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25,100 
OBJECT DETECTORS 

Reynold S. Chapin, Webster, Mass, assignor to Chapin 
Electronics Corporation, a corporation of Delaware 

Original No. 2,826,753, dated Mar. 11, 1958, SenNo. 
422,764, Apr. 13, 1954. Application for reissue Mar. 
10, 1960, Ser. No. 14,161 

31 Claims. (Cl. 340-258) 
Matter enclosed in heavy brackets II ] appears in the 

original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 
My invention relates to moving object detector systems 

generally and more particularly to personnel intrusion 
devices, anti-collision devices, and traffic control devices 
wherein continuous wave radio frequency or acoustic 
energy radiated from and received by \a single antenna 
or transducer may be used for the purpose of determin 
ing the presence of moving objects, and the velocity, 
range, and direction of motion of an object. The ob 
jects to the motion of which I refer are in general any 
objects capable of absorbing or re?ecting radiant waves 
of radio or acoustic energy such as people, animals, 
vehicles, trains, ships, boats and airplanes. 

Typical prior art forms of moving object detectors, as 
described in US. Patents No. 2,197,028, No. 2,224,246, 
No. 2,655,645 and No. 2,400,309, have employed both 
acoustic and radio frequency radiators of energywherein 
a stationary standing wave pattern of energy was estab 
lished within an enclosure. Such systems in the acoustic 
art frequently use a device known as a transducer which 
converts electrical energy to acoustic, energy and vice 
versa. Examples are the loudspeaker and microphone. 
Usually separate transmitting and receiving transducers 
were employed. The receiving transducer orantenna 
was connected to a receiver which was then adjusted to 
the particular level of the standing Wave energy exist 
ing at the receiving transducer or antenna. Upon en 
trance of a moving object into the pattern of the standing 
wave energy, the pattern was disturbed and the delicate 
balance between the energy at the receiving transducer 
or antenna and the receiver sensitivity was upset. By 
means of suitable ampli?ers and relays connected to 
the receiver, a relay was cause-d to operate and in turn 
to energize alarm. signalling or process control devices. 
Other prior art forms of moving object detectors have 
utilized a single transducer or antenna alternately 
switched on a time basis between the transmitter and the 
receiver. Thus while the transmitter was radiating en 
ergy, usually in pulse form, the receiver was de-energized 
and therefore insensitive to re?ections of energy from 
short range, nearby objects. ' 

In general, prior art systems for the detection of mov 
ing objects have been complex systems necessitating in 
terconnection of a multiplicity of units, and requiring 
stationary or ?xed installation of units in order to obtain 
stability of performance; interdependent adjustment of 
the various units of the system was necessary in order to 
obtain sufficient sensitivity. Frequently, the very adjust 
ments which result in high sensitivity also coincide with 
the operating parameters giving rise to instability and‘ 
consequent false alarms. 
My invention contemplates the design of a completely 

dynamic moving object detector system responsive‘only 
to the relative motion of objects and free from the numer 
ous causes of instability which have characterized previ 
ous systems. My invention consists of a self-contained 
power supply, oscillation generator, radiator, detector, 

. ampli?er, control relay and alarm or signalling device, 
packaged in a single unit and having the following at-‘ 
tributes: light weight, smallness, low cost, simplicity of 
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design, portability, adaptability to a new environment 
Without necessity for readjustments of the circuits, con 
tinuous single dial adjustment of the range of sensitivity 
from maximum distance down to zero distance; con 
tinuous uninterrupted sensitivity in a path or paths from 
the unit to moving objects but to the maximum range of 
sensitivity of the invention; continuous sensitivity on a 
time basis to ‘the motion of objects; interdependence of 
location whether within an interior or not; freedom from 
the necessity of making tuning or balancing adjustments 
either to obtain maximum sensitivity or to accommodate 
various environment conditions; freedom from the un 
stabilizing effects of frequency drift, component and tube 
drift and aging; freedom to readily and easily select the 
pattern of the energy radiations so that either omnidirec 
tional sensitivity or directional sensitivity to moving ob 
jects may be obtained; availability of signals, voltages, 
and currents for the measurement of the speed, distance 
or range of an object, direction of motion of an object 
and the number of objects which may appear in the sen 
sitive ?eld of the invention; elimination of a multiplicity 
of numerous units which must be interconnected and 
mutually adjusted for optimum performance, elimination 
of a multiplicity of transmitting and receiving transducers 
or antennas which must be resonated to the frequency 
of operation and substitution therefor of a single trans 
ducer or antenna which need not be critically adjusted 
to the frequency of operation. The single transducer 
or antenna, due to the novel design of the system, simul 
taneously and continuously performs the dual functions 
of radiating energy to and receiving energy from a mov 
ing object without interference of one function with the 
other. 

It is well known to those versed in the art that any ob 
jects which move in a standing wave pattern of either 
radiated acoustic or radiated radio frequency energy will 
cause changes in the ?eld pattern due to the absorptive 
and re?ective qualities of the objects. Since a moving 
object will re?ect‘ incident energy (transmitted signals) 
and disperse it in many directions, it will re?ect some of 
the incident energy back to the transmitting or radiating 
device. The returned energy will be of the same fre 
quency as the transmitted and radiated energy but it will 
be delayed in phase or time depending upon the relative 
movement of the object, the distance between the trans 
mitter and the object, and the propagation characteristics 
of the medium into which the energy is being radiated. 
As the energy re?ected from an object is returned to the 
original radiator, it will create a voltage across the im 
pedance of the radiator and a current will ?ow. 
My invention makes use of a single stage oscillation 

generator, although a generator followed by an ampli?er 
may be used. The oscillation generator is unmodulated 
by either pulses or any other form of modulation. It is 
a continuous wave oscillation generator developing a 
single frequency. It is coupled to the radiating device 
which may be either an acoustic-transducer or a radio 
frequency antenna, depending upon the mode of opera 
tion. Since the oscillation generator supplies voltage and 
current to the radiator continuously, the returned energy 
from the object will combine in the radiator impedance 
with'the oscillation energy being continuously supplied to 
the radiator, and a new voltage-current ratio or imped 
ance will result. The voltage developed'as a result of re 
?ection from the object will be small in comparison, with 
the voltage developed across the radiator impedance with 
the oscillation generator; however, the voltage developed 
as a result of reflection‘ will be out of phase with voltage 
developed across the impedance by the oscillation gen 
erator, and when the two voltages combine, a vector sum 
of the two voltages will result. If any object of the types 
described is moving in the radiation area and re?ecting 



3 
energy back to the radiator there will be a change or 
fluctuation in the impedance of the radiator and in the 
resultant vector voltage. I have'found that motion of an 
object in a radio-frequency ?eld will not only cause a 
varying amplitude of energy to be returned to the ra 
diator, but that very. signi?cantv changes in the phase 
relationship. between the generated and the re?ected volt 
age will result, with correspondingly large changes in the 
resultant vector voltage for relatively small motion of 
the object. If the wave-length of the radiated radio-fre 
quency energy is chosen so that equipotential points in the 
standing wave pattern are separated by a distance com 
parable to, or smaller than, the physical size of the mov 
ing object, then very slight motion of the object Wlll result 
in a large phase change of the resultant vector voltage at 
the radiator impedance with a correspondingly large 
change in the impedance of the radiator. 

‘When there is no‘ motion of an object in the standing 
wave ?eld, the vector voltage resulting from the combina 
tion of the generated voltage and the re?ection from sta 
tionary objects in the ?eld pattern is stable and constant. 
However, when motion occurs the resultant vector volt 
age and the impedance of the antenna or transducer 
change. If the moving object progresses at a constant 
rate through the ?eld of energy, the instantaneous vector 
voltage appearing across the radiator impedance will 
?uctuate up and down in amplitude’ in accordance with 
the speed of they object. The rate of this ?uctuation is 
constant if the object moves at a constant speed and is 
in the order of one cycle per second (or one 360° rota 
tion per second of the return signal vector with reference 
to the generator output vector) for a person walking at 
a normal speed in a standing wave ?eld of ultra high - 
frequency radio energy; By knowing the wavelength of - 
the constant frequency transmitted signal, direct measure 
ment of the frequency of ?uctuation of the returned volt 
age or the rotation of the resultant vector will yield in 
formation as to the speed of the object. The frequency 
of the ?uctuations may be converted into speed by means 
of suitable conversion and calibration factors. 

Since the returned signal from the moving object is 
attenuated in space by a factor ‘proportional to the 
distance between the moving object-and the radiator, the 
average, amplitude of the vector resultant voltage, aver 
aged over several successive ?uctuations, will be a measure 

25,100 

10 

15 

20 

25 

30 

35 

.40 

45 

of the relative distances of the object from the radiator. , 
Additionally the change in peak amplitude between two 
or more successive ?uctuations of the vector voltage will 
also be a measureof the distance or range of the object 
from the radiator. ‘This difference in amplitude between 
successive ?uctuations may be measured and by means. of 
suitable conversion and calibration factors the distance or 
range to the moving object may be obtained. 

Since my invention contemplates the use ofv either 
acoustic radiators or the use of antennas operating in the 
ultra high frequency radio range, it should be recognized 
that the pattern of energy transmission can be [changed 
easily from directional to omnidirectional through the, 
simple expedient of substituting a directional or omni 
directional acoustic transducer or antenna of the type 
well known in the art. 
may be directed into any given area and be excluded 
from all other adjacent areas. Movementof an object 
within‘ the energized area will cause a change in the 
resultant vector voltage and impedance of the radiator. 
By means of suitable azimuth and elevation indicators 
coupled to a revolving radiator, the exact vertical and _ 
horizontal direction in which an object is moving relar 

'70 tive to the radiator may be ascertained. , - . . 

Anyschange in impedance or voltage-current ratio 
occurring atrthe-transmitter radiator may be suitably de 
tected or recti?ed, and the resulting signal employed to 
operate conventional electrical, electromechanical or 
electrochemical devices for the purpose of indicating, 

Therefore the radiated energy, 
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4 
signaling, or initiating other processes. Any impedance 
change in the radiator may be re?ected to the generator 
or generator ampli?er circuits and cause other mani 
festations representative of the presence of a moving 
object within the standing wave ?eld. If a self-excited 
generator is employed to generate the continuous wave 
energy, and it is coupled to the radiator, a change of 
impedance of the radiator may be made to cause a change 
of the impedance of the frequency controlling elements 
of the generator. Therefore, a moving object in a stand 
ing ‘wave ?eld, re?ecting energy back to the transmitting 
radiator, will cause a change in the impedance of the 
radiator, and by reason of the coupling between the ra 
diator and the frequency controlling elements, a corre 
sponding change in the impedance of the frequency con 
trolling elements results which in turn leads to a change 
in the operating frequency phase vor of- the generator 
signal voltage. By means of suitable frequency or phase 
measuring equipment, coupled to the generator, the 
change in frequency or phase of the generator may be 
determined and thus the presence of a moving object in 
the ?eld pattern detected‘. The rate o-f‘frequency or phase 
change,_will ‘be a measure of the speed, of the object, and 
the magnitude of. the frequency-or phase change will be 
a-rneasure of the distance of the moving obiect from the 
transmitting radiator. . 

Any change in the impedance of a radiator coupled 
to a generator or ampli?er of generated energy will re 
sult in a corresponding change in the impedance of the 
generator or ampli?er itself which will cause the generator 
or ampli?er to. draw more or less power from the source 
supplying it. Thus any impedance change of-the coupled 
radiator will result. in a change in the potentials and cur 
rents appearing in the circuitry of the generator or ampli 
?er; Any of these changes may be utilized. to indicate 
the presence of a moving. object in the energy ?eld, to 
measure the speed of the object, and to determine the dis 
tanceof the'o'bject from the radiator.: ' 
The single requirement for the development of a ?uc 

tuating vector voltage at the radiator impedance is that 
there be motion of an object with respect to the radiator. 
Therefore,.due to the novel features. of my invention it 
is practical to mount the moving object ‘detector upon a 
moving carrier, such as a boat or vehicle, for the purpose 
of an anti-collision detector operating whenever the car 
rier approaches a stationary object or another object 
having motion relative to the speed of the carrier. Ad 
ditionally, since the radiated pattern of energy can readily 
be made directional or omnidirectional in nature by means 
of plugging ingthe proper transducer or antenna, the 
moving object detector can be used as a navigational aid 
for the» purpose of determining the presence of objects, 
determining the relative'speed of objects and determining 
the locatiomof objects‘ relative‘ to the position and speed 
of the carrier upon which the moving object detector is 
mounted. ~ . ‘ 

.Since one embodiment of my invention operates in the 
ultrahigh-frequency portion of the radio frequency spec 
trum~,.non~metallic physical barriers, such as stored ma 
terials, partitions,walls, vfloors, and ceilings, arepenetrated 
by the’ radio frequency energy. Thus one of the novel 
features of my invention is-to detect the motion of ob 
jectswhen they are separated from the moving object de 
tector by such non-metallic physical barriers. Con 
versely, the radio frequency energy may be con?ned to 
a given area and prevented from reaching another adja 
centarea through the expedient of providing metallic. 
shields, such as metallic paint on a supporting surface 
as_~-a wall, or by erecting wire screens at the point one 
wishes to stop the'energy. _ 
Oneembodiment of my invention, employing a single 

acoustic transducer ‘for the radiation of an acoustic stand 
ingwave patternvand for the simultaneous reception of 

' re?ections from objects, is extremely sensitive to imped 
ance changes in the propagation medium, namely air. 
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Therefore, upon any rapid change in the acoustic imped 
ance of the air, as results when ?re occurs, there will be 
a corresponding change in the resultant vector voltage 
appearing ‘across the impedance of the radiator, the 
acoustic transducer. This acoustic embodiment of my in 
vention may be used as a ?re detector and ?re alarm 
system as well as providing simultaneous moving object 
detection. Another feature of the acoustic embodiment 
of my invention is to provide a radiated pattern of acous 
tic energy, which because of its nature is readily con 
?ned to an enclosure due to the high impedance to pas~ 
sage of acoustic energy otfered by physical barriers, such 
as partitions, walls, floors, stored materials, and ceilings. 
One of the objects of my invention is to provide an 

improved system and apparatus for the detection of mo 
tion of objects relative to the system and apparatus by 
means of a radiant ?eld of energy. 

Another object of my invention is to employ only a 
single radiating means such as a transducer to radiate 
acoustic energy or an antenna to radiate radio frequency 
energy, said radiating means to simultaneously radiate 
energy to a moving object and receive re?ected energy 
from the moving object. Another object of my invention 
is to employ only a single radiating means where the 
radiated signal and the received signal which is re?ected 
from stationary objects in the ?eld of energy combine in 
the impedance of the radiator without interfering with 
each other and without decreasing the sensitivity of the 
system or apparatus to the detection of motion. 
Another object of my invention is to detect the motion 

or absence of motion of objects, when there are nearby 
objects which are stationary relative to the object in 
motion, or other objects which may be in motion but at a 
different relative speed than the object whose motion is 
to be detected. 
Another object of my invention is to provide an im 

proved system and apparatus for the detection of motion 
of objects within an interior without requirement for 
making any adjustments in the invention or apparatus 
to compensate for the presence of an enclosure. 

Another object of my invention is to provide an im 
proved system and apparatus for the detection of motion 
of objects outside of any enclosure without the necessity 
of making any adjustments in the system or apparatus 
to compensate for the absence of an enclosure. 
Another object of my invention is to provide an im 

proved system and apparatus for the detection of motion 
of objects when they are separated from the system and 
apparatus by non-metallic partitions, walls, ?oors, ceil 
ings, and stored materials. 
Another object of my invention is to provide an im 

proved system and ‘apparatus for the ready interchange 
of the mode of operation from an acoustic or ultrasonic 
type of radiated energy ?eld to a radio frequency radiated 
?eld by means of interchangeable generators and radiating 
devices without the necessity of making any other changes 
in the system. 

Another object of my invention is to provide an im 
proved system and apparatus for the detection, measure 
ment and location of the object which has motion rela 
tive to the system and apparatus by means of a radiated 
radio frequency ?eld. 

Another object of ‘my invention is to provide an im 
proved system and apparatus for the detection, measure 
ment and location of an object which has motion relative 
to the system and apparatus by means of a radiated acous 

, tice or ultrasonic ?eld. ' 

Another object of my invention is to provide an im 
proved system and apparatus for the detection measure 
ment and location of an object having motion'relative 
to the system and apparatus which is free from thefalse 
indications caused by changes of temperature, humidity, 
voltage and frequency drifts characteristic of 
equipment. 
Another object of my invention is to provide an im-. 

proved system and apparatus for'the detection, measure 
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6 
ment, and location of an object which has motion rela 
tive to the system and apparatus without the necessity 
of installation of a multiplicity of interconnected units 
comprising the system, my invention being composed of 
a single self-contained unit including alarm, indicating 
and measuring devices. 

Another object of my invention is to provide an im 
proved system and apparatus for the detection, measure 
ment and location of objects having motion relative to 
the system and apparatus without the necessity for adjust 
ment of balancing or cancellation circuits or devices to 
compensate or cancel out the direct radiation from the 
transmitting device to the receiving device in order to 
improve the detection sensitivity to a moving object. 

Another object of my invention is to provide an im 
proved system and apparatus for the detection of objects 
having motion relative to the system and apparatus by a 
novel dynamic method which does not require that any 
reference condition of balance or stability be established 
prior to the detection of object motion. 
Another object of my invention is to provide an im 

proved system and apparatus for the detection of motion 
or detection of the absence of motion of an object with 
out the necessity of making any adjustment to compen 
sate for the presence of stationary objects or absence of 
stationary objects in the ?eld of the radiated energy. 
Another object of my invention is to provide an im 

proved system and apparatus for the con?ning of the 
radiated energy to an enclosure so that detection, meas 
urement and location of objects moving within the en 
closure is accomplished without reaction to the motion 
of objects outside of the enclosure. 

Another object of my invention is to provide an im 
proved system and apparatus for the counting of the 
number of moving objects passing through the radiated 
?eld. . 

Another object of my invention is to provide an im 
proved system and apparatus for the measurement of’ 
speed of moving objects in the radiated ?eld. 

Another object of my invention is to provide an im 
proved system and apparatus for the measurement of the 
relative speed of the object with respect to the system and 
apparatus. 
A still further object of my invention is to provide an 

improved system and apparatus for the detection and 
measurement of the direction in which an object is mov 
mg. - 

A still further object of my invention is to provide an 
improved system and apparatus for the detection, indica 
tion and measurement of relative motion of an object 
without the necessity for setting up or creating a station 
ary standing wave pattern. 

Another object of my invention is to provide an im 
proved system and apparatus for the detection, indication, 
and measurement of the presence of a moving object at a 
predetermined ?nite range to the exclusion of detection, 
indication, or measurement of moving objects at other 
distances or ranges. 

A still further object of my invention is to provide an 
improved system and apparatus for the detection, indica 
tion and measurement of objects having motion relative 
to the system and apparatus whereby the radiator, such 
as an acoustic transducer or radio frequency antenna, may 
be readily changed from an omni-directional type to a‘ 
directional type and so control the pattern of the radiated 
energy to provide discrimination or absence of it to ob 
jects in a predetermined area. 
A still further object of my invention is to provide an 

improved system and apparatus for the detection, indi 
cation and measurement of an object, which has motion 
relative to the system and apparatus, by means of detect-' 
ing the resultant vector .current amplitude, arising in the 
antenna ortransducer impedance through combination 
of the generated signal currents and the received signal. 
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currents resulting from re?ections of energy from objects 
in the radiated ?eld pattern." 
vA still further object‘ of my invention is to provide an 

improved system and apparatus for the detection, indica 
tion, andmeasurement of the motion of objects relative 
to the system and apparatus by detection of the change 
in the frequency: of the oscillation generator resulting 
from the signal current developed in the antenna or trans 
ducer impedance due. to re?ection of energy from the ob 
jects in the radiated ?eld pattern. 

Another object-of‘ my invention is to provide an im 
provedv system and apparatus for the detection, indication 
and measurement of objects having motion relative to the 
system and apparatus by means of detecting the change 
in the currents and voltages appearing in the circuitry of 
the oscillation generator as a result of the signal current 
developed in the antenna or transducer impedance by 
means of re?ections of radiated energy from the object or 
objects. 

Another object of my invention is to provide an im 
proved system and apparatus for the detection, indication 
and measurement of objects having motion relative to the 
system or apparatus when the moving object detector is 
mounted on a moving carrier such as a vehicle or ship 
thus-providing an anti-collision warning device‘ and 
navigational aid. ' ' 

A still further object of my invention is to provide an 
improved system and apparatus for the detection, indica 
tion‘ and measurement of an object having motion rela 
tive to‘ the system and apparatus when such moving ob 
ject detector is located in a ‘region subject‘ to acoustic 
noise, electrical oscillatory discharges, vibration, and rapid 
circulation of air. 

Another object of my invention is to provide an im 
proved system and apparatus for rapidly and inexpensive 
ly determining the radiated ?eld pattern contours of a: 
radiating device such as an acoustic transducer ‘or radio 
frequency antenna. ‘ ' 

Referring now to the drawings: 
‘FIGURE 1 is a schematic-diagram of the invention in 

anv elementary form employing an electric-magnetic radia 
tion technique. ’ 

FIGURE 2 is a schematic diagram of the invention 
employing an acoustic radiation technique. 
FIGURE 3 is a vector diagram showing the relation 

ship of the voltages or currents appearing in the radiator" 
representing the transmitted signal, the re?ected signal, 
and the resultant'vector summation of‘the two. 
FIGURE 4 is a graph showing-the wave form of the 

voltage or current representing the re?ected signal of 
FIGURE 3. ' - ' 

FIGURE 5 is a comprehensive circuit diagram of a 
radio frequency signal generator, antenna, detection cir 
cuit, and alarm or measuring system. ' ' 
FIGURE 6 is an interchangeable acoustical transducer 

and signal generator for use in the system of FIGURE 5. 
‘FIGURE 7 is another embodiment of the invention 

showing an arrangement adapted for operation on‘ the 
basis of frequency change. 
FIGURE 8 is a detailed circuit diagram of one form 

of the invention. 
With reference to FIGURE 1, a continuous wave radio 

frequency oscillation generator 1, supplies power to a 
radiating antenna 3. Average radio frequency current in 
the antenna is indicated by current meter 2. Re?ections 
of energy from nearby objects in the ?eld of the standing 
wave pattern of radiated energy re?ect some of this energy 
back to the antenna 3. If a re?ecting object is moving, 
the energy returned to the antenna will be of variable am 
plitude and of variable phase with respect to the energy 
being transmitted. As the returned energy from an ob 
ject impinges upon the antenna,’ currents are caused to 
?ow in the antenna impedance willcombine with the 
steady current supplied to the antenna impedance from 
the oscillation generator. Although thereturned signal‘ 
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currents are small in amplitude in comparison with the 
current supplied by the oscillation generator, there will be 
a change in the average antenna current as indicated by 
meter 2 resulting from motion of re?ecting objects. The 
larger current from the oscillation generator masks the 
smaller received signal current. The change in antenna 
current indicated by the meter 2 will be so-sm'all, how 
ever, that it will be almost imperceptible except with the 
most sensitive measuring‘ apparatus and dependent on 
the proximity of the detected object. ‘ 

This same theory of operation applies equally well to 
FIGURE 2 which operates upon the principle of radiating 
acoustic energy rather than radio frequency. 

111 FIGURE 2, oscillation generator 4 is an audio or 
ultrasonic generator supplying power to- an acoustic trans 
ducer 6 which may be a‘loudspeaker of the tweeter type 
or a magnetostriction device which converts electrical, 
audio or ultrasonic energy into sound waves and propa 
gates these waves into the air. Indicating meter 5 meas 
ures the amount of average current supplied to the trans 

ducer 6. 
‘FIGURE 3 shows the current or voltage relationships 

existing in the antenna or transducer impedance for the 
generatedgand the received signal currents or voltages. 
The steady current or voltage supplied by either generator 
1 or'4 is indicated by vector 7. The received signal cur 
rent ‘or voltage‘resulting from re?ected energy is shown as‘ 
vector‘ 8. Vectors _7 and 8 combine in‘ the antenna or 
transducer impedance vectorially to form resultant cur 
rent or' voltage 9. When the’ re?ecting object is stationary, 
vector 8 is of constant amplitude and of ?xed phase re 
lationship with respect to generated signal vector 7. How 
ever when a re?ecting object is in motion, vector 8 re 
volves rapidly in phase and changes greatly in amplitude‘ 
depending on the distance of the object from the antenna 
or transducer. Thus the resultant vector 9 will also vary 
greatly in both amplitude and phase when an object is in 
motion. Vector 9 will change from a maximum value. 
equal to vector 7 plus vector 8 to a minimum value of 
vector 7 minusvector 8. Rotation rate of vector 8 is pro 
portional' to the speed of the moving object. 
FIGURE 4 illustrates the behavior of vector 8 whose 

amplitude is plotted as a function of the distance of the 
moving object from the antenna. As the moving object 
approaches the antenna from an in?nite distance in a free 
?eld pattern, the amplitude of vector 8 gradually in 
creases from zero, oscillating from a positive amplitude to 
a negative amplitude in a continuous fashion. If the ob 
ject moves at a constant rate, the returned signal oscilla 
tions are periodic in frequency and are a measure of the 
speed of the object. . Should the object stop at any point, 
vector 8 will have a ?xed amplitude and phase with re 
spect' to vector 7, the generated current, depending on the 
position of the object in the standing wave ?eld. The 
average amplitude of the returned signal oscillations is 
inversely proportional to the square of the distance be— 
tween the object and the antenna. Thus the returned sig 
nal amplitude at A indicates that a given object is a further 
distance'from the antenna as compared with the average 
amplitude" at B indicating that the object is closer to the 
antenna. If the vector 8 or the resultant vector 9 were 
plotted on a moving chart recorder for motion of a given 
object, the exact distance of an object may be measured. 
Ambiguity‘ as to whether the object was approaching or 
receding from a‘ particular amplitude value and corre 
sponding physical position may be resolved by noting the 
direction of'rotation of vector tier 9. his evident that 
for a ‘short travel of the moving object, the phase change 
of vector‘ 8 with respect to the vector ‘9, is appreciable 
giving'rise 'to an extremely sensitive method for the de-' 
tection' of moving objects. 
My invention employs the principle of isolating and 

utilizing the action of either vector ‘8, the returned signal 
current or voltage, or the change in the resultant current 
or voltage vector 9, in order to detect the motion of the 
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aforementioned types of objects. It will be apparent that 
through the use of this principle of motion detection that 
many new and novel features result, permitting applica 
tions heretofor considered uneconomical or impracticable. 
Prior systems have operated on the Doppler principle 
wherein the moving object caused a measurable change in 
the frequency of the received energy. Other systems em 
ploy a pulse type arrangement wherein the energy is trans 
mitted intermittently and the transmitter and receiver are 
alternately connected and disconnected from the antenna. 
By sharing of the single antenna between the transmitter 
and the receiver on a time basis, the masking of the weak 
received signal by the stronger transmitted signal was re 
duced and fair system sensitivity with longer range de 
tection was achieved. This time sharing process in effect 
resulted in the elimination of vector 7, FIGURE 3, so that 
only vector 8 remained to be detected by the receiver. 
For short range detection of moving objects, the pulse 
type system has many drawbacks such as equipment com 
plexity, stray currents, and inherent limitation of the 
minimum range because of the ?nite duration of the trans 
mitted pulse and the consequent insensitivity of the re 
ceiver during the pulse. The undesirable loss of receiver 
sensitivity due to the masking effect of the generated cur 
rent in the antenna or transducer impedance, when using 
a single antenna or transducer for the simultaneous trans 
mission and reception of re?ected signal currents is elimi~ 
nated in my system without the expense and complexity 
involved with pulse or modulating systems. 
FIGURE 5 represents an embodiment of my invention 

wherein continuous wave oscillation generator 10 of the 
type commonly employed to generate continuous waves 
of the order of one meter or less in wavelength supplies 
current to radiating antenna 11 which may be of any of 
the commonly known types of directional or omnidirec 
tional antennas applicable to this wavelength range. By 
suitable proportioning of the relative impedances of the 
generator and the antenna, suf?cient resultant vector cur 
rent will be formed by the combination of the ‘generator 
or current and the re?ected signal current, when a moving 
object enters the radiation ?eld, to create a resultant vec 
tor voltage across terminals 12 and 14. 
The resultant vector voltage 9 is impressed on the 

recti?er-detector 13 and the recti?er-detector load im 
pedance comprised of resistor 15 and capacitor 16. The 
steady generated current represented by vector 7, in the 
absence of re?ections from a moving object, will be 
recti?ed and appear as a constant D.C. current in the 
resistor 15. Capacitor 16 is therefore charged to a 
steady D.C. potential which served to bias the recti?er 
detector to an operating point et?cient for the passage 
through the recti?er of small ?uctuations in the steady 
generated current. When an object re?ects energy to 
the antenna during motion, vector 8 revolves and appears 
as a modulation superimposed upon the steady generated 
current, vector 7. . 

Let us assume that a person is walking towards or 
away from the apparatus at a normal rate through the 
standing wave pattern. ‘If the generator is transmitting 
at a frequency of approximately one meter in wavelength, 
the frequency of rotation of vector 8 and the frequency 
of amplitude change the resultant vector 9 is approxi 
mately one cycle per second. This one cycle per second 
modulation on the steady carrier is passed by the recti?er 
detector where it appears as a modulation upon the previ 
ously described steady D.C. voltage appearing across 
capacitor 16. Coupling capacitor 17 will pass only an 
alternating current or a ?uctuating D.C. current, Hence 
the steady D.C. component of the voltage appearing 
across capacitor 16 resulting from the generated current, 
vector 7, will not be passed on to indicating meter 18 
but the changes in the D.C. voltage resulting from the 
returned signal energy re?ected from a moving object, 
that is, the amplitude changes in vector 9, will be passed 
through capacitor 17 to the indicating meter 18. If the 
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10 
moving object is a person walking at a normal rate in 
the standing wave pattern as described, the pointer of 
the meter 18, will oscillate at a rate of approximately 
one cycle per second. For purposes of illustration of 
this principle, it is advantageous to consider a center zero 
meter. The pointer of such a meter will ?uctuate up 
and down scale about the zero mark as a moving object 
proceeds through the U.H.F. standing wave ?eld. This 
same indication occurs with an object which absorbs 
energy as it progresses through the standing wave ?eld. 
Obviously similar indications occur whether an object 
advances or recedes from the antenna. Since the ?uc 
tuating voltage appears across the terminals of meter 18, 
it will also appear across the terminals of relay coil 19. 
When su?icient current ?ows in the coil, relay contacts 
20 will close causing indicator 22 to operate by virtue 
of the current supplied by power source 21. Indicator 
22 may be a bell, lamp, horn, timing device, printing 
device, recording device, 01' other process control device. 
Additional relay contacts may be arranged to produce a 
lockin result whereby the contacts will remain closed 
after an initial impulse of energy has closed the contacts. 
Thus the indicator will be continuously energized by 
power source 21 until the relay coil circuit is opened by 
means of an added switch 23 which may be manually 
operated or operated by means of some connection with 
the indicating device 22. 
The degree of de?ection of the pointer meter 18 is a 

measure of the distance of the object from antenna 11; 
the closer the object, the greater the de?ection. The 
rate of movement of the pointer, or the frequency of 
oscillation of the pointer, is a measure of the relative 
speed of the object. 
By converting the steady generated alternating cur 

rent, vector 7, to direct current by means of recti?er 
detector 13, and preventing this D.C. current from ?ow 
ing to meter 18 by means of capacitor 17, the masking 
effect of the generated current 17 on the small received 
current, vector 8 is eliminated. Alternately instead of 
using capacitor 17, the meter may be connected in series 
with a bias battery of opposite polarity to the D.C. volt 
age developed across resistor 15, suitably adjusted so 
that in the absence of a moving object the meter pointer 
will indicate zero. Thus the steady component of current 
due to the generated signal is cancelled out. By elimi 
nation of the steady current component due to the gen— 
erated current a very high degree of sensitivity to mov 
ing objects is obtained. 

Conversion of the radio frequency system to an acous 
tic system may readily be done by disconnecting genera~ 
tor 10 and antenna 11 from terminals 12 and 14 and 
substituting the circuit of FIGURE 6. This circuit con‘ 
sists of a continuous Wave audio or ultrasonic generator 
23 and an acoustic transducer 24. It is connected by 
means of terminals 25 and 26 to terminals 12 and 14. 
The operation of the recti?er-detector and the other por 
tion of the circuit remain the same as in the radio fre 
quency system. Provided the interchangeable units are 
properly designed, no further adjustments or changes 
need to be made in converting from a radio frequency 
system to an acoustic system or conversely. 
FIGURE 7 shows another arrangement of the inven 

tion. A continuous wave oscillation generator 27 is 
connected to antenna 29 by means of coupling coil 28 
which by mutual induction couples some of the antenna 
energy to the coil 30. Both the continuous Wave gener 
ated energy and the returned. energy from re?ecting 
objects are transmitted to coil 30. Coil'30 is resonated 
to the generator frequency by means of capacitor 31 
under the condition of absence of moving objects. When 
motion of ‘an object occurs and energy is absorbed or 
re?ected from or to the antenna, the resultant current, 
represented by vector 9, ?owing in the antenna imped 
ance will change and therefore the antenna loading will 
change. The generator frequency may be made to change 
in accordance with the antenna loading change dependent 
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upon the stability of_~the generator. 
combination With capacitance 31 is resonated to the 
original frequency of the generator before loadingv by a 
moving object, the total current in the resonant com 
bination will change, thus giving rise to a change in the 
current in recti?er-detector 32 and in the current in load 
resistor 33 and capacitor 34. This action di?ers radically 
from that occurring in capacity operated relay system 
in that in my invention motion of an object anywhere in 
the standing wave ?eld can produce a frequency change. 
In the capacity-operated relay system the motion of the 
object must be in proximity to the antenna. In the 
capacity-operated relay system a moving object approach 
ing the antenna (in close proximity) causes a,unidirec-, 
tional frequency change in the oscillation frequency; how 
ever in the present invention such a moving object will 
cause bidirectional frequency changes comparable to the 
amplitude changes indicated in FIGURE 4. The chang 
ing amplitude of the current in the resistor 33 due to 
motion of an ‘object creates a voltage across the resistor 
which is passed through coupling capacitor 35 to the 
indicating meter 36. Meter’ 36 will then indicate pres 
once or absence of motion, distance of the object,.and 
the speed of the object as in the case of FIGURE 5. 
Likewise, oscillation generator 27, coupling coil 28, an 
tenna 29, coil 30 and capacitance 31 may be replaced 
by their acoustic counterparts and the system converted 
to an acoustic system with the same general performance 
characteristics. 
FIGURE 8 is another embodiment of my invention‘ 

wherein 37 is a self-excited single envelope continuous 
wave oscillation generator of the type commonly used 
at the wavelengths of one meter or less. Resistor 38 is 
the ‘grid return resistor and resistor 39 provides‘ cathode 
bias. Resonant line 40 determines the frequency of the 
oscillations and also couples energy -to antenna pick-up 
loop 41 which feeds energy to antenna 42. The antenna 
may be either directional or omnidirectional. In this ‘em 
bodiment, there are no circuits which need be resonated 
to the frequency of the oscillation generator, therefore 
frequency stability of the oscillation generator is unim 
portant as it may drift within its normal tolerances with. 
out'appreciably changing the amount of energy radiated 
from the antenna 42. When no re?ected signal isbeing 
received, the current resulting from vector 7 of FIGURE 
3 passes from the antenna coupling 41 through recti?er 
detector 43 to detector load resistor 44., Capacitor 45 
charges up to the average voltage appearing across re 
sistor 44. Capacitor 46 blocks the steady generated volt 
age from the grid of tube 48. When a re?ected signal ap-, 
pears at antenna 42, the resultant combination of the gen 
erated current and the received current, vector 9, is recti— 
?ed by recti?er-detector 43 and is passed on to the load 
resistor 44 and the capacitor 45 as before. However the 
signal resulting from object motion is then passed through 
coupling capacitor 46 to ampli?er tube 48,for which grid 
resistor 47, cathode bias resistor 49, and plate resistor 50} 
serve to provide suitable operating impedances. After am 
pli?cation, the signal is passed through, coupling capacitor 
51 and electrical ?lter 52. which passessignals. of the 
desired frequency range. 

Filter 52 may be a high-pass, low-pass or band-pass 
?lter of conventional design the frequency response char 
acteristics of which depend upon thetype of object the 
motion of which is to be detected. 

Since the type of moving object to‘ be detected in a 
given application is usually predictable, its speed or an 
ticipated range of speed is also predictable. For example 
the range of speed of a person is relatively small as com 
pared with the possible range of speed of a vehicle or 
train. Upon conversion of the motion of an object into 
electrical impulses or signals,- and by means of suitable 
electrical ?lters, themoving object detector may be made 
sensitive to the characteristic motion of one type of object 
only, rejecting signals from other objects having different 
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12 
characteristic. motion. Thus by making electrical ?lter 
52. a low frequency band-pass ?lter having its center fre 
quency of response at a feW cycles vper second and only a 
few cycles wide in the pass-band, one may detect the mo 
tion of people and not the motion of higher speed objects 
even though they are in motion in the ?eld of radiated 
energy. Since my invention is a dynamic system, it is 
responsive only to objects which are in motion relative 
to the apparatus, and which vcreate signals of suitable 
frequency range to pass through the electrical ?lter and 
eventually activate alarm or indicating circuits. The ?lter 
may be any conventional design of low-pass, high-pass 
or band-pass depending on the frequency range desired. 

Following electrical ?lter 52, the moving object signal 
is limited in amplitude by diode recti?er 53- Which is 
biased to a positive cutoff level by battery 54. This 
limited positive polarity signal is then fed to a conven 
tional impulse counter circuit the output of which triggers 
a relay control tube 60. The purpose of the counter 
circuit is to establish positively that a moving object is 
creating the signal and not some other cause such as 
transient impulses of energy received by the antenna or 
transducer. A true moving object will create a ?nite num 
ber of signal oscillations in a given interval of time where 
as a transient spurious impulse will not. Therefore by 
counting the number of. impulses in a given time and 
determining thatsu?icient signal impulses are present be 
fore tripping the alarm or. indicator-relay 64, the moving 
object detector is made independent of spurious signals. 
The counter circuit operates simultaneously and inter 
dependently with a synchronized timing circuit. For each 
positive impulse of moving object signal applied to ca 
pacitance 55 from limiter 53, capacitances 55 and 58 
charge up through diode recti?er 57 so that the'sum of the 
potentials across capacitances 55 and 58 equal the po 
tential: of power supplied by battery 67. The charge re 
ceived by capacitor 55 is removed on the negative peak of 
the succeeding signal from electrical ?lter 52 by discharge 
through recti?er 56 but discharge of capacitance 58 is 
prevented by recti?er diode 56. By making capacitance 

' 58 much larger than capacitance 55, the output voltage of 
the counter appearing across capacitance 58‘, will be a 
step function of voltage in which each increment of volt 
age’ resulting from each- applied positive signal to the 
counter is added to- the previous increment of voltage. 
Thus for a given number of positive input signals there 
will be an- equal number of step'voltage increments out 
put. 

In order to-time the number of voltage increments oc 
curring a single-shot multivibrator, tubes 70‘ and 73, con 
trolsv relay contacts 75 and 76' which start and stop the 
timing interval upon the application of a single positive 
input signal which is applied simultaneously to the 
counter circuit and the single-shot multivibrator. 
By vmeans'of coupling capacitance 68 connected to the 

output of the diode recti?er 53, the positive polarity por 
tion of the moving object signal causes conduction in tube 
70'which is normally biased to cuto? by virtue of the 
high current in the common cathode resistor 72 resulting 
from the positive bias applied to the grid of tube 73 
through resistors 78 and 79. As a result of conduction in 
tube 70, a negative pulse is applied to tube‘ 73 which cuts 
it off and stops-current ?ow in relay coil 77. Normally 
open contacts 76‘ close and prevent any further signal 
from reaching the grid of tubev 70' while normally closed 
contacts 75 open and permit the charging of counter ca 
pacitor 58. Thus during the interval after the ?rst appli 
cation .ofa positive input signal to the counter, a moving 
object will develop a su?icient number of step increments 
of voltage across capacitorSS to cause conduction of . 
tube 60' and thevclosure of relay contacts 65 thereby actu 
ating the alarm or other indicator 66 from energy'sup 
plied» by the‘ power supply, battery 67. If a transient im 
pulsev initiates the action of the counter and the single 
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shot multivibrator, the relay contacts 65 will not close 
because an insufficient number of step voltage increments 
will be built up during the predetermined timing interval 
across the capacitor 58 to cause conduction of tube 60. 
At the end of the timing period, determined by the dis 
charge of coupling capacitor 74 through resistors 71, 78, 
and 79, tube 73 becomes conducting and the current 
through relay coil 77 closes contact '75 and opens contact 
76 resulting in discharge of counter capacitor 58 and re 
storing the grid circuit of tube 70 to a condition where it 
is ready to receive the next signal. 

Potentiometer 59 controls the amount of counter out 
put voltage which may be applied to the grid of tube 60. 
Since the output voltage of the counter is a function of 
the distance of the moving object from the moving object 
detector, potentiometer 59 may be used as a range con 
trol. Tube 60 may be either a vacuum tube or a gaseous 
tube of the thyratron type which remains in a continuous 
state of conduction once it has been ?red by a positive 
input impulse. Therefore, relay contacts 65 may be made 
to remain closed and the indicator or alarm 66 will con 
tinue to function until the cathode switch 62 is opened. 
Resistors 61 and 63 provide ?xed bias to cut off the tube 
60 during the absence of moving object input signals. 
The timing interval of the single-shot multivibrator may 
be preset by means of controlling the discharge time con 
s'tant'for capacitor 74 by adjustment of variable resistor 
79. It will be apparent to those skilled in the art that 
other means than those described for the counting of the 
number of impulses during a ?nite interval may be em 
ployed with equal eifectiveness, Electromechanical re 
lays may be employed for this purpose. Thus through 
the use of counting circuits the moving object detector 
may be used for the purpose of measuring speed and of 
determining when a moving object has reached a prede 
termined speed. 

‘Another feature of my invention is in its inherent ability 
to signal to a remote point the presence of a moving 
object without equipment of any 'kind being added to the 
moving object detector. By remotely monitoring the 
radiated signal from the moving object detector with a 
radio receiver tuned to the radiated frequency, one may 
determine from the amplitude changes or the frequency 
changes occurring in the signal received at the remote 
point whether or not a moving object is present in the 
radiated ?eld of energy. Thus the one radiated signal 
performs the dual function of detecting the presence of 
a moving object and the function of signalling the pres 
ence or absence of a moving object to a remote point. 
Due to the novel self contained design of my invention, 

one embodiment weighing less than twenty pounds and 
having a physical size of approximately 7 x 7 x 12 inches, 
may be mounted on a vehicle or other carrier and used 
to signal the approach or recession of the carrier to or 
from stationary objects or objects which have motion 
relative to the carrier. Likewise, the moving object de 
tector may employ a directional antenna or transducer 
for the purpose of determining the direction of the object 
in motion relative to the carrier. The moving object may 
thus be employed as a navigational aid or as an anti-col 
lision indicator. It may also be employed to automati 
cally turn on a Warning device such as a fog horn in 
shipboard use Whenever collision is imminent. 

The radio frequency embodiment of my invention, op 
erating in the range of one meter or less in wavelength, 
penetrates non-metallic materials such as Walls, ?oors, 
ceilings and stored materials. Therefore a high degree 
of sensitivity to the movement of objects is obtained even 
when these objects are separated from the moving object 
detector by the aforesaid non-metallic materials. 
The acoustic embodiment of my invention is sensitive 

to changes in the acoustic impedance of the propagation 
medium, namely air. However, with suitable design of 
the ampli?er and electrical ?lter circuits, normal changes 
in the acoustic-impedance due to temperature and humid 
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ity will not cause the operation of the alarm or indicator 
circuits. However, when a rapid change in the acoustic 
impedance occurs, the circuits will respond. Therefore, 
the moving object detector will function simultaneously 
as a moving object detector and a ?re detector. 
A further feature of my invention is its ability to func 

tion as a device for the rapid determination of the loca 
tion of the equal energy level contours of a radiating 
transducer or antenna in a free ?eld. To determine the 
radiation contours of an experimental antenna, for ex 
ample, it is only necessary to connect the experimental 
antenna to the moving object detector, and adjust the 
range control to various ranges or distance. Since ad 
justment of the range control in no way affects the radi 
ated pattern but only the detection sensitivity to a moving 
object, the moving object, such as a person, may Walk into 
the energy pattern from various directions. As the mov 
ing object causes a signal of given amplitude to be de 
tected, the moving object detector will indicate the fact 
by ringing a hell or other indication means. By repeat 
ing this approach at various angles to the antenna, the 
pattern contour for each level of energy may be estab 
lished. 

I claim: 
1. In a sonic detector of moving objects, the combi 

nation of means including a sonic signal generator for 
creating a standing wave pattern having alternate points 
of maximum and minimum energy disposed in sequence 
in the path of motion of said objects, a sonic trans 
ducer, and [a] an amplitude and phase-change indicator, 
in which said signal generator is connected to drive 
said transducer, said transducer being sensitized to re 
ceive re?ected sonic signals, and in which said amplitude 
and phase-change indicator is coupled to said transducer 
and matched to detect change of amplitude and phase 
in said re?ected sonic signals comparative to said sig 
nal generator output as said objects move sequentially 
from one said point to another. 

2. In an electro-magnetic system for detecting and 
measuring the motion of objects, the combination of 
means including a signal generator ‘and radiating device 
for radiating energy for creating a standing wave pat 
tern having alternate points of maximum and minimum 
energy disposed in sequence in the path of motion of 
said objects, and an amplitude and [a] phase-differen 
tial detection'system for detecting variations in re?ected 
energy as said objects move between said points, in 
which said signal generator is adapted to generate en 
ergy in the form of a continuous sinusoidal wave, in 
which said radiating device is adapted simultaneously to 
transmit energy and to receive re?ected energy from ob 
jects, and in which said detection system comprises an 
amplitude and [a] phase difference detector adapted 
to detect and measure changes in amplitude and the 
angular diiference of phase of signals occurring in the 
said radiating device and the said signal genera¢ 
tor as a result of changes of re?ected energy due to mo 
tion of said objects between said points. 

[3. The combination of claim 2, in which the detec 
tion system is adapted to detect the changes occurring in 
the signal generator or the radiating device resulting from 
the combination of the transmitted and the received en 
ersv-II 

4. In a continuous-wave system for the detection of 
moving objects, the combination of means including a 
continuous wave transmitter for creating a standing wave ' 
pattern having alternate points of maximum and mini 
mum energy disposed in sequence in the path of motion 
of said objects, [a] an amplitude and phase-modula~ 
tion detector circuit, and an indicator, in which said 
transmitter includes a radiating system shared by said 
[phase-modulation} detector circuit,’ in which said 
[phase-modulation] detector circuit is responsive to said 
transmitted signals and to signals returned fromobject-s 
stationary relative to said system, and in which said 
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indicator is coupled to said ‘,[phase-modulation] detector 
circuit to indicate only the condition of amplitude and 
phase change of said return signals said detector com 
prising means responsive only to the combined vector 
sum of the transmitted continuous wave and the wave 
of any signal returned which has a changing amplitude 
and phase relative to the phase of said transmitted wave 
as the re?ected energy in said pattern changes due to 
shift of position of said objects sequentially between 
said points. 

5. In a system ‘for the detection of moving objects, 
the combination of means including an electro-mag 
netic transmitter having a sinusoidal output for creating 
a standing wave pattern having alternate points of max 
imum and minimum energy disposed in sequence in the 
path of motion of said objects, a receiver, and an an 
tenna coupled to said transmitter and said receiver, said 
receiver being adapted simultaneously and continuously 
to detect change in amplitude and in the vector sum 
of the transmitted and received signals imposed on said 
antenna as the re?ected energy in said pattern changes 
due to shift of position of said objects sequentially be 
tween said points. 

6. The combination of claim 5, in which said antenna 
is an acoustical transducer. 

7. In a system for the detection of moving objects, 
the combination of means including a signal source, [a] 
an amplitude __phase-'difference metering device, and radia 
tion means for transmitting standing wave energy in the 
form of a pattern having alternate points of maximum 
and minimum energy arrayed in sequence in the path of 
said objects, said signal source being connected to said 
radiation means, and said amplitude and phase»differ 
ence metering device being coupled therebctween and 
comprising a frequency meter within the sonic frequency 
range adapted to detect amplitude and phase differences 
of said standing Wave energy due to change of re?ected 
signals from all [moving] objects in the area as said 
moving objects-move sequentially from one said point to 
another. 

8. The combination of claim 5, in which said receiver 
is adapted to detect changes in the electrical wave pat 
tern of said return signals by combining the current and 
voltage vectors of said generator output and of said re 
turn signals. 

9. In a detector of moving objects, the combination 
of a continuous-wave signal generator, an antenna cir 
cuit including a coupling, a recti?er, an impedance net 
work, and an indicator, in which said signal generator 
is connected to said antenna thru said coupling, in which 
said recti?er .is connected likewise to said coupling to 
receive signals from said antenna circuit and to trans~ 
mit signals to said impedance network, and in which 
said impedance network comprises a resistance, a ‘?rst 
capacitance and a second capacitance all connected to 
the output of said recti?er, said resistance and ?rst ca 
pacitance being in parallel With each other and in se 
ries with said recti?er across said coupling and said 
signal generator, and said second capacitance being con 
nected in series with said indicator and with said recti 
?er across said coupling and said signal generator. 

10. The combination of claim 9 in which a relay 
adapted to actuate an alarm is in parallel with said indi 
cator. ' 

11. In a detector of moving objects, the combination 
of a continuous-wave signal generator including ?rst 
and second output terminals, an antenna, a recti?er hav 
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ing an input and an output, an impedance network com- - 
prising ?rst and second capacitors and at least one re-, 
sistance, and an indicator, said signal generator being 
coupled to said antenna and to the input of said recti 
tier through said ?rst output terminal, said resistance 
and ?rst capacitance being coupled in parallel between 
the output of said recti?er and said second output ter 
minal of said signal generator, and said second capaci 

1d 
tance being coupled in series with said indicator be 
tween the output of said recti?er and said second out 
put terminal. 

12. In a detector of moving objects, the combination 
of la continuous-Wave signal generator, a ?rst coupling, 
an antenna, a second coupling, a loading circuit com 
prising a recti?er in series with a reactauce, and a de 
tection circuit comprising a capacitance and an indicator, 
in which said signal generator is connected to said an 
tenna through said ?rst coupling, in which said loading 
circuit is connected to said ?rst coupling through said 
second coupling, and in which said detection circuit is 
connected to said recti?er in parallel with said reactance, 
whereby all continuous signals are absorbed in said load 
ing circuit and whereby all changing signals are imposed 
on said detection circuit. 

13. The combination of claim 12 in which said detec 
tion circuit includes a battery substituted for said second 
capacitance in series with said indicator. 

14. The combination of claim 12 in which the fre 
quency of said continuous wave signal generator is de 
pendent upon impedance change in said antenna. 

15. The combination of claim 12 in which said de 
tection circuit includes an alarm system, a synchronizer, 
and a counter of received signals, whereby a succession 
of detected oscillations or bi-polar changes must occur 
within a predetermined interval of time to trigger said 
alarm system. . 

16. The combination of claim 5 in which said re 
ceiver includes means for counting rotations of the vec— 
tor representing said received signals relative to the 
vector of said transmitted signal, whereby the velocity 
of objects relative to said transmitter and receiver may 
be measured from any given velocity down to zero ve 
locity. 

17. The combination of claim 5 in which said re 
ceiver includes means for measuring the magnitude of 
‘said vector sum of the transmitted and received signals, 
whereby the relative distance of a given object may be 
measured. 

18. The combination of claim 11 in which said ?rst 
and second terminals are adapted to ‘accommodate in 
terchangeable electromagnetic and acoustical signal gen 
erators and radiation means. 

19. The combination of claim 12 in which said re 
actance comprises a load capacitor in parallel with a 
resistance. 

20. The combination of claim 12 in which said de 
tection circuit includes a removed alarm system triggered 
by wireless means. 

21. The combination of claim 14, including a remote 
detector resonant to the transmitted signals and adapted 
to trigger an alarm when said signals change. 

22. The combination of claim 12 in which said in 
dicator is calibrated to record continuously the motion 
of objects from the farthest distance of detection down 
to zero distance. 

23. The combination of claim 12 in which said in 
dicator comprises a chemical recorder. 

24. The combination of claim 12 in which said in 
dicator comp-rises mechanical recording device showing 
signal strength continuously on a time base. 

25. In an acoustical system for detecting and measur 
ing the motion of objects, the combination of a contin 
uous-wave sonic generator and transducer for radiating 
sonic energy, and a detection system for detecting re 
?ected energy, in which said transducer is adapted simul 
taneously to transmit energy and to receive re?ected en 
ergy from objects, and in which said detection system 
is adapted to detect and measure signals occurring in 

- said transducer and said sonic generator resulting from 

75 

re?ected energy said detector comprising a metering de 
vice resonant to the phase and frequency of said trans 
mitted energy and non-resonant with respect to the phase 

_. and frequency of any other signal. 
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26. In an object detection system, the combination of 

a continuous-wave signal generator, radiation means in 
cluding a coupling, an impedance network, a recti?er, 
a detector load circuit, and an indicator circuit, in which 
said signal generator is connected to said radiation means 
through said coupling, in which said impedance network 
is coupled to said coupling and is resonant to the fre 
quency of said signal generator, in which said recti?er 
is connected to said impedance network and to said de 
tector load circuit and said indicator circuit, in which 
said detector load circuit includes a ?rst reactor, and 
in which said indicator circuit includes a second reactor 
and a meter, said detector load circuit and indicator cir 
cuit being connected in ‘series with said recti?er across 
said impedance network, whereby said indicator circuit 
is responsive only to changes in loading of said radiation 
means. 

27. The combination of claim 25, in which the fre 
quency of said continuous wave signal generator is de— 
pendent upon impedance change in said radiation means. 

28. In an object detection system, the combination 
of a continuous-wave signal generator, antenna means 
including a coupling, an impedance networkga recti?er, 
and a detector circuit, in which said signal generator gen 
erates signals of ?xed phase and frequency and is connect 
ed to said antenna means through said coupling, in which 
said impedance network includes a reactance connected 
between said coupling and said recti?er, and in which said 
detector circuit includes at least one capacitance and 
current indicator means, said detector being connected in 
series with said recti?er and said impedance across said 
signal generator, whereby said reactance is adapted to be 
non-resonant to said generated signals of said signal gen 
erator and responsive to change in said signals. 

29. The combination of claim 28, in which said im 
pedance networkincludes at least one inductance. 

30. In an object detection system, the combination of 
means including a continuous-wave signal generator in 
cluding feedback means for creating a standing wave 
pattern having alternate points of maximum and mini 
mum energy disposed in sequence in the path of mo 
tion of said objects, antenna means including a coupling, 
a recti?er, and a detector circuit, including a capacitor 
and indicator, in which said signal generator is connected 
to said antenna means through said coupling, in which 
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said recti?er is connected'to said coupling and to said 
feedback means, and in which said detector circuit is 
connected in series with said recti?er across said signal 
generator, whereby said detector circuit responds only 
when change occurs in the amplitude phase and fre 
quency of signals at said coupling as said objects move 
sequentially between said points. ' 

31. Apparatus for detecting motion of objects of a 
given size and given characteristic motion comprising 
means for creating a standing wave pattern of radiated 
energy having equipolential points separated by a dis 
tance roughly comparable to the physical size of the 
said object and alternate points of maximum and mini 
mum radiated energy disposed in sequence in the path 
of motion of said object, means for detecting changes‘ 
in said standing wave pattern above a minimum thresh 
old of amplitude when said changes occur at a frequency 
of ?uctuation corresponding substantially to the rate at 
which said object sequentially, passes said equipotential 
points when moving in accordance with said character 
istic motion, and alarm means actuated by said detect 
ing means for indicating the presence of said object so 
moving. . 

32. The apparatus de?ned in claim 31 further char 
acterized by the inclusion of means for preventing false 
alarms comprising means for counting said changes, tim 
ing means operatively associated with said counting 
means, and means for actuating said alarm means only 
when a‘ given number of said changes are counted by 
said counter within a given interval of time established 
by said timing means. 
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