Due: Wednesday December 4, 2002

1. T&Z, #13.15.
(a)

# of 1*C atoms in 7 g of C

Decay constant = r

Rate of decay
(b) If n = # of half-lives:
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Ry = rNy = 105 decays/min

Ny = (1.3 x 107'2)
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3.39(5730 years) = 19,400 years.

2. f Decay T & 7Z #13.19. “C — “N 4+ e+ v.

AMc? =

3. Radioactive Series. T & Z #13.27.

For a radioactive decay to occur, the total mass after the decay must be less than the total
mass of the parent objects. In other words, kinetic energy must be positive.

(6.02 x 10** atoms/mole)

= 3.39 half-lives = 3.39%, /5

[Matom (" C) = Matom (N)] ¢ = [14.003242 — 14.003074] uc?
0.000168(931.5 MeV/c?)c* = 0.156 MeV.

reaction comment possible?
28Th 5 22"Th+n | K = AMc? = (M; — Mf)02 = -7.13 MeV | No
—2TAc+p K = —6.39 MeV No
—2pPag+iv+e | K=-210 MeV No
— 2% Ra + « K =5.50 MeV Yes
— H6po 4 120 K = 24.99 MeV Yes




Figure 1: X - Y + a.

4. Radioactive Series. T & 7 #13.34.

(a) By conservation of momentum, |p,| = [py| = p. Because we can treat these par-
ticles nonrelativistically, K = p?/2m which means that K, = p2/2m, = p?/2m, and
Ky = p% /2my = p?/2my. Taking the ratio of kinetic energies we see:

K, my my
Ko _me e (o)
KY my « Y
(b) Typical my = 220 u, mq =4 — Ko = 55Ky = (55/56) K{ .1 ~ 8% K} o]

(c) X - Y +e. m,=5x10""u, my = lu to 240u. Therefore, K, = (my/m.)Ky —
99.95% to 99.9998% of Kyal-

Actually these are maximum values in (b) and (c) because some of the kinetic energy will go
to a neutrino.

5. T&Z #13.38.
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Figure 2:

(a) R = Rya'® — R("H) = 1.07 fm, R(*He) = 1.70 fm. d = distance between nuclear
centers = 1 4+ 1.07 + 1.70 fm = 3.77 fm. Energy needed to bring one of the particles from
infinity is just the potential energy:

2ke?  2(1.44 MeV f
_ kaige _ 2ke” 2 eV im) _ 26 Mev.

E =
d d 3.77 fm

(b) R(®8U) = 6.63 fm — d = 1 + 1.70 + 6.63 = 9.33 fm.

_ kqige  2(92)ke*  184(1.44 MeV fm)

d d 9.33 fm

E = 28 MeV.

6. T & Z, #13.43.

(a) 2"Po — 20"At + ¢~ + v. Nucleon number and charge are conserved, but AK =
(M; + M;)c? < 0. Not possible.



(b) 283 Rn — 2% Po + $He. Nucleon number is not conserved. Not possible.

(c) 22Po — 2%¥Pb + $He. Nucleon number and charge are conserved, and AK > 0.
Possible.

(d) 1H + N — 2C + jHe. Nucleon number is not conserved. Not possible.

(e) n+#*Na — ?2Ne + |H. Nucleon number and charge are conserved, and AK > 0.
Possible.



