CUMCM-2006 Problem C: Optimal design of the shape and dimension of beverage cans


If you look around at a supermarket the best-selling beverage (such as Coca Cola, etc.), you will find that the shape and dimension of 355-liter beverage cans (pull-tab cans) are almost the same. It looks like that it is not by chance; it should be a kind of optimal design. Optimal design for a single beverage can might only reduces the cost by a very small amount of money. However, considering several billion cans are sold out in China, the savings will become significant. 

We invite your team to investigate the optimal design of the shape and dimension of beverage cans. Your tasks are: 

1. Take a 355-liter beverage can, for instance, a Coca Cola can, and measure its diameter, height and thickness of different parts of the can which you think that they are useful for the validation of your models, and list the data. If your data are not measured by your own, you must indicate where you get the information. 

2. Suppose that the beverage can is a cylinder. What is the optimal design? Show if your result can explain reasonably the shape and dimension of the can you measured, for instance, the ratio of diameter to height. 

3. Suppose that the central section of the beverage can is shown in the figure below, namely, its upper part is a frustum of a cone and the lower part is a cylinder. 
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What is the optimal design? Show if your result can explain reasonably the shape and dimension of the can you measured. 

4. Make your own optimal design of beverage cans according to your observation and imagination of the can you measured. 

5. Write a short article (no more than 1,000 words, and your solution paper must include this short article) basing on your solving of this problem and your previous practice and experiences on mathematical modeling to explain what is mathematical modeling, its key steps and difficulties etc. 

