*2 Calculate the distance of closest approach for a head-on colli-
sion between a 4.60 MeV alpha particle and a copper nucleus.

*8 The strong neutron excess (defined as N — Z) of high-mass
nuclei is illustrated by noting that most high-mass nuclides could
never fission into two stable nuclei without neutrons being left
over. For example, consider the spontaneous fission of a U nu-
cleus into two stable daughter nuclei with atomic numbers 39 and
53. From Appendix F, determine the name of the (a) first and (b)
second daughter nucleus. From Fig. 42-5, approximately how many
neutrons are in the (c) first and (d) second? (e) Approximately
how many neutrons are left over?

w21 ssm www (a) Show that the total binding energy E,. of a
given nuclide is ;
E,. = ZAy + NA, — A,

where Ay is the mass excess of 'H, A, is the mass excess of a neutron,
and A is the mass excess of the given nuclide. (b) Using this method,
calculate the binding energy per nucleon for **”Au. Compare your re-
sult with the value listed in Table 42-1. The needed mass excesses,
rounded to three significant figures, are Ay = +7.29MeV, A, =
+8.07 MeV, and A;y; = —31.2 MeV. Note the economy of calculation
that results when mass excesses are used in place of the actual
masses.

»32 When aboveground nuclear tests were conducted, the explo-
sions shot radioactive dust into the upper atmosphere. Global air cir-
culations then spread the dust worldwide before it settled out on
ground and water. One such test was conducted in October 1976.
What fraction of the ®Sr produced by that explosion still existed in
October 20067 The half-life of ®Sris 29 y.



«48 How much energy is released when a 28U nucleus decays by
emitting (a) an alpha particle and (b) a sequence of neutron, pro-
ton, neutron, proton? (c) Convince yourself both by reasoned argu-
ment and by direct calculation that the difference between these
two numbers is just the total binding energy of the alpha particle.
(d) Find that binding energy. Some needed atomic and particle
masses are

281 238.050 79 u 24Th  234.043 63 u
27U 237.048 73 u ‘He 4.002 60 u
2%6Pa  236.048 91 u LH 1.007 83 u
#9Pa  235.04544u n 1.008 66 u

*61 The isotope ¥U decays to 2%Pb with a half-life of 4.47 X 10°
y. Although the decay occurs in many individual steps, the first step
has by far the longest half-life; therefore, one can often consider
the decay to go directly to lead. That 1s,

238(J — 205Pb + various decay products.

A rock is found to contain 4.20 mg of ***U and 2.135 mg of 2*Pb.
Assume that the rock contained no lead at formation, so all the
lead now present arose from the decay of uranium. How many
atoms of (a) 28U and (b) 2Pb does the rock now contain? (¢) How
many atoms of U did the rock contain at formation? (d) What is
the age of the rock?

*66 A radiation detector records 9500 counts in 1.00 min.
Assuming that the detector records all decays, what is the activity
of the radiation source in (a) becquerels and (b) curies?



