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Consider the standard chess board with black and white squares, and remove the squares on the two opposite corners. A domino is any rectangle 2 squares in length and 1 square in width. Here is the question: Can you cover the remaining 62 squares of our chopped chess board using 31 dominoes?

Take a little bit of time to think about this, before reading on.

This is a sample of puzzles that Martin Gardner used to entertain his readers with. Gardner wrote a column called “Mathematical Games” in the popular science magazine Scientific American for 25 long years, from 1956 to 1981. His column had a huge impact on the way people view mathematics, and inspired a whole generation (including the writer of this article).

October 21, 2014 is the centenary of Gardner's birth, and Jantar Mantar is pleased to salute the memory of the man who was described as the King of Puzzles. His column, and many puzzle books, made mathematics exciting for millions, across the globe.

The Column

Gardner's Mathematical Games column injected a spirit of fun and play into a subject many associate with fear and drudgery. He introduced fascinating new topics using simple puzzles and mental challenges. There was great depth to his writing, and the deceptively simple puzzles would at times lead to deep mathematical notions. Long before the mathematical world knew about it, Gardner introduced breathtaking ideas through his column. It was Gardner who introduced the reading public to mathematical games such as Conway's Game of Life, Penrose's aperiodic tilings of the plane, and Mandelbrot's fractals.

In 1977, Gardner wrote about what are now known as Penrose tiles. These provide a novel and surprising way to cover a flat surface with the same two shapes, known as darts and kites, over and over, yet in such a way that no repeating pattern is present. With a little imagination, a similar “nonperiodic” effect is achievable using traditional tile shapes, such as squares or hexagons, though we are more used to seeing floors tiled with those in totally predictable ways. The point of darts and kites is that they can only tile in a nonperiodic fashion, something that was not even known to be a possibility until the mid-60s.

The Game of Life appeared in Scientific American in 1970, and was by far the most successful of Gardner's columns, in terms of reader response. It is a simple game with cells placed on a grid. Every cell can be dead or alive at any time. Every cell has eight neighbours. A dead cell with exactly three live cells becomes alive (birth). A live cell with two or three live neighbours stays alive (survival). In all other cases, a cell either dies or stays dead (due to loneliness or overcrowding). Via Gardner's column, Conway asked for a proof that infinitely growing patterns of the game existed, and offered a cash prize for a solution. After some time, this was claimed by a young computer scientist named Bill Gosper. Conway was then able to prove that the Game of Life was in essence a machine that in principle could do everything computers could.

Martin Gardner also broke the story of the invention of what is called RSA cryptography -- the now standard way in which confidential data such as passwords, bank information, and the like, are secured in computer communication. In fact, he got into trouble with the US Government over this since, at that time, such techniques were used only by the military and not by common people.

Gardner's Philosophy

According to Gardner, puzzles were not mere entertainment but an important tool for a teacher to introduce mathematical reasoning, and a way of warming up for anyone. He wrote: “Surely the best way to wake up a student is to present him with an intriguing mathematical game, puzzle, magic trick, joke, paradox, model, limerick, or any of a score of other things that dull teachers tend to avoid because they seem frivolous. The frivolity keeps the reader alert. The seriousness makes the play worthwhile.”

Interestingly, Martin Gardner never studied Mathematics at University. His degree from the University of Chicago was in Philosophy. He said in an interview: “The big secret of my success as a columnist was that I didn't know much about math. I had to struggle to get everything clear before I wrote a column, so that meant I could write it in a way that people could understand.”

The Sceptic

Gardner was a journalist, working in a magazine for children for many years before he started with Scientific American. He did not set out to popularize mathematics, though he is perhaps one of the most significant figures in mathematics popularization.

Another of Martin Gardner's lifelong passions was his scepticism, devoting a great deal of energy to expose and debunk frauds who operated in the name of science. He was a trained magician and used his learning to show how fraudsters fooled people. When someone called Uri Geller went on American television in the 1970s claiming to bend spoons using “mind power”, Gardner scoffed, challenged him to a demonstration and exposed Geller.

“If you want to know how Geller bends spoons, don't ask a physicist, even if he won a Nobel Prize. Ask me”, he wrote. He pointed out how even intelligent, highly educated people can be easily fooled by magic. Debunking fraudsters needs time and hard work, and expert scientists may not have the time for it. 

Gardner worked away, seven days a week, often standing up, well into his 90s. He still had a childlike fascination with questions such as, “Why does a mirror appear to switch left and right, but not up and down?” and “Why are the sun and moon almost the exact same size when viewed from earth?”

When the New York Times published a scathingly negative review of one of Gardner's books, many readers were outraged. Later it turned out that the review was written by none other than Martin Gardner himself, under an assumed name!

The Domino Puzzle

Let's now return to the puzzle we started on. Have you solved it by now?

Consider the standard chess board with black and white squares, and remove the squares on the two opposite corners. Can you cover the remaining 62 squares of our chopped chess board using 31 dominoes?

See Fig 1. Note that the two removed squares are the same colour.

Since each domino covers one white and one black square, 31 of them would cover 31 white and 31 black squares. This mismatch means that the answer is No. 

Mathematicians refer to this as a “parity argument”: a full board and any number of dominoes have the same parity - an equal number of squares of each colour -- but the board above with two missing opposite corners does not preserve this parity. The same argument applies if we remove any two squares of the same colour -- the resulting mutilated board cannot be covered with 31 dominoes.

But wait, there's more: suppose that two squares of different colours were removed from such a board, for instance two adjacent corner squares. Show that the remaining 62 squares definitely can be covered with 31 dominoes (each the size of two squares). This actually works no matter where the two squares are removed from. Can you construct a valid argument that works in all cases?

Welcome to Gardner's puzzle land, have lots of fun travelling here!

Pentominoes

We spoke of dominoes above. A pentomino is a shape made with 5 squares with two adjacent squares sharing a side. How many different shapes can you make with pentominoes? Note that flipping or rotating might make a shape seem different but would be the same shape. The solution can be seen in Fig 2: 12 shapes are possible. Just for fun, they are shown rotated to look like letters of the alphabet in two different orderings.

Now the question: each pentomino has 5 squares. You have 12 shapes, with a total of 60 squares. Can you fill a 5 by 12 rectangle using all these shapes exactly once?

Indeed yes, you can tile 3 by 20, 4 by 15, 5 by 12 and 6 by 10. (See solutions on page 30).

Are these solutions unique? A bit of play would show you that they are not. How many different solutions are there? Ah, that is hard to answer, and needs at least college mathematics!

From Transparent to Opaque

In 1990 Gardner asked the following question: “What is the minimal area of surfaces inside a transparent cube that will render (make) it opaque?”

In essence, he was asking for a system of “walls” inside a cube, of minimal total surface area, so that if the cube's six exterior flat walls were transparent, the interior walls would block all light rays passing through the cube: a ray of light entering from any side should not be able to pass through the cube.

Let's start by asking the presumably easier question: “What is the minimal length of lines inside a transparent square that will render it opaque?” That is, we have simplified from a 3-dimensional to a 2-dimensional problem.

This time we seek a system of “walls” inside a square, of minimal total length, so that if the square's four exterior straight walls were transparent, the interior walls would block the path of all light rays passing through the square.

Simply erecting walls along all four boundary walls does the trick, but is very wasteful. The most obvious solution is to have two “diagonal” walls so that light cannot pass through at any angle. Such a pair of “diagonal” walls are shown in Fig 3(a), with total length of the two diagonals being 2x21/2 which is about 2.83 for a unit square.

You can have slightly shorter walls by introducing two “Steiner points”, yielding the picture in Fig 3(b), with total length 1+31/2, or about 2.73. While the Steiner “tree of interior walls” shown there forms the shortest network connecting the four corners of the square, and all light is blocked from passing through as desired, it turns out that we can do still better.

The best known opaque square has light blocked by a very surprising network of interior walls with total length 21/2+61/2/2 or about 2.64, as in Fig 4.

Even more surprising is that this is merely the best known solution; it has never been proved to be optimal. The corresponding problem for an equilateral triangle is also unresolved. Both the square and triangle problems are special cases of a family of two dimensional “opaque forest problems”.

Given how difficult the two dimensional problem turns out to be, it's hardly surprising that little progress had been made on the three dimensional version which Gardner posed in 1990. The two images in Fig 5 show successive attempts at solutions for the cube problem, generated by computer. These results from the early 1990s have yet to be improved on.

That's a great example of how a simple, innocent sounding question can spur new mathematics, sometimes with very surprising consequences and leading to new open problems.

END OF THIS ARTICLE

Some of Gardner's Puzzles with Solutions

These can be placed in various pages of JM, with all solutions on page 30

A Martin Gardner Puzzle Onion in a Glass: Arrange four paper matches on a table as shown at right. They represent a glass. Inside is an onion. The puzzle is to move just two matches so that the glass is re-formed, but the onion, which must stay where it is, winds up outside the glass. At the finish, the glass may be turned to the left or the right, or even be upside down, but it must be exactly the same shape as before. Solution on page 30.
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A Martin Gardner Puzzle Cut Figure: You are to make one cut (or draw one line). Of course, it need not be straight. It should divide the figure into two identical parts. Solution on page 30.
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A Martin Gardner Puzzle Magnet and the Rod: You are in a room with no metal objects except for two iron rods. Only one of them is a magnet. How can you identify which one is a magnet?Solution on page 30.
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A Martin Gardner Puzzle Truth Teller or Liar: Each inhabitant of a remote village always tells the truth or always lies.  In addition, a villager will only give a “Yes” or a “No” response to a question a tourist asks. 

Suppose you are a tourist visiting this area and come to a fork in the road. One branch leads to the ruins you want to visit; the other branch leads deep into the jungle. A villager is standing at the fork in the road. What one question can you ask the villager to determine which branch to take? Solution on page 30.
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