

PHYS 202 SUPPLEMENTAL HOMEWORK PROBLEMS

PART 5

5.1 One of the natural radioactive decay series is the uranium series which begins with 238U and ends with 206Pb.  The half-life for the complete decay sequence is 4.47x109 years.  The first decay in the series is the emission of an alpha particle by the uranium nucleus.

a) Write the decay equation for this first alpha decay.  Which element is the first daughter nucleus?

b) Find the decay constant for the series.

c) Does it take an extremely long time or an extremely short time for 238U to decay to 206Pb?

d) If a tablespoon of soil has 2 x 1020 238U nuclei, find the activity of this sample at this time.  (Express your answer in Becquerels and Curies.)

e) The Earth is estimated to be 4.6 billion years old.  Approximately how many 238U nuclei were in this tablespoon when the Earth was formed?

This decay of uranium to lead is one way that geologists have estimated the age of the Earth.  By measuring the amounts of 238U and 206Pb in soil and rock samples, they can estimate how long it's been since the decay started.  They also look at other decays with long half-lives such as 40K to 40Ar (T1/2=1.3x109 yrs) and 87Rb to 87Sr (T1/2=5x1010 yrs).  It turns out that the oldest rocks found on Earth are about 3.9 billion years old (found in Greenland).  However, Moon rocks and meteorites have been dated to 4.5 billion years ago.  This data, combined with other astronomical data, puts the formation of the Earth at about 4.6 billion years ago.

5.2 The three isotopes of hydrogen are commonly called hydrogen (1H), deuterium (2H), and tritium (3H).  Hydrogen and deuterium are stable while tritium decays via - emission with a half-life of 12.33 years.

a) Find the binding energies for the 3 isotopes.

b) Find the binding energies per nucleon for the 3 isotopes.

c) What does tritium become when it decays?  Write down the decay equation.

d) Is the tritium daughter nucleus stable or unstable?

e) What is the maximum kinetic energy (in eV and Joules) that the emitted electron could have from the radioactive decay of tritium?

f) Suppose a sample initially has 1018 tritium atoms.  What is the initial activity of the sample (in dec/sec and in Curie)?

g) How long would it take for the activity to reduce to one tenth of its initial level?

5.3 Let's find out how much energy we can get out of the fission of 1 gram of 235U.

a) Find the number of nuclei in 1 gram of U-235.

b) When each nucleus splits, 208 MeV of energy is released.  Find how much energy is released when the 1 gram of material undergoes fission.

c) Convert this energy to Joules. 

d) Convert this energy to kW·hr. 

e) Let's say your house uses an average of 1000 W of power, i.e. the average rate that your house consumes energy is 1000 J/s.  How many years could you live in your house using the energy from this 1 gram? 

f) Find how many barrels of oil you would need to burn to produce this same amount of energy. (1 barrel of oil yields 6.3 billion Joules)

g) Find how much coal you would have to burn to produce this same amount of energy. (1 lb. of coal produces 14.5 million Joules)
ANSWERS

5.1 a) Tell me.  (b) 1.55x10-10 yr-1  (c) Tell me.  (d) 983.2 Bq = 26.6 nCi  (e) 4.08x1020
5.2 a) 0, 2.224 MeV, 8.482 MeV  b) 0, 1.112 MeV, 2.827 MeV  c) Tell me.  d) Tell me. (Look at the isotope table.)  e) 18.63 keV = 2.98x10-15 J  f) 1.782x109 dec/s = 48 milliCi  g) 40.97 yrs
5.3 a) 2.56x1021 nuclei  b) 5.32x1023 MeV  c) 8.5x1010 J  d) 23611 kW·hr  e) 2.7 yrs  f) 13.5 barrels g) 2.9 tons






