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where g is known as spin g-factor. Its value for proton is 5.586 and for neutron it is -3.826,
Orbital angular momentum contribution to magnetic moment appears only from the protons, thus

in Eq. (1.26) g = 1 for protons and g = 0 for neutrons. ~
Total nuclear magnetic dipole moment for the nucleus is then given by
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where g is the gyromagnetic ratio of the nucleus,and J = + § Magnetic dipole moment of odd
Z and even N or even Z and odd N nuclei is due to unpaired single nucleon. N\

1.7.2  Electric Quadrupole Moment

This property ari‘ses due to non-spherical charge distribution in the nucleus. It is worthnoting that
for a nucleus of spherical shape, neither dipole moment exists nor quadrupole moment exists
because centre m_r mass of the nucleus coincides with centre of charge of the nucleus

In nop-spherlcal nu'cllel, assume that centre of mass is at the origin of the nucleus and centre
of charge is not at the origin. The potential at any po; situated outsi ;
r from the origin is given by — iee

o 1

&
Viry = D
e, |F - 7| (132) 1

where charge e is located at a distance r* from the origin,
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Now,
. [r=r| = [+ () -2r" cos 6]
‘\:ee;, is the angle between 7 and 7’, as shown in Figure 1.5. Substituting [ — | in Eq. (1.32),
1 e

aneg [r* +(r)? = 2rr cos 0]

(1.33)
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Figure 1.5 Non-spherical charge distribution. The nuclear charge e is located at a distance r
from the origin and the potential at point P outside the nucleus at a distance 1’ from the
origin.

Since # is much smaller than r, we can carry out a binomial expansion in Eq. (1.33) and obtain
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Substituting this expansion in Eq. (1.33), we have
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In ‘this equation, the first term on the right-hand side represents the contribution to potential
from single charge, the second term represents the contribution due-to a dipole, whose electric

dipole moment is .
. er’ cos 6
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and the third term represents the contribution due to electric quadrupole whose quadrupole
moment O is given as
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If 0> 0, then nucleus is prolate in shape, as shown in Figure 1.6. In prolate shape, when twe
out of thiree principal axes are equal and the third (unequal) axis is longer than the other two axes.

the nucleus will have a shape like that of a fully inflated football. More extreme examples of
prolate shapes are cigar or a hot dog.

Figure 1.6 Prolate shape of the nucleus.
A

N
If O <0, then nucleus is ghlazlgin shape, as shown in Figure 1.7. When two out of three
principal axes are equal and the third (unequal) axis is shorter than the other two axes, the nucleus

will have a shape like that of a pumpkin. More extreme examples of oblate shapes are burger or
discus. O = 0 represents spherical shape.
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Figure 1.7 Oblate shape of the nucleus.
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1.7 NUCLEAR MOMENTS

In this section, we discuss magnetic dipole moment of the nucleus, Bohr magneton, nuclear
magneton and spin g-factor. An expression for electric quadrupole moment, which arises due to
non-spherical charge distribution in the nucleus, has been derived. Prolate and oblate shapes of the
nuclei have been discussed.

1.7.1 Magnetic Dipole Moment

Magnetic dipole moment of the nucleus arises due to the motion of charged particles. Orbital and
spin angular momenta of protons produce magnetic field within the nucleus, This field can be
described in terms of resultant magnetic dipole moment located at the centre of the nucleus.

Particle having a charge g and mass m circulates with speed v in a circular orbit of radius 7.
If it has a time period 1, then the current / associated with the charge g is
pe

P
E= n (1.21)
Now  can be calculated as under
2nr
=22
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Substituting this value of ¢
qv

i=
2nr




image2.png
Now magnetic dipole moment 4 for current ; around an area of the loop 4 is given as
H=iXA4

A=’
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Substituting the values of i and 4, we have

= .0
2nr
= % (1.22)

con§idering t_hg case of a single electron atom and taking ¢ to be electronic charge e and
multiplying and dividing the above equation by electron mass m. we have

emuor
= (1.23)
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Since mur is the orbital angular momentum, so 4 is written as
4
= S (1.24)
. 2m
where £ = mor. Since ( and u are vector quantities, so in vector notation, the above equation is
G =2 (1.25)
2m

However, in general, Eq. (1.25) is modified for total angular momentum

p=4 (1.26)
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where g is a factor called gyromagnetic ratio or g-factor.

As stated earlier, J has the units of %, so % is dimension]ess. Using this fact, Eq. (1.26) can
n

be written as
u= 8{10%\/ (1.27)
where
_ eh
H 2m

The constant g, is called Bohr magneton and is taken as the unit to measure magnetic
moments for atoms
eh
Up=i— (1.28)
2m,

Substituting various constants, we get

1p = 160210 " Cx 10546 X107 J s
8 2x9.109x 107" kg

=9.27 x 10 J/tesla
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For nuclei, we define magnetic moments in terms of the nuclear magneton Ay, whigg
defined as i
eh
V= —

2m, “.29)
where m,, is the mass of proton. Substituting various constants, we get

1602x 107 Cx 10546 X107 T's
2x167x107 kg

My

=5.058 x 10%" Jtesla

which is smaller by a factor 2% than the Bohr magneton.
m
i
Equation (1.25) tells us that fj o ¢. However, the nucleus has neutrons and protons, They
possess spin angular momentum in addition to orbital angular momentum. This spin gives a

addition contribution to total magnetic moment of the nucleus. The spin angular momentum
contribution is written as
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