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eomagnetic Field Values: provides data for estimation of
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pubdlished his book De Moagnete, thhae the conceprofthe carth’'s maagnecic Fherlad el fin
directional behavior was put omn a scientific footing

Thie firse systemartic studiex of 1local anomalies in the direction of the sarthh's ol
were made in Sweden for ironore proapecting probably as cacly as 1640 and resalarly
Lwvthe end of that contury, HMoswever, (0 vwas not until thie late 1270 that spoecial (T3S A a i B
ments were ddeveloped by Thalédn and Tiberg for routine use in prospecting Surveys.
Until about the 19490 the magnetic Held INStIruments were tediaous 10 operate and moss
of the field operations were restrictod to small-scnle land surtveys The developonent of

the fluxpgate magnelometer (during World War 1l and the proton magne flometer in thae
et 1950x brought about a revolutionery change in the speed of operations that rmuade

large-scale surveys possibDile by usingg airborne and shiptowed magnetomencers.
Magnetic measurerments are made more easily and cheaply than rmost Other geco-
physical measurcments. There arc many similariticos hetwoeen magnetic and gravity

methods, Borly éin the field technigues and the interpretasion of data, Magnetic
from small-scale environ-

survey methods have a DLDroad range of applications,
mental, engincering and archacoloyical surveys to detect buried magnetic objoects,

to large-scale surveys for investigating regional geological structures

Physical basis of magnetic surveys=

3.2
3.=.2 Magnetic quantities and units
The magnetic behavior of minerals and rocks can be described in terms of certaln

fundamental quantities which have definicte physical meanings and many of them
65
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Space) and has a numervicanl vallue of Aqa =< 10 7 b S unies,
The oottt feld i the ivection ol vis given by ~~grad W, In the 81 systermn, the

LARRLET R R NN B R & TR S T fvanddammentally expresscd as the flux density (13-ficld). It follov:
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WwWherve vy is a unit vector divected from the magnetic pole p townrds 12,

The sign convention and units for the quantities used in the above equation are
an follows: the ‘north-seccking' pole corvesponding to that at the north end of a
compass needle is the positive pole, pole strength in ampere meters (A m), r in
e ters (), 2o, in henry per mmetoer (K/m), and It in weber per meter?, swwhich in SI units
has the name tesla (). In the ean.u.c.2.68, system, the unit for I3 is ggauss (C2), which
cqaquals 10 1% ITn geophysical fleld work, a subunit, the Zamma (vy), which equals
1O "'N'(ova nanotesla, n'l), is widely used,

The mapgnaotic field can also be described in terms of the ficld of force that sur-
rounds electric currents, An electric current produces at every point in its vicinity a






Magnetic Induction

When a magnetic material, say iron, is placed within a magnetic field, H, the magnetic
material will produce its own magnetization. This phenomena is called induced
.magnetization

In practice, the induced magnetic field (that is, the one produced by the magnetic
material) will look like it is being created by a series of magnetic dipoles located within
the magnetic material and oriented parallel to the direction of the inducing field, H
The strength of the magnetic field induced by the magnetic material due to the
.inducing field is called the intensity of magnetization, I
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Fig. 3 1 Schematic representation of a uniformly magnetized bar as a series of element &2
,nagnCts (dipoles). The intensity (or strength) of magnetization can be expressed ntary o
th, p. or magnetic moment, M, as explained in the text. SateEns ot S
et

pole streng
non-magnetic media. such as air or water, 4 =1 and u= o (=4a7r><10
sion of H-field (A/m) to B-field (T) or vice versa is a straightforward application of Eq

~7). The conver-

(3.4)-

Intensity of magnetization and moment

A magnetic body may be considered as an assemblage of small elementary magnets
(dipoles) oriented in the direction of magnetization. For example. a bar magnet can

be considered as a series of elementary magnets oriented along its axis (Fig. 3.1). The
magnetic intensities due to the individual north and south poles of the elementary
magnets cancel one another except at the end faces. Thus, in effect the bar magnet
will have a surface concentration of free pos1t1ve (N) poles and negative (S) poles of a
total strength say p. at each end face. ‘Ihe magn-etrzatiutt’(ﬂlso called the magnetic ¥
Fthe pole strength perunitarea at theend faces, and can

: Irization) TRl e e ' st ‘ ( A ~ A > = e Le- >
be expressed as S0 o T e = m: \?o/\ YO, wn = ~— m} ( e
J=(®/A)r, [amp/meter] = ﬂ 3 0 Eis

where A is the area ofthe end face. andiriis.a. unit vectorthatextends fromrthéeneg-



be expressed as VA
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J=(p/A)E, [amp/meter] v A a7 (3.5)

where A is the area of the end face, andir,is a,unit vectorthatextendsfrom the neg- ;

ative pole toward the positive pole.

An alternative way of defining J is in terms of the magnetic moment, M, which is

a more useful quantity. Referring again to Fig. 3.1, the bar's magnetic moment (by
definition, the product of pole strength and length) can be expressed as

£
M=(p)r, =pr,(V/A)=JV Py = ,&‘ e

where V is the volume of the bar magnet.
Hence the intensity of magnetization, J

"agnetized body can be defined as the magnetic moment per unit volume. Being

di :
'feCtly measurable, the moment M (A m?) is the most important parameter of a

m -
: “8netized body. Various--intrinsic-and -external - factors—that—control-the

m-agnetic—-moment:otéa».\b%iiyﬂare discussed in
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is basic for an understanding of the magnetic

€ concept of a magnetic cdipole
Dehavior of matter ranging in dimensions from small particles to the entire carth.,
a dipole to consist of two magnetic poles of

Mathematically we may consider
Separation arve i finitely small, but

strengeth --p and —p, whose physical size and
theless finite, Thus, o cdipole resents an idealized

whose moment, M= pl, is never

clementary magnet,
Expressions for the magnetic potential ‘W* and field ‘B’ due to a dipole are easy to
ig. 3.2, the resulting expres-

cdervive from Eqs.(3.1) and (3.2). Using the notation ol

sions are:
4" ey



A TR A ALY AT N i Mg e ¢ ST T ARe Que, the resulting expres-
slons are:

cM
W "r"n cos o (3.7)
B “()‘W' ZCM COS ()
p ")'. ) J g M
B = i ()W ‘M sin (
f r oo p ’ ”

where M is the dipole moment, B, the magnetic field in the directi

onofr, B, the mag:
netic field normal to rat the point of observation P,

and ¢ denotes the constant Mol
The resultant field, F (in tesla), and its inclination., I (with respect to B,), are given
l).y o'\p, | e !

cM , (M | R S
F=|F| = ra (143 cos?0)\im=5 (143 sin?A)!A2 (3.100)
and

tan [=B /B,=2 cot (=2 tan A ' (3.10D)



