
Task 1 - Decay 

Upon arriving at 211B Baker Street, NW1 6XE, you are greeted by Watson who hands you a 

mysterious package. 

  

 

 

Inside this package is a radioactive substance that must be transported in the getaway 

vehicle. Before transporting it, it is crucial that you analyse its properties to avoid any 

incidents on the journey.  

Please complete the following calculations and submit them before proceeding further. 

 

The calculations 

As some of you may already know, if you took A-level Physics you would learn about how to 

analyse the radioactive decay of certain substances using the following equation: 

 

Where: 

No  = The initial number of atoms in a sample 

N  = The number of atoms left after time, t 

t = Time 

λ = The decay constant for the atom 

e = Euler’s number (Approximately 2.71828) 
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Table 1 – Half-lives and decay constants of certain isotopes 

Isotope Half life Decay constant (s-1) 

Uranium 238 (U) 4.5 x 109 years 5.0 x 10-18 

Plutonium 239 (Pu) 2.4 x 104 years 9.2 x 10-13 

Carbon 14 (C) 5570 years 3.9 x 10-12 

Radium 226 (Ra) 1622 years 1.35 x 10-11 

Free neutron 239 15 minutes 1.1 x 10-3 

Radon 220 (Rn) 52 seconds 1.33 x 10-2 

Lithium 8 (Li) 0.84 seconds 0.825 

Bismuth 214 (Bi) 1.6 x 10-4 seconds 4.33 x 103 

Lithium 8 (Li) 6 x 10-20 seconds 1.2 x 1019 

 

 

 

 

Table 2 - Periodic Table 
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In your package is a radioactive isotope. Confidentiality means that its name cannot be 

directly revealed to you. However you can work it out using the following information. 

 Its atomic number is exactly half way between the 23rd and 24th prime number. 

 Its atomic number in Binary is 01010110 (If you need to check it). 

Your package contains 2.3 x 1018 atoms of this isotope. Your journey is likely to take you at 

least 4 hours. Work out how many atoms you will have left at the end of your journey. Give 

your answer in Standard Form. 

Make sure to show all your calculations. 

 

23rd prime number is 83 

24th prime number is 89 

Halfway between 83 and 89 is 86  

Radon has an atomic number of 86 (Rn) 

λ(Rn) = 1.33 x 10-2 s-1 

N0 = 2.3 x 1018 

e = 2.71828 

t = 4 hours = 4 x 602 seconds = 14400 seconds 

N = Noe
- λt = 2.3 x 1018 x 2.71828-1.33x10-2x14400 = 1.53 x 10-65 atoms 

At this point the more alert students may notice that this is an odd value for the number of 

atoms, as it implies there is less than one atom left. 
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The density of your isotope at 20oC is 0.00973 g/cm3. 

One atomic mass unit is equal to 1.66053892 × 10-27 kilograms 

The atomic mass of your isotope is 220.0 amu 

What volume of your isotope do you have left in your package at the end of your journey? 

At the end of the first part of your journey you decide to cool down the isotope and 

transport it in the shape of a sphere.  

What would be the dimensions of the sphere? 

Mass of isotope  = 1.53 x 10-65 x 220 x 1.66053892 x 10-27 kg 

   = 5.589374005 x 10-90 kg 

   = 5.589374005 x 10-87 g 

Volume = 
𝑚𝑎𝑠𝑠

𝑑𝑒𝑛𝑠𝑖𝑡𝑦
=  

5.589374005 x 10−87 

0.00973
= 5.74474825 x 10-85 cm3 

Volume (sphere) = 
4

3
 𝜋𝑟3  = 5.74474825 x 10-85 

Rearranging:  r3  = 5.74474825 x 10-85 x 3 ÷ 4π 

    = 1.371392346 x 10-85 

   r  = √1.371392346 x 10−853
 

    = 5.156882551 x 10-29 cm 

Hmmm…. Turns out you miscalculated the number of atoms you had at the start of your 

journey. If the final radius of your sphere is 0.75 mm, how many atoms did you start with? 

0.75 mm = 0.075 cm 

volume =
4

3
 𝜋𝑟3 = 

4

3
 𝜋 x 0.753 = 1.767145868 x 10-3 cm3 

mass = density x volume  = 0.00973 x 1.767145868 x 10-3 

    = 1.719432929 x 10-5 g 

    = 1.719432929 x 10-8 kg 

N  = 1.719432929 x 10-8 ÷ (220 x 1.66053892 x 10-27) 

 = 4.706667293 x 1016 

No = 
𝑁

𝑒−λ𝑡 = 
4.706667293 x 1016

2.71828−1.33×10−2×14400
 = 7.058895056 x 1099 
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