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October 9 Homework Solutions

6.1
(a) Calculate the mass deficit (m) in atomic mass units (amu) of the following fission reaction.  (Use literature values for the exact masses of the isotopes and neutrons.)

235U + n → 139Xe + 95Sr + 2n

(b) Calculate the energy (MeV) released per one fission.

(c) Calculate the energy released per kilogram of 235U and compare it to the energy released in the combustion of 1 kg of carbon.

The atomic mass data and their sources are shown in the table below.

	Nucleus
	Mass (amu)
	Reference

	235U
	235.04394
	Fay and Golomb, page 121.

	n
	1.008665
	Class notes (taken from NIST web site)

	139Xe
	138.9187869
	www2.bnl.gov/CoN/nuc/X/Xe139.shtml

	95Sr
	94.9193582
	www2.bnl.gov/ton/cgi-bin/nuclide?nuc=Sr95


(a) The mass deficit for the reaction given is 138.9187869 + 94.9193582 + 1.008665 - 235.04394.

m = –0.19713 amu
(b) The annihilation of 1 amu of mass produces 931.495 MeV.  Thus, the mass deficit computed here would produce 183.6 MeV.

(c) One MeV = 1.602176462x10-19 MJ and one amu = 1.66053873x10-27 kg.  So the energy release per unit mass of the 235U atom for the fission reaction shown above is found as follows.
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The energy released in the combustion of 1 kg of carbon is given on page 121 of Fay and Golomb as 33 MJ/kg.  The fission energy release is over two million times this amount.  Note that the energy for the fission reaction computed here is slightly different from that computed for the different fission reaction discussed on page 121 of the text.
6.2
(a) Calculate the mass deficit (m) in atomic mass units (amu) of the following fusion reaction.  (Use literature values for the exact masses of the isotopes and neutrons.)

2D + 3T → 4He + n

(b) Calculate the energy (MeV) released per one fusion.

(c) Calculate the energy released per kilogram of deuterium.

The atomic mass data and their sources are shown in the table below.

	Nucleus
	Mass (amu)
	Reference

	2D
	2.014102   
	http://www.sisweb.com/referenc/source/exactmaa.htm

	n
	1.008665
	Class notes (taken from NIST web site)

	3T
	3.0160493
	http://www2.bnl.gov/ton/cgi-bin/nuclide?nuc=H3

	4He
	4.002603  
	http://www.sisweb.com/referenc/source/exactmaa.htm


(a) The mass deficit for the reaction given is 4.002603 + 1.008665 – 2.014102 – 3.0160493.

m = –0.01888 amu
(b) The annihilation of 1 amu of mass produces 931.495 MeV.  Thus, the mass deficit computed here would produce 17.59 MeV.

(c) One MeV = 1.602176462x10-19 MJ and one amu = 1.66053873x10-27 kg.  So the energy release per unit mass of deuterium for the fusion reaction shown above is found as follows.
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6.5 The isotope 129I has a half-life of 15.7 years.  In a nuclear power plant accident, 1 kg of the isotope is dispersed into the surroundings of the plant.  How much of the iodine isotope will remain in the surroundings after 1, 10, and 100 years.
The lecture notes for September 25 have the following equation that relates the current concentration, N, the initial concentration, N0, the time, t, and the half-life, t1/2.
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We can solve this equation for the ratio, N/N0, which is independent of the measure of the isotope present.  Thus, we can also apply this equation to determine the mass of 129I that will be present for the various times shown.  If we replace N and N0 by m and m0 = 1 kg, we obtain the following results for the mass remaining after 1, 10, and 100 years.
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Of course, all these calculations assume that there is no further diffusion of the 129I during the time periods used here.
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