Radio-activity
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1.
Write an account of the nature and properties of (-particles, (-particles

and (-rays.

2.
In the Geiger and Marsden experiment to estimate the diameter of the nucleus of an atom, the scattering of 6 MeV (-particles by gold nuclei is investigated.


(a)
Why is it necessary to perform the experiment in vacuo?


(b)
Give two reasons why gold is a suitable scattering element.


(c)
Given that gold nuclei have a diameter of about 10-14 m and are separated from their neighbours by about 10-10 m, what is the probability that an incoming (-particle would undergo a head-on collision with a nucleus in a gold foil only 1 atom thick?


(d)
Assuming (probably incorrectly) that an incoming (-particle undergoes only one head-on collision with a nucleus in a gold foil many atoms thick, how thick does this suggest the gold foil would need to be to increase the probability calculated in part (c) to 50%?


(e)
Show that the energy of a 6 MeV (-particle is about 10-12 J.


(f)
As the (-particle approaches the nucleus of a gold atom in a head-on collision, its KE reduces as its PE increases.  When at its closest distance it is stationary and its energy is all potential.  At what closest distance is the PE of the arrangement 6 MeV?


(g)
What fraction of the (-particle kinetic energy is transferred to KE of the gold nucleus (i.e. lattice energy) as a result of the elastic head-on collision between these two particles of very different mass?  (This is quite tricky – have a look at Teachaid/InLineCollisionProblem)

(h)
What other mechanism might be responsible for an (-particle losing energy as it penetrates a gold foil?


(i)
Why are neutrons more penetrating than either (-particles or (-particles?

3.
Describe in outline the Geiger and Marsden experiment which was suggested by Rutherford and in which ( particles are scattered by a thin foil of gold.


Explain why gold is used in this experiment and explain also how the results of the experiment provide the evidence that an atom has a central nucleus which is small, massive and positively charged.

NA = 6.0 x 1023 mol-1
1 Ci = 3.7 x 1010 Bq

4.
A source of Sr-90 has an activity now (2006) of 10 000 Bq and a half-life of 27 yr.

(a)
What is the mass of Sr-90 in the source now?

(b)
In what year will the activity be 5 000 Bq?

(c)
In what year will the activity be 2 500 Bq?

(d)
In what year will the activity be 1 000 Bq?

(e)
Explain whether or not there will be a significant difference in the mass of the source by the year calculated in part (d).

5.
(a)
How many atoms are there in a 1 g source of Ra-226 (which has, by definition, an activity of 1 Ci).


(b)
Calculate the decay constant for Ra-226.  Give the answer in both s-1 and yr-1.


(c)
Use the result of part (b) to calculate the half-life of Ra-226.

6.
At the start of an experiment a mixture of radioactive isotopes contains 40.0 SYMBOL 109 \f "Symbol"g of a radioisotope A, which has a half life of 70 s, and 60.0 SYMBOL 109 \f "Symbol"g of radioisotope B, which has a half life of 35 s.  Both isotopes decay into stable elements.

(a) Sketch a graph showing the mass present of each of the isotopes A and B, for the first 140 s of the experiment.

(b) At what time after the start of the experiment will the two isotopes have equal mass?  Calculate the mass of each isotope at this time.

(c) The r.m.m. of isotope A is 234 and the Avogadro constant is 6.0 x 1023  mol-1.  Use this data to calculate the activity of A at the instant that the masses of the two isotopes are the same.
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