
G-MG How thick is a soda can?
Variation II

Alignments to Content Standards:  G-MG.A.1 G-MG.A.2

Task

About how thick is a soda can?

Explain which measurements you will need to take as well as extra information that
you may need in order to estimate the thickness of a soda can. You may assume that
the can is made of aluminum. Because of the risk of injury, cutting the can and directly
measuring its thickness is not permitted.

IM Commentary

This is a variation of ''How thick is a soda can? Variation I'' which allows students to
work independently and think about how they can determine how thick a soda can is.
The teacher should explain clearly that the goal of this task is to come up with an
''indirect'' means of assessing how thick the can is, that is directly measuring its
thickness is not allowed. Students should be supplied with cans to assist in this
process. After allowing the students to think about this for a while, it would be good to
have a discussion about what strategies students have developed and what
measurements they think of taking. The most relevant measurements for this problem
are surface area, weight, and density so the teacher may wish to discuss these if they
are not brought up by the students.

If students have access to tape measures and relatively finely calibrated scales, then
these can be used and would allow for a discussion about precision in these
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measurements. As far as the density of aluminum goes, the instructor may wish to give
this information to students (  grams per cubic centimeter). So the key pieces of
information which the students may identify as being needed to estimate the thickness
of the can are:

a. the surface area of the can,

b. the weight of the can,

c. the density of the can.

Assuming that the thickness of the can is uniform, the students would then use the
formula:

to find the approximate thickness. The reason why the  is appropriate in this previous
formula, instead of , is that we do not know that the thickness of the can is uniform
and the ''edges'' of the can will also influence this relationship. Moreover, soda cans are
not actually cylindrical as they are slightly tapered both at the top and bottom.

A second method for estimating the thickness of the can uses Archimedes' principle,
presented in ''Archimedes and the King's crown,'' and this does not require the density.
Archimedes' method calculates the volume of aluminum in the can by submerging it in
water in a calibrated beaker and measuring how much water is displaced. This is
perhaps more appropriate and feasible in a chemistry class but the ideas can be
discussed even if it is not possible to execute the measurements in math class. Most
importantly, Archimedes' method avoids knowing the density of aluminum and also
the weight of the can. So using this method, the students would then use the formula

The  sign is appropriate both because the surface area and volume of the can are
both estimates and because the where the top and bottom of the can are joined with
the cylindrical shaped piece, closer modeling would be necessary to get an accurate
formula.

Solutions

2.70

density ≈ surface area × thickness
weight

≈
=

Volume ≈ surface area × thickness

≈
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Edit this solution
Solution: 1 Use density of aluminumSolution: 1 Use density of aluminum

A picture of the soda can is given here. This can be shared with the students if they do
not have access to soda cans or to the appropriate measuring equipment that they will
need to estimate its thickness.

The only part of an aluminum can which gives us a visual sense for how thick the can
might be is the opening from which we drink the soda. Feeling and observing this, it is
quite sharp and clearly very thin, certainly too thin to be measured with a normal tape
measure. The thickness of the can will, however, be proportional to how much
aluminum is in the can and this, in turn, can be captured by weighing the can. In
addition to the weight of the can, the students will need to know the density of
aluminum (that is, how much does a given amount of aluminum weigh) and they will
need to approximate the surface area of the can.

The surface of the can is made up of the top and bottom together with the cylindrical
part of the can. In practice, the top and bottom are not flat but are well approximated
by circles. According to the given information, the radius of these circles is about 1 3
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π × 2 3
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inches. So the area is about  square inches or about  square inches. If
the cylindrical part of the can were made flat, it would be a rectangle with dimensions 

 inches by  inches or about  square inches. So the total surface area

of the can is about  square inches.

If there are about  grams of aluminum in the soda can and the density of aluminum
is about  grams per cubic centimeters then there are about

of aluminum in the soda can.

Since the amount of aluminum is given in cubic centimeters and the area of the soda
can in square inches we need to make a conversion in order to estimate the
approximate thickness of the can. There are about 2.54 centimeters per inch and so
there are about  square centimeters per square inch. So

This is about  square centimeters. To find the approximate thickness of the can
we know that

This means that the approximate thickness of the can is about  centimeters or 
millimeters.

If the teacher wishes to engage students in a discussion of precision of measurements
and how results should be recorded, there are three measurements which are subject
to error as well as the reported density of aluminum which is only accurate the nearest
one hundredth of a gram per cubic centimeter. The measurements of the can, if made
with a tape measure marked to the nearest sixteenth of an inch, can be assumed to be
accurate to within  of an inch. This is about  percent of the measurement of the
radius and seven tenths of one percent of the measurement for the height. Finding the
approximate area of the top and bottom of the can requires squaring the radius which
will roughly double the error to  percent. We have that  percent of  square inches
is almost half a square inch. The error for the cylindrical part of the can will depend on
the error for the height and the error for the circumference and will be a little more
than  percent or a little more than one square inch. So the total possible error here is

π × (1 )3
16

2 4.4

4 3
4 π × 2 × 1 3

16 35.4
44.2

15
2.70

≈ 5.6 cubic centimeters15 grams
2.70 grams per cubic centimeter

(2.54 ≈ 6.5)2

44.2 square inches ≈ 44.2 × 6.5 square centimeters.

287.3

thickness × 287.3 ≈ 5.6 . cm2  cm3

0.02 0.2

1
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close to one and a half square inches. An appropriate way to record this would be 
 square centimeters and then this error continues through the final estimation

of the thickness of the aluminum can. The can is not perfectly cylindrical and it has a
tab to open the can: these will contribute to the error as well but the overall estimate of

 mm for thickness should be good provided this thickness is uniform.

Edit this solution
Solution: Solution 2 Solution: Solution 2 Use Archimedes' principleUse Archimedes' principle

In order to estimate how thick the soda can is, we can estimate the surface area of the
can and the volume of the aluminum in the can and then use the fact that the volume
of aluminum in the can is approximately equal to the surface area of the can times its
thickness. For the surface area, the method of the first solution can be used and we
repeat this here.

The surface of the can is made up of the top and bottom together with the cylindrical
part of the can. In practice, the top and bottom are not flat but are well approximated
by circles. According to the given information, the radius of these circles is about 

inches. So the area is about  square inches or about  square inches. If
the cylindrical part of the can were made flat, it would be a rectangle with dimensions 

 inches by  inches or about  square inches. So the total surface area

of the can is about  square inches. There are about 2.54 centimeters per inch and
so there are about  square centimeters per square inch. So

This is about  square centimeters.

The volume of the can is not given and so this needs to be assessed by some indirect
means. Using a technique dating back to Archimedes, if we submerge the can in water,
then the amount of water displaced by the can will be equal to its volume. One way to
do this would be to crush the can (although some care is needed here to make sure
that in so doing we do not trap too much air within the can). Another method would be
to carefully fill the can to the top with water and then the filled can will sink. The
amount of water displaced by the aluminum in the can should be close to  cubic
centimeters as was found in the first solution. Experimental values may differ,
however, so suppose we find that the aluminum in the soda can displaces  cubic
centimeters of water. Then using the equation

44 ± 3
2

0.2

1 3
16

π × (1 )3
16

2 4.4

4 3
4 π × 2 × 1 3

16 35.4
44.2
(2.54 ≈ 6.5)2

44.2 square inches ≈ 44.2 × 6.5 square centimeters.

287.3

5.6

x
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we can plug in  for the volume and  for the surface area and we find

Notice that this method is quicker than the first and requires less information. On the
other hand, it does require some lab equipment.
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Volume ≈ surface area × thickness

x 287.3cm2

thickness ≈ .x
287.3 cm2
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