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3c[ii]: 20th Century: The New Physics


Student Resource Sheet 1: Rules for the quantum game

This game attempts to simulate some aspects of the world as described by quantum theory. 
Each player is given a token that represents a photon. The game is similar to snakes and ladders in that the tokens have to move round the board according to throws of a dice. Normally a player will continue round the board from square to square in ascending numerical order according to the numbers on the board.  However certain hazards can change the direction and the manner of the movement. The object of the game it to get to square 64 and the first player to reach that square is the winner.
From time to time the game requires a player to spin the direction wheel (see illustration later). This wheel will land on an edge and display a number from 1-8. The player will then jump to an appropriate square according to the pattern shown here.
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In certain circumstances it might be that this jump is not evidently possible, as it would take the player off the board. There are two possibilities for this situation, which can be decided by an agreed rule before the game starts. You might decide that the easiest way to resolve the situation is to spin again until a jump is possible. Another possibility is to say that any jump that would take a player off the board can be done by appearing on the board again on the opposite side using the square on the same rank or column.

Needed for the game:

A board (diagram enclosed)

A six-sided dice

A direction wheel (diagram enclosed)

Photon tokens (diagram enclosed)

Hazards
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Half silvered mirror:

When a photon strikes a half silvered mirror it continues in the same direction as before AND it moves off at right angles. A player who lands on a half silvered mirror must temporarily play with two tokens one of which carries on in the original direction and the other moves (the same number of square) at right angles. This state is called ‘delocalized’. Photons are shown to be delocalized by turning the tokens over where a specific symbol is displayed. 

[In a real experiment, it is sometimes not possible to tell in which direction a photon is travelling after it strikes a half silvered mirror. Furthermore it turns out to be only possible to explain what subsequently happens by assuming the photon travels in all directions at once! Photons do not continue to exist in this state indefinitely. Recording their presence in a particular place with a detector of some form breaks the delocalization – an effect which is referred to as collapsing the wave function
.]

The delocalized state in the game continues until:

1. 
The player throws a 6 in which case they can choose which photon to continue with and remove the other from the board.

2. 
One of the photons lands on a detector square. If this happens the player must throw again. If the second throw is 1, 2 or 3, then the photon is NOT detected and the player continues to be delocalized. If the throw is 4, 5 or6 then the photon IS detected and the player will now continue next move with the photon that has landed on the detector. The other photon is removed from the square. The direction of play continues numerically (ie. following the normal sequence of numbers on the board) no matter what the direction the photon was travelling in before it landed on the detector square.

3. 
Any player lands on a square that requires a community chest card to be picked up by that player – some of these cards specifically collapse the wave functions of any photons that are delocalized during that turn. 
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Detector square:

If the photon is delocalized, then the detector can collapse the wave function (see Half silvered mirror). If the photon is not delocalized, then landing on a detector square can scatter the photon and the player should spin the direction wheel and jump to the appropriate square. They then continue to advance numerically.

Atoms: These act like detector squares if a delocalised photon lands on them. A normal photon landing on an atom square is scattered and the player should spin the direction wheel and move to the square indicated. However, if the player lands on an atom after throwing a six, then the atom acts like a laser – it emits another photon of the same type in the same direction. The player should add another photon token to the board and continue to play both photons in future moves. This is done by applying the same dice throw to each photon, or the result of a spin of the direction wheel. The player can then win by arriving at square 64 with either photon. This effect of emitting another photon of the same type is a quantum effect called ‘stimulated emission’

Other players

If two or more players land on the same square, then they become ‘entangled’. 
In an attempt to mimic this quantum effect, from that move onwards the tokens of the entangled players are interconnected. This means that when either one of the entangled  players throws the dice, the result is applied to both photons in the entangled pair. The players will continue to apply their moves to each other’s tokens until one of the pair lands on a scattering hazard (i.e. either a detector or an atom). When this happens the player landing on the hazard has to spin the direction wheel as normal, but the linked token also moves  in the opposite direction. This movement is the last linked action that takes place as from now on the two tokens are played separately by the appropriate player.
There are two circumstance in which two tokens can land on the same square 
without them becoming entangled. 
· If one of the photons is delocalized when two players meet, then the delocalized photon has its wave function collapsed by the meeting (i.e. the other token of the pair in the delocalization is removed from the board and the play continues from this square) . However the meeting does not cause the two tokens on the same squre to be entangled. . 
· Two or more entangled photons arriving on the same square are not further entangled – this should be treated like a scattering. 
Community chest cards:

Student Resource Sheet 1b is a series of cards with comments on them. These should be cut out and placed upside down next to the board and each player takes one in turn when landing on a community chest square. The cards are replaced at the bottom of the deck once they have been used.

Print a copy of Student Resource Sheet 1c: Game pieces and ideally stick onto pieces of hardboard or stiff cardboard.

Print a copy of Student Resource Sheet 1d: The board and photocopy to A3 size, ideally stick onto a piece of hardboard or stiff cardboard.
















































8





6





7





5





4





3





2





1








� The mathematics of quantum theory describes a particle in terms of an expression that gives the probability of the particle being in a range of different states. This is called a wave function. When it is known which state the particle is actually to be found in, the wave function spontaneously changes to reflect this information. This is collapsing the wave function.
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