Homework 07
Harris Ch 10 Nuclear Sizes & the SEMF


Due date: Mon 31 Mar 2008
1.  Fill in the blanks in the following table of sizes of nuclei

	nucleus
	A
	radius

	1H
	
	

	alpha particle
	
	

	56Fe
	
	

	235U
	
	

	neutron star
	
	10 km


2.  What is the kinetic energy of a neutron that has a wavelength of comparable size to the diameter of a 56Fe nucleus?
Harris’ SEMF:

MASS c2   =   Z mH c2  +  N mn c2    BE
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cvol=15.8 MeV,   csurf=17.8 MeV,   cCoul = 0.71 MeV,   csym=23.7 MeV

3.  Use the Semi-Empirical Mass Formula to determine the Binding Energies and Masses of the isotopes in the table below.  The last column is the accepted mass from the table in the back of the textbook by Harris, pg 588-591.  Retain at least 8 digits.
	Isotope
	A
	Z
	N
	Binding

Energy

(MeV)
	Mass-Energy

MASS c2
(MeV)
	Mass

MASS

(amu)
	Accepted

Value of Mass

(amu)

	n
	1
	0
	1
	
	
	
	1.008665

	3H
	
	
	
	
	
	
	

	4He
	
	
	
	
	
	
	

	6Li
	
	
	
	
	
	
	

	7Li
	
	
	
	
	
	
	

	99Rb
	99
	37
	
	
	
	
	98.945379

	137Cs
	137
	55
	
	
	
	
	136.907089

	235U
	235
	92
	
	
	
	
	235.045443

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


4.  Nuclear power plants generate energy by capturing very slow neutrons onto 235U.  The compound system fissions (falls apart) into at least two pieces, releasing energy.  Estimate the energy released from each fission process by calculating the Q-value of the reaction:   n + 235U ( 137Cs + 99Rb + Q

a) Using the SEMF values:

b) Using the accepted values:

c)  Using an average of the above Q-values, how many reactions per second take place in a 150 MW reactor?

d) How many 235U nuclei are consumed per year in this reactor? (1 yr =  x 107 sec)

e)  What mass of 235U is consumed in 1 year?
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5.  The secondary of a fusion weapon is generally based upon the 2H + 3H ( n + 4He + 18 MeV reaction.  Notice that the reactants are gases and therefore are difficult to store in a condensed state.  

     Designs were developed using solid lithium deuteride as the fuel.  A neutron strikes the Li part of the molecule and breaks it into a 3H and a 4He.  The 3H reaction  product has a kinetic energy of         http://en.wikipedia.org/wiki/Teller-Ulam_design
several MeV goes on to react with the deuterium.  The first test of this design was Castle Bravo on the Bikini Atoll in 1954.  Lithium actually has two isotopes: 6Li and 7Li.     The weapon was ~40% 6Li and ~60% 7Li.  http://en.wikipedia.org/wiki/Castle_Bravo 
a) Using SEMF values, calculate the Q-values for the two reactions:

   n + 6Li ( 3H + 4He + Q       and       n + 7Li ( 3H + 4He + n + Q

Note that the Q-value for n + 6Li is positive and therefore additional thermal energy is produced.  Note that the Q-value for n + 7Li is very negative, so that neutrons of 2-6 MeV cannot cause the second reaction to occur.  We therefore conclude the yield of the weapon is controlled by the n + 6Li reaction rate and the 7Li does nothing.
b) Recalculate the two Q-values using modern accepted values for the masses.

Note that the n + 6Li reaction produces about half the expected energy.  The Q-value of the n + 7Li reaction is now such that 3-6 MeV neutrons will allow the reaction to proceed.  This results in more 3H and more neutrons in the weapon than predicted by the SEMF.  These additional neutrons strike the U and Pu and produce even more neutrons.
     As a result, the weapon produced 2.5 times more energy than was anticipated.  The increased yield and an undesirable wind direction resulted in severe contamination of two inhabited islands, several USN observing ships, and a Japanese fishing trawler.
6.  Draw the nuclear shell model diagrams for the ground state of the following nuclei
4He






12C
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23Na






23Mg
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56Fe






39K
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