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larger dominos, each one 1.5 times larger in each dimension than the preceding one. ... 13th domino has 5.0612 = 280,000,000 times the energy of the 1st. 
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Jearl Walker www.flyingcircusofphysics.com, March 2009 A common pastime is to arrange upright dominos in a line so that when the first one is knocked over, a chain reaction is sent along the line. Although videos involving thousands of dominos are available on the web, the most impressive display I have ever seen was described in a paper published in 1983 by Lorne Whitehead of British Columbia. He called his arrangement a domino amplifier because the chain reaction went through progressively larger dominos, each one 1.5 times larger in each dimension than the preceding one. Here is a scan of his photograph of the dominos. He toppled the first, very small domino by “nudging it with a long wispy piece of cotton baton.” It then toppled the th next domino and so on, until the 13 domino fell. As Whitehead pointed out, if he had continued the series to 32 dominos, the last one would have had a height comparable to that of a skyscraper. Thus, the slight nudge on the initial tiny domino would have resulted in toppling a gigantic block. (This would be a splendid metaphor for how we got into our current economic crisis.) If we set up a normal domino line, we do a certain amount of work in lifting each domino to its upright position against the downward pull of the gravitational force. Our work is said to result in a gravitational potential energy associated with the elevated center (or center of mass) of the upright domino. If we topple the domino so that the center falls, the stored energy is transferred to kinetic energy during the domino’s rotation downward and then it is transferred into sound, vibration, and some very slight heating during the domino’s collision with the floor. In a normal domino toppling demonstration, each domino hits another domino before reaching the floor and thus energy is transferred along the line, domino to domino. In each collision, some of the energy is transferred to sound, vibration, and slight heating, but much of the energy is transferred to the next domino as kinetic energy. If the dominos are identical and equally spaced, a steady amount of kinetic energy moves along the line, from domino to domino. However, in Whitehead’s arrangement the amount of kinetic energy increases along the line (it is thus amplified). The increase is due to the progressively larger gravitational potential energy associated with the progressively larger dominos. That is, each domino is more massive the preceding one and has a center of mass that is more elevated than the preceding one. From one domino to the next, each dimension (width, thickness, and height) is 1.5 times that of the preceding domino. Thus, the center of mass is 1.5 times higher than that of the preceding domino. And the volume (and thus the mass) is 3.375 (= 1.5 x 1.5 x 1.5) times that of the preceding domino. Therefore, the gravitational potential energy (which depends on the mass and the height of the center of mass) is 5.06 (= 1.5 x 3.375) that of the preceding domino. Here are some results: nd st 2 domino has 5.06 times the energy of the 1 domino. rd 2 st 3 domino has 5.06 x 5.06 = 5.06 = 25.6 times the energy of the 1 . th 9 st 10 domino has 5.06 = 2,100,000 times the energy of the 1 . th 12 st 13 domino has 5.06 = 280,000,000 times the energy of the 1 . Also, as Whitehead pointed out, the energy released by that last domino is about 2 billion times the energy needed to nudge over the first domino. Of course, the energy does not come for free because someone must do work to put the dominos in their upright positions. And if the last block is as tall as a skyscraper, the work would be enormous. Still, even Whitehead’s arrangement of 13 dominos was very impressive when the last domino fell over with a mighty thud soon after I nudged over the first, tiny domino with only a slight touch. I must admit that I felt very powerful, well, for a minute or two until I faced the task of lifting all the dominos back into their upright positions. Daykin, D. E., "Falling dominoes," Problem 71-19, SIAM Review, 13, 569 (1971) Shaw, D. E., "Mechanics of a chain of dominoes," American Journal of Physics, 46, 640-642 (1978) Speco, B., Jr., with B. Sugar, The Great Falling Domino Book, Warner Books, 1979 McLachlan, B. G., G. Beaupre, A. B. Cox, and L. Gore, "Falling dominoes," solution to problem 71-19, SIAM Review, 25, 403404 (1983) Whitehead, L., "Domino 'chain reaction'," American Journal of Physics, 51, 182 (1983) Walker, J., "Deep think on dominoes falling in a row and leaning out from the edge of a table" in "The Amateur Scientist," Scientific American, 251, 122-130 (August 1984) Bert, C. W., "Falling dominoes," SIAM Review, 28, 219-224 (1986) Stronge, W. J., "The domino effect: a wave of destabilizing collisions in a periodic array," Proceedings of the Royal Society of London A, 409, 199-208 (1987) Stronge, W. J., and D. Shu, "The domino effect: successive destabilization by cooperative neighbours," Proceedings of the Royal Society of London A, 418, 155-163 (1988) McGeer, T., and L. H. Palmer, "Wobbling, toppling, and forces of contact," American Journal of Physics, 57, No. 12, 1089-1098 (December 1989) van Leeuwen, J. M. J., “The domino effect,” (2004) available at arXiv:physics/0401018v1 Efthimiou, C. J., and M. D. Johnson, “Domino waves,” (2008) available at arXiv:0707.2618v1 Larham, R., “Validation of a model of the domino effect," (2008) available at http://arxiv.org/abs/0803.2898v1
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