Maths Club: The Fastest Horse Investigation
 
Introduction:
Today we are going to investigate a classic logic and optimization problem: The Horse Racing Puzzle. 

Imagine you are the manager of a massive stable of horses. You need to identify the fastest runners to enter into a national championship, but you have a problem—you don't have a stopwatch! The only way to tell how fast a horse is, is to race it against others and see who crosses the finish line first. 


🏁 The Rules of the Track 

Before we begin our investigation, we must follow these rules: 
1. Fixed Lanes: A track can only hold a specific number of horses at one time (e.g., a 5-lane track can race 5 horses).
2. No Timing: You cannot record "seconds" or "minutes." You only know the relative order (1st, 2nd, 3rd, etc.).
3. Perfect Consistency: Each horse always runs at its own constant speed. If Horse A beats Horse B once, it will always beat Horse B. 

Task 1: The Tiny Sprint 

You have 4 horses (Flash, Bolt, Dash, and Star) and a track with only 2 lanes.
Goal: Find the single fastest horse. 
1. Race 1: Flash vs. Bolt. (Result: Flash wins)
2. Race 2: Dash vs. Star. (Result: Dash wins)
3. The Final Choice: To find the fastest overall, who must race in Race 3?
· Race 3: ___________ vs. ___________
· Total Races needed: _______ 















Task 2: The Junior Derby 
You have 9 horses and a track with 3 lanes.
Goal: Find the Top 2 fastest horses. 
1. The Heats: Group the 9 horses into 3 races. 
 A, B, C       D, E, F,      G, H, I      
(A is the fastest in Race 1, B is the 2nd fastest in Race 1, etc.)
2. The Winners’ Race: Take the winner of each heat and race them (Race 4).
· Let’s say the result of race 4 is: 
1st place: A, 2nd place: D, 3rd race winner : G.

So A is the fastest horse.
3. To find the 2nd fastest horse, which horses must participate in Race 5?
· List of horses in Race 5: ___________________________
· Final Answer: _______ total races. 


Task 3: The Grand Challenge 
You have 25 horses and a 5-lane track.
Goal: Find the Top 3 fastest horses overall. 

Step 1: The Heats. Run 5 races (A, B, C, D, and E). Name the horses by their group and rank: 
· Heat A: A1, A2, A3, A4, A5 (A1 is fastest in that group)
· Heat B: B1, B2, B3, B4, B5 ... and so on for groups C, D, and E. 
Step 2:  













Complete the Grand Challenge by explaining who needs to run in the next race and any 
subsequent races.

How many races are there in total? 
To help think about the puzzle:
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Task 4: Variations & The "Expert" Extension 
Variation A: The Top 4 Problem

· How many additional races would you need to find the Top 4?
· Hint: After Race 7, you know the 2nd and 3rd place horses. Look at who they beat to find the new candidates. 









Variation B: The Bottleneck
You have 16 horses, but your track is old and only has 3 lanes. 
· What is the minimum number of races to find the Top 2? _______
· What is the minimum number of races to find the Top 3? _______ 











The Expert Extension: 
Suppose you have 125 horses and a 5-lane track. 
1. How many races are needed to find the single fastest horse? _______
2. The Strategy: You must group them into "Super-Heats."
· Step 1: Run 25 standard heats.
· Step 2: Use your knowledge from Phase 3 to "sort" these heats.
· Can you find the Top 3 out of 125 horses in fewer than 50 races? Show your logic. 






























Teacher’s Answer Key: The Fastest Horse Investigation
Task 1: The Tiny Sprint 
· Flash vs Dash
· 3 races
Task 2: The Junior Derby 
· DGB 
· 5 races
Task 3: The Grand Challenge 
Step 2  Race the 5 winners of each heat, e.g. A1 B1 C1 D1 E1 and imagine 
A1 B1 C1 are the top 3
Groups D and E are eliminated because their fastest horses (D1 and E1) only managed 4th and 5th place in the winners' race. Since we only want the Top 3, and there are already 3 horses (A1, B1, C1) faster than D1 and E1, no horse in Group D or E can mathematically be in the top 3.
In fact the only 5 candidates left who can be 2nd and 3rd are A2, A3, B1, B2, and C1.
· Step 3 Race A2, A3, B1, B2, and C1 to find 2nd and 3rd
Total 7 races 5 + 1 + 1 

Task 4: Variations & The "Expert" Extension 

Variation A (Top 4): 
If A1 A2 A3 are the top 3 then need to check A4 B1
If A1 A2 B1 check A3 B2 C1
If A1 B1 A2 check A3 B2 C1
If A1 B1 B2 check A2 B3 C1
If A1 B1 C2 check A2 B2 C2 D1
So need to check somewhere between 2 and 4 horses which you can do in a single race. 
So 1 more race.
Variation B (The Bottleneck):
· Top 2 (16 horses/3 lanes): 9 races
· Top 3 (16 horses/3 lanes): 10 races

Expert Extension (125 Horses):
. Single Fastest: 31 races.
. 25 heats of 5 horses = 25 winners.
. 5 races of those 25 winners = 5 "super-winners."
. 1 race between the super-winners = 1 absolute champion.
· Top 3 Strategy: It takes 33 races.
. [bookmark: _GoBack]After finding the champion in 31 races, you perform a "filtered" final race (similar to Task 3) using the runner-ups from the champion’s bracket and the 2nd/3rd place winners of the final super-race. 
