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FOREWORD 

This reP'>'t dl!scribes how the natural geomagnetic environment 
influences Magnetic Anomaly Detectors (MAD) used by Navol oirc:raft in 
ASW operations. It has been developed from training materials otigir1afly 
prepared by the U. S. Naval Oceanogr~hic Office for use in on Applied 
Environmental Science for Patrol Anti-Submarine Warfcre Systems co~se . 

Comments on the useful"9ss of this report and ~uggestions for 
improvement ere welcomed. 

~~~ 
Captoin, U. S. Navy 
Commander 
U. S. Naval Oceanographic Office 

, .. __ ,,, ,, 



... . - ...... - .. , -- ..... ... 

TABLE OF <.:ONlCNTS 

Page 
INTRODUCTION .• ...••.. .•.•• ., •••••• H ••• •• ~r.;. • ..• •• 1 

\ 

ORIGINS OF THE STUDY OF GEOMAGNETICS •••••••••• ;; •••• 1 

MAGNETIC AJRBORNE DETECTION ••••••••••••••••• ·• • • • -4 

THE MAD FILTER ANO DET[;CTION FACTORS •••• ~ ••••••• · .•••• 6 

ENVIRONMENTAL FACTORS AFFECTING MAD OPERATIONS ••••••• 20 

WHERE IS MAD GOING? ••••• • •••••••••••• · •••••••• 35 

APPENDIX A •••••••. . • • • • • • • • • • • • • • • • • • • • • 6 • A-1 

TABLE 

I. Micropulsotion Classification • • • • • • • • • • • • • • • • • • • • • • • 36 

FIGt.JtES 

1. Relationship of the Ear~h's Magnetic Field CortifJonents •••••••••• 5 

2. The Total Intensity of the Earth's Mogntttic Force Expressed in 
Gommo; Epoch 1965 • 0 Based on H • 0 . 1703 • • • • • • • • • • • • • • • • 7 

3. Formation of on Anomaly in the Earth's Magnetic Field • ••••••••• 8 

4. Detectable Submarine Sign(JI •.••••••••••••••••••••• 10 

5. Fundamental Frequencies Composing ~fne Signal • • • • ••••• • 11 

6. Amplitude Re'Ponse Curve for a Filter Used in an AN/ASQ-10 . ; •••• 12 

7. How the Fundamental Frequencies Combine to i-Aake the Submarine 
Sigl'\Cll ••••••• •••••• •••••••••••••••••••••• 13 

8. Comporhon of Detectable Submarine Sigrwl and Resultant MAO Signal ... 14 

9. Comparison of Detectable Submarine Signal and Resultant MAD Signal • • 15 

v 



FIGURES (CONTINUED) 

Page 

10. Amplrtude Response Cl.l"Ve for o Filter Used in on AN/ASQ-10 ••••. 17 

11. Comparison of Detectable Submcrine Signal and ftetultant MAD Stgnal • 18 

12 . C001><Jl'ison of Detectable Subfricrine Signal and Resultant MAD Signal • 19 

13 . Illustration of the Interaction of the Permanent and Induced 
· Mogr.etic Fields of a SubmariM • • • • • • • • • • • • • • • • • • • • • 21 

14 . Total MogM:tic Intensity, Off U. S. East Coast • • • ••••••••• • 23 

15. W:J Response in an /veo of Low Geologic Noise • • • • • • • • • • . 26 

16. MAD Response ovef' a Seomount in Deep Water • • • • • • • • • • • • • Z'I 

17. MAO Ketponse in an /vea of High Geologic Noise • •••• • ••• • • 28 

18. MAD Geologic Noise Chart for U. 5. t~t Coast ••••. • .•••• • •• 31 

19. Magnetic Storm Hours Per Veer, 1961-1968 • •••••• •••• •••• 33 

vi 



INT!tODUCTION 

1·· 

Magne tic Anomaly Datectcn (NiAD) have been carried aboard U. S .. 
N\°1val Aircraft for about 25 years. From the ASQ-1 of the 1940'1 to tOday's 
ASQ-10, the basic principle of the system hos remained the 1C1me. Whcit hQs 
improved ovf':r the years ore such thingG as the ~lectronic .circuits, comP9ftlO­
tion procedures, and a better understanding of the natural environment. in 
v/nich the detectors operate. 

Durin~ the t·wo ond one-half decodes of the evolution of MAJ) gear 
many reports h1Jve been prepared for the pUtpOses of instructing thote. reaponsi­
ble for. the operation of MAD dl>vices as to the proper maintenance, repair, 
and tactical use of these detectors. Those reports that have deoft with the 
p:-inciple• of operation of MAD, or tht'! geomagnetic environment in which MAD 
opl!rates, have been "'1"itten primarily for the information of the scientist at 

engineer involved in the development of the instrumentation. This report hos 
b.-en prepared in on nffort to better inform those cJirectly in./olved ln MAD 
operation~ about certain principles of operation and the natural envlronmentol 
factors affecting the MAD equipment. -

ORIGINS OF THE STUDY OF GfOMAGNETICS 

Ev.eryone engaged in Naval Aviation is well acquainted' with man's 
most successful magnetic sensing device, the magnetic compass. 1h. magnetic 
compass, in enc fcrm or another, ho; been used f(.11' centuries; it is a si~le 
rel ioble device which even today is a most importnnt navigation instrument .. 

It is uncertain who first exploited tho directional properties of the 
ear:h 's mogr.etic field; both Asians and Europealls have been cited en the 
originators of the tn(]IJnetic composs. It is known that the peculiar properties 
uf whot was call~d the lodes.toM wcr~ mentioned in ancient Greek literature 
some 600 B.C. 

The lodestone, or magnetite as it would later be called, wos said to 
have great power;; that cov!cl cure mar.y M>tt1 of ma!odie,. One of the ir.yths 
connected with the magic :;tone warned that if it was rubbed with garlic it · ,' 
would lcne ih directive properties, therefore, sailors of the Middle Ages, 
were wcwned not to eat garlic or onions for fear of depriving the COf11>ms.of 
its directive properties. (The admonition against gorlic and onions could well 
5erve the "flying roilors" of the Twentieth Century.) - -~· 

Many names ~e involved with the development of the magnetic composs; 
one of the first au~hor~•ive European reports on the properties of the magnet and 



' j l- <. • f I 
. ;~e co :-. ~ .ru c:1 ;(:!': o L~c ! compa::<; , was written by ~he Frenchman Pierre Pc lerin 
'~ I A "' ...... .. , ,, ,,, ·, . ' • I D .. _ - p . f • I • c .: : .ic: ·~v.Jr11 ,r.o.,.,n ~ so as• t~ 11U> erngrinus. de reported his experiments 

':nt\1 11 ,e ma_; i:ct and compass in a letter to a friend •Hritten in 1269. 

The c::vclopment of the compass contributed ~eotly to the epic 
voycg•:s of di:'il::overy of the 15th and 16th centuries. During these long 
voyogt :: it vA1s noted that the compass did not ii fact point tc. true north. 
-ihi ~ di i;crepa:1cy b~tw~n the direction that the compass pointed and true 
n~ h \·;-:is cl! o noted by the astronomers of the ~ra. By the first half of the 
15th century the angular difference ~tween hue nc:-th and magnetic north 
hoc! bu m documanted. Thus magnetic variation became on acknowledged 
fact. The term masnetic variation is still used by the marine and ~ir navigators 
of toduy:. Maa~Hc declination i~ the name used for the same angle by the 
~:-.;'~iC.t~t . 

On ino!~ modern charts U$ed for air navigation, line~ of equal mognetic 
varitttion arc drawn. These lines are called isogonie lines. One of the 
earlier.t chur~s pre~nting lines of equal variation was the y'Ofk of astronomer 
Edrnond Halley. In 1701 Halley published a chart showina the vcriation lines 
over the Atlantic Ocean based upon obtervation mode aboard the British !hip 
"Porumoor .. beh·.ieen 1698 and 1701, a wrvey funded by the 8ri:·ish Government. 

In 1544, a l'lvremberg instrument maker named Hartmann, recorded the 
fact that when he magnetized a perfectly balanced compass needle the north 
end tended h > dip below the h".)t"izon. A conte"l>Ol'c:.m'y of Hartmann in London, 
Robert Norr'1an, become intrigued by the tendency of the compass needle to 
dip. He wo~ the first to devise an instrl#Mnt to measure the dip of the magnetic 
field, or m~1netic indinotion to give the angle ih more formal name. 

Norman's investigations led him to publish a book called, "The Newe 
Attractive 11 in 1581. In the book Norman theorized that the compass needle 
was influenced by o point within the earth instead of being influenced by the 
heavens, as most people of that time thought . 

Will!om Gilbert, in 1600, pubHshed one of the great YIOri<J in the 
science of g·.,om09netics. G;lbert in his "De Mognetic" proposed that the 
earth itself vtat o "r,.·eat magnet"; that like the lodestone, the earth had 
magnetic poles and a magnetic equator. Much of the material Gilbert presented 
wot· based on hi.o; own VIM'f careful e>eperimentation. Gilbert b91ieved that the 
earth':s rnogr.etic field wos 1miformity distributed throughout the globe, and that 
olthoog~ the field may ciiffer in direction from place to place that it held its 
direefion with time, except in those instances when some geologic catastrophy 
might chofl9>: it. 
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If Gnbert's theory ho·.; bee., right, thct the field :emained stable with 
t ime, t::c :tuJy of g eomog1\et i1;s wou ld be far simpler . Howeve.- , shortly ofter 
Gil ber~'s deolh , Henry Gcfl ibrcnd, a professor of mathematics, determ i~ the 
magnet ic vcriation ".lt a locat i<''1 near London was 4°C6' ::ost . H!; observations 
were made in June 163A. Gclf ibrl'.Jnd sec:rched the records of previous obr«ven 
end discovered that in 1580 1he variations in the orea hod been 11c:-15• Eo:t. 
The proctical importance of Gellibrand's d iscovery to the navigators of his and 
succe eding t imes was immense. The records of variation observotJOM fo the 
London area ':>re most interesting; they sfiow that in 1600 the magnetic vcr:otion 
was about 10{• East and Ly 1800 the variation ho-:f changed to 24° West. The 
1965 World Variation Chart shows the value at l.ondon to be 7-1/2° West . 

Anoth.()r londor.~r, G eorge Graham / is generally credited with the 
d iscovery o f the fact that in addition to the long term ehofl99 GeHilrarKt 
observed, that there is also o doily change of the field. A,.er rnakin:i many 
observations ct variou~ times of the dO)·, he announced his findings of the 
daily variations in 1722. o..,!ly vario. io~ i1 not of much i"1>ortonce in naviga­
fiO"I, Lvt it must be taken into consideration in land IUl'Veys ::~~"'.!'Ve areni using 
mogneti c COnt;.10~s. 

Much of the eorly knowf edge of the earth's mog""tie field was gaineci 
from the observations or the mariners and e.xplorers of the: e\"0 of the wooden 
hullt>d ships. The explorers of the Arctic and Antarctic con'1ributed much know­
ledge about the magnetic polar areas . These men hod both a scientific and a 
practical navigational interest in determining thf' varicn' ion of the earth's field. 
In the early 1 OOO's magnetic observatories were set up in 1Mny 1'.0Untries 
in order f:> more systematically record the changes in the ~netic field 
co'Tlponents. One of the first observatories operated in the Ur~it0Cf States was 
locat~d at G irad College, Philadelphia, from 1840 to 1845. 

The lat~er par~ of the I 800's sow a greot increase in the number of 
magnetic ob$Cl"vatories. Many land surveys were underhJken for the pwpose of 
determining the magnetic variation. In Sweden o special instrument wcs 
developed for the purpose of condveting surveys for iron ore. This instrument 
hod its magnetic needle su~ended so that it could rotate in both the hcrizontal 
and vertical plane. The first magnetic protpecting svrvey was conducted in the 
United States in New Jersey in 1800 using on American version of the Swedi$h 
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 
bee n done defining the earth's field over the three-quarters of the earth c...-wered 
by :he oceans. The early surveyors ot seo were interested only in magneti ::: 
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vcric1·ion observations . The Deportme nt of Terrestricl Mognetism of the Carnegie 
ln~itutc of Wosh!r gton was or.e of rhe p ioneers in magnetic surw~ys at sea. The 
sp~cioll y designed and equ ipped .. agnet ic survey v~ssel CARNEGIE covered 
about 300:000 li ne mii ts of ocean survey work from 1909-1?29. C'll'negie mode 
observat ions of variat ion, dip, a nd horizontal intensity. Unfortunately the 
CARNEGIE W(J S destroy::;d by fir~ in Somoo in November ~929. 

Today, the U. S. Naval Oceanographic Office is chcrged with the 
responsibility of publishing o ~~'ias of world charts that define the various 
comp\Jnents of the e.arth's magnetic fleld. In order to provide the infonnotion 
for the$e charts, Project MAGN~T, fl world-wide r;urvey of the ocean areas of 
the globe v:as ~erred in 195 J. This airborne survey is conducted using two 
tp ac iall y modified and equ !pped U. S. Naval Air a oft, one a C-54,, the ot~er 
a C-121. In a typk::il yeor these aircraft V1ill provide 230,000 liM> mii"s of 
data for the charting program . The magnetometer used aboard these aircraft 
is a Vector Airbome M.agnetometer (VAt./i). This instrument was developed 
by tile Naval Ordnance Laboratory from the AN/ ASQ-3A magnetometer: a 
t-AAD device. Prcject MAGf':£T obser:atio:is include total intensity, dip, and 
variction. Figu;e 1 shows the relationship of the components of the earth 1s field. 

MAGNETIC AIRBOR~ JE DETECTION 

The field of exploration geophysics has enjoyed o rq>id gr(')wth in the 
20th century . Mont techniques and instruments have been invented that have 
proved most useful in the di~overy of mineral resourc"~ · 

Tho$e geq>hy5icists who specialized in magnetic prospecting were 
qu ick to recognize the great advantage that could be gained if a method 
could be fuund Yo obtain valid magnetic meosurement5 from an aircraft. In 
1941, Guf( ReLearch and Development Corporation perfected a flux-gate 
magnetometer that could be used in the air. 

Gulf's magnetometer st rured a common experience with many young men 
in the early 19401s; it was drafted. The National Defeme Research Committee 
(NDRC) recognized the great anti-submarine wurfare potential of this magneto­
meter, and before it could hunt for minerals and oil it was assigned the task of 
hunting "6bmarines . NDRC :ponsored 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 II because it was not available 
in quantity until !-he later stages of the war . Probably the first signifieont 1se 
of MAD was aboard PBY aircraft used to establish a harrier at the Straits of Gibralter 
during 1944. Severo I submcri nes were sunk as a result of initial MAD contact . 

4 
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The~ sinkinQ$ discouraged the G ermans from using the Straits as a passage to 
the Mcditem:meon Se~ . 

The ASQ-1 0 magnetometer being flown aboard modern fleet aircraft can 
be described as a flux-gcte or saturable core magnetometer. The sensing slement 
of the ASQ-10 responds to changes in the t-:>tal field component of th& earth's 
field, design~ed by tin F in Figure i. The standcrd unit of measurement of F 
is the gamma. Figure 2 shows how the value of F varies aver the earth's ~face . 
When the ecrth's fie ld is presented at this scale a rather smooth pattern r~sults . 
Ho~ver, later in this report when a small area of the earth i~ examined in 
detail it will be seen that the fleld does in fact have many irregularities. 

The pro!Opector is interested in the large relative changes in 'otal 
intensity that are caused by the particulm- geologic :rtructure in o survll!y area. 
The MAO operator is interested in detecting .::a much smaller Ch<Jnlde in the 
ecrth's Reid caused by the distortion of the total field component when a 
submcdne's mogl'~etic fie:d is superimposed on the natural field. 

Both the pr~er:tor end the MAO operator use the earth's field bale!nce 
to cancel the mojor portion of the ear.h 1s field. By means of rhis device the 
leset" can reel~" the portion of the fielCI he mU!t deal with from a typical volutt. 
of 50, 000 gammas to 1,000 to 2,000 gammas. However, when the tensor is 
used in detec:ting submarines, ., special filter is added to the magnetometer 
sysiem; it !:s the output of the fllter that it displayed ~I) the MAD operator on 
his strip chaa t ;-e:ccroer. 

THE tJAO Fil TER AND DETECTION FACTOR~ 

In ordf:r to properly int~rpret tha vcrk-us type:. of ~igr.ols that appear 
or. the MAD recorder trace it is necassary to understond how the filter works. 
The filter has been t!'dded to the system 0 that the relatively small signal 
g"!neroted by the: submarine can be separ~ed from tht1 natura: gradient of the 
enrth 's field . Fisure 3 illustrates th., affect o~ superimpc:ing the field · of a 
submarine on the earth's field. 

The submarine, like most magnetic bodies, can be cor.sidered to have a 
posifr1e and negative pole. A magnetic boJy with two polM is termed a dipole. 
The shape and size of ~he signal that will appear en the MAO trace will depend 
on the fol!vwing factors: (a) the size of the submarine; (b) how fast -~he airc1 uf-. 
is traveling; (c) the cloS6st point of approach of the aircraft to the 5Ubmarine; 
(d) the co-.. -r~ of the aircraft as it posses through the subrm::rine's fieM; (e) the: 
mognet•c heoding of the submarine. Another factor, th(I effect of the natural 
magnetic background, wilrbe discussed in the next section. 

6 
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Fivurc ·~· d!.!p ict5 the d:cp<; of a ~bmorine signal as seen by the •nsing 
e lem~nt of the rn-t~gn~tcmder. In Ih is case the. aircraft courMt was north magnetic 
o: an altltuda of 500 feet. The aircraft paued directly crV. a surfacid tubmarine 
h~c1ded north nKYJnetic . lhe positivi! arld negative segments of the tubrnarlne 
signol ore e vident . AhhO".;gh the submarine signal appecri~ on the ~ reecrd« 
as a !ingle form or shape,, the signal is octuolly mode up, of a combination of 
several frequenci:.:s. A detailed cmalysis of this submarine signal thaw. thot it Is 
composed principally of the five frequencies shown in figU;e 5. lhe;.flpe thows 
th" differe nco in amplitu~ of the various frequencies as well as the phc..1Mfi. 
TI11') 5' h0:.C') ~J1Jft Otn l"' •"""by notlno tha different dCJ(J9 In fho cyol• 'for e<Jeh 
frequ.,ncy at lino A. ·~ · 

Figure 6 is cm amplitude re5J>Onte ctrve for a Filter used in cm ASQ-10 
MAD system . Thi~ type of filter is used in patrol oircra~ Whose usual maneuv01-
iog speed for MAD operations is about 100 knots. The fllter is designed to 
admit those frequencies that compose the submarine !Oignal while exluding the 
low frequencies such as would be produced as the aircraft mo~tet through the 
earth's normal field, and the higher frequencies generated :by the otrcraft 
electrical systems. The five fundamental frequencies shown in figure_5 are 
marked on t~e amplitude re~onse curve, along with the percentage Of the 
amplitude passed by the filter. 

To aid in visualizing how the various frequencies combine to form the 
submorine sig11ol, Figure 7 has been prepared. Starting with the five frequencies 
shown in Figure 5, Figure 7 first odds frequencies 1 and 2, then on each succ-ssive 
ctr.":e one more frequency is added; iOt, bottom curve com~ines all i.IM frequencie5. 
The bottom curve shows a total amplitude of 3.5 gammas as compcred to the 
original 4 gamma amplitude in figure 4. lhis demonstrates that the flve funda­
mental frequencies in this signal account for 87 .5% of its amplitude. Other 
higher frequencies of smaller amplitude than the five shown make up the rest of 
the signol . 

Figure 8 compr.res the detectable submcrine i!gnal with the rewltant 
signal that would be see n on the MAD trace. The figure ~ws that the aircraft 
v.<>l•ld hove traveled obout 3000 feet during the time the recognizable pc:ri of 
the submarine signal <><:curred on the MAD trace. At 100 knots this would mean 
about ten (10) seconds of time. After passing through the MAD filter; approxi­
mately 82% of the signal r-emoins to be di!played 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 sclme track 
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throv[}1 t:ic ~ucrr,•.::rrin::: fiel d , bvt a~~me the tpeed nao b..~n r'!lduced to 90 kno~s, 
the d~tedol >fo :.ubmorin~ ~igneil will still occ;Jr over 3000 feet of flight path, 
but it wciJlcJ ta'.<•: d>0u~ L'u seconds of t irne to o~cur, r~er than 10 s.econdJ. 
Th:e ~.:bmori:te sig r:al wiil :;t lll be of 1·he same amplitude but because of the 
dov:er spe~d tht> rnsui tont freq•;ency makeup of the signal would be diffa·ent. 

Fic-·re 10 _hews what the five fundamental f-requenci.,s are at the slower 
!peed an:! it;sl' w:H .. ·t percentage cf the ~Ii~ of these frequencies will pass 
through the Fil ter. It is evident that a far lower pttcerrt~ of the Clr'i'lplituda c f 
thc58 frequencie5 par.s through tho filter, than those st111Jwn ih Figure 6. This 
demonstrates the f.xt that a filter designed fer a ccnying vehjcle speed of 100 
knots Y11DUld not be suitable fer a much lower Sfeed . For th!s reason, fo the 
days of the lighter-than-air craft, a filter centered at a lower frequency was 
Ul8d in the MAO equipment they c2Tied. If helicoptet's are used for MAD 
work, they too mu~ !~'IV~ a differe nt filter because of their lower speed. 

The ~IHucle of the submarine signal is quickly diminished en the 
oircrcrit moves f\.'!l'i her a wa}' from the submarine. Figure 11 shows what happens 
wn3n the oirerof;· fli.1!; through the fiel~ of the submarine at the same altitude, 
~ed, and heodir:1J , hut on a parallel trock that he~ o 400 foot horizontal 
~otlon from thf; f'.rit trock pre:;ented in Figure 8. The detectable submarine 
~ignol hes b~en rf:::Juced to 1.6 garnmas and the resultant MAD signal hos been 
rec1ueed to 1 • 2 g~z:imas. 

Figt:re 12 ~~ been prepornd to i !lustrate that the signal generated by 
1h0 same tubmc:rin:? can lode very different depending on the aircraft's path 
fhr.oush me subrr.orine field. In this case the aircraft altitude and 91>eed were 
W.o r,.a,-ne , 500 feet or.d 100 knot~, but its coorse was east magnetic and its 
horizontal ~eparoti (Jn f;orn the subliartne wm 200 feet. The resultant aibmarine 
»ignal hod only one distinct negative pec:ik, not the positive and negative peaks 
shown In other illustrations. A parallel track through the submarine's field that 
pasted 200 feflt south of the asbmc.-ine would have only a positive peak. If on 
onc;lysis of the he~ency content of this signal were mode, the fundamental fre­
quencies co~rising the signal would be found to be very much different than 

tf:oso "'°"""' in FiotKe 5. 

So far W3 have examined the effect on the MAD signal of the speed of 
the aircraft, the ::~pnrotion of tf.e aircraft and submarine, and the course of the 
airaa~ M i~ pos~s through tti~ submarine's field. Ar..othEr foctor, the effect of 
the 1ize of the sucmarine on the 5ignal size should be self evident. The lost 
factor to be e r.cmincd in this section is tht- magnetic head ing of the submcri~ 
at the time of cor.~oct. 
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.,, . • ! • . :_: • .!~:c v:g.-. 1r ·.:~ ._ .: "l sub:r:r.!rir.c con be St.l id to~ COf,lpo~ of 
~ r :. '.J!., : 1.;' :~.. ~ •• ~ i !: ·11 ~·•~ :~ in .. :::.::·. d mcgnc~ i !.m. The rubiect of perm::ment end 
!:·.dt! :c~ rr1.·::r. ;: _ t'! :: c.:: b': o v(:-:' comp:ev: or.c 1 only the essentials will be 
c.:m·= ~~ ·~d r. .. ::: . 

'l • .. . • I . • • 1 • h • . - .. " by . I 
:.~'-~'..~'.:.:.'.:~S.:~.E.:. 1~ .~"!~: magn-e. :mt vm1e ts rnta1~ . motc!flw 

I . • t . . .,.. "obi d t• Ind -~ . . -: ·er 10 .. .; fic1 .. ~· .; o nme '«11111 ou1· opprec1 er.:? vc ion. uc.CJQ 1nagnet1Rn 1s 
1-:.::gr:~fom ~:~1". <Jir.Jd ~}' a piece of materia l while it is under the influence of a n 
ol:'t(.i·nc! rn·:-!{:r. ~·:k: fiel d . Mor.y !ypes i) f mttgrwtk IT!t1terinl ~ 10~ in the 
..:1~ :'1::~:1Jdio:1 c ~ :;Ji>ti-.u:ines., cmd s!nco they operate in the earth's magnetic field, 
~~i-<3Y !?x'. 1ibit :: .e c:)·::::ct.: terist;c-s oi both perman~nt and i~uc~d magnetim . 

\ svb.1:.-:- ine':. rr.ag:--.etic field cannot bo oc!~quotely represented by cny 
• f r ' . • " .. u L- -·--'-si:rp .c .. ~rm ·:r ,;:.::;.tt)t::;r.orfito n o r telrn·... ...., ..... ever, :::; ctt~t :::etn .,ic " maa:: to 
ii 'ust-rc;.) ~Le :.1:-1!;~- • !0n cf;:~ petuh.1nt1m unci i n~uced fir-1ds of a submari~ . 
in th~ i!iu::trc:' icr. , f-i s uri. 13: n t:iermonent fie ld of 009 unit of strength is 
m ·urr-ed alon::; ·:1ith tm i oouc<!d fidd of t wo units of strength on o north heeding . 
O:i o oc:th hc~:d ir.r_: frie i l'l<~uced ccmponent of the submarine•s field will a<ld 
tli t3C~iy h:1 tL· p€·:';:1:~n~:1t c~·.?omrnt und the arn;>litucb of the submarine's 
sirno~v. .. ~ ....-:Ii :,~ Hie 11reato~. \\/hen the submarine is headed east or ~ it!i 
;~~;uc~d compc :-~nt is..,ccns:de:-cb!y reduced becou~e the magnetic field it n..> 
lo:·~r o!igr-.<>d ~~ilh ~he mofa- cxis cf ffle submcr.ine . On a 90Uth magnetic 
lw-:ding ~he p~ :'tr.anent or.d ird'..lced fields will be directly opposed and on ~·hi1 
hc :Jding ~hr; megn~tir; dgncl'urc will be ~e lei:ist . On the intsmediate head:ngs 
th '> an"P!itudc ·.~f th~ si:; ,,cturc wit! range between the rncm~mvm and mini1m;•m 

' vc: : ue~ . 

·, i,i~ \ ;::·.:re: i~ rr.-: :Jnt only t :s on illu~ation and the re$.Jlts flhown arc 
tn .c .l only for~:·. :: a:;svmrHom mode . Thero ore in facto very wide variety of 
po·;siblc i"elctic ;;-:hips of permanent ond induced fie lds . 

i here ' · ":: ~teps tha t can b:! taken to reduce the maonstic signatur~ of 
a t.::br1"n·ino . t :.rt with t i~ t h:) effectivene~'I of those procedures dfminishes, 
"..Ind the cmpl i ~\H~.) of the mag:.t'ltic:: signature increases once again. 

Ef'!VmONMEi,~!AL fJ\CTO~S AffECTING MAD OPCRATIONS 

Ti10 ~.ii,'J) flit'.!:- has been d~signed to ?OSS the frequencies that comprise 
~ he S(/ Jm-ir:uc': ~it'~o! \\ :1ile wjec~ ing those frequt'ncies which might interfere 
Wi!h lroC ;:-ro;)~i i~:Jnt!fict:7 ic n Of tCf'gAt signal , . It is not possible to build Q 
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I ii i. ; :.10 .,_,;d ~ .. :.! .t~ ly n :jcc; di umvanted fr ..:!qde ncies; a s a rcsuh ce rta .11 
: :n . .::r .. ::~· rfc::; · :::: it:s a i;i:icc,· 0 1, lh~ iv\AD t-roce cs noise . This noi~ can be 
·· ;c ;if .. ~c in 'f i .,. l."•:>cd ..:rito~cri .: :;: on- boc.rd noise, a nd environmental noi!".' . 
i1 i · ~!dc . . n t:-:t:.i ~ : ~hc.r o! th :w.t fc:ins of noise will q:ip.aar on t~ trace as a 
: :'.r; J~ .. : ;: . .; ~=<> :l. Lo\\'3VC1" , b::cauv.? of the amplitude and duration of certain 
~ ::'P .s -:.f • :>i~ ~, . ;· i:. v ~r~r po~.sibl ~ f.~r it to mask o real signa l and therefore 
r r t - •l • •• • • f t 

.... _; ..,P • • • ..! (;,(.,),: , I V~ ra:~~c c rn:~ M.i\D gear. 

C n·-Lc.·.:: . d no ise ha~ as its uOU'ice the electronics of the instTurnent ih~ l f 
rn~..i th .~ \ ::ri0u:s .~ loctr icd a nd e:lectro nic equipnlent of the aircraft. On-board

1 

: .~ i :--e :.-:u. ;· t"J o ,ntrolle<l by a cc •icient iOUf iob of compbillotion and maintenance. 
'lhi:; rc.:po .v v.:ill .1ot c:om~der the effects of or.-br. 'Jl"d noite but will confine itself 
lo <J ditcusikm cf enviro:lfMntal noise. 

E·wiron:1-ienta l noise can be sub-divided into two types, geologic and 
t-~m?Ofol . The tcrrri geologic noise is applied to noise which has as its 1C>Urce 
1iaturally occurring magnetic anomalies. These anomalies are cauted by magnetic 
mororiol preoon;· in the e crth 's crust. Temporal (time varying) magnetic noise 
appears in the form c f magMtic storms and micropulsations. there is nothing 
the~ th6 N\AO c i1erotor can do about the problems of gaologic and temporal noise 
c1t f-te!Je'n~ . Ho·.·~ver, it is important that he be aware of these IOUl'ces of noise 
ro that h::J c -:ln ho~ter evolucte what is happening on hts recorc:ktr trace. 

Cortoin general 1>b~ations con be made about the geologic noise 
problem. Geologic noi~ is geoorally more pronounced in ~allow water areas 
!;.~c!JU~., over t~ :JSC creas th~ de tector is much nearer th. source of the anomaly . 
,.v\agfte'tk aoo:n .. :I ie s at~ ofhm o~iated wtth unusual bottom features such os 
:;~at:i0un! s. An.-molies m"e 11frczen" in the earth's crust and they are very stable 
over long pcri-ods of time . lt ii true that the absolute value of the field changes 
with time , hut :he gen<!:rol shop~ of the magnetic anomaly changes very little 
wi1:1 tim~ . If en cpen.rting area has a bad geologic noise problem today, it will 
b.-:? iUS-:· o -; OOd ~.::morrow. 

A star..d ::td CTWthod of :epresenting the earth's t·otal mognetlc field com­
por.'!3n~ , F, it t/ o ccntour chart . Figure 14 i1 a contour chart of F along the 
lkited S~ot~s E:·:it Coast . The cc ntO'Jrs on th is c hert represent a 50 gamma 
con~'f int ervo:.. : . The contovrs joi n points o f equol magnetic intensity and are 
called j~.:.dyrv;i.: ic line:>. 

J ..ooth?:r type of contour presentation more familiar to Naval Aviators is 
rh~ ~at:1t r .r.c ," . O n the v.-eath.:: inr:lp iscbcrs connect points of equal barometric 
~-~ ssure "..ft the ..:arth 's ~urfoce or at some sipecific altitude. Anomalous features 
i;i :he Pf·Jisl.FfC -~~ner;i ore C:e sigocrted as highs°' lows. The center of the high 
t:K loVr· is u~o l ! l enc:i~...ed by an isobar and a value assigned to the highest or 
lo .... ~ bc:ro:r.et: ic ob:ervJt ion. The spacing of the contours around the highs and 
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.. 
,, ; \ #\j(d l 

··d .i i\· .. . . .. . . ~ . "· ._ 

• •I . ' f I 
, .. ;; 1,.,; ~.~cp nt=~- o ~ 1w prer..:.ur1-) grcr.:!ient. Similaf'ly, rnagt'totic 

. 1 • • / ci l L:.r b .. ~ hi _;'.1 '.: er low.; in rha e arth's magnetic field, and ftic!r 
· . - :1-:: · ~ c ·~ eb} i.::~;cnt.ed by the !rccino of the conto\#'1 around 1·hc 
; ·_. ir,;· . · 

·~ " . I • ~ • ' t . th • fi Id • L 1 ;.1 -. • • .: <: c • .. o t;r c.1c.i• o~ ll<.!l' eos c.oo~: c::ca, e magnetic 1e t:l ~ .,-e 

Ci . . ;: «;J'. :. ~: .. ,, 1~( • • lh c.f 4~0 / ;1 an~s oct c;~ czs. t:.·1'r6mely complex area. TI1e 
u~c. "t ur .. :;: : r;::0r.~d ies \-tit:-. :o;~e~:p ~rodients m<;;Xe this the worrt operating arao 
i :::r M/.D ,. !;:, :~ .. : ~:1.;:· eo:J' CC:!.;; . TI1e area bc:rtv.-e~n 37° to 39° North, by 
·:•J: :.-.;; ~f / ""·~' only o fe v·1 cmc-n11:.i! i<:•s with very !ov1 gc-odients; in thts area M/l,0 
~.-e1 ioi'1 :>< .-. '<:: ;·~H)1J ld be !J(>Od . l>i.nother aretJ oi intered' i:s between 39° and 40° 
~·{cth, u .J &~"to 68° W-0~ . ll1~ group of krgo anomalies in this area arc 
c:l: •c id« .~: \ 11~:1 ~h r~ New fo;Jlcnd Seamount Chain. This searnount chatn 
,.:o..i ine1.:-. ;; .·: >wC'.td 1·0 th~ scuth -~o$t end eoch :ieamount has an anomaly cmodated 
·:1i~: 1 ii''.'.~ : v;ill 1x ~<'! n c-:1 c i1!~.D trace . 

·i :. .. t:~•oa c·ea:; m:!u~ ioood Ql('e ox.umples of different types of MAD 
op . ·cfo.:; .r:1!.:rs. 'f::e G ulf of Moine ii a $hollow wot« cn10 with a compkx 
ae·-!cgic:: i )be prcLleM; 3i'0 to 39° North is a low geologic nois.a area in both 
~i.<. '. k,\·{ i.i"1 d.~ep \ro1<:-:; c::r.:l the :;~~mount are a is an exr.smple of a deep wci.nr 
cru wii ; ~ ,, 1~otic<x-.:., lc lc.,,·::l c; gcologie nohll . In order to td<:e a closer look 
.-:fr:;'!'.:!..'.! -::. »~CJ:; r-; ;J'J.~I l5, «6, ('i!d l7have b.:.en prepared . 

r .. ~ . · : l.i/ . ·,ho .~ ""' c d.x-gement cf por!- of Figure 14, tho contol1t' 
chert, 1;. . :;;.; 37° i:.: 3? ') k i ;lud-: bond. ihi$ enlargement includes a sn:oll 
orv: :no\· , 11\..: ii r.~ ocros:: ,:\()anomaly mr;rkecl 1345-1349, .represents an a lr­
·:- rc:.) ~:·c .:: . c~:ic::; i·i . ~ c . 1-:.1~ • .-.d!' C!l'J pcrl 9 of ~:1e figure shov;s the re::ultont },".AD 
;rv :e . 

;:: , . r o ;;,'. ~ ob7.arv{ ;ions a bout tho contour porticn of tho figure. Eoch 
co• :ct:: I: . ·t n:ip: ~~~:nts a 50 oarrnno change in the F component, every fifth 
<:od c.ut j ~ 1r.:Jc hco'licr a:d lhe gamma va!ue not~. This c1Jnt0\n" format is 
·:1i<'dy us .. ..l in pr~;>arino dd ailcd charts of the magnetic field. (lhe position 
•)f ihc onc.:1dy hes been not vd w that a cross reference can be made to the 
I or J C ch(,. · . ) 

«:. : twc'.·: line Gero~.~ the anomaly !.hows the nircrnft passed the pea!{ 
~,f 1 he ( l t.'. .. :;a!v ut 1347. 0 n i he MAD trace the affect of the anomaly can be 
•101.;d ot L .at t ;ma; it c?pc<.:·s c;s a brood r.igoal of about 1 gamma amplitude . 
A ~t·ondc : . 1.1.:: 'f~ iod of rcting anomalies is by thei l" graditmt, that is, their rote 
of ir.creo: . 0 1· c •xr,:me in 0 given dis~o;-.,::3. Til-.! steepest gradient associated 
wi~'·, thi s< 1lO:nal1 ;:; i·ho t pc.i t thot the c.!ircraf~ p:Js$e<l over between 1347 a nd 
'f3. '. 8; th : ~ J l'c.di .._:nl was abut LO gammas per mil e as compc.red to t~e 
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nc 111r1I f i,;!d {;:"<.:di cnt dor:3 \he Atlantic Coos:· of 10 gammas per mile in a 
nc. J·h-sc.u. h dir~ction. i i: is onom~ly is located in shallow water and would 
ht~' dly L-' no!·ic.~d on u MAD trace. ' · 

FiJUr.:! 16/\ shows another enlorgemont of the contour ch'art ~ In th is 
fi~; .:-re on.; of th:J «11C>mal ie s asoociated with the N0w. England Seamount Chain 
is pre1~nrd . The contour format is the same, bot it can be noted that when a 
ve1·y s:eq.; srndient is depicted, the contour-lines betwtten the heavy lines are 
oft -; n c.ir.-'1:.ped so that the prewntation will not become iltegibie. Anoth..,r de·toil 
of ~ :10 prc::e nto1ion is the method of noting o low in the magnetic field. In thie 
1.rpt-er pcr~ion of the fig ure the- value of 54,384 ir. ;,oted. The inner contour 
::urroundir.J th is value has seve ral short lines called hochures exten1iing inward 
from th::: contolli". Thi:o; hochuring pre>eedurc is used to differentiate hct~en un 
cm-:mal y thar reru~sents a low point in the fi.efd rather than a h.igh point. 

Fia ure 166 shows how the MAD trace lookt1d os the oircra,. passed 
over the anomaly. Th: anomaly had a noticeable affect on the· MAD trace 
ove-,: about o t hree minute period during which a $ignal of up to 4-1/.l gomrr,as 
pea!< to pc:ak can ho seen. rhe gradient of this feature runs as high as 290 
gammas pu rnif,~. Some of the larger magnetic_ anomalies associated with the 
cthor s.;..:n:ounts \.v::>uld drive the pen on the MAO recorder off scolt' at this 5 
gam.no s~Hing . There ore 2200 kthoms of water over this seamount, so the MAD 
de~tdor ,ig 1s well separated from the source of the anomaly / yet the frequency 
content of th.1~ ancrnaly we1s arch that the MAD trace wos <Jffect&d. 

Figure 17 presents an e::xample of how geologic nc1i::e interferes with 
MAD opet<1t ions in lhe Gulf of Maine. The contour presentation shows o:-i 
area that iru:: ludes st~v~rol small anomalies . In this case tht' peak values of 
mos! of the anorr. 'llies have been omitted so that the illustration would not 
b<.Jcc.me clo~tered . 

The !mall anomaly over which the aircraft track pc1ssed is located in 
about 100 fathoms of woter and has a maximum gradienr of 400 gammas per 
mile. The rdulta:it MAD trace shows that this small inten.se feo~ure caused 
the MAO recorder pen to GO off scale or. the 25 gumm\'.I seti"ing just ofter 1230. 
A second si9nol con be Sc!en j us~ ofter 1232 caused bf a ric'ge in the magnetic 
f ie ld over which the aircraft passed. It is quite evident thot if a submarine 
hod been I ocatcd in th"! area the aircraft passed over between 1230 and 1231 
its signal would have been hidden by the signal from the mcrgnetic anomaly. 
Conversely, it i ~ quite possible that the signal cavsed by the small anomaly at 
1230 t- a nd the !:ignol seen at 1232+ could have ooen mistoke·n for target signol~. 
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In ~tudyin.3 these examples of geologic noise, it is important t:> note 
that in F igure~. 15 a nd 16 tl1e ASQ-10 function switch ·was set on 5 gommas and 
in Figure 17 the setting was 25 gammas. This switch governs the sensitivity 
cf the clota di~.played on the MAD trace. In areas where the general level of 
g~ologic noise i:s low the MAD equipment can be cperated on a very sensitive 
$etting such as the 5 gamma.s.etting of Figure 15 and 16. A:eas in which there 
is o high level of geologic noise the operator must go to a higher setting in 
order to keep the recorder pen on scale. Of course at these higher settings 
it wil I be difficu! t, if not impossible 1 to see o small submcrine anomaly. 

. Th~ function switch does not affect the filter operatiQn. The band-
f-OU of the filter is set and is beyond the operator's control. In genu'11 rh~ 
function switch shovld be set so that the average level of activity on the h'oce 
does not excet:d two major divisions. 

Detniled magnetic contour charts can be helpful in eva,uating MAD 
performance . The charts alone cannot exactly define how iarge a signal a 
specific anomaly wil I creoto on a MAO trace . HowovM 1 the chatt& con provide 
an indication of whether to expect good, fair 1 or pOCl· MAD performc:nce in an 
area. Three important keys in evaluating an area for MAO perfonnance a:e the 
gradients of the anomalies in the area, the size of the anomalies, and the depth 
of \fj'Ofer over the anomalies . Figure 18 makes a general evaluation of MAD 
along the Atlantic Comt based on the ·magnetic contour chart of the creo. 

Figure 14, the contour chart of the Atlant!c Coastal R.&gion, 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 Oceonograph ic Office; they ore called the 
H .0. 17507 series of charts. Other contour charts of th~ 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 Oceanographic Office 
rublicot ion IR 67-52. 

In using magnetic contour charts for evaluating MAD pe:-formonce the 
track spacing of the $'1.Jrvey dato must be taken into consideration. Usually, 
tho chart .,.,; II state track spacing or show tick marks on the contour lines 
ir.dicoting where the tracks passed . In the case of the Atlantic Coast magnetic 
d'.lta the track spacing wos about 5 mile$. It is likely that certain small features 
were nc.t shown . · · 

Another type of aid that can be used to evaluate MAD per~ormance is 
tT.e Bottom Contour Chart (f\C Chert) . Thi ~ type of chart pre~nts contoured 
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information on the shcpf! of the ocean bottom . The unusual features on the flex" 
of the oce~m su r:h as ~orr.ountt and ridges are shown or. BC charts in o contour 
format very simi lcr tc the :'TlC.gnet ic conrour format. 

In a pMvjoos 5"'Cticm of this report the affect on MAD of on~ of the 
searnoonts in thb New England Seamount Chain was axomined (Figure 16}. It 
wa~ m~ntioned thot eoch of t~e scomounts hod a magnetic anomaly assodoteci 
with it. Not only the N~w Englt.md seamounts but most other seomounts in the 
Atlantic and Pacific Oceans ~ave a mq :!letic anomaly avociated wUh them. 
So.-ne oF these anomalies cun interfer ·Nith MAD operations. If a 8C Chart is 
availJble f« on operating area, it rr.oy provide a guide to those places Where 
goologic noise may interfere with MAD operatior1r. 

Very large ccecn floor features such os the Mid-Atlantic Ridge a-e 
known tv have m.:1ny difficult operoting areas oS'Aeiated with t;1em. Ports of 
!'he NorW11!'9lan Seo, the seas around Iceland, areas near the Hawaiian Islands, 
ond off the West Coast of the Uni~ed States F-articu!arly north of 40° lat i~, 
are other areas in w:lich geologic noise can~ a r>roblem. :\!though tM exact 
amount of geologic ~oise to be exp.srienced in the vicinity of any bottom feature 
conn()~ \:ie precisely determined from the BC Charts, \'hey can often provide an 
explanation of any peculiar patterns seen on ~he MAO trace. 

Th6 U. S. Naval Ocennogruphic Office Chart Catalog, H. 0 . Pub. No. 
~ -N, introdud ·ion Part 1?, l:sts the BC Charts currently available. 

Th" second type of ~nvironrr1entol r.oi:e that con affect MAD equipment 
is termed tt!mp()l'al ma~n-,tic noise. To r~iterat~, temporal mognetir, noise may 
~ 0efined as wch phenomena os the L=sval daily variation of the field, magnetic 
storms, and micropulsotions. The normal daily field vari<7tion is such a long 
?Cried °' low frequency ch.inge that it will be excluded by the filter in the 
MAO equipmer. t . 

Any marked degree of di~urbonce- of the earth's magnet;c field can be 
eonsid«ed o magnetic storm. Figure 19 shows the number of hours per year 
during the years 1961-1968 that the magl'M'!tic field could be considered moderately 
~o •verely disturbed. These :101Jrs rdpresent the amount of time du!'ing the years 
•ndlcated that the efficiency of MAD gear codd hcve bee'l impaired by storm type 
activity. This is based on the assumption that wne11 the field reaches the mode:-ately 
disturbed level some of the act ivity passes through the filter and :JPpears os noise on 
~ MAD trace. Storm durotinns of 40 to 50 hoors ore not uncol'l'mon. In the last 
se·..«at years, the loneiest stum occurred during 1962; it lasted 172 hour~. 
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One of the things that con be seen from Figure 19 is the cyclical 
natures of the storm activity . In the past the magnetfc storm cycle has ranged 
from 8 to 17 years, with an ovorage of 11.2 years. Th. magnetlc ltcrm cycle 
is clir~ctly related to the son spot cycle . In the pretent cycle 1965 was the 
year of minimum activity. 

Within the yearly cycle there is o monthly. sub-cycle. Lona term 
studies of mog.netic activity hove shown that the months MGr•lt f'h4t equinoxes 
are the most active magneticol ly. Tne ~s of September and October <re 
tf:\e- most active; the next two' most active months are March '!nd April. 

Just how does storm activity affect MAD operation? As stated pre- , 
viously tome of the storm activity does find Its way tfv-ough the filter; lt ~/ 
cannot be precisely stated just how large this affect wtll be. It is known that 
at ti~s, the amplitude of th~ noise on the MAD trace cauted by storms ca9 
be very hioh. The pattern appearing on the MAO trace can be of such an" 
ar:lplHude and of such an unusual natwe as to make the operatar~u is 
equipment is working properly. In fact, there have been CGl9S MAD 
equipment has been shut down and consldWed out-of-order/ a of tho 
appearance of intense stonn activity. 

' 
/ 

When ,>ronounced storm activity occurs, it oc~ ~II av~ the world 
at the same k11e. However, there Is a definite lati~ effect aaociated with 
the severir1 of storm activity. A general statemi'nt may be made that storm 
severity is le ss at low latitudes than at high Jatitudes. That means that during 
the same magnetic storm, aircraft flying out' of Puerto Rico might see very 
littb effect, and those f1ying out of Iceland would be wondering what happen~d 
to their equipment. 

Storm activity should be SU'f)ected os th4' source of noi• when an 
aircraft is operating in on area ~ich usually could be considered a low level 
noise area, and uoosual activity is seen on the trace. If more thou ONt aircraft 
itt engaged in the operation, all aircraft In the some area would see the same 
type of noise. 

One aid in evalc -c.-ting any unusual noise wen on the MAD trace is the 
GEO ALER T's broadcast by WWV and WNVH. The times of these broadcasts 
and t'1e broadcast format is presented in Appendix One. 

Both the terms magnetic storms arid micropulsations were used in this 
report ot the beginning of the discussion of temporal magnetic noise. It wcs 
intended that a distinction be made between marked disturbances of the field 
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denoted by tl1 !~ tcrrr. mag~tic storr.u and a lower level of activity deno'.ed 
b1· the t •!rm micropulsotions. , .. 

•)-~ . . 
W:· J: 

There is, in fact, a wiQ., vcriety of mognetfc pultatron· ~r~Jfy. Thie 
pulsation activity can take place duri~ both oetive and quiet ~le field 
periods. In order to standcrdize the nomenclature of pul~Jon oCtlvlty the 
Interna t ional ksocietion of Geomagnetism and A.ronotny, (IAG~;· in 1963, 
made certain provisional designations ft>r both the pulsotions wt~~more regulCS' 
forms, denoted pc, and the pulsations with more irregulCS' forrns, i-denated pt. 
Table I sho..VS the IAGA pulsation classification and typical ar-1>11hides of the 
•.-arious cloSles of pulsations. :: 

The pulsations designated as pc 1, 2, 3, and pi 1, becauie of their 
frequency would be of particulcr interest to those concerned with ·MAD opera­
tions. The amplitudes listed in Tabl\l I are typical for each classofpulmtion, 
but do not represent the maximum amplitude of the pu,lations under all circum­
stances. 

Each class of pulsation hos certain definable characteristics; for ind'ance, 
pc 1 are very ofh::n ob~ed in bursts that lost a~!· 30 minutes, but on rare 
occasions may last up to 12 hours. Pc 1 activity is mare likely to CJCCW duri~ 
high solar act ivity in the week following large major magnetic disturbances. 
Other clas..«es of pulsations show doily and seasonal vcriation, «variation is 
amp I itude and occurrence frequency as a function of latitude. Unlike ma for 
magnet ic ~orm occurrence=s, pulsation activity may be c,'>nfined to a small area. 

WHERE IS MAD GOING'? 

The next gener1Jtion of MAD equipment, the AN/.ASQ-81, will be put 
aboar~ the P 3-C aircra~ during the 19701s. These new magnetomet«s will 
operate on an entirely new principal called optical pu,..,ing. These new devices 
are much more sensitive than the ~Ider f1ux-:;Jote mognetometars, and they will 
provide the means by which MAD detection fO"QeS can be much i~ved. 

The progess represented by this break through in sensitivity bri~s 
with it problems. In order to turn this sensitivity into inerecned detection 
ranges a betrer system of dealing with the problems of iY.>th on-board and 
environ:nentol noise must be devised. 

Ther-e are those who believe that the best way to deal with the on-board 
noise problem is to enclose ~he magnetometer in o housing and tow it ot the end 
of o 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 I 

MICROPULSATION CLASSIFICATION -

FREQUENCY TYPICAL 
TYPE (Hz) AMPLITUDE 

(GAMMAS) 

pc 1 5.000 - 0 . 2000 0.02 - o. 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 - 6.0070 0.50 - 10.0 

pc 5 0.007 - 0 .0017 10.00 - 75.0 

I ' pi l 1.000 - 0.0250 o . ~v - 0.6 

pi 2 0.025 - 0.0070 I 0.20 - 0.6 
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The U. S. Naval Oceanographic Office h01 done much work in the field 
of geo lOtJic noiv.J as it effects MAD. From this work it appears that the geologic 
noise problem con be considerably reduced by new filt•ing techniques. The,., 
new ~eehniqucs m-'f'/ toke the fonn of develcplng tpecial ftlten and chCl'ts for 
areas in vmich geol09ic noise is a particular problem. In this system t~ operator 
·NOuld have a chart to assist him in choosing She proper fllter to.,. tn order 'o 
get th8 best MAD performance possible. 

The development of what could be termed a real time er telf-odJusting 
filter is also ur:der investigation. This would be a rath.r s:>phisticated C0ft'4>Uleri::.ed 
technique in which the filter band-pass could be altered as neceaary to meet the 
specific problem~ eneountet'ed in an operating area. 

The Oceanographic Office has also begun o c~ehensive study of the 
effect of magnetic storms and micropulsation activity on MAD equipment. One 
of the immediate aims ,,f this program will be acquiring ~tfle e~les of 
ten"4>oral n)ise patterns so thot they may be uted by those involved in MAD 
operations in evaluating unuruol noise patterm seen on tM MAD traces. A 
loog term aim of this study will be the development of a method by ~tch MAO 
users can be worr.ed of the ~xistence of odvc:-se magnetic conditions as they 
c..:.:ur « shortly before they are expected to occUr. 
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APPENDIX A 

BROADCASTS OF THE GEOALERTS BY W'h'V I.ND VNNH 

The GEOALERT fur a given day is first broodcast at 0418 UT on station 
WW'/*, Fort Collins, Colorado, then at 0448 UT on station WWVH 0 , Maui, 
Hawaii, and at hourly intervals until the next alert is issued. In cO!le of delay 
in r~ce ipt of the doily message, WWV or WWVH wi II be silent at 18 or 48 
minutes a~er the hour UT, respectively, until the new message is received • 

. Each rMSS<>ge 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 firit set concerns 'he fqecast of .,Jcr or geophysical events 
or the observotic'" 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 meoni~ are as follows: 

EEE ( • ) No forecast (or STRA TWARM observati'on) statement (NIL) 
Ill ( • • ) FLARcS e>q>~cted 
SSS ( • • . } PROTON FLARE e~ected 
TTT ( - ) MAGSTORM expected 
UUU ( •• - ) FLARES and MAGSTORM expected 
WV ( • • • - ) PROTON FLARE and MAG STORM expected 
HHH ( • ••. ) STRATWARM observed 
DOD ( -. . ) STRAlWARM observed and FLARES expected 
888 ( - ••• ) STRATWARM observed and PROTON FLARE expected 
MMM ( -- ) STRATWARM observed and MAGSTORM e>epected 

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 end type of event is 
shown in the table g ive n below. 

Day before that of issue 
{hours UT) 

00-06 06-12 12-18 18-24 
2nd letter set: MMM TTT HHH SSS 
PROTON EVENT (--) (-) ( .... ) ( ... ) 

* WV'N frequencies: 2, 5, 5, 10, 20, 25 MHz 
** WWVH frequencies: 2, 5, 5, 10, 15 MHz 

A-l 

Doy of 
issue IN 

00-04 PROGRESS NIL 
111 GGG EEE 
( .. ) (--.) (.) 
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00-06 06-12 12-18 18-24 ()()-()4 PROGRESS Nil 
3rd letter $et: l'\JU AAA 888 DOD NNN PPP EEE 
GEOfAAGNETIC 

( .. -) (. -) (-... ) (-.. ) (-.) . (.-.) (.) STORM .~1 
.. 

Sample Messages (In International Mone Code): 

GEO SSS EEE ODD 

signifies: GEO ::: solar geophysical message 

SSS = PROTON FLARE expected 

EEE = no PROTON EVENT between 0000 UT yesterday and 
0400 UT today 

DOD = GEOMAGNETIC STORM occurred (began) between 
l 000-2400 UT yesterday 

GEO Ill GGG NNN 

signifies: GEO = solar geophysical me!Sage 

111 = FLARES expected 

GGG = PROTON EVENT in progress 

NNN - 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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Detection (MAD) equipment . The purpose of this report is to poss this informa­
tion on to those directly involved in MAO operations. The ~prooeh is non­
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of a small anomaly in the presence of natural environmental noise. \. ) 
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