CHAPTER I

IHTRODUCTION

Survey of Muclesar Yaznetie Resonance ,

In adiitiion to aéfing as point electrostatic charges,
some atomic nuclei poseess magneile momentz. IL an external
magnetic Field is applied to a systen of nuclei with maghetic
moments, these nuclear;magnets ¥ill experience torques_and
#ill tend to be lined up parallel to the field, Although
direct observation of such a lining up is difficult, it is
possitle, under appropriate conditions, for these magnets to
absorb energy from a nagnetic field aseiliating with =2
freguency in radico-frequency region, Such absorption riveg
rise to what 1§ called nuclear magnetic resonance {often
abbreviated as WNMR)., If the nucleus has no mugnetic mement,
no megnetie resonance spectrum can be ochserved, ﬁﬁclear
reaonance effects were first detected in bulk matiter in 1945
by Purcell,Torrey, and FPound at Hawxvord University -nd by
Bloch, Hansen, and TPackard at Standford University, using
such simple materials as sclii paraffin and water, The
technigue of nuclear magnetic resonance has been widely applied
to the studies of physics of solids, liquids and zuscs,
becanse it is directly observed in bulk mastier in its nermal
physical states.

By ameasuring RMH spectra, we are using & nugleus ag an
extremely szoll magnetic probe to investigate local magnetic

effects inside a molecular systen.



1.3

an Outline of the Investigation in this Toesis,

In the present inveatigation, the experinonts were
performed to observe the homogeneity of an electromagnet, in
the Physica Department, by measuTing the magnetic field intensities
at various positions in the magnetic pole gap, with a nuclear
magnetlic resonanece detector, GClyccrml was selected to use as
the sample in the r.f. probe, because of its very low dielectric
loss,

In the experiment, the magnetiec fiald atrength -wus

‘deteroined by measuring the reaonant' frequeney with the FM[RM

Signal Generator, which iz uzed a2 a freguency meter, In
addition, the oscilloscope wa3s alsec used to measure the resonantf

frequency, by cbserving the zero-beat on the oscilloscope,

(4,5)
Basic Theory of Muclear Magnetic Hesonance ,

When a systex of N non-interagting ildentical nwuelei of
spin I is placed in a uniform megnetie field H 4, the 21 + 1
L

energy levels for each nuecleus are equally spseed and given by

B_ =-mK’EHO,X=& , (1.1}

I.h

where m, the magnetie guantum nuaber, is the component of T
along the Z - direction, ranging frem I %o - I, and J' is the
nuclear - gyromzgnetic ratio, In squilibrium at temperature
T, the nuclei distribute thenselves amcong these various levels
according to Boltzmann distribution. The number of nuclei

Nm cccupying the mth energy level is

-E_/kT
H = gonatant e o , {1.2)



where Lk is the Beltzmann condtant.
In the presence of an oscillating r.f. megnoetic field
in the plane perpeniicular to atatic field Ho und of fregquency

= . - -+
JJ = __J[;_EE__ ., transitions, corresponding te 4 o = -1

> K

will occcur. A net absorption of the ».f, energy results if
the spin systen is iy thermal equilibrium veeause the lower
energy levela will be more populated than the upper levels,
sccording to the interactieons among nuclear spins, the
absorption line will hawve a Pinite width which can be described
by a phape function g (L} Y 4 so normalized that
+ oD

e (Y )ay) - 1 1.3)

From the theory of radiation, the maanetic dipolo

transition probability is given by,

?

- R Wr2[1+m)(l—m+y_) , (1.4)
m m-1 - - »
[ 3,
whare /4% i3 the isotropic unpolarized radiation density,
i.e24y the energy density per unit frequency Tange in an
isotropae, unpolariced radiation field.

In this tase, the offective relationship between tha

actual mpplied r.f. field and the isoircpic, unpolarized

radiation field of Eq., (l.4) can he expressed as

S e 2 — ' e () (1.5)
¥ 1 '
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where H1 i3 the amplitude cf the eirecularly polarized component
of the approprizte sense.Jts walue is one-hall the azplitude of
the oacillatory field,

In eqrilibrium at temperature T, since at ordinary values
of T znd I-IG the energy difference are s¢ spall compared to KT,
the diffcrence between the population of level m and the noxt

higher level, m-1, is to a gaod appreximatian

21 + 1 kT

-;N _ H _ Iir h;/ * {1'6)

Eaeh upward transition of tnis surplus results in an akscrvtion
of encrgy h }J = kﬂt Hn y with the upward and downward transitions
of the remaining bulk of the spins giving no net effect. The

vowsr absorbed in the zample per unit valume is

2 2 2
j-j ¥ H N(hy/) | ”1. (I+1) g{;)) , (1.7)
& KT

where the transitions have been summed over m = I to o = =I+1 ,
The presence of this absorptien causcs = reduction in

the Q-factor of a circuit supplying the oscillatory magnetic

field, A resonance is detectable by observation of the decrezse

in the g of the tank c¢ircuit, or in the shunt resistance of a

shunt resonant freguency, or of the stztiec fielad HD, to the

correct value. Hecnuse the @-fzcotor is the ratic of energy

gtored to energy dissipated per radian, contributing ¢lements

of dissipation may be treated separately as inverse Qla=.

These give additively a not inverse of the 4 of the circuit,



In the sense themn, the inversc § for the nucloar gbioarption is

1 . QZ? D HI{I+1}1)§()/J}_
G }J Hi & K[

{1.8)

In computing the absorption power, it has been assumed
that the thermal distribution and the corresponding lower level
surpluses exizt in the steady =tate in the zresence of the

\Siﬁnal.f.f. field, It is comnventionzl $o deseribe the heat
contact between the #pin system and ite surroundings in terms
ef a spin-tetiice relzxotion tinme Tl' For the spin 1 of 1/2,
it is found that the approach to eguilibrium can be describe
by an exponential law.

It is convenient to define 2 second time, T2 = ;i__g {L}}

2 max
making the sgturation factor [ﬂl+§EHi Tsz;?-l
at maximum absorp¥ion. The T2 is a measure of the inverse of

the line-breadith in the ebsence of broadening resulting {froem

inhomogeneity of H':| .
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