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Three grasshoppers are on a line. Each second, one (and only one) grasshopper hops over another. Prove that after 1985 seconds, the grasshoppers cannot be in their starting position. When one approaches this question, it’s either trying to looking at all every possibility after 1985 seconds and return a definite result, or try to use some logical thinking such as contradiction or direct proof to solve the question. Suppose I am to draw a tree that shows the outcomes for every second, I will stop around five seconds because in five seconds, there will be 32 different choices for three grasshopper to hop over another. If I want to solve this question by looking at every possibility, I will be looking at 
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possibilities. If I can show that amongst 
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possibilities, there is one of possibilities that show the grasshoppers return to the starting position, then I can easily contradict the question. With the help of Mathematica, I can to generate the results for three grasshoppers to hop over another (but not all
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 of them in one piece) even if it is after 1985 seconds. First of all, we want Mathematica to be able to decipher what it means to have three grasshoppers on a line, so one can list them in a specific order. Next is to consider that there are only two ways for the grasshoppers to hop over each other. Therefore, I consider only two functions. It is either a function for the first grasshopper hops to the middle or a function for the last grasshopper hops to the middle. This function will takes a list of three distinct elements that represents the position of three grasshoppers and outputs another list of three elements that is either the first element is in the middle or the last element is in the middle. Thus, the outcome of this function is another position of the three grasshoppers, and one function represents one type of hop.

With the two functions defined, I can have Mathematica to randomly choose one of the two functions multiple times (such as 1985 times) by using “RandomChoice”. Given the length of a list, Mathematica will output a list where the elements are the two functions. Then, I want Mathematica to use the list and output the hop positions on every second. I use “ComposeList” which takes a list and a variable and outputs another list where the first element is the composition of the first element in the given list and the given variable, the second element is the composition of the previous answer and the second element in the given list, and so on.

Now Mathematica will generate a long list if the length is 1985 (after 1985 seconds, it will produce 1985 positions). Since I am only interested on the last element which is the final result after 1985 seconds, I use the function “Last” to let Mathematica outputs only the last element. Not only that, with the help of “Union”, I notice that during the 1985 hops there’re only six possible positions. So, I can use those six outcomes as the starting position of the three grasshoppers. Interestingly, even if I use one of those six outcomes as the starting position, the final result is yet unable to equal the starting position. Next, I come across “Tuples”. Given the length of a list (suppose 10) and the two elements (the two functions), it can generate all possibilities of outcomes (a list with
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lists).

Lastly, with the help of “Manipulation”, I can easily manipulate different kinds of choices or numbers to show different kind of results. It can provide a button for us to click allowing us to generate a random result or a slide to show how it effects the answer when the number changes.
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