Homework 18.
Radioactivity.

We started discussing radioactivity. Radioactivity is a process of transformation of atomic nuclei
accompanied by emission of high energy particles. The discovery of radioactivity is associated
with three names:

Henri Becquerel Marie Sktodowska-Curie Pierre Curie
(1852-1908) (1867-1934) (1859-1906)

We learned that there are three major kinds of particles which can be emitted as a result of
radioactive decay. These are a-, - and y-particles.

o-particle is a heavy, positively charged particle, which consists of 2 protons and 2 neutrons. After
emission of a a-particle the atomic number of an element decreases by 2 and the mass number
decreases by 4.

A neutron is not a stable particle and can turn into a proton. The lifetime of a free neutron is about
12 min. This process of the neutron decay is called f-decay and is accompanied by emission of
an electron (so the total charge is conserved) and another particle which is called electron
antineutrino. (B*-decay with the emission of positron (anti-electron) is also possible, but we will
not discuss it now). At B -decay the atomic number increases by 1, but the mass number does not
change.

A y-particle is a high energy particle of electromagnetic radiation. This particle has no electric
charge.

The elements whose atoms experience radioactive decay are called radioactive, the other elements
are called stable.

Problems:

1. Which elements are the product of the alpha decay of 233U and ?'°Po? (just to remind: by
alpha decay we call the transformation of one element into other with the emission of
alpha-particle — cluster of 2 protons and 2 neutrons).


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.nndb.com/people/608/000072392/&ei=w2tVVbKyLIn_yQTM2IGgDg&bvm=bv.93564037,d.cWc&psig=AFQjCNH2J5F83sQtS2wZa86MZeKluuZRkQ&ust=1431747898813027
http://en.wikipedia.org/wiki/File:Marie_Curie_c1920.jpg

In a rough approximation, an atomic nucleus can be considered as a ball with an effective
radius

r = r,AY3

where ro ia a constant which is approximately equal to 1.2x 10™°m, A is the mass number.
Using the formula above, estimate the density of the nuclear matter.

Does the nuclear density (obtained in the problem 1) depend on the mass number?

Using the periodic table of elements estimate the density of iron (Fe). Consider the atoms
of iron as cubes with the side of 2.3x107*°m.

. Imagine that you “stretched” a hydrogen atom so the nucleus is now of the size of a dime.
How far away from the nucleus you will, probably, find the electron? Take the size of a
“normal” hydrogen atom as 107°m.



