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CHAPTZR I

INTRODUGTION

{ 1,2}

ﬂug}g;r Magnetic Moment

Classically, a system of charme in motion gives rise to a
magnetic moment that is proportional fo its angular momentuz.

One could write

A = g, (1.1)
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whare '/LL is the magnetic moment, J is the angular
momentum and ¥ is the propertional constant called the
gyromagnetic ratio,

.For an electron of mass m and charge - ¢ nmoving
with velocity v in a eircular Bohr orbit of radius r. dnc

could derive

" 8y My
/“L = _1!£ [ {1r2J
L '
where L = mvr, called the orbital angular
momentum, h is the modified Flantlk constant{ h - WA,
& is 2 constant factor and equal to unity and/;uB - =R is
2l

called the Bohr magneton.
Yo have known that mary nuclei have a nuclecar spin.
Yhen €q.(1.2) is applied to a system of nuclei, the nuelecar
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midgnetic moment /}i due to a nuclear snin 1 is
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where {IH = _Eh y calied the nuclear magreton, MP
r} Eﬁpc

being the mass of proton, //iﬁ is egual to 5.05§10r24 erg/sauss,

Ey is a nuelear g-factor, a constant depending on trpes of nueclei.

qw/fiﬁ
h

The Y in eq.{1,1) then eguals Typical

examples. of. values'of ¥ and g, for nuclei are shown in table 1.
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1,2 Nuclear Paramapgnetism {3)

flany atomlic nuclei have . non-zero spin angular momenta
1k and . magnetic moment /ﬁj = y*h asscociated with it. It
1s these moments that give rise to nuclear magnctism. Let ue
congider an assembly of nonwinteracting nuclei of spin number I,
in thermal eguilibrium at a Spin temperature T in a stcady
maghetic field Ho' The nuclei are found in the energy level
-m p EED/I  where m is the magnetic gquantum number, which tokes
tho/values+ I, IT~-1, =~ === {-I+1773% =~ 1I, The

population ir each levigl is'limited by the Boltzmann factor

where k is the Boltzmann censtant,

In practice the magnetic energy ‘};HO is very small
compare with the thermal energy kT, then
m fLH N moAd
oxp _.f_—D} ::: 1 4 _,/:L_.f‘ . (1.5%)
\OIRT IkT

Tence the population of cach level per cu” K(m), is

given by

M I m /(.L Hﬂ \

RALE L e B (1.5)
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The proporticnality constant (21 + 1 ) is such



that it gives correctly the total population im all (21 + 1)

levels:

I
E: Nim}

m= «I

n
=

(1,€)

The total magnetic moment per ¢m3, namely, the magnetization I,

is therefore given by

X

E: N{mim L/T

=
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H /LEHG(I+1}
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(1.8)



The proportionality of A& to /T is the well-known

Curie law for paramagnetism,

1.3 Energy in the Magnetic Field{u}

Since guantum-mechanical arguments show that the value of 1I.I
is I(I + 1}h2, the length of the nuclear angular momentum veotor
is

i

N [I{I+1} ] h . (1.9}

The nuclear magnetic mement of a nucleus with spin I is

a vector of length

o = g 1{I+1iqujé . {1.10}
M v M ]

it has somponient

My = By My = B1)

where m» 1is the magnetle gquantum number and have the values
i, 1-7, I-2, - =--- , I, along the direction of an
exterﬁally applied magnetic field H, that is z-direction.

The potential energy U of a magnetiec moment /;E in a

magnetic field H is,
{1,12)

U = - /-_l.-"}?
- J

The energy of nuclear dipele in a state characterized Ly m
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Tim} = Gﬁ#fi” mH S (1.1%)

and a nucleus of spin I has (2I+71) =nergy levels one for

gach value ef m.

(%,5)

duclear Magnetic Resonange

#e have seen that the nucleus poszesses two importont
sroperties associated with 1ts angular mﬁmentum. These preporiies
are spin and magnetic moment. WhenuSuch nucleus is placed *n a
static magnetic field Ho‘ it may take up one of the 2141
orientations and 2I+1 energy levels. Tronsitions among thesé
levels are possible, The energy difference between any two

such levels is

I it
B - m}. tL T
o Fﬂ(m m} { )

) - Ulm) = By /
-

Bohr's explanation of the hydrogen spectrum involved the
postulate that 2 system characterized by two discrete enercy
states separated by enermy AU may maice a transition from
one étatc to the other accompanied by either emission ar

absorption of a quantusm of electromagnetic radiation of ENErET

aln

W

h = i .

The transitions are permitted by the selection rule, for
example, when m changes by +1 or =1, electric dipole
transitions cecur between adjacent states of an energy level

ccheme such as that of Fig. 1, which avpliaed to a nucleus of
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g, 1, Energy level diagram for a nuclcar moment of spin
S/2 showing the absorption of a cuantum of
radiation which induces a transition between a

palr of adjacent Zeeman levels,

The selection rule applied to eg.(1,14} and eq,{1.15)
determines the frequency of the radiation emitted or absorbed
by the nuclear magnetic moment:

Hﬂ;uﬁ Bo

hf@%

or L’L‘]Cl = HH 1 ' {‘1-

o

whieh is the Larmor frequency that will be described in

chapter 2,

—
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To summarize, if one subjects s sample contairing nuclear

magnetic moment to radiation at the Larmor fregquency, a nucleis

" in a lower enerzy state may absorb a quantuw of energy frem

the radiation field and make a transiticn to the next higher

energy state. The absorption is called = resconance phenomenon.,

A measurenent of the earth magnetic f{ield is based en the
¢ffcct @ magnetic fiel# exerts on protons in nuclei of atoms
of water. According to thecory, most elementary particles

ineluding proton in water, spin on their axes like tops. They

are alsc magnetized. In the presence of a mapnetic field,

such as the earth magnetic field, the spinning vroten precess
cround the direction of the field, The rzte of precessicn is
proportional to the strength of the magnetic field, By
measuring the frequEncy of precession, one c¢an calculate the
sarth magnetic field. Detailed discuceiona on principle of
measurement ¥ill be given in chanter & and details of

o

exnerimental set up in chapter 3, The resulis of easure.ady -

will he presented in chaunter 4 of this thesis., ©
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