
 

LOGAN SOLUTION 

Question 1 

For this question use the stopping distance formula for a vehicle: 

𝑣𝑒𝑛𝑑 = √𝑣𝑖𝑛𝑖𝑡𝑖𝑎𝑙
2 − 2 × 𝑔 × 𝑑𝑏𝑟𝑎𝑘𝑖𝑛𝑔 × (𝑓 ∓ 𝐺)  

where 𝑣𝑖𝑛𝑖𝑡𝑖𝑎𝑙 is the initial speed of the vehicle (use current AUS highways speeds of 100 

km/hr = 27.78 m/s), 𝑔 is gravity, 𝑑𝑏𝑟𝑎𝑘𝑖𝑛𝑔 is the estimated braking distance, 𝑓 is the friction 

coefficient (0.7) (although this depends on weather and road surface conditions) and 𝐺 is 

the road gradient (we can use a flat road with 0 gradient). 

Re-arrange the formula to be in terms of the braking distance: 

𝑣2
𝑒𝑛𝑑 =  𝑣2

𝑖𝑛𝑖𝑡𝑖𝑎𝑙  –  2 ×  𝑔 ×  𝑑𝑏𝑟𝑎𝑘𝑖𝑛𝑔 ×  𝑓  

2 ×  𝑔 × 𝑑𝑏𝑟𝑎𝑘𝑖𝑛𝑔  ×  𝑓 =  𝑣2
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 –  𝑣2

𝑒𝑛𝑑  

𝑑𝑏𝑟𝑎𝑘𝑖𝑛𝑔 =  
𝑣2

𝑖𝑛𝑖𝑡𝑖𝑎𝑙– 𝑣2
𝑒𝑛𝑑 

2 × 𝑔 × 𝑓
  (1 mark) 

Then we can substitute in real values: 

𝑑𝑏𝑟𝑎𝑘𝑖𝑛𝑔 =  
27.782–02

2 × 9.81 × 0.7
  

𝑑𝑏𝑟𝑎𝑘𝑖𝑛𝑔 = 56.19 m (1 mark) 

In reality, large heavy trucks typically take a lot longer than a car to stop for a number of 

reasons, so this formula is probably underestimating the stopping distance. Although in 

the future, these self-driving trucks may have better braking mechanisms, especially since 

they don’t have to worry about hurting any passengers onboard from stopping too 

suddenly. 

Question 2 

First we can find when the drones overfly the kids, which will be when their distance is the 

same: 

𝑑 𝑘𝑖𝑑𝑠 =  3𝑡  

𝑑 𝑑𝑟𝑜𝑛𝑒𝑠 =  22 × (𝑡 –  5) 𝑓𝑜𝑟 𝑡 ≥  5  

Equate these two equations: 

𝑑𝑘𝑖𝑑𝑠 =  𝑑𝑑𝑟𝑜𝑛𝑒𝑠  

3𝑡 =  22 × (𝑡 –  5) 𝑓𝑜𝑟 𝑡 ≥  5  



 

3𝑡 = 22𝑡 − 110  

19𝑡 = 110  

𝑡 = 5.789 ℎ𝑟𝑠  (1 mark) 

So the drones catch up with the kids 5.789 hrs after the kids start out, or about 47 minutes 

(0.789 hours) after the drones start out. 

We can find how far the kids have left to go: 

𝑘𝑖𝑑𝑠 𝑟𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  𝑡𝑜𝑡𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 –  𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑎𝑙𝑟𝑒𝑎𝑑𝑦 𝑐𝑜𝑣𝑒𝑟𝑒𝑑  

𝑘𝑖𝑑𝑠 𝑟𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  𝑡𝑜𝑡𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 –  𝑠𝑝𝑒𝑒𝑑 ×  𝑡𝑖𝑚𝑒  

𝑘𝑖𝑑𝑠 𝑟𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  19 –  3 ×  5.789  

𝑘𝑖𝑑𝑠 𝑟𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  1.633 𝑘𝑚  

The time the kids will take to travel this distance is: 

𝑟𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑘𝑖𝑑 𝑡𝑟𝑎𝑣𝑒𝑙 𝑡𝑖𝑚𝑒 =  𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑟𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 / 𝑠𝑝𝑒𝑒𝑑  

𝑟𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑘𝑖𝑑 𝑡𝑟𝑎𝑣𝑒𝑙 𝑡𝑖𝑚𝑒 =  1.633 / 3  

𝑟𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑘𝑖𝑑 𝑡𝑟𝑎𝑣𝑒𝑙 𝑡𝑖𝑚𝑒 =  0.544 ℎ𝑜𝑢𝑟𝑠  

The trucks have to travel 19 km, at 38 km/hr.  

Find how long they take to travel the 19 km to the border: 

𝑡𝑟𝑢𝑐𝑘 𝑡𝑟𝑎𝑣𝑒𝑙 𝑡𝑖𝑚𝑒 =  𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 / 𝑠𝑝𝑒𝑒𝑑  

𝑡𝑟𝑢𝑐𝑘 𝑡𝑟𝑎𝑣𝑒𝑙 𝑡𝑖𝑚𝑒 =  19 / 38  

𝑡𝑟𝑢𝑐𝑘 𝑡𝑟𝑎𝑣𝑒𝑙 𝑡𝑖𝑚𝑒 =  0.5 ℎ𝑟𝑠  

While the kids will take 0.544 hours to get the remaining distance to the border, the trucks 

will be able to get there in only 0.5 hrs. (1 mark). This means the trucks are going to catch 

up with the kids (which is what happens in the movie). 

3𝑡 =  38 × (𝑡 –  5.789)𝑓𝑜𝑟 𝑡 ≥  5.789  

𝑡 =  6.285 ℎ𝑟𝑠  

𝐾𝑖𝑑𝑠 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  𝑡 × 𝑠𝑝𝑒𝑒𝑑  

𝐾𝑖𝑑𝑠 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  6.285 × 3  

𝐾𝑖𝑑𝑠 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  18.86 𝑘𝑚  

We have found that the convoy will catch the kids at 18.86 km, after 6.285 hours (so just 

before they reach the border). 

We can plot the positions of the kids, the drones, the drone intercept point, and the 

position of the convoy over time: 



 

 

(1 mark) 

Question 3 

We can calculate his age with the formula: 

𝐴𝑔𝑒 =  𝑙𝑜𝑔𝑎𝑛 𝑦𝑒𝑎𝑟 𝑠𝑒𝑡𝑡𝑖𝑛𝑔 –  𝑤𝑜𝑙𝑣𝑒𝑟𝑖𝑛𝑔 𝑜𝑟𝑖𝑔𝑖𝑛𝑠 𝑠𝑒𝑡𝑡𝑖𝑛𝑔 +  𝑎𝑔𝑒 𝑖𝑛 𝑜𝑟𝑖𝑔𝑖𝑛𝑠  

𝐴𝑔𝑒 =  2029 –  1845 +  13  

𝐴𝑔𝑒 =  197 𝑦𝑒𝑎𝑟𝑠 𝑜𝑙𝑑 (1 mark). 

This means he is, or will turn 197 years old in the year 2029. 
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