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1
MULTIPLE FREQUENCY MAGNETIC FIELD

TECHNIQUE FOR DIFFERENTIATING BETWEEN
CLASSES OF METAL OBJECTS

BACKGROUND OF THE INVENTION
Numerous state-of-the-art metal detectors employ-

ing oscillating magnetic fields are available and have

found use in applications such as mine detectors,
prospecting devices, and the like. These state-of-the-art
devices, which usually employ a measuring field oscil-
lating at a single frequency, detect the presence of a
metal object usually by measuring the power which the
object absorbs from the field, or by detecting the
change in coupling between two coils produced by the
object. The state-of-the-art devices provide little infor-
mation concerning the geometry of the object, and do
not have the capability, without being transported from
point to point, of distinguishing between small metal
objects close by and larger metal objects further away.

The inability of current state-of-the-art metal detec-
tors to clearly discriminate sufficiently between objects
of varying size, shape and thickness renders them un-
suitable for critical applications such as the detection
of concealed weapons.

SUMMARY OF THE INVENTION

In this invention, oscillating magnetizing fields of
various frequencies are generated through the use of
one or more magnetizing devices, shaped to produce a
desired field distribution in the region of space through
which the metal objects pass.

The magnetizing fields are provided most simply by
one or more magnetizing coils carrying A.C. current
with a spectrum of frequencies. The geometry of the
magnetizing coils is such as to produce a direction of
magnetization having components of magnetizing field
along the principal axes of interest in the metal object.
For a concealed object carried through the field, such
direction of magnetization may be achieved by a suita-
ble distribution of this magnetizing field in space. For a
concealed object fixed in space, a field along the prin-
cipal axes, for various time intervals, is guaranteed by
rotating the direction of the magnetizing field as a func-
tion of time.

- The spectrum of frequencies in each magnetizing
coil includes at least two frequencies, a “high” frequen-
cy, for which ideally the skin depth of the magnetic
field of a specific class of metal objects of interest is
small compared with the thickness, and a “low”
frequency for which the calculated skin depth is large
compared with the thickness.

A simple technique for investigating the induced
field of a metal object involves the use of detector coils
positioned at various points in space. As a special case,
the magnetizing coils themselves may serve as detector
coils.

The -voltage in the detector coils produced by the
magnetizing field itself is subtracted out by use of suita-
ble electronics or electrical circuits, so that only the
voltage produced by the induced field of the metal ob-
ject is measured. Electronic circuits are provided for
measuring at each frequency the in-phase and out-of-
phase component of the induced voltage with respect
to the magnetizing current of that frequency.

The electronic measuring circuitry allows not only
these components of voltage to be measured, but also
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provides for taking ratios of the various components,
and in general allows comparison of the components
after various algebraic operations have been performed
on them. The operation of taking ratios is particularly
useful since it tends to eliminate dependence of the
result on the magnitude of the applied magnetizing
field.

Since the voltage measured in a detector coil de-
pends upon the magnetic flux from the metal object
linking the detector coil, each voltage component, at
each frequency, depends upon the aforementioned
material and geometric parameters characterizing the
metal object. ’

This dependence may be examined theoretically or
empirically. A class of objects which are ferromagnetic
with the general geometry of a hand gun, for example,
will produce a set of responses in the measuring circuits
different from other classes of objects. By selecting
from all the possible measurements, or combinations of
measurements, those particular measurements which
are most distinctive and which best categorize a class of
objects, a pattern for that class of objects is established
from these measurements.

Electronic. circuitry is used to recognize that pattern
and to operate an indicator signal such as a light or an
alarm when it occurs.

DESCRIPTION OF THE DRAWING

The invention will become more readily apparent
from the following exemplary description in connec-
tion with the accompanying drawing.

FIG. 1 is an electrical schematic illustration of an
embodiment of the invention;

FIGS. 2A, 2B, 2C and 2D are vector diagrams illus-
trating the operation of the invention disclosed in FIG.

FIG. 3 is a graphical illustration of curves plotting
energy loss v. frequency for two classes of metal ob-
jects;

FIG. 4 is a graphical illustration of the out-of-phase
component of induced voltage v. frequency of fer-
romagnetic and non-ferromagnetic objects subjected to
magnetic fields by the embodiment of FIG. 1; and

FIGS. 5A and 5B are illustrations of alternate em-
bodiments of the invention as illustrated in FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1 there is illustrated schematically
a particular embodiment of the A.C. electromagnetic
metal detector apparatus 10 comprising this invention.
The A.C. electromagnetic metal detector of FIG. 1 is
comprised of a coil configuration 20 including a mag-
netizing coil C, and a detector coil C,, an excitation cir-
cuit 30 operatively connected to the magnetizing coil
C, and a signal measuring and processing circuit 40
operatively connected to the detecting coil C,. The
operation of the A.C. electromagnetic metal detector
apparatus 10 in accordance with the invention can be
basically described as follows. A metal object is sub-
jected to A.C. magnetic fields of at least two frequen-
cies, one ‘*high” and one “low”, in response to the ex-
citation of the magnetizing coil C, by the excitation cir-
cuit 30. The irradiation of the metal object by these
magnetic fields results in the magnetization of the
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metal object. The detecting coil C, is disposed relative
to the metal object to detect the magnetic field
produced by the magnetized metal object and to
generate a signal corresponding to this magnetic field.
The ultimate in information to be derived from the
magnetized object would necessitate the measurement
of the magnetic field produced by the object from
every point in space.

The signal measuring and processing circuit 40
derives the components of the signal generated by the
detector coil C, which are in-phase with the current in
the magnetizing coil C,, and the components which are
out-of-phase with the current in the magnetizing coil C,
and processes these component measurements to clas-
sify the metal object on the basis of parameters such as
size, shape, thickness and surface-to-volume ratio.

The measurement of the in phase component at each
frequency is a measure of the energy loss at each
frequency attributable to the metal object. The mea-
surement of the out-of-phase component indicates
whether the metal object is ferromagnetic or non-fer-
romagnetic. For a ferromagnetic object at low frequen-
cy, the out-of-phase component tends to be determined
by the induced magnetism of the object, and for a non-
ferromagnetic metal object the out-of-phase com-
ponent tends to be determined by the field of the in-
duced eddy currents in the object. For a non-ferromag-
netic insulator, both the in-phase and out-of-phase
components tend to be very small.

Briefly then, the invention relates to the examination
of magnetic fields produced by metal objects which are
subjected to A.C. magnetic fields of more than one
frequency. While FIG. 1 illustrates the use of both a
magnetizing coil C, and a detector coil C,, the use of
the magnetizing coil alone is sufficient to provide the
magnetic field information required to classify the
metal object. Furthermore, inasmuch as the essence of
the invention concerns monitoring magnetic fields,
other magnetic field responsive devices, such as a mag-
netometer, may be used in place of the coils.

In the specific embodiment of FIG. 1 coils C, and C,
are arranged in a transformer-like configuration in
which the magnetizing coil C, functions as the primary
coil of the transformer by coupling energy to the detec-
tor coil C, which corresponds to the secondary coil of a
transformer. Ideally in the operation of the transformer
arrangement of the coil configuration 20 the magnetiz-
ing coil C, causes an induced voltage to appear in the
detector coil C; which differs in phase with the current
in the magnetizing coil C, by 90°. This vector relation-
ship of an ideal transformer (not exhibiting losses) is il-
lustrated in FIG. 2A wherein the vector OA cor-
responds to the induced voltage. The presence of a
magnetically permeable core member or metal object
will alter this ideal phase relationship resulting in rota-
tion of the secondary voltage vector OA as illustrated
in FIG. 2B. The change in vector relationship between
the induced secondary voltage and the current in the
detector coil configuration 20 is utilized due to the
presence of a metal object by the A.C. electromagnetic
metal detector apparatus 10 to classify magnetically
permeable objects passed within the active detecting
area A defined by coil C, on the basis of thickness,
volume and ferromagnetic or non-ferromagnetic
characteristics. The signal measuring and processing
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circuit 40 provides the classification capability by
monitoring the characteristics of all magnetically
permeable objects passed within the field generated by
magnetizing coil C, and generating a signal to actuate
the alarm circuit 52 in response to the presence of an
object of a specific class, such as a gun. The apparatus
10 will be subjected to extraneous magnetic influences
existing in the surrounding operational environment
such as exist at airport facilities, and these extraneous
magnetic influences will resuit in a displacement of the
secondary induced voltage vector which is unrelated to
the objects to be monitored. The vector OA of FIG. 2C
represents the displaced secondary induced voltage
resulting from the extraneous magnetic fields as well as
the signal induced in the detector coil C, by the excita-
tion signal applied to the magnetizing coil C,. The vec-
tor OC, which is 180° out-of-phase with the vector OA,
corresponds to the influence of a phase shifter circuit,
such as a controlled mutual inductor 22, providing the
null, or zero, operating conditions for the apparatus 10.
Having accomplished the null operating conditions for
the apparatus 10, the insertion of a magnetically
permeable object in the active field area A developed
by coil C, results in a further displacement and change
in length of the vector corresponding to the induced
secondary voltage which is represented by vector OB of
FIG. 2C. The resultant change in the secondary in-
duced voltage from vector OA to vector OB is illus-
trated by a line A-B, which resultant may be resolved
into component B, which is in-phase with the current
in the magnetizing coil C, and component B, which is
out-of-phase with the current in the magnetizing coil
C,. The component B, is a measure of the electrical
and magnetic energy loss (also referred to as eddy cur-
rent loss or power absorbed by the object) produced by
the magnetically permeable object and the component
B, is an indication as to whether the object is ferromag-
netic or non-ferromagnetic. The measurement of these
two parameters by the signal measuring and processing
circuit 40 at more than one magnetizing excitation
frequency, as established by excitation circuit 30, pro-
vides the information necessary to discriminate
between a predetermined class of objects, such as guns,
and other magnetically permeable objects.

Due to the current interest in detecting concealed
firearms the operation of the apparatus 10 will be con-
cerned with discriminating between magnetically
permeable objects corresponding to small guns, and
other miscellaneous magnetically permeable objects
which are likely to be present.

A plot of energy loss (power absorbed) versus mag-
netizing coil C, excitation frequency for two classes of
magnetically permeable objects is depicted in curves A
and B of FIG. 3. Curve A corresponds to objects com-
posed of relatively thin metal elements such as keys,
aerosol cans, radios, cameras, etc., while curve B cor-
responds to small guns. It is apparent from the curves of
FIG. 3 that from the measurements of energy loss at, or
between, two selected frequencies, information can be
derived whereby the ratios or slopes AP, and A P of
the curves A and B, respectively, can be utilized to
determine the classification of the magnetically perme-
able objects.

The magnetizing coil C, excitation frequencies at
which, or between which, the energy loss of the metal
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objects of the type corresponding to curves A and B of
FIG. 3 is to be measured are selected to provide ratios
of the measurements of the energy loss of the curves at
the selected frequencies which will render the class of
objects of interest clearly distinguishable from other
objects likely to be monitored by the apparatus 10.

Assuming the detection of guns is of prime interest,
the ratio A Py of curve B defined between selected
frequencies of approximately f;, (100 hertz) and f
(1,000 hertz) is clearly distinguishable from the ratio A
P,of curve A.

The selection of frequencies f;, and f}; to provide ac-
curate gun detection discrimination is based on the
known condition that if an object is subjected to a suffi-
ciently high frequency (fy) to result in a skin depth in
the object which is relatively small compared to the
thickness (¢) of the object, the power (P) absorbed by
the object in “energy loss” varies as f2, while irradia-
tion of the object by energy at a lower frequency (f),
which results in the skin depth of the object being rela-
tively large compared to the thickness (¢), the power
absorbed by the object varies as f2. Thus, by making
measurements of the power absorbed by an object at or
between two frequencies, f;, and fy, it can be deter-
.mined either that the object is relatively thin in com-
parison to the skin depth if the following relationship is
satisfied:

- Pae=Ualf)?

¢
where Py is the power absorbed at the frequency f,
and P, is the power absorber at the frequency f;; or that
the object is relatively thick in comparison to the skin
depth if the following relationship is satisfied:

Puaypy,= (ful fu)1" @)

It is recognized that a gun is comprised of many
thicknesses, thus the class of objects corresponding to
guns falls between the relationships (1) and (2).

In the embodiment of the invention illustrated in
FIG. 1 the oscillators 32 and 34 of excitation circuit 30
generate the frequencies f;, and fy; which are combined
simultaneously in the mixer-amplifier 36 and sub-
sequently applied to the magnetizing coil C,. The mu-
tual inductor 22, as noted above, functions to offset the
signal induced in the detector coil C, by the excitation
of the magnetizing coil C,, as well as offsetting the in-
fluence of extraneous magnetic fields, to render a net
zero input signal to the signal measuring and processing
circuit 40 in the absence of a metal object passing
within the active detection area A. The function of the
mutual inductor 22 may be implemented by other
means, or may be ignored completely if the signal in-
. duced in the detector coil C, by the magnetizing coil C,
can be tolerated. : :

Signal measuring and processing circuit 40 com-
prises a measuring circuit 42 for measuring the out-of-
phase component of the signal induced in detector coil
C, at frequency f, an energy loss measuring circuit 44
for measuring the energy loss (in-phase component) at-
tributable to the object at frequency f;, and an energy
loss measuring circuit 46 for measuring the energy loss
(in-phase component) attributable to the object at

5

20

25

35

40

45

50

55

60

6

frequency fy. For the purpose of discussion the circuit
selected to implement the operation of measuring cir-
cuits 42, 44 and 46 of FIG. 1 is the phase lock amplifier
of which the Princeton Applied Research (PAR)
Model HRS is an example. The measuring circuits 42,
44 and 46 will hereinafter be referred to as phase lock
amplifiers 42, 44 and 46. Each phase lock amplifier in-
cludes a first and second input terminal @ and b and an
output terminal o. The signal developed by the detector
coil C, in response to the presence of a metal object in
the active area A of the coil configuration 20 is sup-
plied to the inputs a of the phase lock amplifiers 42, 44
and 46 respectively, while a reference signal R which is
in phase with the current in magnetizing coil C; and
contains signals (f;, +f) is supplied to the input b of the
phase lock amplifier circuits 42, 44 and 46. Each phase
lock amplifier includes input filter circuits and a
reference signal phase control adjustment. The input
filter circuits internally associated with the phase lock
amplifiers 42 and 44 are designed to pass primarily the
Jfi component of the input signals, while the input filter
circuits internally associated with the phase lock ampli-
fier 46 are designed to pass primarily the f;; component
of the input signals.

Inasmuch as the component B,, as illustrated in
FIGS. 2C and 2D, of the resultant vector displacement
A-B is 90° out-of-phase with the current and, there-
fore, as in a pure inductance, the phase lock amplifier
42 is adjusted to measure the component of f;, which is
90° out-of-phase with the current in the magnetizing
coil C,. Inasmuch as the energy loss component B, is
in-phase with the current in the magnetizing coil C,, as
in a resistor, phase lock amplifiers 44 and 46 are ad-
justed to measure the in-phase components of f;, and f;,,
respectively. The phase lock amplifiers 42, 44 and 46
generate DC output signals which are proportional to
the average value of the detector coil input signals at
the respective frequencies and respective phase rela-
tionships.

The DC output signal of the phase lock amplifier 42,
is arbitrarily chosen to be positive if the metal object is
ferromagnetic, as indicated in FIG. 2C, and negative if
the metal object is non-ferromagnetic as indicated in
FIG. 2D. The determination of polarity of the output
signal of the phase lock amplifier 42 is apparent from
the plot of out-of-phase voltage versus frequency in
FIG. 4 for typical ferromagnetic metal objects, non-fer-
romagnetic objects and non-ferromagnetic insulators.
This information coupled with the determination of the
energy loss attributed to the metal object at the
selected frequencies f; and fy provides three pieces of
information which can be interpreted to define physical
characteristics of the detected object, such as
thickness, which can be utilized to classify the detected
objects according to classes such as defined by curves
A and B of FIG. 3. It is apparent that a fourth piece of
information, i.e., the out-of-phase component at f;;, can
be derived through the use of an additional measuring
circuit 47 of the type described above in reference to
measuring circuits 42, 44 and 46.

Furthermore it is apparent that in-phase and out-of-
phase measurements at more than two frequencies can
be implemented.

In the situation noted above where it is desired to dis-
criminate between a gun and other metal objects, the
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information provided in the form of DC output signals
can be processed through ratio circuit 45, comparator
circuits 48A and 48B and logic AND gate 49 to
produce an actuation signal for the alarm circuit 52
when an object having the characteristics of a gun is
passed through the active sensing area A of the detec-
tor coil configuration 20.

Since most guns contain iron, the pattern of mea-
surement made by the signal measuring and processing
circuit 40 corresponding to the class of objects com-
prising guns, includes:

1. a positive voltage output signal from phase lock
amplifier 42, above a selected threshold B set by com-
parator circuit 48B and defined in FIG. 4 correspond-
ing to the smallest hand gun to be detected. (This
eliminates non-ferromagnetic and small ferromagnetic
objects.)

2. a ratio measurement of low frequency energy loss
to high frequency energy loss from ratio circuit 45
above a selected threshold C as determined by com-
parator circuit 48A. (This requirement tends to dif-
ferentiate between hand guns and other ferromagnetic
metallic objects.)

It follows therefore that the first measured charac-
teristic of a gun is fulfilled if a positive DC output signal
above the threshold B is developed by the phase lock
amplifier 42 resulting in the application of a positive
signal to the input 49a of the logic AND gate 49 by
comparator circuit 48B. The second measured charac-
teristic required to develop a positive signal at the input
49b of logic AND gate 49 is determined by the output
of comparator circuit 48A. The D.C. output signal of
phase lock amplifier 44, corresponding to the energy
loss at f; is supplied to input 45a of the ratio circuit 45,
and the D.C. output signal of the phase lock amplifier
46, corresponding to the energy loss and fy, is supplied
to the input 45b of the ratio circuit 45. The ratio circuit
45 produces an output signal which is proportional to
the ratio of the output signals of phase lock amplifiers
44 and 46. It has been determined that the ratio of high
frequency energy loss to low frequency energy loss for
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guns, where f is approximately 1000 Hz and f, is ap-

proximately 100 Hz, is in the range of about 10 to 1.
The output signal of the ratio circuit 45 is supplied as a
first input signal to comparator circuit 48A and a
threshold signal C is supplied as a second input signal to
comparator circuit 48A. The value of the threshold
signal C corresponds to the metal object classification
defined by curve B of FIG. 3 between frequencies fj,
and f},. If the output signal from the ratio circuit 45 is
equal to or less than the threshold signal C, the com-
parator circuit 48A generates a positive output signal
indicating a detected metal object of the class defined
by curve B. If this positive signal coincides with a posi-
tive signal at the input terminal 494, the combination
indicating a ferromagnetic object of a class comparable
to a gun, the logic AND gate 49 will transmit an actuat-
ing signal to an alarm circuit 52. The processing of the
in-phase and out-of-phase components thus described
to provide alarm actuation is based primarily on object
thickness.

While the signal processing thus provided accounts
for the majority of situations in which a gun is passed
through the active detecting area, there exists two
situations in which a gun would not result in an alarm
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actuating output signal from the logic AND gate 49.
The first of these situations occurs if the gun is con-
structed of a non-ferromagnetic material, i.e., alu-
minum, in which case the D.C. output signal of the
phase lock amplifier 42 would be negative, and the
second situation where the gun is accompanied by ad-
ditional metallic objects producing energy loss mea-
surements by the phase lock amplifiers 44 and 46
which results in an output from ratio circuit 45 indica-
tive of a metal object outside the classification for guns.

Either situation cannot be tolerated if optimum gun
detection is to be accomplished. Therefore the negative
output from the phase lock amplifier 42 is connected to
a non-ferromagnetic object detector 54, and an excess
metal detector 56 is connected to the output of the
phase lock amplifier 46. The information provided by
indicators 54 and 56 alerts an operator to the possibili-
ty of the passage of a gun to the active detecting area
thereby enabling the operator to take appropriate ac-
tion. A typical relay voltmeter as marketed by As-
sembly Products Incorporated can be used to measure
the magnitude of the signal developed by the phase
lock amplifier 46 and provide an alarm actuation when
the magnitude reaches a predetermined value indica-
tive of excess metal. It is noted that the output signal
from phase lock amplifier 44 could also be used to in-
dicate excess metal inasmuch as all metal exhibits loss
when subjected to magnetic fields. The amount of loss
exhibited is in direct relationship to the amount of
metal present.

While the embodiment of the invention depicted in
FIG. 1, utilizing a single coil configuration 20, illus-
trates the basic principle of operation of the invention,
practical implementation of the invention to provide
optimum object detection and discrimination neces-
sitates the use of coil configurations which provide
either rotating field sensitivity or x, y and z axis sen-
sitivity to the metal objects in order to minimize the af-
fect of the axis alignment of the metal object as it
passes through the active detecting area A. This
requirement is particularly critical in detecting guns in-
asmuch as it is impossible to control the orientation of a
gun as it passes through the active detecting area. Nu-
merous combinations of coil configurations and as-
sociated electronics may be employed to generate the
three mutually orthogonal magnetic fields H,, H, and
H, required to monitor the metal object and process
the results and information obtained.

Referring to FIGS. 5A and 5B there is illustrated typ-
ical implementation of coil configurations and circuitry
for generating magnetic fields to completely enclose
the path of travel of a metal object in order to monitor
the characteristics of the object in the manner dis-
closed above with respect to the operation of the em-
bodiment of FIG. 1. The multi-axis monitoring of the
metal object provides optimum detection and dis-
crimination regardless of orientation of the metal ob-

60 ject. The embodiment illustrated in FIGS. 5A and 5B
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comprise a walk-through structure 60 having a
passageway P. The walk-through structure 60 can be
positioned in the path of travel of air line passengers in
airport boarding areas.

In the walk-through structure 60 of FIG. 5A three
distinct coil configurations CC,, CC, and CC; of com-
parable size are positioned in a successive manner
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along the walk-through structure. The positioning of
the coil configurations CC,, Cc, and CC; results in a
generation of three mutually orthogonal magnetic
fields corresponding to the x, y and z axes respectively
in response to excitation circuits 30x, 30y and 30z. The
coil configurations CC,, CC, and CC; correspond sub-
stantially to the coil configuration 20 disclosed sche-
matically in FIG. 1. One method of constructing the
coil configuration involves the use of bifilar wire
wherein one of the conductors corresponds to the mag-
netizing coil C, of FIG. 1 and a second conductor cor-
responds to the detector coil C, of FIG. 1. The embodi-
ment illustrated in FIG. 5A depicts each of the coil con-
figurations as comprising two segments A and B posi-
tioned in a parallel relationship on opposite surfaces of
the walk-through structure 60. While the respective x,
y and z magnetic fields could be generated by using but
one of the segments of each of the coil configurations
CC,, CC; and CC; the utilization of the two segments
provides for a more uniform magnetic field in each of
three axes. While individual excitation circuits 30x, 30y
and 30z, and signal measuring and processing circuits
40x, 40y and 40z are connected to the individual coil
configurations to provide separate measurements of
the metal object characteristics in each of the three
axes, a single excitation circuit and a single signal mea-
suring and processing circuit could be employed if the
coil configurations are connected in series. The cir-
cuitry employed in each of the circuits 30x, 30y and
30z, and 40x, 40y and 40z corresponds substantially to
the circuitry utilized in the circuits 30 and 40 of FIG. 1.
In the embodiment illustrated in FIG. SA if an in-
dividual carrying a concealed weapon passes through
the walk-through structure 60 one or more of the
respective signal and processing circuits will generate
an alarm actuating output signal depending on the
orientation of the concealed weapon. Therefore the
duplication of the A.C. electromagnetic metal detect-
ing apparatus 10 of FIG. 1 for the x, y and z axes pro-
vides the operating capability of discriminating
between a gun and other metal objects regardless of the
orientation of the gun. The position of the coil configu-
ration CC,, CC, and CC; successively along the walk-
through structure 60 provides the isolation of each of
the coil configurations which is required if the frequen-
cies f;, and fy in each coil configuration are the same.

The embodiment illustrated in FIG. 5B depicts the
coil configurations CC,, CC, and CC; as generating
magnetic fields in the same passageway volume of the
walk-through structure 60. In order to utilize this
foreshortened walk-through structure while providing
discrete measurements of the characteristics of the
metal object at the x, y and z axes it is necessary to util-
ize three sufficiently distinct sets of excitation frequen-
cies for the respective coil configurations to avoid in-
teraction between the measurements made. Once again
the excitation circuitry and the signal processing and
measuring circuitry for the coil configurations of the
embodiment illustrated in FIG. 5B correspond substan-
tially to the circuitry utilized in the basic embodiment
illustrated in FIG. 1. ’

We claim:

1. Apparatus for detecting preselected classes of
metal objects, comprising,

an A.C. electromagnetic means including

magnetizing means,
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- a multi-frequency excitation circuit means operative-
ly connected to said magnetizing means, said mag-
netizing means responding to excitation current
signals from said multi-frequency excitation circuit
means by developing at least first and second oscil-
lating magnetic fields, said first oscillating mag-
netic field being a low frequency oscillating mag-
netic field and said second oscillating magnetic
field being a high frequency oscillating magnetic
field, said metal objects being subjected to said
oscillating magnetic fields,

detecting means for monitoring the induced mag-

netic fields developed by said metal objects being
subjected to said low and high frequency oscillat-
ing magnetic fields and developing output signals
representative thereof, said signals including com-
ponents at each frequency which are in-phase and
out-of-phase with said excitation current signals,
and

signal measuring and processing circuit means opera-

tively connected to said detecting means, said
signal measuring and processing means including
first circuit means responding to said in-phase
components at each frequency by generating first
output signals indicative of energy loss attributable
to said metal objects at each frequency second cir-
cuit means responding to said out-of-phase com-
ponents by generating second output signals in-
dicative of whether said metal objects are fer-
romagnetic or nonferromagnetic, and third circuit
means responsive to said first and second output
signals for evaluating said signals and generating a
third output signal indicative of the class of said
metal objects.

2. Apparatus as claimed in claim 1 wherein said low
frequency oscillating magnetic field being selected
from a range of frequencies for which the skin depth of
said induced magnetic field developed by said
preselected class of metal objects is relatively large
compared with the thickness, said high frequency oscil-
lating magnetic field being selected from a range of
frequencies for which the skin depth of said induced
magnetic field developed by said preselected class of
metal objects is relatively small compared to the
thickness.

3. Apparatus as claimed in claim 2 wherein said mag-
netizing means includes a coil configuration having at
least one magnetizing coil, and said detector means in-
cludes at least one detector coil for developing said
output signals of said detector means as a function of
the magnetic flux linking said metal objects and said
detector coil at each of the frequencies of said low
frequency magnetic field and said high frequency mag-
netic field.

4. Apparatus as claimed in claim 1 further including

circuit means for substantially eliminating from the

signals developed by said detector means the ef-
fect of the excitation signals of said multi-frequen-
cy excitation circuit means.

5. Apparatus as claimed in claim 2 wherein said mag-
netizing means includes three coil configurations
operatively connected to said multi-frequency excita-
tion circuit means to generate three substantially mu-
tually orthogonal magnetic fields each comprised of a
low and a high frequency oscillating magnetic field,
said signal measuring and processing circuit means
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being operatively connected to said three coil configu-
rations to provide detection and discrimination of
metal objects passing through said magnetic fields re-
gardless of orientation of said metal objects.

6. Apparatus as claimed in claim 5 wherein said three
coil configurations are positioned about the path of
travel of said metal objects and are disposed in a suc-
cessive manner such that said metal objects are sequen-
tially subjected to the magnetic fields of the respective
coil configurations.

7. Apparatus as claimed in claim § wherein said three
coil configurations are positioned about the path of
travel of said metal objects such that the metal objects
are simultaneously subjected to the magnetic fields of
the respective coil configurations.

8. Apparatus as claimed in claim 6 wherein the low
and high frequency magnetic fields of each coil con-
figuration are the same.

9. Apparatus as claimed in claim 7 wherein the low
and high frequency magnetic fields of each coil con-
figuration are different.

10. Apparatus as claimed in claim 1 wherein said
out-of-phase components are approximately 90° out-
of-phase with said excitation signals.

11. Apparatus as claimed in claim 1 wherein said
oscillating magnetic fields are developed simultane-
ously.

12. Apparatus as claimed in claim 1 wherein said first
circuit means determines the relative magnitudes of the
signal components corresponding to energy loss at said
low and high frequency, said first output signals
representing the relationship of these magnitudes, said
third circuit means responding to said first and second
output signals for comparing said signals to predeter-
mined values, said third output signal being generated
if said first and second output signals establish a
predetermined relationship with said predetermined
values.

13. Apparatus for detecting preselected classes of
metal objects, comprising,

an A.C. electromagnetic means including

magnetizing means,

a multi-frequency excitation circuit means operative-
ly connected to said magnetizing means, said mag-
netizing means responding to excitation current
signals from said multi-frequency excitation circuit
means by developing oscillating magnetic fields,
said metal objects being subjected to said oscillat-
ing magnetic fields, said oscillating magnetic fields
including at least one low frequency magnetic field
and at least one high frequency magnetic field,

detecting means for monitoring the induced mag-
netic field developed by said metal objects being
subjected to said oscillating magnetic fields and
developing output signals corresponding to said
low and high frequency magnetic fields, and

signal measuring and processing circuit means in-
cluding first circuit means responding to said out-
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developing a first output signal which is out-of-
phase with said excitation current signals, second
and third circuit means for developing second and
third output signals indicative of components of

said output signals of said detecting means, w{}lich
are produced by said low frequency and said high

frequency oscillating magnetic fields respectively,
said second and third output signals being in phase
with said excitation current signals, said first out-
put signal being an indication of whether said
metal objects are ferromagnetic or nonferromag-
netic, said second and third output signals being a
measurement of the energy loss attributable to said
metal objects at said low frequency and high
frequency oscillating magnetic fields respectively,
fourth circuit means responsive to said second and
third output signals for determining the relative
magnitudes of said second and third output signals
and developing a fourth output signal indicative of
this relationship, and object classification circuit
means responsive to said first output signal and
said fourth output signal for generating an object
classification output signal indicative of a specific
class of metal objects.

14. Apparatus as claimed in claim 13 wherein said
specified class of metal objects is small arms, such as
pistols, the frequency of said low frequency magnetic
field being approximately 100 hertz, and the frequency
of said high frequency magnetic field being approxi-
mately 1,000 hertz.

15. Apparatus as claimed in claim 13 wherein said
fourth output signal is indicative of a ratio between the
energy loss at the high frequency oscillating magnetic
field and the energy loss at the low frequency oscillat-
ing magnetic field.

16. Apparatus as claimed in claim 13 wherein said
second and third circuit means include a second and
third phase lock amplifier circuit respectively, each
having a first and second input and an output, said out-
put signals from said detector means being supplied to
said first inputs and a reference signal comprised of the
low frequency and high frequency signals developed by
said multi-frequency excitation circuit being supplied
to said second inputs, said second phase lock amplifier
circuit developing said second output signal, said third
phase lock amplifier circuit developing said third out-
put signal, said second and third output signals cor-
responding to the energy loss attributable to said metal
objects at said low and high frequencies respectively.

17. Apparatus as claimed in claim 13 wherein said
first circuit means further includes a first phase lock
amplifier circuit having a first and second input and an
output, said output signals from said detector means .
being supplied to said first input and said reference
signal being supplied to said second input, said first
phase lock amplifier circuit developing said first output
signal.

18. Apparatus as claimed in claim 15 wherein said
ratio for a class of metal objects corresponding to small

put signals of said detecting means produced by 60 arms isapproximately 10:1.

said low frequency oscillating magnetic field by
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