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1. | NTRODUCTI ON

The purpose of the described nmeasurements is to provide data from which
to assess the feasibility of using magnetoneter sensors for surveillance

pur poses agai nst arns-bearing personnel

The tests were perfornmed at the Varian Associ ates Wbb Ranch Test Facility,
Menl o Park, California, using a V-4938G Rubi di um G adioneter as described
on the attached data sheet. The sensor, whose principle of operation is
described on this data sheet, measures the total intensity of the earth's
magnetic field with a sensitivity of approxi mately 0.003 ganmm

(3 x 10'8 gauss). The signal fromthe sensor is a frequency determ ned
by an atom c constant which is 4.67 cps per gama. Thus the frequency

is directly proportional to the total intensity at this rate.

The sensor nmeasures only the scalar magnitude of the total intensity and

as such measures only changes in length of the total intensity vector

A smal | disturbance vector, say 100 gammas or |ess, will change the length
of the 50,000 gamma total field vector by an ambunt equal to the projection
of the disturbance vector on the total field. Expressed in other terns,

the rubidiumsensor is a total field-deternm ned conponent magnet oneter.




This component property is utilized in making the dipole noment neasurements
in the following way. The field at the Webb Site dips 65" to the magnetic
north. A horizontal line of known length is established magnetically east
of the sensor. The object is then rotated at the end of this line in a
vertical plane containing the total field. The object will cause a maxi num
perturbation on the total field at the sensor when parallel to the total
field. This position of the object with respect to the point of measurement
is known as Gauss' Position Il. It is inmportant to realize, however, that
the sense of the dipole is seen inversely at the sensor as one can see by
drawing the dipole flux lines at a point perpendicularly away fromthe axis

of a dipole.

Under the above arrangenment, if the length of the object is nmuch less than
one-tenth the distance to the point of measurement, the following is true:

-M . .
AF = -5 where AF = perturbation of the total field,

r
M = magnetic dipole noment, r = distance between the point of measurenent
and the object, and the negative sign expresses the orientation of the
di pol e as expl ai ned above. When rotating an object with a permanent dipole
nmoment through 360", a one-cycle sinusoidal curve is observed which is-twce
as large as the maximum effect of the dipole if it were sinply present or

absent in any fixed orientation. (See Figure 1.)



The induced dipole nmonment is due to the "soft" conponents which thensel ves
act as magnets in the presence of the earth's field. Since it is the earth's
field which is the principal direction determnminant, the "sense" of the

i nduced moment should be independent of the sense of the orientation. The
presence of this induced nonent then offsets the field and thus the average
val ue of the pernmanent nonent as observed during a rotation. The | ong

di mensions of the object are also inportant, however, in establishing the
magni tude of this induced nonent. If, for exanple, the dipole nmonment of a
| ong object originates entirely to induction and not to permanent magneti -
zation, then rotating the object through 360" produces two equal anplitude
sine waves, their maxi ma occuring when the |ong dinmensions are parallel to
the field. Measurement of the rifles have produced various conbinations

of these permanent and induce? noments. (See Figure 1.)

Measur enent of any small changes in the earth's field are linted by the
tinme variations of the earth's field which originate in the ionosphere from
solar effects. Tw sensors near each other sense the sane tinme variations
and their difference is-therefxe constant. In the rubidi um gradioneter,

such a differential scheme is used where one sensor is near the object to be
neasured and the other far removed Any change in the difference is due to
a change nearer to one. The frequencies fromthe sensors are nmixed to
obtain this difference which is then denpdul ated and recorded on a strip

chart recorder.



Measurenments were made on a variety of weapons manufactured in the U S
and in certain conmunist countries. The weapons used by the Viet Cong
and North Vietnamese troops are usually either captured or traded U S.
weapons or they represent weapons manufactured with interchangeability

of parts in Communist China, Czechoslovokia or the Soviet Union

The weapon design, however, is fromthe Soviet Union. A few rounds of
amunition manufactured of steel cases and projectiles in Communist China
were also neasured to estimate the magnetc ef fects of a few | oaded

magazi nes or belts in which all the rounds are nmaintained parallel

This arrangenent is usually but not always the case and the nunber of

rounds may al so vary greatly, of course.



II. NOTES ON THE PERVANENT DI POLE MOMENT OF RIFLES AS A

FERROVAGNETI C ANOVALY IN THE EARTH S FIELD

A. One-hal f peak-to-peak disturbance froma particular rifle at a distance
of 3 meters from sensor:
1. on aline parallel to the earth's field and joining the centers

of the rifle and sensor is 16.5 gammas. (Gauss Position |) and

2. on a horizontal line nmagnetically east of sensor is 8.1 gammas
(Gauss Position I1) Gauss Positions | and Il can be shown
analytically that for a dipole the anonmaly will indeed be in the

ratio of 2.1 respectively. Thus, as a function of the orientation

of the rifle, the anonaly behaves as a dipol e source.

B. For one rifle, one-half the peak-to-peak disturbance
3 nmeters east of sensor is 12 gamnas,
6 neters east of sensor is 1.4 gammas,

12 meters east of sensor is 0. 195 gammas,

The anomaly varies inversely with the cube of the distance and thus at
the basis of fall off with distance, the anomaly behaves as a magnetic

dipole (See Figure 2.).



The permanent noment of all rifles tested including M14, M 16,
M1, MI carbine, Ak-47, RPD, and DPM had their permanent noments
directed towards the stock end of the weapon. Only the P-58

was directed towards the nmuzzle.

The pernmanent dipole nonents along the long axis of the M14 rifles
varied by nore than a factor of two as evidenced by the neasured
moments of 5 rifles:

3500, 2880, 2180, 1780, and 1500 cgs units.

The induced dipole nonments, however, were all identical (wthin
the accuracy of the measurenment) and found to be 405 cgs. The
permanent dipole nonent in a direction normal to the long axis

of the rifle was also observed for the riflewth [long-axis

di pol e moment of 2180 cgs and found to be 242 cgs or approximately

0.1 of the forner.

The moments of the rifles depend upon the 'hardness" of the steel,
the thermal and shock history of the weapon, the anmbient field when.
anneal ed or cool ed, and the relative positions of the conponent

parts each with their own specific histories.



The effective dipole moments, however, for both permanent and
i nduced magneti zation for a variety of average iron and steel
objects ranging fromsmall articles up to autonobiles or even
ships can be estimated using the follow ng valve for the dipole

moment M.

itp

5 6 ~ 5
10" cgs/ton <Mi+p < 10~ cgs/ton or Mi+p ~ 5 x 107 cgs/ton

It is interesting tonote that the average maxi mum di pole nonents
of the rifles differed fromthe figure on the right by less than
a factor of 2. For an order of magnitude estimate on the mmgnetic
anonmal ies of other rifles perhaps, it mght be sufficient nerely
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to use the value, 52 x 107 cgs/ton, for the magnetic nonent.



SUWARY OF MAGNETIC DI POLE MOMENTS FROM M SCELLANEQUS LI GHT weapons AND

AWIN TION OF U S, & COWUN ST CH NESE, CZECHOSLOVAKI AN or RUSSI AN MANUFACTURE.

JIX.
Appr ox. Per nanent
wei ght Monent
(in kg) (incgs)
A, WEAPONS
1. M16 Rfle 3.1 288
origin U S
2. M14 Rfle Mx. 4.3 3500
(5 weapons Mn. 1500
measur ed)
Qigin U S
(A, of 5 weapons) 2370
3. MI Rfle 4.5 526
origin U S
4. M| Carbine 310
origin U S
5. DPM automatic
Rfle - origin
Comuni st China,
Czechosl ovakia, or
USSR 11 90
6. RPD Automatic
Rfle - origin
CC, Cz., USSR 7.3 990
1. P-58 Rfle
origin CC C.
USSR 4.1 -324
8. AK-47 R fle-origin
CC,C.or USSR 4.1 365
(positive

Induced  Maxi num  Maxi num Maxi mum

Moment Moment D sturb. at Disturb. at

(in cgs) (in cgs) 10 meters 20 neters
(in ganmas) (in gammas)

190 47% 0. 048 0.006

405 3905

405 1905

405 2775 0.278 0.035

566 1092 0. 109 0.014

162 472 0.047 0. 006

2500 2590 0. 259 0.032

890 1880 0.188 0.024.

432 756 0.076 0.010

405 770 0.077 0.010

directed towards
st ock)



B. AMMUNITI ON

1. M43
7.62 mm rounds
origin C. C
Average of 3
rounds
single round-
possi bly
anomal ous
2. M1930 Soviet-
type
7.62 mm rounds

origin CC

Per manent | nduced Maxi mum  Maxi mum  Maxi mum Maxi mum
Moment Moment Moment Moment Dist. of Dist. of
(i n cgs) (in cgs) (in cgs) 90 rds. 90 rds. 90 rds
i n mag. aa 10 m aa 20 m
(in cgs) (in gamas) (in ganmmas)
w = .0180 Kg.
0.56 0.68 1.24 112 LAl .ad
18.2 1.0 19.2
W= .0225 Kg.
22.0 1.52 13.5 1210 J121 . 015



V. PROFILES OF RIFLES CARRIED IN THE VICINITY OF THE MAGNETOVETER SENSOR

Rifles were carried on NS and E-Wlines at various distances fromthe sensor.
The rifles were carried at port arns, horizontally over the shoul der, and

under the arm nuzzle inclined downwards to sinulate how they m ght be

carried in a battle-ready state or on a patrol mssion. Mre than one rifle
woul d al nost al ways be present and represent an increase in the disturbance

over that from one weapon alone. O course, there are maxi mum and m ni num
orientations for any weapon but due to induced effects and due to the fact

that one nust traverse and therefore be in different positions with respect

to the sensor, there will always be an anonaly from a ferronmagneti c-weapon-
bearing soldier. The problem though, lies in obtaining sufficient sensitivity,

reducing the time variations, and recognizing the signature of a noving weapon.

Figures 3 through 10 represent the profiles of a differential magnetoneter

with one sensor very far renoved fromthe vicinity of the weapons and the

other used and referred to as "the sensor". By using these profiles, the
measured noments of the various rifles, and methods of total field calculations,
it is possible to conmpute the signature of and nunber of weapons in various
orientations, in different directions, and wunder- different nagnetic field

condi ti ons.

-10 -



V. CONCLUSI ONS

The first limt one reaches in trying to detect the small anonaly from
a noving rifle is the time variations or mcropul sations of the earth's
magnetic field. Typically they are sinusoidal and have the character
of rifle signatures (See Figure 11). The micropul sations have a w de
spectrum but in the range of interest exhibit peak-to-peak variations
of a fewtenths of a gamma at periods of 15 to 30 seconds. This
phenonena is largely absent in the local nighttime hours. At random
times, however, there may be pul sations of several gammas every few
seconds or minutes or tens of gammas every few minutes during times of

high magnetic activity such as bays or especially nagnetic storns.

The differential nagnetoneter effectively removes these disturbing effects
as explained in the introduction It is inportant to realize that in

order to-detect rifles at mre than a few nmeters and renove the possibility
of false alarms, a differential magnetoneter, in fact, nust be used

One sensor in an array can be used for a common reference for nany others

at hundreds or perhaps a thousand nmeters distant. Clearly an array of
sensors can be set by at intervals deternmned by a conservative detection
di stance and overl appi ng coverage. The sensors can be buried arid the
frequency nmodulated signals, radio telemetered and mixed without | osing

any sensitivity.



The profiles of single weapon traverses are included to denmonstrate the

type and appearance of these anomalies. The noise |evels of the differential
magnet oneter are also shown as the portions of the records where no anomaly
appears. The above rifle signatures mustbe superinposed on the noise to
permt one to assess the probability of actually detecting and recogni zing
the signature on the differential magnetometer. Many nethods can be used

to aid in resolving this anonaly,for exanpl e: a bandpass filter from say,
0.5 seconds to 0.01 seconds in the dc circuits of the display unit of the
magnet ometer; increased sensitivity such as the 0.001 gamm al ready

achieved in gradioneter node; a limt switch on a neter of the denpdul ated

differential signal which would trip at a predeterm ned anplitude; etc.

Wthin the framework of the neasurenents and experinental procedure outlined

in this report, it should be possible to conpute the probability of detecting

a specific rifle at any distance and orientation fromthe sensor. It is not
practical, however, to include nor is it easy to interpret the neaning of
the statistics that produce these probabilities. Instead, a conservative

estimate has been made of the detection distance from one sensor of a
differential nmagnetoneter at which any one rifle mght be detected consider-
ing rifle orientation, magnetic field paranmeters, and average nagnetic

nmments . The maxi num but conservative detection distance is estinmated to be

approxi mately 9 meters; this nunber is perhaps the essence of this report.
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Fgure 1. Rotation of rifle in a vertica NS plane at the end of a horizontal E-Wline of known |ength.
The perturbation on the total field fromthe effects of the permanent noment is noted as AF D

The permanent nonent effects either increase or decrease the total intensity whereas the
perturbation AF,, fromthe induced noment always adds to the total intensity when the Long

di mensi ons of the object are parallel to the field.
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Figure 4. M-14 rifle carried (over shoulder, horizontally) on line 6 meters west of sensor.
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Figure 9. DPM automatic rifle carried towards sensor going west.
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Three men carrying P-58, AK-47, and RPD (at port arms) walking single file

towards sensor from west.
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Figure 11, Record of ﬁ%vwnmp daytime behavior of the total intensity at a single sensor, fixed in
position. The time variations both long and short period are micreopulsations originating
primarily . in the ionesphere,
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