Radioactivity and the transmutation of elements

The discovery of radioactivity by the French physicist Henry Becquerel in 1896 is generally taken to mark the beginning of 20th century physics. The successful isolation of radium and other intensely radioactive substances by Marie and Pierre Curie focused the attention of scientists and the public on this remarkable phenomenon and promoted a wide range of experiments.

Ernest Rutherford soon took the lead in studying the nature of radioactivity. He found that there are two distinct kinds of radiation emitted in radioactivity called alpha and beta rays. The alpha rays proved to be positively charged particles; they were shown to be the same as the electrons discovered by J.J.Thomson in cathode rays in 1897. A third kind of ray, designated gamma, consists of high-frequency electromagnetic radiation.

Rutherford proposed that radioactivity involves a transmutation  of one element into another. Transmutation, according to Rutherford and his colleagues, was governed by certain empirical rules. For example, in alpha decay the atomic number of the "daughter" element is two less than of the "mother" element, and its atomic weight is four less; this seems consistent   with the fact  that the alpha ray, identified as helium, has atomic number 2 and atomic weight 4, so that total atomic weight are conserved in the decay reaction.

Using these rules, Rutherford and his colleagues could determine the atomic numbers and atomic weights of many substances formed by radioactive decay, even though the substances decayed so quickly into others that these properties could not be measured directly. It was found that substances of different atomic weight could have the same atomic number; such substances were called isotopes of an element. Although the products of radioactive decay are determined by simple rules, the decay process itself seems to occur at random. There is a certain probability that atom of a radioactive substance will decay during a certain time interval, or, equivalently, that half of the atoms of the sample will have decayed after a certain time - i.e., the half life of the material.
Vocabulary Notes: 
Promote - advance; encourage; support - сприяти, підтримувати Range - series; scope - ряд, низка, галузь діяльності 
Designate - name; specify; call; label - називати, встановлювати, означати
Transmutation - ядерне перетворення Decay daughter - продукт розпаду

Govern - ruleуправляти, керувати
