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1. Overview
A carom or other board offers an ideally frictionless platform for the motion of objects (striker/carom-men), and controlling the motion of these objects to put them in the pockets is the challenge in the game. Our variant introduces strikers and carom-men (referred to as a “coin” below) made of different materials, magnetized and non magnetized form along with set of ‘fun rules’ (Experiments) to teach kits about basics of physics and mathematics – Newton’s laws, electromagnetism, etc, while they enjoy playing the game. A few of the concepts which can be illustrated while having fun are:
1. Newton laws -  Study of Newton laws of motion thru a game of carom                          
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Using strikers of different mass, we examine the behaviour of the coins stuck. Heavy strikers make the coin go faster, light ones slower.

2. [image: image16.bmp]Friction 
The friction faced by Strikers made of light weight material like Aluminum or Rubber or plastic and wood on the carom board, can be studied, by observing the number of rebounds they make.

3. Collision.
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Concepts of elastic and inelastic collisions can be illustrated using strikers/coins of aluminum, rubber, plastic, wood, etc
4. Magnetism 
Attraction/repulsion, eddy currents, hysteresis, etc can be illustrated by this game. Some details are given below.
5. Fission Reaction 
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Fission reaction principles can be illustrated, by placing coins on the carom board in a specific pattern, and observing the behaviour when the striker hits them.

A simple description about each of the above experiment will be given along with the carom board, striker and coins. Further details are below.
1. Background
We enhance the game of carom with magnets on the striker and/or the coins and/or the board. The resulting magnetic carom introduces a new dimension to the game - invisible magnetic forces by attaching magnets to the striker/coins/board. The coins get “trapped” in attractive wells, “swing” by repulsive areas, and stick/repel each other. All this makes the game interesting and challenging to play.

The level of difficulty can be chosen by either a set of predefined rules, or a computer program. The game can be played either single player or multi-player. A robotic player can be made for people to play against, and test and/or improve their skills. A completely software implementation can also be made. 

The magnet enhancement is cost effective, since modern rare-earth magnets are very inexpensive (< Rs 5 per magnet, and the price can be even less in bulk). The game is also very educative, especially in fundamental physics (Newton’s laws) and electromagnetism. As such this is a simple entertaining and educative toy.

The magnetic fields involved are safe, with strengths as per international limits. A continuing international patent application documents some major features of this game [US 7348754], and this document expands on the same with new material.
2. Detailed Description
A carom or other board offers an ideally frictionless platform for the motion of objects (striker/coins), and controlling the motion of these objects to put them in the pockets is the challenge in the game. Existing variants of this game rely on the player’s skill in choosing a set of coins to put in the pocket, relying on his/her skill in launching the striker with the correct velocity and direction to achieve this goal. In doing so, the primary challenge is to manage the collisions between the striker and/or coins and/or board sides to achieve a final velocity to a coin, putting it into the pocket. All forces in traditional carom are observed during contact of the striker and/or coins and/or board sides.

Our variant introduces non-contact magnetic forces into this game, by attaching magnets to the striker/coins/board. These magnets can be completely embedded in the striker/coins, so that the external appearance is exactly the same as conventional carom. 

These forces cause the motion of the striker and/or coins to change direction, move together, etc without any visible collision or imposed external force. The resulting “swing areas (repulsive)” and “traps (attractive areas)” of the striker and/or coins make the game fascinating. Coins stick/repel to each other, at the locations where their magnetic poles lie. Proper strategies have to be devised to avoid putting coins in the vicinity of the swing and trap areas, where is it difficult to control them (unless a very high degree of mastery is achieved, where the magnetic field is used to advantage).  Similar strategies have to be devised to handle the coins sticking to each other, and moving as a composite coin.
The amount of the non-contact magnetic forces can be customized, to achieve various levels of difficulty. Even at low levels of difficulty, the game is very entertaining, due to the swings, traps and coins sticking to/repelling each other.
There are many variants to this game, some of which are shown below (see also the figures below).
1. Magnetized striker and/or coins only: In this game, only one or more of the striker and/or the coins are magnetized in some fashion (possibly with multiple magnets – mono, dipoles, tripoles, …). All coins need not be magnetized, and the standard coins can be used in conjunction with magnetized coins. The coins attract/repel each other, while the board is neutral. Proper strategies have to be devised to, for example (a) separate different coloured coins, (b) moves coins of the same colour as a unit (c) move the queen and the current player’s coin as a unit, if they are stuck together, etc. An ordinary board can be used, only the striker and coins need to be different and purchased. Each coin can be magnetized in different ways, and a few variants are shown in Figure 1 (a) (b) and (c). Note that the orientation of the magnetic field in each coin can be arbitrary – vertical, horizontal, or even at an angle. All magnets need not have the same orientation – see Figure 1 (d):
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Figure 1 (a) Magnetized Striker and Coins – Monopole, Dipole and Tripole. Direction of magnetization is vertical (into/out of paper).
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Figure 1 (b) Magnetized Striker and Coins –the magnet positions can be changed in a coin. Orientation of field is horizontal.
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Figure 1 (c) General orientation of magnets relative to the striker/coins.
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Figure 1 (d) Hybrid Magnetized Coins both with horizontal and vertical magnetization
2. Magnetized striker and/or magnetized coins and/or magnetized board

Here the board is also magnetized in various ways, with magnets placed in various places beneath the surface. This causes potential wells to appear on the surface, and thereby modulate the behaviour of the coins, in an “invisible” manner. At places where the magnetic field attracts, the coins tend to get trapped, where it is repulsive they swing by, and so on. Traps on the sides prevent striker/coin rebounds.

Playing the game effectively requires reasonable skill to maneuver the coins away from these areas, or a very high degree of skill to exploit the magnetic fields in these areas. The skill is both in designing a proper route for the coins, and in striking the coins correctly to achieve the desired trajectory. Some variants of this game are the 1, 2, 3 or 4 pouch variants, where only 1, 2, 3 or all 4 pouches can be used for pocketing coins. Magnets near/in disallowed pouches prevent coins from being pocketed there.

In one version, there are a variety of strikers, and depending on the board state, the player can select the one to use in the next strike (for a low level version), or the opponent can choose the striker depending on the state of the board.
3. The magnetization of the coins causes them to attract/repel each other. The coins will tend to occupy relative position such that the magnets of one attract the magnets of another. As such, the system of coins displays stable states (energy minima), which can be used to illustrate many concepts. 

[image: image5]
Figure 2: Illustrating different stable geometrical structures built from magnetic coins (a) Linear chain of 4 (b) Tree of 3 (c) DAG of 5
a. The attraction between coins offers the possibility of them forming interesting geometrical shapes – a tree, a dag, etc. The entire game can be played with all or part of the coins forming this shape, and moved together as a unit. Conceptually, the individual coin is an atom, and the entire shape is a molecule. The number of combinations is very large, corresponding to graph combinatorics.

More points can be allocated towards moving the whole coin as a unit, till at least one of them is in or over the pocket. Then we can get points for all the coins (subject to a possible limit). The number of possible geometrical shapes is combinatorial, and counting these is itself very interesting to children. 
Children can be asked to make different kinds of geometrical patterns, and move them as a unit without rotation (say). Moving a whole coin without rotation as a unit teaches them concepts of center of mass, etc.  The striker has to hit the pattern near the center of mass, else the pattern will rotate. Children should explain in which case it is possible to move the pattern without rotation, and in which case it is not possible (this depends on the orientation of the pattern w.r.t the side the child/player is in).

If they are unable to move the pattern as a unit, then they can break them up, for a penalty. There are many strategies to play such games, and the rules of one possible such game are described later.
Instead of putting in a pocket, coins can be arranged at one side, and the objective is to make a certain pattern of attached coins using the striker. One player plays till the pattern is made, or a maximum number of strikes is exhausted. Then the other player plays. The player who takes fewer strikes wins.
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Figure 3: Illustrating data storage concepts using relative location of coins (a) representing (0) and (b) representing (1)

b. Considering data storage, two coins A and B, with the north of A sticking to the south of B, can represent a 0, and vice versa for a 1. As such, an interesting game can be just arranging the coins such that particular stable states (“data messages”) are formed.

4. In all the above, electromagnets can be used on striker/board/coins, in addition to / instead of permanent magnets. The magnetic fields can then be changed by the players during the play itself. In one embodiment, the opponent can change the magnetic field to challenge the player.

5. The magnetic field can be changed dynamically also during play.

6. In all the above, we can use induction members and/or hysteresis members, which offer “drag”, which can slow down striker/coins, offering more variety in the game.

7. Instead of and in addition to magnets, we can use physical obstacles (say wooden obstacles) placed on the board, which will act like hard barriers. These barriers do not act at a distance (neither attract nor repel), but collide elastically (or inelastically,  depending on the material). The game then is played to go around these obstacles.
3. Hardware Specifications

Every kind of coin/striker/board magnet is made to precise specifications. The coin material need not always be wood. Different materials can be chosen for the striker/coins, and used together with possibly hollow unfilled areas, so that the coin/striker has the same mass as a normal carom coin/striker. By proper construction, the center of mass of the coin/striker can be kept the same as a normal carrom coin/striker, at the center. The coefficient of elasticity can be controlled by appropriate choice of materials and manufacturing. Each coin/striker can then be so manufactured that the same kind of elastic collision happens, irrespective of where it is hit by the striker or another coin.
 The 3-D magnetic field distribution is carefully specified to yield a certain dynamics in the presence of other magnetized/hysteresis/induction members. The figure below shows an example of such a distribution. The maximum field extent can be tailored to be acceptably small, for safety.
Given good manufacturing, the optimal play will not vary between coin to coin of the same kind, and can be learned by human beings, or even an automatic program. This makes an effective barrier to entry of others into this market.
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Figure 7: Field Distribution (B) of exemplary coin.
4. Extensions to the basic game
The game as described is a basic game. There are many extensions possible: 
Software can be created to setup and/or play this game, which can do one or more of the following:
1. Generate new patterns of magnetization (striker, coins, board), which can be set to offer games with various degrees of difficulty
2. Offer a completely online game, where the game is played on the computer only.
3. Monitor the speed/velocity of striker/all coins using a camera, for input to educational software illustrating mechanics and electromagnetics. 
The position and velocity of striker/ each coin can be tracked. While this is a solvable problem, the methods for accurate velocity estimation are sufficiently complex, that this issue is a barrier to entry. All collisions can be tracked. Energy, momentum, angular momentum, position of center of mass, etc can all be computed and displayed on the computer screen.
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Figure 8 Webcam Enabled Quantitative Carrom illustrating conservation of linear and/or angular momentum.
Specifically, for each coin/striker, the velocity (linear and angular), energy, and momentum (both linear and angular), as a function of time can be shown on the computer screen. In each collision, the exchanges of these quantities amongst the colliding coins can be shown. Energy loss due to friction losses at each position can be shown on the screen. 
If there are eddy and/or hysteresis losses induced due to the presence of conductive coins under or near the board, this can be illustrated too. The difference in loss between a magnetic dipole and a monopole can be shown, etc.

All in all, the camera converts this game to a physics laboratory, and has extensive educational and entertainment value.
4. Control a “robotic actuator”, which has a physical actuator, capable of launching the striker. An algorithm to control the speed and direction of the actuator is required. This algorithm can be as sophisticated as one desires (simple versions of this problem are NP-Hard), since it is a path finding with soft obstacles.

5. Have a “active striker”, with has inbuilt power, and program it to autonomously strike coins. The striker to pocket all the coins first is the winner. Alternatively, the striker which uses minimum energy is the winner.
3. Entertainment and Educational Value

The entertainment value of the device is clear, since having a striker and/or coins swing is a lot of fun, and challenging. 

There are many educational aspects to this also. Educational material to learn basic physics – mechanics, electromagnetism, etc can be made and available on a website. Some examples of educational materials are:

a. Mechanics 1: Measure using the webcam, the velocities of two coins (non-magnetic) striking each other using (a) Direct Hit (b) Glancing hit. The velocities should exhibit the

i. Conservation of Momentum (linear and angular)
ii. Conservation of energy (linear and angular)
Use of strikers of different mass will show different behaviour: a massive striker will change speed very little, while a lighter striker will change it much more.

b. Mechanics 2: Move the pattern of attached coins as a unit, without rotation. The force has to be through the center of mass of the coin, and illustrates the concept of center of mass.
c. Mechanics 3: Measure the time period of oscillation of a monopole coin near an attractive potential well. Estimate the effective spring constant K, from the equation for a simple harmonic oscillator:
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Validate this equation by using a coin of twice the mass and show that the frequency goes down by 30%. Try the same with a dipole, a tripole, etc.

d. Electromagnetics 1: Measure the velocities of two magnetic coins repelling each other when they come close, without contact. Shows that conservation of momentum/energy does not require contact, but can be field mediated.

e. Electromagnetics 2: Eddy Currents: Measure the eddy currents flowing when a magnetized striker passes near an Al member below the surface, from the deceleration. This is best done with a dipole striker as shown below. Estimate the conductivity of Al, Copper and Stainless Steel using this process.
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f. Combinatorics: 

i. How many different strikers/coins with N identical magnets can you make, where the polarity of each magnet can be flipped?

ii. How many strikers/coins can you make with N different magnets can you make, where each magnet is different, and can be used only once? What changes if each magnet type can be used any number of times

iii. How many topologically and magnetically different geometrical structures can you make, with N magnets? Make some, and play with them, moving them as a unit.

iv. Make some of the above using the kit (which has magnets and slots for them in the striker/coins), and try them out. There are “non-magnetic” fillers for slots where magnets are not required. These are small parts and should be handled by children over 8 years of age.

g. Advanced Robotics (Ph.d level and beyond)

i. Control the robotic player (from the programming interface) to optimally play the game (a) solo and (b) against an opponent. This is very hard.
Rules of Magnetic Carom

Below, we list some of the possible rule bases and variants of magnetic carom. There are many other rule bases possible also.

Magnetic Carom Rules of Game 1
1. Coins have to be pocketed as in carom.
2. Training sessions to learn board are allowed (10 shots).

3. Striker orientation and top/bottom can be changed during game by player.
4. Coin orientation (which side is up) decided at beginning, cannot be changed afterwards, except by normal play.

5. Coin or striker jumping out of the board causes the player to lose his/her turn.
6. Striker going into pocket causes the player to lose the turn.
7. Coins sticking to each other at same level (i.e. coins sticking to each other have the same height) cause no change in game. 
8. Many interesting patterns can be made by having coins stick to each other’s sides, depending on the polarity of the magnets at the sides. Trees, Dags, etc can be built. These patterns can be formed at the beginning of the play or dynamically during the game itself. In this case
a. Pocketing each coin individually wins the same points as in ordinary carom. 
b. Pocketing a whole pattern (by pocketing any one of its constituent coins, without breaking the pattern), wins the player, the sum of the points corresponding to all the constituent coins belonging to the player. All such constituent coins are removed from the board.
i. The turn is retained if all constituent coins belong to the player who played the turn.

ii. If the constituent coins include one of the opponent, the opponent also get the points corresponding to his/her coins, and gets the turn.

c. If the queen is included in the pattern, it has to be “covered” by another coin of the same player. In this case the turn is retained.
i. If the queen is included but not covered in a pattern, then the opponent gets the points corresponding to the queen, and also the turn.
d. A lone pocketed queen can be covered by a coin of the same player in the next turn, either solely or in another pattern.

9. If coins jump over and stick to each other making a tower, then they will be disengaged, and placed in the center of the board.

10. If coins stick to each other and the striker, coins will be placed in the board center and the striker is given to whoever’s turn it should be in normal carom (same player if at least one coin has been pocketed, else the other player).
11. One possible set of coins is shown below, with six magnets each. The initial position is stable. A very large number of variants of this initial position can be generated by flipping the polarity of one or more of the pair of magnets facing each other. This offers a very rich set of games, generatable by just flipping polarities. A kit of magnetized coins can be provided for this purpose, and selected at the beginning of the play. Selecting a set of coins which can make a stable initial position is itself a challenging exercise and can fetch bonus points in play. If the player cannot select such a stable position, a default one is used.

The changed magnetization of the coins changes the dynamics and offers in principle a whole universe of games to play. As another variant, the patterns should not touch the board sides, else we get a penalty. The game then is to make the pattern move in every stroke, else we change the turn. There are clearly many variants possible on this theme.
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Figure 9 One possible layout of coins at the beginning of the game

[image: image12]
Figure 10 Another possible layout of coins at the beginning of the game – note changed Queen magnetization and those of surrounding coins.
Magnetic Carrom: Games 2, 3, 4, …
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Some more examples of the immense possibilities of magnetic carrom are shown in the figures and rules given below. Unless otherwise indicated, the initial position of the coins is as per normal carom.

1. Single pouch game 

  - Magnetic field barrier [image: image21.jpg]Force
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Here the presence of magnetic “repulsive” barriers allows only one pouch to be used, and an appropriate strategy has to be devised for this.

2. [image: image25.jpg]
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Magnetic trap for Queen

























































Here the Queen is attracted to the attractive traps, and once there is difficult to extricate. Strategies to avoid the coin going near the traps have to be devised.

3. No Striker Rebound   






The striker, once it hits the top or bottom sides, gets stuck there. Rebounds are possible only on the other sides.

4. Single coin game






Figure 4 Single coin game showing one possible trajectory (2 rebounds)

Here the presence of barriers (attractive or repulsive) prevents a direct shot from being taken (unless a very high degree of mastery is achieved, to exploit the magnetic barriers). The game is to put the coin in an pouch, with the minimum number of trials, etc. If the number of trials of both players is the same, then ties are broken by looking at the minimum distance, rebounds, energy expended in the process.

The initial position of the coin can be anywhere on the board. An optimal solution to this problem involves quite a lot of mathematics and physics, and can be quite instructive.

This game clearly generalizes to any number of coins.

5. Only striker magnetic






Figure 5 Striker only magnetic

Another simple version of this game is one in which only the striker is magnetic, together with some magnets in the boards. Here only the trajectory of the striker needs to be carefully determined. The amount of magnetic “swing” can be varied between strikers, ranging from a non-magnetic strker to a striker having a powerful magnet. This offers varying amounts of difficulty in playing this game. The type of striker can even be changed during the game, with magnetically more powerful strikers yielding more points.

Another variant of this game can offer the player the option, of replacing a magnetic coin, with an easier to play non-magnetic one, offering less points, and vice versa.

6. “Magic Brake”

An aluminum flat section is inserted in a slot below the surface (it is not visible from the top).  Then a magnetized striker is used to hit a coin which is on the opposite side of the aluminum flat. The induction forces cause the striker and coin (if magnetic) to slow down at the section. 

The experiment can be repeated with flats of different thickness, iron flats, copper flats, and plastic flats, and non-magnetic strikers and/or coins, which can be monopoles, dipoles, etc. The full game can be played with a number of flats inserted, offering interesting challenges to the players. A variant is to accurately detect the presence of hidden flats in the board (and their thickness and material), just from velocity measurements. This can be done with a high end version of the game, with a camera and an algorithm which detects changes in velocity. This is an excellent device for learning electromagnetics.
This is a fun game illustrating principles of magnetic induction, conductivity, etc.


[image: image13]
Figure 6: Game with Induction Members, showing decrease of velocity due to induction braking
The same principles can clearly be used for any board game like billiards, snooker, etc.
V





(b)





(a)





0.5 T





S





Velocity Vector





Player 1





Player 2





 Player -2





S





N























































































































S





N





N





S





N





0.25 T





0.5 T





0.6 T





 Player -1





N





S





(a)





(b)





(c)





S





N





(b)





(a)





S





N





(b)





(a)





S





N





V2, 2





V1








_1339852595.unknown

