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Half Life Introduction 
 

The half-life of an element is the time it will take half of the parent atoms to transmutate into different atoms 

(through alpha or beta decays, or another process). 

 

 This amount of time varies from just 10
-22

 seconds 

to 10
28

 seconds (or 10
21

 years) 

 The total number of atoms in a sample stays the 

same, it's just that some of the atoms have changed 

to different elements. 

 

Example 1: The half-life of   
   is 5,730 years. Explain 

what you would expect to happen over a long period of 

time. 

Imagine a sample of carbon that originally had 100 of these 

carbon-14 atoms. (In reality we would need the sample to 

have many more atoms, since statistics are really only 

reliable for large samples.) 

During the first few hundred years or so we would notice that some of the carbon-14 atoms have 

transmutated into some other element. In fact, a lot of them have changed. Since we started with a lot of the 

carbon-14 atoms, there is the greatest chance of seeing quite a few of them change. It would be like 

throwing 100 quarters into the air; since there are so many, you've got a really good chance of seeing a 50-

50 split between heads and tails when they hit the ground. 

By the time 5730 years have passed, we would expect to only have 50 carbon-14 atoms remaining. 

Remember, the half-life is the time it takes for half of the atoms to change. There is still the same total 

number of atoms, just not as many carbon-14 as we started with. 

Some people think that if we wait another 5730 years, all of the carbon-14 will be gone... nope!  

Remember, half-life is the time it takes for half the atoms to decay. So, after the next 5730 years we would 

expect 25 atoms of carbon-14 to be left; that's half of the 50 that we had after the first half life. 

And so on, and so on... Eventually, after about six or seven half-lives have passed, the number of carbon-14 

atoms becomes so small that probabilities fall apart and you basically have the last few atoms decay 

whenever.  

Start One Half Life Two Half Lives Three Half Lives Four Half Lives Five Half Lives 

0 years passed 5,730 years 11,460 years 17,190 years 22,920 years 28,650 years 

100 atoms 50 atoms 25 atoms 12-13 atoms 6-7 atoms 3-4 atoms 

This is the 
original amount 

Since one half 
life has passed, 

we have half 
the atoms we 

started with. 

After another 
half-life, we have 

half the amount 
we had (not what 

we started with) 

Half the previous 
amount. We can’t 

be exact here 
since we are 

rounding off a 
number based on 

statistics. 

Statistics really 
start to break 

down when we 
have this few 

atoms. 

You have a chance of 
throwing four quarters in 

the air and they all land as 
tails. This is the same 

thing, all of these atoms 
might decay in one half life. 

 

Half-life is totally based on probability and statistics, so anything that we say is just a best guess based on 

previous experience.  



Activity 

As a sample of something is decaying and going through half-lives, we can 

measure the activity of the sample. 

 Activity measures the number of nuclei that decay per second 

(sometimes also called the decay rate). 

 It is usually measured in Becquerel (Bq), which is equal to 

decays/second. 

 The familiar clicking of a Geiger counter in movies is measuring 

the activity of the sample.  

 As time passes, the number of nuclei available to decay decreases, 

so the activity of the sample drops. 

 

Consider Example 1 from above...  

 At first there were 100 nuclei that had the possibility to decay. There was a good chance that out of 

that 100 we would see some decay. Using a device like a Geiger counter, maybe we measure its 

activity at something like 72Bq (for example). 

 After 5730 years, there are only 50 nuclei left. The number of decays per second (activity) will also 

drop to half the original since there are only half as many chances to have decay happen. Following 

the example activity we started with, we would expect to see an activity of 36Bq. 

 After another 5730 years, the activity will have dropped by half again to about 18Bq.  

 

Whether you are looking at number of atoms left, or activity of the sample, the percentage remaining is an 

exponential curve. 

 
 

There’s a formula for taking care of these types of questions. 

The amount can be either atoms, or mass (any units), or activity. Just make sure you keep the units the same. 

 

    (
 

 
)
 

 

N= amount remaining 

N0 = original amount 

n= number of half lives 

 



Example 2: Marie Curie had a 765g sample of polonium-210 (half-life = 138 days) in a box. After 3.8 years 

of refining radium, she goes to the box to get her polonium. Determine how much polonium-210 is in the 

box. 

First, we need to get our units for time the same, so we must figure out how many days there are in 3.8 

years: 

3.8 years 365 days = 1387 days 

 1 year  

Then we need to figure out how many half-lives have passed: 

1,387 days 1 half life = 10.050724 half lives 

 138 days  

Plug this number in to our equation and solve: 
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By the time Madame Curie gets back to her box, she’ll only find that 0.72g of polonium-210 is remaining. 

There is still a total of 765g of stuff in the box, but only 0.72g of it is polonium-210. The other 764.28g of 

stuff would be other elements that the polonium-210 decayed into. 

 

Sometimes, you will need to solve for the number of half-lives that something has been through. This is 

where you will need to use your rules of logarithms: 

 

RULES OF LOGARITHMS 
 

Definitions 

1.         means that a
N
 = x. 

2. log x means       . All      rules apply for log. When a logarithm is written without a base it 

means common logarithm. 

3. ln x means       , where e is about 2.718. All      rules apply for ln. When a logarithm is written "ln" 

it means natural logarithm.  Note: ln x is sometimes written Ln x or LN x. 

  

Rules of Logarithms 

1. Inverse:       
     and  (     )     

**2. Product:     (  )               

3. Quotient:         (
 

 
)                

***4. Power:      ( 
 )        ( )  

 

 

  



Example 3: You have 75g of lead-212. If it has a half-life of 10.6h, determine how long it will take until 

only 9.3g remains.  

Start with your equation: 

    (
 

 
)
 

 

Plug in the known values from the problem: 

        (
 

 
)
 

 

Take the log of both sides: 

              (
 

 
)
 

 

Use the product rule of logs: 

                   (
 

 
)
 

 

Use the powers rule of logs: 

                     (
 

 
) 

Isolate and solve for n: 

     (
 

 
)                 

  
              

      
 

                      

                           
     

         
                              

 

Applying half-lives to radiocarbon dating of objects 

Radio carbon dating determines the age of ancient objects by means of measuring the amount of carbon-14 

there is left in an object. A man called Willard F Libby pioneered it at the University of Chicago in the 50's. 

In 1960, he won the Nobel Prize for Chemistry. This is now the most widely used method of age estimation 

in the field of archaeology. 

 

How it works 

Certain chemical elements have more than one type of atom. 

Different atoms of the same element are called isotopes. 

Carbon has three main isotopes. They are carbon-12, carbon-

13 and carbon-14. Carbon-12 makes up 99% of an atom, 

carbon-13 makes up 1% and carbon-14 - makes up 1 part per 

million. Carbon-14 is radioactive and it is this radioactivity 

which is used to measure age. 

 

Radioactive atoms decay into stable atoms by a simple mathematical process. Half of the available atoms 

will change in a given period of time, known as the half-life. For instance, if 1000 atoms in the year 2000 

had a half-life of ten years, then in 2010 there would be 500 left. In 2020, there would be 250 left, and in 

2030 there would be 125 left. By counting how many carbon-14 atoms in any object with carbon in it, we 



can work out how old the object is - or how long ago it died. So we only have to know two things, the half-

life of carbon-14 and how many carbon-14 

atoms the object had before it died. The 

half-life of carbon-14 is 5,730 years. 

However knowing how many carbon-14 

atoms something had before it died can only 

be guessed at. The assumption is that the 

proportion of carbon-14 in any living 

organism is constant. It can be deduced then 

that today's readings would be the same as 

those many years ago. When a particular 

fossil was alive, it had the same amount of 

carbon-14 as the same living organism 

today. 

 

The fact that carbon-14 has a half-life of 5,730 years helps archaeologists date artifacts. Dates derived from 

carbon samples can be carried back to about 50,000 years. Potassium or uranium isotopes which have much 

longer half-lives, are used to date very ancient geological events that have to be measured in millions or 

billions of years. 

 

How Carbon-14 is Made 

Cosmic rays enter the earth's atmosphere in 
large numbers every day. For example, every 
person is hit by about half a million cosmic rays 
every hour. It is not uncommon for a cosmic ray 
to collide with an atom in the atmosphere, 
creating a secondary cosmic ray in the form of an 
energetic neutron, and for these energetic 
neutrons to collide with nitrogen atoms. When the 
neutron collides, a nitrogen-14 (seven protons, 
seven neutrons) atom turns into a carbon-14 
atom (six protons, eight neutrons) and a 
hydrogen atom (one proton, zero neutrons). 
Carbon-14 is radioactive, with a half-life of about 
5,700 years. 

Carbon-14 in Living Things 
The carbon-14 atoms that cosmic rays create 
combine with oxygen to form carbon dioxide, 
which plants absorb naturally and incorporate into 
plant fibers by photosynthesis. Animals and 
people eat plants and take in carbon-14 as well. 
The ratio of normal carbon (carbon-12) to carbon-
14 in the air and in all living things at any given 
time is nearly constant. Maybe one in a trillion 
carbon atoms are carbon-14. The carbon-14 
atoms are always decaying, but they are being 
replaced by new carbon-14 atoms at a constant 
rate. At this moment, your body has a certain 
percentage of carbon-14 atoms in it, and all living 
plants and animals have the same percentage. 

 

  



Practice Problems:  

Answer/solve the following problems on a separate sheet of paper. Show all work! 

1) What is the half-life of a 100.0 g sample of nitrogen-16 that decays to 12.5 grams in 21.6 seconds? 

2) All isotopes of technetium are radioactive, but they have widely varying half-lives. If an 800.0 gram sample of 

technetium-99 decays to 100.0 g of technetium-99 in 639,000 years, what is its half-life? 

3) A 208 g sample of sodium-24 decays to 13.0 g of sodium-24 within 60.0 hours. What is the half-life of this 

radioactive isotope? 

4) If the half-life of iodine-131 is 8.10 days, how long will it take a 50.00 g sample to decay to 6.25 g? 

5) The half-life of hafnium-156 is 0.025 seconds. How long will it take a 560 g sample to decay to one-fourth of its 

original mass? 

6) Chromium-48 has a short half-life of 21.6 hours. How long will it take 360.00 g of chromium-48 to decay  to 

11.25 g? 

7) Potassium-42 has a half-life of 12.4 hours. How much of an 848 g sample of potassium-42 will be left after 62.0 

hours? 

8) Carbon-14 has a half-life of 5730 years. How much of a 144 g sample of carbon-14 will remain after 1.719 × 

10
4
 years? 

9) If the half-life of uranium-235 is 7.04 × 10
8
 years and 12.5 g of uranium-235 remain after 2.82 × 10

9
 years,  how 

much of the radioactive isotope was in the original sample? 

10) If a fossil contains 27% of the original amount of 
14

C, how old is the fossil? 

11) What does a Geiger counter measure?  

12) The initial mass of a radioisotope is 10.0g. If the radioisotope has a half-life of 2.75 years, how much remains 

after four half-lives? 

13) After 2.00 years, 1.986 g of a radioisotope remains from a sample that had an original mass of 2.000 g.  

a. Calculate the half-life of the radioisotope.  

b. How much of the radioisotope remains after 10.00 years? 

14) A sample of an unknown radioisotope exhibits 8540 decays per second. After 350.0 minutes, the number of 

decays has decreased to 1250 per second. What is the half-life? 

15) A 20.0 g sample of thorium-234 has a half-life of 25 days. How much will remain as a percentage of the original 

sample after 90 days? 

16) The half-life of polonium-218 is 3.0 minutes. If you start with 20.0 g, how long will it be before only 1.0 g 

remains? 

17) Technetium-104 has a half-life of 18.0 minutes. How much of a 165.0 g sample remains after 90.0 minutes? 

18) Manganese-56 decays by beta emission and has a half-life of 2.6 hours. How many half-lives are there in 24 

hours? How many mg of a 20.0 mg sample will remain after five half-lives? 

19) The half-life of tritium is 12.3 years. If 48.0 mg of tritium is released from a nuclear power plant during the 

course of a mishap, what mass of the nuclide will remain after 49.2 years? After 98.4 years? 

20) The half-life of plutonium-239 is 24,000 years. What fraction of nuclear waste generated today will be present in 

the year 3000? 

  

 


