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0.511 MeV/c%, 1 u=931.5 MeV/c?E o] &8 A)
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11. The Fr%er;hffractmn pattern behind a circular obstacle o_fdm\met! is a series of dark rings with angular

spacing 46 = whe@s the wavelength of the incident wave. Using the de Broghe wavelength A = h/p for 183
MeV electrons, /@ whether 1mple mode] applied to electron-nucleus scattering_qualitatively predict

——
angular distance/between the wi gles in the attached figur

Use that nuclear radius R = l.lﬁ_m fm hc =1239.7 MeV-fm) and'the 183 MeV electron can be treated relatmstlcal éy

Explain the reason of the wiggles in the attached figure.
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12, Using the attached article apd table, answer the following questions: J - St

A fetitious nuclide has a ] £ 1/2" ground state and approximately ¢ spaced excited states with J = 9/2%,3/27, 1/2°,

- = T : K g r
51,7127 scendjng/enerey, Assume a level spacing of 1 MeV and mass number 153.
a) Draw an enetd® 20.

= . Q

ach-lavel (five lines in all).
c) Write beside the lines their multipolarity. (E1, M2, etc.) ’
2 G 2o, F.

9-6 Selection Rules

‘The modes of electromagnetic radiation in the spherical cavity, referred to above,
are quantized to AE = fw. Each mode is described by a wvector function
derived from the spherical harmonic functions Yin(6, ). The multipole mo-
ments @i and M, couple with the mode of order Im and with no others.
Since one quantum in the mode lmn carries an angular momentum +/I(l + 1)k
and z-component mﬁ,/radiation of multipolarity Im must remove from the
nucleus & total angular momentumxactly equal to v/I([  1)4, with z-compo-
nent m#i, that is, the vector difference between the angular momenta J, of
the initial state and J, of the final state must be +/ I({ + 1), and the z-component
must change by Amy = —m. Reversing the argument, we find that the possible
multipolarities of transitions between states J, and Jy are given by

Vo = Jol <1< Ja+ T (9-26)

|

The parity of the nucleus may or may not change in a multipole transition,
and the rules are simple enough to derive so that we can do it here. Consider
the definition of the electric multipole matrix element (Eq. 9-24). The integral
is a product of four functions, of which the first, @is always positive. The other
three functions are either symmetric or antisymmetric, that is, their numerical
values do not change by a reflection through the origin, but they may change
sign. For the integral to give a result different from zero, the product of these
three functions must be symmetric, because an antisymmetric function in-
tegrated over the whole nucleus yields 23 many negative contributions as
positive. {For even values of [, the spherical harmonic function is even; therefore
the product of ¥, and ¢, must be even. For r odd values of [,.the product of ¢
and ¥, must be odd.s We therefore get the following rule for the combination o
parities of the initi€l and final state in an“ multipole transition: '

TEE Tams = (=1 (9-27)
By a similar argument, we find that for a magneti_ the

relationship between the parities of the initial and final state is
Wy = (—1)F1, (9-28)

The rules given above for the angular momentum and parity changes resulting
from a transition of & given multipolarity are summarized in Table 9-1. These
rules are called seléction rulesfor gamma-ray transitions. Note that, in general,
|more than-onetype of multipole transition is possible between two states. For
instance, if the angul momentafanes are
Ja = 1% and Jy = 25 the possible l-values are 9, . Since the parity
changes, the possible transitions are In general, however, the
transition probability decreases very rapidly with increasing multipolarity I,
so that for most practical purposes we can neglect alllbut the lowest possible

l-value—In the example above, therefore, the transition will be almost exclusively
electric dipole radiation.
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