Problem 3.1 The Bethe Wezsicker formala of Bg. (3.5) provide
an_ezcellent vepresentation of the mass systematics of mucler. Sho
caplicitly that. for fized A, M (A, Z) has w mameneen value, Is thes
evidence for the “valley of stability” olbscrved Frg. 237 What

the stablest nuclews with A = 167 What aboui A = 2087 (You en

differentiate Eq. (3.5). or simply plot AL as a funclion of 7.)

From B, (3.5) of the text, the mass of the nuclens s
its charge (Z) and the mcleon nomber () s given by
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where the values ol the puositive coullicienrs a.. ... an are given in
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Eq. (3.0) of the text. For a lixed value of A, the melenr miss hecones
a function of its charge alone. The value of the nueloar chinrge for

which the mass becomes o minimnmn can hoe casily determined from
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[o determine whether this stationary point is o mininmn or o
maximuin. we noke that,
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We therelore conclude that the extrenmm in Bg. (3.2) s a

mininnimn.
The solution for the minimm in Eq. (3.2) represents a valley of

mininun similar to what is observed in Fig. 2.3 of the text. Noting

frons Bgs. (2.2) and (3.1) of the text that
ay = 0.72MeV, g =283 MeV. (i, — IH,,)(."" ~ .20 MeV.
(3.41)

we conclude that for Jow values of A, the minimun in the mass
ocenrs for
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which represents the stability line. However. as A increases, the
denowinator becomes larger than the numerator and we have

Znin < b (1

N > Ziins (3~U)

whore we have nsed the et that A = Z + N This deviation from

stahility starts when
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whicl is somewhat low compared o the experimental observations
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sketehed in Pig. 2.3 of the text.

From the formula in (3.2) we can calenlate
Aewy - (g — lll,,)(,‘")

dag A+ 0.72:05
16 4 243 MeV + 1.29 MeV
27 4k 23 MoV -+ 072 MeV x (16)4
= 8= 005 ="7.0.
208 4 x 23 MeV + 1.20MeV
- X =5 o
2 23 aMeV +0.72 MeV x (208)3
10 = .79 == 82.16.
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We note that for 4 = 16 and 4 = 208, we oxpoct SO and 29pRps2,
respectively, to represent the most stable nuclel, and so this model
leads to reasonably accurate predictions.

This result can also be obtained graphically as follows. First, we
note that. for o fixed value of A, we can write the mass formula in
Eq. (3.1} as
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where we have collected all the constant terins into L nanely.

C o= Ayt = ag A u.-_y."lﬁ 4ol £ u.,n-.xl":. (3.10)

The mass fornmda depends guadratically on Z, and. when plotted
asainst. Z lor fixed Al shows aomininnnn al 2 = Zy5, a5 given in
(3.2). Tor A = 16 and A = 208, the total nunber of nicleons is a
multiple ol 4. Consequently, we can have only an even-cven structure
(althongh an odd-odd nuclens has even AL it will not correspond to
a multiple of 4). so that we newd to consider only the negative sigy
in the Jast term of the mass formmla in (3.1). For completeness, we
plot in Figs. 3.1 and 3.2 the graphs lor A = 16 and 208, respectively,
{or both odd-odd and even-even nuclei.



