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Chapter 5

The Atomic Nucleus
THE MAIN IDEA

5.5 Radioactive Half-Life

Radioactive isotopes decay at different rates. The radioactive 
decay rate is measured in terms of a characteristic time, the 
half-life.

The half-life of a radioactive material is the time 
required for half of the radioactive atoms to decay. Radium-
226, for example, has a half-life of 1620 years. This means 
that half of any given specimen of Ra-226 decays by the end 
of 1620 years. In the next 1620 years, half of the remaining 
radium decays, leaving only one-fourth the original number 
of radium atoms. The other three-fourths convert, by a suc-
cession of decays, to lead. After 20 half-lives, an initial quantity 
of radioactive atoms is diminished to about one-millionth of 
the original quantity (Figure 5.15).

Half-lives are remarkably constant and not affected 
by external conditions. Some radioactive isotopes have half-
lives that are less than a millionth of a second, while others 
have half-lives of more than a billion years. For example, ura-
nium-238 has a half-life of 4.5 billion years. This means that 
in 4.5 billion years, half the uranium in the earth today will 
be lead-206.
It is not necessary to wait through the duration of a half-life 
in order to measure it. The half-life of an element can be accu-
rately estimated by measuring the rate of decay of a known 
quantity of the element. This is easily done using a radiation 

The atomic nucleus is the source of a 
tremendous amount of energy.

How is radioactive half-life 
defined?
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detector. In general, the shorter the half-life of a substance, the 
faster it disintegrates and the more radioactivity per minute is 
detected. Figures 5.16 and 5.17 show two ways of detecting 
radiation.
 The half-life of radium-226 is 1620 years. Does this mean 
that an individual Ra-226 nucleus has to wait 1620 years before it 
decays? The answer is no. Some Ra-226 nuclei will decay within a 
few minutes. Others won’t decay for tens of thousands of years. 
But if all the nuclei of a radioactive element decay at different 
times, then why is the half-life of a radioactive substance always 
the same? Half-life applies only to macroscopic quantities of a 
radioactive substance. In such quantities, there are billions upon 
billions of nuclei. Half-life is a statistical measure of what happens 
to all these nuclei on average. If, on average, the nuclei decay 
quickly, then the half-life will be short, which tells us that these 
nuclei are not very stable. Conversely, if, on average, it takes a 
long time for the nuclei to decay, then the half-life will be long, 
which tells us that these nuclei are more stable.

Figure 5.15 > 
Radium-226 has a half-life of 1620 
years, meaning that every 1620 years 
the amount of radium decreases 
by half as it trans- mutes to other 
elements.

^  Figure 5.16
The handheld tube of a Geiger 
counter contains a gas that gets ion-
ized by incoming nuclear radiation. 
This completes an electric circuit, 
which generates audible clicks that 
increase with increasing radiation.

Figure 5.17 > 
The film badge worn by Elwyn contains audible alerts for both 
radiation surge and accumulated exposure. Information from 
the individualized badges is periodically downloaded to a data-
base for analysis.
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C O N C E P T   C H E C K
1. If a sample of radioactive isotopes has a half-life of 1 day, how much of the original sample will 
remain at the end of the second day? The third day?

2. Which will give a higher counting rate on a radiation detector— radioactive material that has a 
short half-life or a long half-life?

CHECK  YOUR  ANSWER    
1. In the second day, one-fourth of the original sample will be left. The three-fourths that 
underwent decay becomes a different element altogether. At the end of 3 days, one-eighth of the 
original sample will remain.

2. The material with the shorter half-life is more active and will show a higher counting rate on a 
radiation detector.


