Further radioactive decay and half life problems 

1.
All the decays in the uranium series occur by the emission of just one particle for each change (sometimes a gamma ray is emitted as well). Copy out the series, adding the particle (alpha or beta) that is emitted at each stage.

2.
If you dug up a sample of uranium ore that initially contained all uranium 238 give a rough idea of the relative amounts of all the decay products that you would expect to find and suggest a reason for your answer.

3.
A sample of wood from an archaeological site is carbon dated. The activity is found to be 600 counts per gram per hour. If the initial count rate of living wood is 950 counts per gram per hour how old is the wood sample. (Half life of carbon 14 = 5570 years. Background count has been allowed for.)

4.
A school buys a pure sample of radium 226. The half life of radium 226 is 1600 years.

a)
what mass of radium 226 is needed to give an activity of 20 microcuries? 

(b) what mass of radium 226 is needed to give an activity of 1500 Bq? 

c)
what fractrion of the original source will be left fifty years after it was bought.

5.
A laboratory prepares a 2 g sample of caesium 137, half life 28 years.

(a) what is its initial activity ?
(b) what will its activity be after 100 years
(c) what is the disintegration constant for caesium (in s-1)


6. Iodine 131 is used in medicine. A hospital has a source with an activity of 3.4 x 103 Bq.

(a) How many radioactive nuclei are there initially in the sample of iodine 131, half life 8 days.

(b) how many will have decayed after 12 days?
7. The isotope 40K with a half-life of 1.37x109 years decays into 40Ar which is stable. Moon rocks from the Sea of Tranquillity show a ratio of the number of potassium atoms to the number of argon atoms of 1:7. How old are the rocks?

8. A patient was given an injection containing a small amount of the isotope sodium 24, which is a beta emitter with a half-life of 15 hours. The initial activity of the sample was 60 Bq. After a period of 8 hours the activity of a 10 ml sample of blood was found to be 0.08 Bq.

(a) estimate the volume of the patient’s blood from these measurements

(b) what assumptions have you made in your calculation

9. The ratio of the mass of lead 206 to the mass of uranium 238 in a certain rock is measured and found to be 0.42.

If the rock originally contained no lead 206 and the half life of uranium 238 is 4.5x 109 years

(a) without calculation suggest whether the rock is younger or older than 4.5x 109 years 

(b) calculate the age of the rock

10. A school laboratory technician has to put away apparatus that has been used to measure the half life of radon 86 (half life 52 s). She must not open the sealed container until the activity has fallen to one millionth of the original. How long must she wait before it is safe to dismantle the apparatus? 
11. If a rock sample contains 25 kg of uranium 238 what will be the masses of:-

(a) uranium 234
(b) radium 226
(c) lead 214 
(d) polonium 210

assume that the series has reached equilibrium.

Data:

Half lives of the isotopes:

Uranium 234

250 000 years

Radium 226

1620 years

Lead 214


26.8 minutes

Polonium 210

138 days

12. How much of an initial sample of 185 kBq of the following elements will remain after 365 days:​

(a) plutonium 239
(b) radium 226   (c) caesium 137
(d) strontium 90

Data:

Half lives of the isotopes:

Plutonium 239

24 000 years

Radium 226

1620 years

Caesium 137

28 years

Strontium 90

28 years

