An aluminium can contains 

330 ml of cola. 

If the can's diameter is 6 cm what is the can's height?

Consider the formula for the volume of a cylinder. Like any prism, it is the area of the cross-section multiplied by the height. The area of a circle is given by [image: image2.png]


 so the volume of a cylindrical cola can is [image: image4.png]


.
We already know two values. The volume, 330ml, and the diameter, 6cm. Millilitres are the same as cubic centimetres so 330ml = 330cm3. Our expression for the area of a circle uses the radius rather than the diameter, so if we halve the diameter to get the radius, we get 3cm.
We therefore have

300 = 32*[image: image6.png]


*h

Rearrange to get

330/9[image: image8.png]


 = h = 11.67cm (to 2dp)
If instead the can's height was 10 cm what would the can's diameter have to be?
Using the same method as above, we have an algebraic expression which we can rearrange to find the diameter:

300 = [image: image10.png]


*r2*10

Rearrange:

330/10[image: image12.png]


 = r2
The diameter is twice the radius, so

d = 2√(330/10[image: image14.png]


) = 6.48cm (to 2dp)
Which of these two cans uses the least aluminium?
Assuming the thickness of the aluminium remains constant, the amount of aluminium required is equal to the surface area of the can. If we ignore the ring pull, brim etc and let the can be a plain cylinder, we get the surface area from:
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 + [image: image18.png]
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Because the surface area consists of the two round ends and the rectangular tube of curved length equal to the circumference of one of the circles.

The surface area of the first can is

2*[image: image20.png]


*32 + [image: image22.png]


*6*(330/9[image: image24.png]


) = 276.5cm2

And the surface area of the second can is
[(330/10[image: image26.png]


) * [image: image28.png]


 * 2] + [12√(330/10[image: image30.png]


) * 10] = 399.4cm2
If you could choose any diameter which dimensions for the can would use the least amount of aluminium to package 330 ml of cola?
The expression for the surface area of a cylinder is
SA = 2[image: image32.png]


r2 + 2[image: image34.png]
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We want to use differentiation to find our answer, so we need only one variable in our expression. [image: image36.png]


 is a constant so it doesn’t count as a variable. h can be expressed in terms of r, as (330/[image: image38.png]


r2)

Therefore the function we will be using is:
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r2 + 2[image: image42.png]


r(330/[image: image44.png]


r2)
= 2[image: image46.png]


r2 + 660r-1
At [image: image48.png]


 = 0, there is a stationary point (max or min) of a curve. Because we essentially have a +r2 function, the curve should look something like this:
SA

 0  Radius
So our stationary point is the minimum value (minimum surface area).
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 = 4[image: image52.png]


r – 660r-2 [image: image54.png]dr



 = 0

So 4[image: image56.png]


r = 660/r2
4[image: image58.png]


r3 = 660
r3 = 660/4[image: image60.png]



r = 3√(660/4[image: image62.png]


) = 3.74cm (to 2dp)
Thus the diameter = 7.49cm (to 2dp)

And h = 330/[image: image64.png]


r2
= 7.49cm (to 2dp)
