data represented by the output of the combining 
circuit 74, and therefore it is not intended to con?ne the 
invention to the precise form shown herein, but rather 
to be limited in scope only by the appended claims. 

Having thus described and disclosed the preferred 
embodiments of my invention, what I now claim as new 
and desire to secure by Letters Patent of the United States 
1s: 

1. In an electromagnetic object detection device the 
combination of: means including a radio energy trans 
mitter for producing a standing wave pattern between 
said device and a re?ecting surface, said pattern con 
taining spaced nodes and anti-nodes of radio frequency 
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energy; means for detecting changes in the locations of 
said nodes and anti-nodes caused by a change of position 
of ‘a re?ecting object in the said ?eld of said pattern 
said means including a pair of spaced antennas, separate 
means for quantitatively sensing impedance changes at 
each said antenna ‘with the output of one said sensing 
means being inverted with respect to the other, means 
for differentially combining the outputs of said sensing 
means, and said antennas being spaced apart by a distance 
greater than the distance at which said antennas re 
spond substantially identically to changes in said standing 
wave pattern. 

2. The object detection device de?ned in claim 1 
further characterized by said antennas both also serving 
to transmit said radio energy and being located with 
respect to each other so that the transmissions of each 
contribute signi?cantly to the standing wave pattern sur 
rounding the other. 

3. In an elecrom-agnetic object detection system, the 
combination comprising: a continuous wave signal gen 
erator; a pair of antennas for radiating and receiving 
energy; means for coupling said signal generator to said 
antennas; opposite polarity detector means coupled to said 
antennas to produce opposite polarity detected signals 
(from said antennas; means coupled to said detector 
means for differentially combining the detected signals 
from said detector means; and an indicator coupled to 
said combining means through a capacitance whereby 
said indicator is responsive only to signals from said 
combining means representing the combination of vary 
ing signals imposed on said detector means. 

4. In an electromagnetic object detection system, the 
combination comprising: a continuous wave signal gen 
erator; a ?rst antenna and a second antenna for radiat 
ing and receiving energy; means for coupling said signal 
generator to a ‘?rst antenna feed line and a second antenna 
feed line, said feed lines terminating in a ?rst and a sec 
ond parallel resonant circuit respectively, said circuits 
being resonant at the frequency of said signal generator; 
a ?rst capacitance coupling said ?rst resonant circuit to 
said ?rst antenna, a second capacitance coupling said 
‘second resonant circuit to said second antenna; a ?rst 
and a second electrical means for varying the resonance 
of said ?rst and sec-ond parallel resonant circuits, re 
spectively, whereby the energy coupled from said signal 
generator to said antennas through said feed lines, reso 
nant circuits and capacitances is varied; a ?rst and a sec 
ond detector means coupled to said ?rst and second 
parallel resonant circuits, respectively, said detector means 
being oppositely poled to produce opposite polarity 
detected signals from said circuits; means coupled to said 
detector means for differentially combining the detected 
signals from said ?rst and second detector means where 
by the opposite polarity detected signals produced by 
the effect of spurious energy upon said opposite polarity 
detector means will be cancelled; and an indicator coupled 
to said signal combining means through a capacitance 
whereby said indicator is responsive only to signals from 
said combining means representing the combination of 
varying signals imposed on said detector means. 

5. In an electromagnetic object detection system, the 
combination comprising: a continuous wave electron tube 
signal generator having ‘a generally U-shaped plate line 
inductance; a generally U-shaped coupling inductance 
disposed in a plane parallel to the plane of said plate 
line inductance whereby the continuous wave of said 
signal generator is coupled by mutual inductance from 
said plate line inductance to said coupling inductance; 
a ?rst antenna feed line coupled to one end of said 
coupling inductance through a ?rst capacitance and a 
second antenna feed line coupled to the other end of 
said coupling inductance through a second capacitance, 
said feed lines terminating in a ?rst and a second parallel 
resonant circuit respectively, said circuits being resonant 
at the frequency of said signal generator; at ?rst an 
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tenna and a second ‘antenna for radiating and receiving 
energy; a third capacitance coupling said ?rst resonant 
circuit to said ?rst antenna; a fourth capacitance coupling 
said second resonant circuit to said second antenna; a 
?rst and a second ‘electrical means for varying the reso 
nance of said ?rst and second parallel resonant circuits, 
respectively, whereby the energy coupled from said sig 
nal generator to said antennas through said feed lines, 
resonant circuits and capacitances is varied; a ?rst and 
a second detector means coupled to said ?rst and second 
parallel resonant circuits, respectively, said detector means 
being oppositely poled to produce opposite polarity de 
tected signals from said circuits; means coupled to said 
detector means for combining differentially the detected 
signals from said ?rst and second detector means whereby 
the opposite polarity detected signals produced by the 
effect of spurious energy upon said opposite polarity 
detector means will be cancelled; and an indicator 
coupled to said signal combining means through a ca 
pacitance whereby said indicator is responsive only to 
signals representing the combination of varying signals 
imposed on said detector means. 

6. In an electromagnetic object detection system, the 
combination comprising: a continuous wave signal gen 
erator; an antenna for radiating and receiving energy, 
said antenna having a truncated hemispherical base and 
a substantially quarter wave vertical radiator mounted 
on the truncated portion of said base and insulated 
therefrom; means for coupling said signal generator to 
an antenna feed line, said feed line terminating in a 
parallel resonant circuit resonant at the frequency of 
said signal generator and comprising an inductance and 
a capacitance mounted within the hemispherical base 
of said antenna; a capacitance mounted within said base 
for coupling the resonant circuit to said radiator; elec 
trical means mounted within said base for varying the 
resonance of said parallel resonant circuit whereby the 
energy coupled from said signal generator to said an 
tenna through said feed line, parallel resonant circuit 
and capacitance is varied; a detector coupled to said 
parallel resonant circuit in parallel connection thereto 
and responsive to variations therein produced by the 
motion of said object, said detector including in series 
connection a recti?er mounted within said hemispherical 
base and a ?lter circuit, said ?lter circuit having in parallel 
connection a resistance and a capacitance; and an in 
dicator coupled to said ?lter circuit through a capacitance 
whereby said indicator is responsive only to varying 
signals imposed on said detector. 

7. In an electromagnetic object detection system, the 
combination comprising: a continuous wave signal gen 
erator; a pair of antennas for radiating and receiving 
energy; means for coupling said signal generator to said 
antennas; opposite polarity detector means coupled to 
said antennas to produce opposite polarity detected sig 
nals from said antennas; a first branch circuit connected 
to one of said detector means having a ?rst resistance 
and fourth resistance-s having the other ends thereof con 
nected to the other of said detector means having a 
second resistance and a second potentiometer; a third 
resistance having one end thereof connected to the mov 
able contact of said ?rst potentiometer and a fourth 
resistance having one end thereof connected to the mov 
able contact of said second potentiometer, said third 
and fourth resistances having the other ends thereof con 
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10 
nected together whereby the output taken from the junc 
tion of said third and fourth resistances represents the 
differential combination of the signals impressed on said 
?rst and second branches; and an indicator coupled to 
the junction of said third and fourth resistances through 
a capacitance whereby said indicator responds only to 
signals representing the combination of varying signals 
impressed on said detector means. 

8. In an electromagnetic object detection system, the 
combination comprising: a continuous wave signal gen 
erator; an antenna for radiating and receiving energy 
having a base and a substantially quarter wave vertical 
radiator mounted thereon and insulated therefrom; means 
for coupling said signal generator to an antenna feed 
line, said feed line terminating in a parallel resonant 
circuit resonant at the frequency of said signal generator 
and comprising an inductance and a capacitance mounted 
within said antenna base; means for coupling said reso~ 
nant circuit to said radiator; detector means coupled to 
said parallel resonant circuit, said means including a 
recti?er mounted within said antenna base; and an in 
dicator coupled to said detector means through a ca 
pacitance whereby said indicator is responsive only to 
varying signals impressed on said detector means. 

9. In an electromagnetic object detection system, the 
combination comprising: 1a continuous wave signal gen 
erator; an antenna for radiating and receiving energy 
having a base and a substantially quarter wave vertical 
radiator mounted thereon and insulated therefrom, means 
for coupling said signal generator to an antenna feed line, 
said feed line terminating in a parallel resonant circuit 
resonant at the frequency of said signal generator and 
comprising an inductance and a capacitance mounted with 
in said antenna base; a capacitance mounted within 
said base for coupling said resonant circuit to said ra 
diator; electrical means mounted within said antenna base 
for varying the resonance of said parallel resonant cir 
cuit; detector means coupled to said parallel resonant 
circuit, said means including a recti?er mounted within 
said antenna base; and an indicator coupled to said 
detector means through a capacitance whereby said in 
dicator is responsive only to varying signals impressed 
on said detector means. 

10. The electromagnetic ‘object detection device of 
claim 1 wherein said means for differentially combining 
the outputs of said sensing means comprises a resistance 
network. 
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