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FOREWORD

This report describes how the natural geomognetic environment
influences Magnetic Anomaly Detectors (MAD) used by Naval aircraft in
ASW cperations. [t hos been developed from training materials originafly
prepared by the U. S. Naval Oceanographic Office for use in on Applied
Environmental Science for Patrol Anti-Submarine Warfare Systems course.

Comments on the usefulness of this report and suggestions for

improvement are welcomed.
————————
M“@Q

F. L. SLATTERY

Coptain, U, S. Navy

Commander

U. S. Maval Oceanographic Office
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(MTRODUCTION

Magnetic Anomaly Datectors {(MAD) have been carriéd aboard i’ S
Naval Aircraft for cbout 25 years, From the ASQ-~1 of the 1940's to today’s
AbO 10, the basic principle of the system hos remained the same. What hos
.mprove,d over the years are such things as the electronic circuits, compensa-
tion procedures, and a better understanding of the natural environment in
vhich the detectors operate.

During the two ond one~half decades of the evolution of MAD gear
many reports have been prepared for the purposes of instructing those relponsu-
ble for the operaticn of MAD devices as to the proper maintenance, repair,
and tactical use of these detectors. Those reports that have dealt with the
orinciples of operation of MAD, or the geomognetic environment in which MAC
operates, have been written primarily for the information of the scientist or
engineer involved in the deveiopment of the instrumentation. This report has
been prepared in an effort to better inform those directly involved in MAD
operations about certain principles of operation and the natural environmental
factors affecting the MAD equipment.

ORIGINS OF THE STUDY OF GEOMAGNETICS

Everyone engoged in Nava! Aviation is well acquainted with man's
most successful magnetic sensing device, the magnetic compass. The magnetic
compass, in cre form or another, has been used for centuries; it is a simple
reliable device which even today is a most important novigation instrument,

It is uncertain who First exploited the directional properties of the
earih's mogretic field; both Asians and Evropeans have been cited as the
oviginators of the magnetic compess. It is known that the peculior properties
of what was called the lodestons were mentioned in ancient Greek fiterature
somz ¢00 B,C,

The lodestone, or magnstite as it would later ba called, was said to
have great powers that could cure inany sorts of maladies. Cne of the myths
connscted with the mogic stone warned that if it wos rubbed with garlic it -
would lose its directive properties, therefore, sailors of the Middle Ages,
were wxrned not to eat gorlic or onions for feor of depriving the compass of
its directive properties. (The admonition against garlic and onions could well
serve the "flying sailors” of the Twentieth Century.)

Many names cre involved with the development of the mognetic composs;
one of the first authorctive European reports on the properties of the mognet and
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+3@ consiryciicon of fhe compais, was written by the Frenchman, Pierre Pelerin
'1 A Ay aw Fe Nga . Y - - - -

2 Mo court, known clso as Peirus Peregrinus. !e reported his experiments
vty fiie mozoet and compass in a letter to a friend written in 1269.

e <:velopment of the compass contributed greatly to the epic
voy:y:s of discovery of the 15th and 16th centuries. During these long
voyog.s it wass noted that the compass did not i1 fact point tc true north.
Phis discrepancy betwsen the direction that the compass pointed and true
norih vias elio noted by the astronomers of the era. By the first half of the
15t century the angular difference between hue nc-th and magnetic north
had been documented. Thus magnetic variation beceme an acknowledged
foct. The term mogretic variation is still used by the marine and qir navigators
of todcy. Mannetic declination is the name used for the same angle by the
oBCHnmCict, '

wn ozt modern charts used for air navigation, lines of equal magnetic
variation arc drawn, These lines are colled isogonic lines. One of the
carliest churis presenting lines of equal variotion was the vwork of astronomer
Edmond Hallzy. In 1701 Halley published a chart showing the veriation lines
over the Atlantic Ocean based upon observation mode aboard the British ship
"Porumour" betveen 1698 and 1701, o survey funded by the British Government.

In 1544, a Muremberg instrument mdker nomed Hartmann, recorded the
fact that when he mognetized a perfectly balanced compass needle the north
end tended io dip below the horizon. A contemporary of Hartmann in London,
Robert Norman, became intrigued by the tendency of the compass needle to
dip. He was the first to devise an instrument to measure the dip of the magnetic
field, or magnetic inclination to give the angle its more formal name.

Norraon's investigations led him to publish a book called, "The Newe
Attractive" in 1581. In the book Norman theorized that the compass needle
was influenced by a point within the earth instead of being influenced by the
heavens, as inost people of that time thought.

William Gilbert, in 1600, published one of the great works in the
science of geomagnetics. Gilbert in his “De Magnetic" proposed that the
earth itself vizc o "rreat magnet"; that like the lodestone, the earth had
magnetic poles and a mogrietic equator. Much of the material Gilbert presented
was based on his own very careful experimentation. Gilbert balieved that the
earth's magretic field was uniformily distributed throughout the globe, and that
although the field may differ in direction from place to place that it held its
direciion with time, except in those instances when some geologic catastrophy
might chang= it, .



If Giibert's theory hac been right, thot the field remained stable with
time, the study of geemagnetics would be far simpler. However, shortly after
Gilberi's death, Herry Gellibrend, a professor of mathematics, determinad the
magnetic veriation ot a location near London was 4°C5' Zast, H!: observations
were made in June 1634, Gellibrand searched the records of previous observers
cnd discovered that in 1580 the variations in the area had been 11°15° Eazt.
The precticcl impertance of Gellibrand's discovery to the navigators of his and
succeeding fimes was immense. The records of variation observations in the
London arec ore most interesting; they show that in 1600 the magnetic veriation
was about 10¢ East and Ly 1800 the variation hod changed to 24° West, The
1965 World Veriation Chart shows the value at London to be 7-1/2° West.

Another Londorer, George Groham, is generally credited with the
discovery of the fact that in addition to the long term change Gellibrand
observed, that there is also a daily change of the field. After radking many
observations ct various times of the day, he announced his findings of the
daily variations in 1722. Duily variaiion is not of much importonce in naviga-
tion, but it must be taken into consideration in land surveys < '5e areas using
magnetic compasses,

Much of the ecrly krowledge of the earth's magnetic field wos gained
from the observations or the mariners and explorers of the era of the wooden
hulled ships. The explorers of the Arctic and Antarctic coniributed much know=
ledge about the mognetic polar oreas. These men hod both a scientific ond o
proctical navigational interest in determining the variaiion of the earth's field.
In the early 1800’s mognetic observatories were set up in many ~ountries
in order t> more systematically record the changes in the megnetic field
components, Cne of the first observatories operated in the United States was
locatad ot Girad College, Philadelphia, from 1840 to 1845,

The latier port of the 1800's saw a grect increase in the number of
magnetic observatories. Many land surveys were underidken for the purpose of
determining the magnetic variation. In Sweden o special instrument wcs
developed for the purpose of conducting surveys for iron ors, This instrument
hed its magnetic needle suspended so that it could rotate in both the herizontal
and vertical plane. The first magnetic prospecting survey was conducted in the
United States in New Jersey in 1880 using an American version of the Swedish
mining compass.

Although much work had been done in establishing magnetic observatories
and conducting surveys over land, until the 1900's, very little work had
been done defining the earth's field over the three—quarters of the earth covered
by the oceans. The early surveyors at sea were interested only in magnetic



veriction observations. The Deperiment of Terrestricl Magnetism of the Carnegie
inztitute of Washirgton was ore of the pioneers in magnetic surveys at sea. The
secially designed and equipped | .agnetic survey vessel CARNEGIE covered
about 300,000 line miies of ocean survey work from 1909-1929. Carnegie made
observations of variation, dip, and horizontal intensity. Unfortunately the
CARNEGIE was destroyzd by fira in Samoa in November 1929,

Today, the U. S. Naval Oceanographic Office is charged with the
responsibility of publishing a teries of world charts that define the various
compunents of the earth's magnetic field. In order to provide the informotion
for these charts, Project MAGNLCT, a world-wide survey of the ocean areas of
the globe vxs starfed in 1953, This airborne survey is conducted using two
pecially modified and equipped U. S. Naval Aircraft, one a C-54, the other
a C-121, In a typical yeor these aircraft will provide 230,000 line miies of
data for the charting program. The magnetometer used aboard these aircraft
is a Vector Airborne Magnetometer (VAM). This instrument was developed
by the Naval Ordnance Laboratory from the AN/ASQ-3A mognetometer. o
MAD device. Prciect MAGMET observations include total intensity, dip, and
varigtion. Figure 1 shows the relationship of the components of the earth's field.

MAGNETIC AIRBORMNE DETECTION

The field of exploration geophysics has enjoyed a rapid growth in the
20th century. Mony techniques and instruments have been invented that have
proved most useful in the discovery of mineral resources,

Those gecphysicists who specialized in magnetic prospecting were
quick to recognize the great advantoge that could be gained if a method
could be found vo obtain valid mognetic measurements from an aireraft. In
1941, Gulf Rersarch and Development Corporation perfected a flux-gate
mognetometer that could be used in the air.

Gulf's magnetometer si:ured a common experience with many young men
in the early 1940'; it was drafted. The National Defense Research Committee
(NDRC) recognized the great anti-submarine wurfare potential of this mogneto-
meter, anc before it could hunt for minerals and oil it was assigned the task of
hunting submarines. NDRC cponsored the development of the AN/ASQ-1 and 2.
Later development of MAD was undertaken by NOL.

MAD was not widely used in World War |l because it was not available
in quantity until the later stages of the war. Probably the first significant sse
of MAD was aboard PBY uircraft used to establish a barrier ot the Straits of Gibralter
during 1944, Severcl submarines were sunk as a result of initial MAD contact.



F - TOTAL INTENSITY

4 = HORIZONTAL IINTENSITY

Z - VERTICAL INTENSITY

Y = EAST COMPONENT

X = NORTH COMPONENT

L - MAGNETIC DECLINATION
| = INCLINATION

FIGURE 1. RELATIONSHIP OF THE EARTH'S MAGNETIC FIELD COMPONENTS



These sinkings discouraged the Germans from using the Straits as a passage fo
the Mediterranean Sea,

The ASQ~10 magnetometer being flown aboard modern fleet aircraft can
be described as a flux-gete or saturable core mognetometer. The sensing element
of the ASQ~10 responds to changes in the tatal field component of the earth's
field, desiguated by thr F in Figure 1. The standcrd unit of measurement of F
is the gamma. Figure 2 shows how the value of F varies over the earth's surface .
When the ecrth's field is presented at this scale a rather smooth pattern results.
However, later in this report when a small area of the earth is examined in
detail it will be seen that the field does in fact have many irregularities.

The prospector is interested in the large relative changes in total
intensity that are caused by the particular geologic structure in a survey area.
The MAD operator is interested in detecting a much smaller change in the
earth's field caused by the distortion of the total field component when a
submesine's mognetic field is superimposed on the natural field.

Both the prospector cnd the MAD operator use the earth's field balence
to cancel the mojor portion of the earth's field. By means of this device the
user can reduca the portion of the field he must deal with from a typical value
of 50,000 gammas to 1,000 to 2,000 gammas. However, when the tensor is
used in de!echng submerines, a speciol filter is added to the magnetometer

sysiem; it is the output of the filter that ic displayed ‘5 the MAD operator on
his strip chat recerder.

THE MAD FILTER AND DETECTION FACTORS

In order to properly invarpret the varicus types of signals that appecr
or. the MAD recorder trace it is necessary to understond how the filter works.
The filter has been cdded to the system so that the relatively small signal
aznercted by the submarine can be separated from the natural gradient of the
earth's field. Figure 3 illustrates the affect cf superimpezing the field of a
subsnarine on the earth’s field,

The submarine, like most magnetic bodies, can be corsidered to have a
positive and negative pole. A mognetic body with two poles is termed a dipole.
The shape and size of the signal that will appear cn the MAD trace will depend
on the folluwing factors: (a) the size of the submarine; (b) how fast the airci i
is traveling; (c) the closest point of approach of the aircroft to the submerine;
(d) the course of the aircraft as it passes through the submerine's field; (o) the
mognetic heading of the submarine. Another factor, the effect of the natural
mognetic background, will be discussed in the next section.
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Figure < dJepicts the thepe of a submorine signal as seen by the sensing
elemant of the mognatemeter. In this case the. aircraft course wes north magnatic
at an altitude of 500 fect. The circraft passad directly over o surfaced submarine
headed north magnetic. The positive and negative segments of the submarine
signal are cvident. Although the submarine signal appears on the MAD recorder
as a tingle form or shape, the signal is actually mode up-of a combination of
several frecuencizs. A detailed cnalysis of this submarine signal shows thot it is
cemposed principally of the five frequencies shown in Figure 5. The figure shows
the difference in amplitude of the vorious frequencies as well as the phase shift.

The phazo -hift can be seen by noting the different stoge In the cycla for sach
frequancy at line A, :

Figure 6 is an emplitude response curve for a filter used in un ASQ~10
MAD system. This type of filter is used in patrol aircraft whose usual moneuver-
ing speed for MAD operations is about 180 knots. The filter is designed to
admit those frequancies that compose the submarine signal while exluding the
low frequencies such as would be produced as the aircraft moves through the
earth's normal field, ard the higher frequencies generated by the aircroft
electrical systems. The five fundamental frequencies shown in Figure 5 are
marked on the amplitude response curve, along with the percentage of the
amplitude pasced by the filter.

To aid in visualizing how the various frequencies combine to form the
submerine signel, Figure 7 has been prepared. Starting with the five frequencies
shown in Figure 5, Figure 7 first adds frequencies 1 and 2, then on each succ=ssive
curve one more frequency is cdded; ine bottom curve combines all five frequencies,
The bottom curve shows a total amplitude of 3.5 gammas as compared to the
original 4 gamma amplitude in Figure 4, This demonstrates that the five funda~
mental frequencies in this signal account for 87.5% of its omplitude., Other
higher frequencies of sma!ler amplitude than the five shown make up the rest of
the signal .

Figure 8 compares the detectable submarine signal with the resultant
signal that would be seen on the MAD trace. The figure shows that the aircraf?
would have traveled about 3000 feet during the time the recognizable part of
the submarine signal occurred on the MAD trace. At 180 knots this would mean
about ten (10) seconds of time. After passing through the MAD filter, approxi-
mately 82% of the signal remains to be displayed on the MAD trace.

Figures 9 has been prepared to demonstrate the effect of a change of
aircraft speed on the MAD signal processing system. If we take the same treck
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ihrouch ine swhmarine field, but azsume the speed ha: baen reduced to 90 kno's,
the dotestable wwhmerine signal will still occur over 3000 feet of flight path,
but it weuld take <beut ZU seconds of time to ozcur, rather than 10 seconds.
The submarine sigral will still be of the same emplitude but because of the
clower gpeed the rosultant frequency makeup of the signal would be diffecent.

Fige're 10 -hows what the five fundamental frequencies are ot the slower
speed and just whet percentoge of the omplitude of these frequencies will pose
through the filter. It is evident that o far lower percentoge of the amplitude cf
those frequencies pass through the filter, than those stown in Figure 6. This
demonstrates the fact that o filter designed fcr a carying vehicle speed of 180
knots would not be suitable for @ much lower speed. For this reason, in the
days of the lighter-than-air craft, a filter centered at a lower frequency was
used in the MAD cquipment they carried. If helicopters are used for MAD
work, they oo must have a different filter because of their lower speed.

The amplitude of the submarine signal is quickly diminished as the
aircraft moves furiher oway from the submarine. Figure 11 shows what happens
whan the airerefi (1ins through the field of the submarine at the some altitude,
speed, and headirg, hut on a parallel track that hos o 400 foot horizontal
seperation from the first track presented in Figure 8. The detectable submerine
signal hes baen reduced to 1.6 gammas and the resultant MAD signal has been
recucad to 1.2 gammas.

Figure 12 has been prepored to illustrate that the signai generated by
the same submerins can leok very different depending on the aircraft's path
throuch e submarine field. In this case the aircraft altitude and speed were
the seme, 500 feetr and 180 knots, but its course was east magnetic and its
horizontal reporation from the submarine was 200 feet. The resultant submarine
signal had cnly ona distinct negative peck, not the positive and negative pedis
shown in other illustrations. A parallel track through the submarine's field that
passed 200 feet south of the submarine would have only a positive pedk. If an
anclysis of the frequency content of this signal were made, the fundamental fre-
quencies comprising the signal would be found to be very much different than
those shown in Figwe 5.

So far we have examined the effect on the MAD signal of the speed of
the aireraft, the taparation of the aircraft and submarine, and the course of the
aircraft o3 it passcs through the submarine's field. Arother foctor, the effect of
the size of the submarine on the signal size should be self evident. The last
factor to bo examined in this section is the mognetic heading of the submarine
at the time of corloct,

16
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G neosietio Sgnatuie oF a submarine con be said to be composzed of
rean il aeoaciion ond indicod mognetizm, The swhiject of permanent cnd

frduses mogn ifon oo be a very complex one, only the essentials will be
contidered .2,

-y

a0l mepaetiom i thot magnetism vhich is retained by moterial
= ar lo.z perids of iime without cppreciabie reduction. Induced magnatism is
woogrietivn asc gired by o piece of matericl while it is under the influsnce of an
auterne! macr f:etr-. Many iypes of mognetic moterial are 1reed in the
suacustion of winrorines, and since they operate in tho earth's magnetic ficld,
thay exaibit Lo cheracteristics of both permanant and induced magnetism.

e

A\ subririne's magnetic field cannot be adoquetely represented by cay
simple form or sombiedtion of farmes  Hawever, o ctternpt san be mads tc
ilustral o tlie infareton of lhe perwunem ond induced fic'ds of a submarine.
in the itlustrciien, Fizure 13, a permanent field of one unit of sirength is
asumed alens with on induced ficld of two units of strength on a north heading.
On a neoth heoding the induced component of the submerine's field will odd
diractty fo th ':r:-:;.;.-.n;n! corponsnt und the amplituds of the submarine's
sicnolir: vili Le e areatest. Vhen the submarine is hecded east or wes? its
in uced compcnent is nensiderchly reduced becausze the magnstic field it no
lorger eligred with the major exis of the submearina. On a south magnetic
heading the psrmenent and induced fields will be directly opposed and on this
heading ike mognotic cignoiure will be the least. On the intermediate headings
tho anplitude of the sizachwe will range betwezn the meotiinum and minimum
veives.

J

hiz Tizure is moant enly os an illustration and the results shown are
iraes only for &l assunmiions made, There are in fact o very wide variety of
possible relaticahips of permancnt ond induced fields.

There ¢ o leps that can be taken to reduce the magnatic signaturs of
w submarine. ©ut with time the sffectivenass of those procedures diminishes,
and the emplitula of the mognetic signature increases once ogain.

ENVIRONMENTAL FACTORS AFFECTING MAD OPERATIONS

The MO filtzr has bezn designed to pass the frequencies that comprise
the submarine's “igaal while rejecting those frequencies which might interfere
with the proper .c‘ ntification of torget signale, It is not possible to build a
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e pbotely rejecs ol unwanted freguencies; as a resul? certaun
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celes gppeas o the MAD trece os noise, This noise can be

CiCsiLat v eoed categerizs: on-boerd noise, and environmental nois: .

e Vgm] POl oo il Iy . -

i i, L.:dc 1 ihur mither of thase forms of noise will gppaar on the trace as o

. - o B 3 . . -
voatell s sicnod, Howeaver, bueauss of the anplitude and duration of ceriain

P sl iaite, i i vary porsible for it to mask a real signal and therefore
-4 ap MM, TS e L
Peaase L efieaiive range of th: MAD geor,

Co-boe d noise has as iis source the electronics of the instrument itself,
i th virisus slectrical end electronic equipment of the aircraft. On-board
vois2 ww i ke conlrolled by a concientious job of compensation and maintenance .
ihisrepot wall aot consider the affects of or-be.ord noise but will confine itself
io o discussion cf environmental noise,

Eavironmental noise con be sub-divided into two types, geologic and
temporal . The term geologic noise is applied to noise which has as its source
naturally occuriing mognetic anomalies. These anomalies are caused by magnetic
rmaterial presen: in the carth's crust. Temporal (time varying) mognetic noise
cppears in the form of magnstic storms and micropulsations. There is nothing
that the MAD ¢ perater can do about the problems of geologic and temporal noise
at presant, Houmevar, it is important that he be avare of these sources of noise
o that ho can ! otier evalucte what is happening on his recordor trace.

Cortain gencral obsarvations can be made about the geologic noise
preblem. Geologic noize is generally more pronounced in shallow water areas
bacauss over th ose arscs the detector is much nearer the source of the anomaly.
Magnetic anom ilics are often cssociated with unusual bottom features such as
ssamounts, Ancmalios cve "frozen" in the earth's crust and they are very stoble
over lone pericds of time. It is true that the absolute value of the field changes
vith time, but the gencral shope of the mognetic anomaly changes very litile
with time. If cn operating arca has a bad geologic noise problem teday, it will
be just as bod tomorrow,

A stand zd method of representing the earth's fotal magnetic field com~
porant, ¥, itk o contour chert. Figure 14 is a contour chart of F along the
United S:ates £ Ceast. The contours on this chert represent a 50 gamma
contour interve!, The contours join points of equal mognetic intensity and are
called is=dyniiic lines.

/ nothzi type of contour presentation more fomilior to Naval Aviators is
the weatiier neor. On the weather mop iscbars connect points of equal barometric
cressure ot the sorth's surface or ot some mpecific altitude. Anomalous features
in the prussure :=tlern are cesignoted as highs or lows. The center of the high
or low is usual! s enciosed by an isobar and a value assigned to the highest or
lovest beromet: ic obzervation. The spacing of the contours around the highs and
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i osand Gasiba deepnes of the presiure grodient. Similarly, mognetic

ol s or lows in the carth's megnetic field, and thoir
al iy . Hieated by the spezing of the contours around the

Caiie coicour ehert of ihe east coost erea, the mognetic field in the
Sudolfadis, aoth of 42°, ands ot e e ¢ tremely complex orea. The
we oy sman coonalies vith stesp gradients meke this the worst operating aron
¢ AAD len s the zaw cowd, The area botvesn 377 to 39° North, by
v iwad, s n!y a few cnomalies with very low gradients; in this area MAD

vl be goodd. Ancther area of interest is between 39° and 40°
to #8° West. The group of large anomalies in this area ore
1 the New Ergland Seamount Chain. This scamount chain

Neqh, wnd :}3
L it

soudinees nwaerd (o the south-cast and eoch ceamount hes an anomaly essociated
wita i b o will be seen e g MAD trace.

s heves creas mendioned are oxamples of different types of MAD
ap. atin aeas. The Gulf of Maine is a shollow water erea with a complex
geclegic roie p.'ci,-iem; 37° to 39° Nerth is u low geologic noise area in koth
dhelows wod doep vaner; er d the tromount arco is an example of a deep waler
czes with a roticsesle levil of guologic nofrz, In order to tcke a closer look
ar theer coews Figpoar 153, 08, aad 17 have boen prepared.

viiadsosho s oo enlargement of part of Figure 14, the contour
chost, 1 she 37° o 397 !J_- iude band, This enlargement includes a small
nife 'nr.:) "i'ix.-‘. iine weros: (e anomaly merked 1345-1349, represents an air~
sreat frosl. corers Hes cacnaiy ond port B of the figure *‘tows the resultent MAAD
HJU e,

Vi, a e ohserve tions cbout tha contour porticn of the figure. Cach
cor fous oo raprzsonts a 50 gomma change in the F component, every fifth
corteur i ..'*:Jc heavier aad the gomma value noted. This contour format is
wic'ely vsed in preparing dotailed cherts of the magnetic field. (The position
of ihe ancacly hos been noted so that a cross reference can be made to the
lare choil)

Wos track line ceress the anomaly chows the aircraft passed the pecic
of the ais aaly of 1347, Onithz MAD trace the affect of the anomaly can be
aoted ot Lot tims; it eppecis us a broad signal of about 1 gamma amplitude.
A vtondes mathod of rating anomalies is by their gradient, that is, their rcte
of increa: - or ducrease in o given distanca. The steepest gradient associated
wit's thic «nowaly iz thot part that the circraft passed over between 1347 and
13:8; th'e wediont was about U0 gommas per mile as compored to the
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ne i ficld credicnt alens the Atlantic Coast of 10 gammas per mile ina
y 5 - L] L3 - - - -

nc, Hi=seu b divection.  This anomaly is located in shallow water and would

ha diy b noticad on o MAD trace. I

Fiqure 164 shows another enlargement of the contowr chart. In this
figore o of the anomalics associated with the New England Seamount Chain
is presenicd.  The contour format is the same, but it can be noted thot vhen a
very stecp gradient is depicted, the contour lines between the heavy lines ars
oft :n dropped so that the presentation will not become illegibie. Another detail
of the prozentation is the method of noting a low in the magnetic field. In the
upper portion of the figure the value of 54,384 is ..oted. The inner contour
curroundirg this value has several short lines called hachures extending inward
froin tho contour, This hachuring procedure is used to differentiate betwsen an
an=maly that represents a low point in the field rather than a high point.

Fizure 16B shows how the MAD trace looked as the aircraft passed
over the cnomaly. Th’ anomaly had a noticeable affect on the MAD trace
ove: about o three minute period during which a signal of up to 4~1/2 gomm.as
peclc to peak can be seen. The gradient of this feature runs as high as 290
ganinas per mile., Some of the larger magnetic enomalies associated with the
cthier szumounts would drive the pen on the MAD recorder off scale at this 5
gomina setting. There are 2200 fcthoms of water over this seamount, so the MAD
detector was well separated from the source of the anomaly, yet the frequency
coniant of the ancmaly was such that the MAD trace was affected.

Figure 17 presents an example of how geologic noice interferes with
MAD operations in the Gulf of Maine. The contour presentation shows on
areo that includes sevoral small anomalies. In this case the peak values of
mos! of the anomalies have been omitied so that the illustration would not
beccme cluttered.

The small anomaly over which the aircraft track passed is located in
about 100 {athoms of woter and has a maximum gradienr of 400 gammas per
mile. The resultant MAD trace shows that this small intense feature caused
the MAD rccorder pen to go off scale or. the 25 gumma setting just after 1230.
A second signal can be seen just after 1232 caused by a ricge in the mognetic
field over vhich the aircraft passed. It is quite evident that if a submarine
had been located in the area the aireraft passed over between 1230 and 1231
its signal would have been hidden by the signal from the magnetic anomaly,
Conversely, it is quite possible that the signal caused by the small anomaly o
1230+ and the signal scen at 1232+ could have been mistaken for target signals.
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In stuciying these examples of geologic noise, it is important to note
that in Figures 15 and 16 the ASQ-10 function switch was set on 5 gummas and
in Figure 17 the setting was 25 gammas. This switch governs the sensitivity
cf the data displayed on the MAD trace. In areas where the general level of
geologic noise is low the MAD equipment can be cperated on a very sensitive
setting such as the 5 gamma setting of Figure 15 and 16. Ac-eas in which there
is a high level of geologic noise the operator must go to a higher setting in
crder to keep the recorder pen on scale. Of course at these higher settings
it will be difficult, if not impossible, to see a smail submarine anomaly.

R The function switch does not affect the filter operation. The bani-~
pass of the filter is set and is beyond the operator's control. In gencral 7he
function switch chould be set so that the average level of activity on the troce
does not exceed two major divisions,

Detailed magnetic contour charts can be helpful in evaluating MAD
performance. The charts alone cannot exactly define how large a signal a
specific anomaly will create on @ MAD trace. Howevar, the charts can provide
an indication of whether to expect good, fair, or poc MAD perforincnce in an
orea. Three important keys in evaluating an arca for MAD performance are the
gradients of the anomalies in the area, the size of the anomalies, and the depth
of water over the anomalies. Figure 18 mokes a general evaluation of MAD
along the Atlantic Coast based on the magnetic contour chart of the area.

Figure 14, the contour chart of the Atiantic Coastal Region, is actually
a composite of 15 separate charts. The three enlarged contour examples show
the scale of the original data, 1:500,000. Copies of the original 15 cherts can
be obtained from the U. S. Naval Oceanographic Office; they are called the
H.O. 17507 series of charts. Other contour charts of the magnetic field
covering lorge areas of the Norwegian Sea and Mediterranean Sea are also
available from the Oceanographic Office. The geomagnetic data available
from the Oceanographic Office is described in the Oceanogrophic Office
rublication IR 67-52.

In using mognetic contour charts for evaluating MAD performance the
track spacing of the survey data must be token into consideration. Usually,
the chart will state track spacing or show tick marks on the contour lines
irdicating where the tracks passed. In the case of the Atlantic Coast magnetic
data the track spacing was about 5 miles. It is likely that certain small features
were nct shown., B

Anothcr type of aid that can be used to evaluate MAD performance is
t-e Bottom Contour Chart (RC Chert). This type of chart presents contoured
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information on the shape of the ocean bottom. The urusual features on the Floor

of the ocean such as seomount: and ridges are thown or BC charts in a contour
format very similer to the magnetic contour format.

In a pravious sactien of this report the affect cn MAD of one of the
seamounts in the New England Ssomount Chain was axamined (Figure 16). It
woz mentioned that ecch of the scomounts had @ mognetic anomaly associated
with it. Not only the New England seamounts but most other seamounts in the
Atlantic and Pacific Oceans have a mcinetic anomaly astociated with them,
Some of thess anomalies cun interfer with MAD operations. If a BC Chort is

available for an operating area, it may provide a guide to those places where
goologic noise may interfere with MAD cperatione,

Very large ccecn floor features such as the Mid-Atlantic Ridge ore
knowa tc have many difficult operoting areas ascaciated with them, Ports of
*he Norwegian Seq, the seas around Iceland, areas near the Hawaiian Islands,
and off the West Coast of the United States particularly north of 40° latitude,
are other areas in waich geologic noise can be a problem. Although the exact
emount of geologic noise to be experienced in the vicinity of any bottom feature
canno? be precisely determined from the BC Charts, they can often provide on
explanation of any peculiar patterns seen on the MAD trace.

The U. S, Naval Oceanogruphic Office Chart Catalog, H.O. Pub. No.
1-N, introduction Part 1!, lists the BC Charts currently available.

The second type of environmental roize that can offect MAD equipment
is termed temporal magnstic noise, To reiterate, temporal mognetic noise may
be definad as such phenomena as the usucl daily variation of the field, magnetic
storms, and micropulsations. The normal daily field variotion is such a long

peried or low frequency chiange that it will be excludec by the filter in the
MAD equipmerit.

Any maorked degree of disturbance of the earth's magnetic field can be
considered a magnetic storm. Figure 19 shows the number of hours per year
during the years 1961-1968 that the magnetic field could be considered moderately
‘o severely disturbed. These liours represent the amount of time during the yeors
indicated that the efficiancy of MAD gear could heve been impaired by storm type
octivity. This is based on the assumption that when the field reaches the moderately
disturbed levz! some of the activity passes through the filter and appears as noise on
the MAD trace. Storm duratinns of 40 to 50 hours are not uncommon. In the last
saveral yeors, the longest stcem occurred during 1962; it lasted 172 hours.,
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FIGUPE 12, IMAGNETIC STORM HOURS PER YEAR, 1961-1968
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One of the things that can be seen from Figure 19 is the cyclical
natures of the storm activity. In the past the magnetic storm cycle has ranged
from Bto 17 years, with an average of 11.2 years. The magnetic storm cycle

is directly related to the sun spot cycle. In the present cycle 1965 was the
year of minimum activity.

Within the yearly cycle there is a monthly sub-cycle. Long term
studies of magnetic activity hove shown that the months nearest the equinoxes
are the most active magnetically. The months of September and October are
the most active; the next two most active months are March and April.

Just how does storm activity affect MAD operation? As stated pre-
viously some of the storm activity does find its way through the filter; it
cannot be precisely stated just how large this affect will be. It is known that -
at times, the amplitude of tha noise on the MAD trace caused by storms cun/
be very high. The pattern appearing on the MAD trace can be of such an”
ampliiude and of such an unusual nature as to make the operator doubt his

equipment is working properly. In fact, there have been cases MAD
equipment has been shut down and considered out-of-order bu}:wu of tho
appearance of intense storm activity. Y i

When pronounced storm octivity occurs, it oceurs oll over the world
at the same tine. However, there is a definite latitude effect associated with
the severit, of storm octivity. A general statement may be made that storm
severity is less ot low latitudes than at high latitudes. That means that during
the same magnetic storm, aircraft flying cut of Puerto Rico might see very

littla effect, and those flying out of Iceland would be wondering what happened
to their equipment,

Storm activity should be suspected os the source of noise when an
aircraft is operating in an area which usually could be considered a low leve!
noise area, and unusual activity is seen on the trace. If more than one aircraft
it engoged in the operation, all aircraft in the same area would see the same
type of noise.

One aid in evaliuting any unusual noise ssen on the MAD trace is the
GEOALERT's broadcast by WWV and WWVH, The times of these broadcasts
and the broadcast format is presented in Appendix One.

Both the terms mognetic storms and micropulsations were used in this
report at the beginning of the discussion of temporal mognetic noise. It was
intended that a distinction be made between marked disturbances of the field



denoted by ti« term magnetic storms and a lower level of ochvlly denc’ed
by the tarm micropulsations,

There is, in fact, a wide variety of magnetic pulsation ucﬂﬂty. Thie
pulsation activity can take place during both octive and quiet magnetic field
periods. In order to stondardize the nomenclature of pulsation octivity the
International Association of Geonagnetism and Aeronomy, (IAGA), in 1963,
made certain provisional designations for both the pulsations with more regular
forms, denoted pc, and the pulsations with more irregular forms, ‘dencted pi.
Table | shows the IAGA pulsation clessification and typical aq:lltudﬂ of the

various classes of pulsations.

The pulsations designated as pc 1, 2, 3, and pi 1, because of their
frequency would be of particular interest to those concerned with MAD opera-
tions. The amplitudes listed in Table | are typical for each class of pulsation,
but do not represent the maximum omplitude of the pulsations under all circum-
stances.

Each class of pulsation has certain definable characteristics; for instance,
pc 1 are very often observed in bursts that last abe* 30 minutes, bot on rare
occasions may last up to 12 hours, Pc 1 activity is more likely to occur during
high solar activity in the week following lorge major magnetic disturbances.
Other classes of pulsations show daily and seasonal veriation, or variation is
amplitude and occurrence frequency es a function of latitude. Unlike major
magnetic storm occurrences, pulsation activity may be confined to a small area.

WHERE IS MAD GOING?

The next generation of MAD equipment, the AN/ASQ-81, will be put
aboard the P 3-C aircraft during the 1970's. These new magnetometers will
operate on an entirely new principal called optical pumping. These new clevices
are much more sensitive than the older flux—gate mognetometars, and they will
provide the means by which MAD detection ranges can be much improved.

The progess represented by this break through in sensitivity brings
with it problems. In order to turn this sensitivity into increased detection
ranges a betier system of dealing with the problems of both on-board and
environmental noise must be devised.

There are those who believe that the best way to deal with the on-board
noise preblem is to enclose the mognetometer in a housing and tow it ot the end
of a cable. The Project MAGNET aircraft of Oceanographic Development
Squadron EIGHT have logged many survey hours with a towed ASQ-81 configura-

tion.
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TABLE |

MICROPULSATION CLASSIFICATION-

TYPICAL
TYPE FREC(‘;:JE)NCY AMPLITUDE
(GAMMAYS)
pe 1 5.000 - 0.2000 0.02 - 0.1
pc 2 0.200 - 0.1000 0.10 - 0.5
pc 3 0.100 - 0.0200 0.10 - 0.5
pc 4 0.020 - 0.0070 0.50 - 10.0
pc 5 0.007 - 0.0017 10.00 - 75.0
pi 1 1.000 - 0.0250 0.20 - 0.6
pi 2 0.025 - 0.0070 0.20 - 0.6




The U. 5. Naval Oceanogrophic Office has done much work in the field
of geologic noiso as it effects MAD. From this work it appears that the geologic
noise problem caon be considerably reduced by new filtering techniques. Therm
new techniques moy toke the form of develeping special filters and charts for
areas in which geologic noise is a particular problem. In this system the operator
would have a cheait to assist him in choosing the proper filter to use in order to
get the best MAD performance possible.

The development of what could be termed a real time or self-adjusting
filter is also urder investigation. This would be a rather sophisticated computerized
technigue in which the filter band-pass could be altered as necessary to meet the
specific problems encountered in an operating area.

The Oceanographic Office has also begun a comprehensive study of the
effect of magnetic storms and micropulsation activity on MAD equipment. One
of the immediate aims of this program will be acquiring specific examples of
temporal noise patterns so that they may be used by those involved in MAD
operations in evaluating unusual noise patterns seen on the MAD traces. A
long term aim of this study will be the development of a method by which MAD
users con be warned of the existence of civerse magnetic conditions as they
cczur o shortly before they are expected to occur,
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APPENDIX A

BROADCASTS OF THE GEOALERTS BY WWV AND WWVH

The GEOALERT for a given day is first broodcast ot 0418 UT on station
WWV/*, Fort Collins, Colorado, then at 0448 UT on station WWVH **, Maui,
Howaii, and at hourly intervals until the next alert is issved. In case of delay
in receipt of the daily message, WWV or WWVH will be silent at 18 or 48
minutes after the hour UT, respectively, until the new message is received.

Each message begins with letters GEO in Morse Code and the coded
information follows. This coding permits three types of information at each
broadcast =~ each in the form of letters repeated three times in slow International
Morse Code. The first set concerns the forecast of solar or geophysical events
or the observation of stratospheric warming (or the observation of a stratospheric
warming together with a forecast of either solar or geophysical event). The
letters which may occur in the first set and their meaning are as follows:

EEE (. No forecast (o STRATWARM observation) statement (NIL)
I £, FLARES expacted

SSS (. PROTON FLARE expected

TT (- MAGSTORM expected

FLARES and MAGSTORM expected

PROTON FLARE and MAGSTORM expected
STRATWARM observed

STRATWARM observed and FLARES expected
STRATWARM observed and PROTON FLARE expected
STRATWARM observed and MAGSTORM expected

cC
=
c
—
-

- . - i

L] .

T S St S i VN N Vil Noma®

The second and third sets of letters refer to the occurrence of observed solar and
geophysical events. The time of onset of, or the existence of the phenomenon is
included by the letter broadcast. The coding for the time cnd type of event is
shown in the table given below.

Dcy before that of issue Day of
{(hours UT) issue IN
00-06 06-12 12-18 18-24 00-04 PROGRESS NIL
2nd letter set: MMM TTT HHH SSS i GGG EEE
PROTON EVENT (--) (=)  (....) (.. () (=) (.)

*  WWV frequencies: 2, 5, 5, 10, 20, 25 MHz
** WWVH frequencies: 2, 5, 5, 10, 15 MHz




3rd letter sat:
GEOMAGNETIC

STORM

signifies:

signifies:

00-06 06-12 12-18 18-24 00-04 PROGRESS NiIL
UJu AAA S8B DDD NNN - PPP EEE

&

S5 N T R R O R Y o B &

Sample Messoges (In Internationc! Morse Code):

GEO
SSS

EEE

DDD

GEO
i1
GGG

NNN

Il

GEO SSS EEE DDD
solar geophysical message
PROTON FLARE expected

no PROTON EVENT between 0000 UT yesterday and
0400 UT today

GEOMAGNETIC STORM occurred (began) between
1300-2400 UT yesterday

GEO 11l GGG NNN
solar geophysical message
FLARES expected
PROTON EVENT in progress

GEOMAGNETIC STORM began between 0000-0400 UT
today

(From National Bureau of Standards Special Pub. 236)

NOTE: The letters T, U, %', and M of the first letter set and the third letter
set could be of assistance in evaluating unusual MAD noise patterns,
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