Leg It
Two sprinters are training for the 100m.

Jo can usually run 100m in 12 seconds, while his/her younger brother/sister Pat can run 100m in 15 seconds. (Make up your own, completely non-sexist, version…)

In order to make their training sessions more competitive, they want to work out how they can run ‘fair’ races against each other, so that both might be expected to reach the line at the same time.

The Problems:
A

One way to arrange this is to have Jo running the full 100m while Pat is given a few metres start in front.

How many metres start should Pat be given?

B
The other way to make the race fair is to make Pat run the 100m, but make Jo start a few metres behind.

How many metres behind Pat should Jo start?

Hint:

Draw an ordinary race between Jo and Pat on a travel graph, and think about how you could modify it to make them finish together…

The Solutions:
These Problems can be solved quite simply using algebra and the distance/speed/time equation (see end), but a simple Travel graph is quite a nice way to tackle them, coupled with Similar Triangles or Ratios…

A
The situation, if they run a conventional race, is shown on the first graph.

The distance shown as ‘d’ is how far behind Jo Pat is, as Jo crosses the line, at time 12 seconds. 

[image: image1.png]Distance (m)
m DS/
N

100

12 125 Tme(s)




This is how much of a start Pat needs in order to cross the line at 12 seconds also (see second graph, where Pat’s path has been slid upwards by a distance ‘d’, so that Pat starts that distance in front of Jo, and now finishes at the same time as Jo…
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There are clearly some useful Similar Triangles on the graph, as shown below:
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To find the value of d, we notice that:
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B

If Pat starts at the correct place, while Jo starts behind this, then the Travel graph is modified by simply sliding Jo’s path downwards until they finish at the same time, namely at time 12.5 seconds…
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The Similar Triangles are somewhat different this time:
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So that, 
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Jo has to start a little bit further behind Pat this time, as they will be racing for 12.5 seconds rather than just 12 seconds.

 That’s why the ratio of the ‘handicaps’ is also in the ratio of 12.5:12.

Algebraic method:
We will use D, S and T to refer to the runners’ distance, speed and time.

Their speeds are determined by S = 
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A

If Jo runs the full 100m, then the race will take 12 seconds.

In 12 seconds, Pat can run a distance of Dp = Sp x T = 8 x 12 = 96m.

So he/she will need a 4m start in order to finish level with Jo.

B

If Pat runs the full 100m, then the race will take 12.5 seconds.

In 12.5 seconds, Jo can run a distance of Dj = Sj x T = 
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So he/she will need a 
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m handicap in order to finish level with Pat.
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