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This experiment will get you thinking about atoms and 

radioactivity – which is the random decay of atomic nuclei into smaller parts. 

 

Radioactivity is a high energy process (about a million times more energetic than 

chemical reactions), so to keep things safe we will use dice instead!  

This is an example of a physical model of what we are trying to understand. 

• We’ll hand out lots of dice (over 200) 

• An atomic decay shall be modelled by a rolling of a six 

• We’ll all roll the dice together and I’ll collect in the sixes each time. 
• For each round I’ll record in Excel the total number of dice held by each person. 

• We’ll then plot the total number of dice left vs roll number. 

• We should obtain an exponential decay curve, from which we can determine 

the half-life for the radioactive dice 

D
ic

e
 l
e

ft
 

Roll number 



But first .... What are 

atoms? How big are 

they? How do we 

know they exist if we 

can’t see them? 
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410 m



111AU 1.496 10 m 

910 m

11883 6 10 mR  



159.461 10 m

1 light year 

204.7 10 m



About 2 million Milky Ways 

correspond to the diameter of this 

sphere! 
159.461 10 m

1 light year 

2610 m



The size of an atom 

Earth diameter  

= 12,756km 
Marble diameter = 

3.6cm 
Atomic diameter is 

about 1 Ångström 
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Volume of Earth in marbles 

Number of atoms in a marble 
There are as many 

atoms in a marble as an 

Earth made of marbles! 
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The Atomic model 

Electrons and protons have the 

same amount of charge, but 

opposite signs 

 

A charged atom with electrons 

removed (or added) is called an 

ion 
Charge on the electron is 1.6 x 10-19 coulombs 



Democritus 

460BC-370BC 

Abdera, Thrace 

Ernest  

Marsden 

Hans  

Geiger 

Ernest Rutherford 

Experiments performed 1908-1913 

at the University of Manchester 



Scanning Tunnelling 

Microscope 

(STM) 

Heinrich Rohrer and Gerd Binnig 

Nobel Prize winners 1986 

‘Seeing’ atoms 







Carbon 12 has: 

 

• 6 protons 

• 6 electrons 

• 6 neutrons 

Iron 56 has: 

 

• 26 protons 

• 26 electrons 

• 30 neutrons 

Atomic number (Z) 

= number of 

protons. This 

defines an element 

 

The number of 

neutrons defines an 

isotope of an 

element 

 

The atomic mass 

(A) is approximately 

the number of 

protons + the 

number of neutrons 

but not exactly.... 

Each different type of 

atom is called a 

nuclide 

Binding energy 



Radioactive  

decay 

Antoine Henri 

Becquerel 

1852-1908 

Spontaneous 

radioactivity  

in Uranium salts 

Marie Curie 

1867-1934 

Theory of radioactivity 

Isolation of isotopes 



He2

+ 
e- 

Very high frequency radiation 



Alpha decay 

He2+ 

Beta decay 



Alpha 

decay 
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Atomic number (Z) reduces by 2 

Mass number reduces by 4 



Beta 

decay 1
X YZ N Z N

Z Z
 


 

14 14

6 7
C N  e.g. 

Atomic number (Z) increases by 1 

Mass number stays the same 



Antoine Henri 

Becquerel 

1852-1908 

Spontaneous 

radioactivity  

in Uranium salts 

Marie Curie 

1867-1934 

Theory of radioactivity 

Isolation of isotopes 



The decay of atomic nuclei 

is a random process 

 

The decay rate is 

proportional to the number 

of radioactive elements in a 

sample 

Time taken for 

half a sample to 

decay 

half lives 



Detecting radiation 



Antoine Henri Becquerel 

1852-1908 

Marie Curie 

1867-1934 

1 Becqueral (Bq) 

is 1 radioactive 

decay per second 

1 Curie (Ci) = 

37GBq 

Ci /gram 
Quantifying radioactivity 

101Ci 3.7 10 Bq 



This is an 

exponential 

decay 
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http://www.stokesleyscience.org/A level Physics/Radioactivity/uses_of_radioactivity.htm 

Uses of radioactivity 



Radioactive  
Dice 

Back to.... 



Roll number (this is our 

model of time passing) 

Total number of dice left 

Dice left for each roll for each person 
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Roll number 

We expect an exponential decay 

of dice left with roll number. 

 

Why? We expect a constant 

probability (chance) of decay at 

any point in time for a given atom. 

Therefore the rate of decay is proportional 

to the number of atoms left. 

Let’s explore this for our dice. The chance of a six is 1/6 for each roll. 

Therefore we expect 5/6 of the dice to remain each roll. If we started with 216 dice: 

Expected number of dice left Roll number 

216 0 

216 x 5/6 = 180 1 

216 x 5/6 x 5/6 = 150 2 

216 x 5/6 x 5/6 x 5/6 = 125 3 

216 x 5/6 x 5/6 x 5/6 = 104.17 4 

216 x 5/6 x 5/6 x 5/6 x .... n 
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RADIOACTIVE DICE MODEL N = 1296 x (5/6)^n 

Roll number = 0,    Dice left N = 1296 

Roll number = 1,    Dice left N = 1080 

Roll number = 2,    Dice left N = 900 

Roll number = 3,    Dice left N = 750 

Roll number = 4,    Dice left N = 625 

Roll number = 5,    Dice left N = 521 

Roll number = 6,    Dice left N = 434 

Roll number = 7,    Dice left N = 362 

Roll number = 8,    Dice left N = 301 

Roll number = 9,    Dice left N = 251 

Roll number = 10,  Dice left N = 209 

Roll number = 11,  Dice left N = 174 

Roll number = 12,  Dice left N = 145 

Roll number = 13,  Dice left N = 121 

Roll number = 14,  Dice left N = 101 

Roll number = 15,  Dice left N = 84 

Roll number = 16,  Dice left N = 70 

Roll number = 17,  Dice left N = 58 

Roll number = 18,  Dice left N = 49 

Roll number = 19,  Dice left N = 41 

Roll number = 20,  Dice left N = 34 

Roll number = 21,  Dice left N = 28 

Roll number = 22,  Dice left N = 23 

Roll number = 23,  Dice left N = 20 

Roll number = 24,  Dice left N = 16 
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Number of dice left 

halve every 3.8 rolls 



Half Life 

 

For radioactive decay this is the amount of time it takes for the activity to halve. 

Since the decay curve is exponential, this is a fixed time regardless of the starting 

activity*. 

 

To explain this we can express the number of dice left as a power of two instead of 5/6. 

*As long as the activity is a large number! The exponential curve is not such a good model when we get down to 

a handful of atoms, since we can only have a whole number of decays per second. 
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i.e. when roll number is a multiple 

of 3.8, we divide the number of dice 

left by a whole number power of 2 
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Radioactive 

isotopes have a 

huge range of 

half lives 


