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HW 4 Solutions

Use the CRC to find the mass of these isotopes

We note that 3Be?, 12C6, 56Fe26 and 208Ph82 are all even-even

ei. Therefore, we consider only the lower sign in the last term

Eqgs. (3.11) and (3.13) in evaluating the B.E. and the B.E. per

eon. Putting in the numbers, we obtain the table:

Table 3.1.

A Z BeE. uculated (MeV) BE.apies (MeV) £ = _BE (Mev)

8 1 —-58.99 ~56.50 7.37
12 6 -93.09 -92.20 7.76
5 26 —495.48 -492.30 8.85

208 B2 -1621.68 -1635.80 7.80

we have already seen in Problem 2.2,

B.E. of "He? = —28.29 MeV. (3.14)

fore, we see from Table 3.1 that the difference in the B.E. of

' and that of two *He? nuclei is given by

A = —56.50 MeV — 2 x (—28.29) MeV
= (—56.50 + 56.58) MeV = 0.08 MeV. (3.15)

result, we see that ®Be? can decay into two *He? nuclei, thereby
ng 80keV of energy:

"Be! — ‘He? + "He? + 80 keV. (3.16)
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“' From the CRC Handbook, we know that

HW 5 Solutions

M(*H') = 1.0078 amu, my, = 1.0087 amu, ‘
M(*N7) = 14.0031 amu, M('*N7) = 15.0001 amu, 3.1 |
M('®N7) = 16.0061 amu, M('0®) = 15.0030 amu, (3.1%)
M('%0%) = 15.9949 amu.

Using these values and the conversion between “amu” and “MeV”
units, we can calculate the binding energy of the last neutron in '5N7

B.E. = (M("N") + m, — M(**N"))¢?
= —(14.0031 + 1.0087 — 15.0001) amu x ¢?
~ ~0.0117 x 931.5MeV/c? x ¢ = —10.8985MeV.  (3.18)

Similarly, the binding energy of the last proton in 0% is

B.E. = =(M(*N7) + M(*H") - M("°0%))c?
= —(14.0031 + 1.0078 — 15.0030) amu x ¢? :
~ —0.0079 x 931.5MeV/c? x ¢? = ~7.3588MeV.  (3.19)

Furthermore, the binding energy for the last neutron in '®N7
given by
B.E. = —(M('*N7) + m,, - M('®N7))c?
= —(15.0001 + 1.0087 — 16.0061) amu x ¢
~ —0.0027 x 931.5MeV/c? x ¢ ~ -2.5150MeV.  (3.20)

Finally, the binding energy of the last neutron in 0% is

B.E. = —(M(**0®) + m, — M(%0%))c?
= —(15.0030 + 1.0087 — 15.9949) amu x ¢*
~ —0.0168 x 931.5MeV/c? x ¢ = ~15.6492MeV.  (3.21
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. We know that 2Na!! is stable. The isotope 22Na!! has one less neu-
" tron, while 2Na!! has one extra neutron relative to 2Na!!. Conse-
' quently, a proton in 2Na!! can undergo an inverse 3 decay to yield

ZNal! — 2Ne!® + et + v, (4.37)

where #?Ne'? is a naturally occurring stable isotope of 2Ne!?. Simi-
larly, the extra neutron in 2*Na!! can undergo a 3 decay to yield

ANa!! - 2Mg'? 4 e + 7, (4.38)

where 24Mg'? is stable.

6.

An a particle with 10 MeV of kinetic energy is clearly nonrelativistic.
Outside the nuclear potential well, all its energy is kinetic and we can
therefore identify

Tioutside) — B = 10MeV. (4.41)

On the other hand, inside the nuclear well, the a particle feels the
potential of the well and we have

E = T{inide) 4 y(r) = T{inside) _ ;. (4.42)

where the potential depth of the nuclear well (if we assume a square-
well potential) is about Uy = 40MeV (as discussed in Sec. 4.3 of

the text). Therefore, using Eq. (4.41) and conservation of energy, we
obtain

E = T{inside) _ [}, = 10 MeV
. (4.43)
T{"%) = 10MeV + Up = (10 + 40) MeV = 50 MeV.

In other words, the a particle has more kinetic energy inside the
nucleus than outside.



HW 5 Solutions

ince the a particle is nonrelativistic both inside and outside the
ial well, we can calculate its momentum as

E plowside) _ \ /om T4 = /B T %
| ~ V2 X T8 MeV X 10MeV x%

=~ 273 MeV/c,

pliside) — [, TUm0) — \[om TS™4) X

~ /2 x 3728 MeV x 50 MeV x -:;

(4.44)

ol

=~ 610 MeV/c,

here we have used the value of m, given in Eq. (4.9).
'The corresponding de Broglie wavelength of the a particle inside
he nuclear well is
- plinside) o plinside) ¢
6 x 197 MeV — F
LA T e e

=19 x 107 cm, (4.45)

yhere we have used the value of the momentum from Eq. (4.44).
" From Eq. (2.16) of the text, we can obtain
Ruc=12x10"3 A} cm = 1.2 x (12)% x 10~ em

2~ 2.76 x 10713 cm > Alinside)

Rassy = 1.2 x (238)3 x 10~ em

= 7.44 x 10713 ¢m > Alinside),

(4.46)

“
‘We therefore conclude that the a particle can be contained inside
_ gither of these nuclei.



