Investigating Surface Area and Volume

Question: Have you ever thought about the size of a pizza compared to the price?  What should you compare the price to, the diameter or the area?

Exploration:

1. Use the sugar cubes to create the four different size cubes listed in Table 1: 1x1x1, 2x2x2, 3x3x3 and 4x4x4.  In Table 1, record the following values for each of the cubes listed:

a. number of sugar cubes used

b. volume of the cube

c. surface area of the cube

d. ratio of surface area divided by volume

Table 1. Sugar cube data.

	Cube Dimensions
	# of Sugar Cubes
	Volume
	Surface Area
	Surface Area / Volume

	1x1x1
	1
	1
	6
	6

	2x2x2
	8
	8
	24
	3

	3x3x3
	27
	27
	54
	2

	4x4x4
	64
	64
	96
	1.5


2. Use the water balloons to obtain data to complete Table 2.  Make sure you fill the balloons to various different sizes.

a. Estimate the diameter of the balloon

b. Divide the diameter by 2 to obtain the radius

c. Estimate the surface area using the equation for a sphere (SA = 4(r2)

d. Determine the volume of water in the balloon by emptying the balloon and catching the water in a graduated cylinder

e. Calculate the approximate SA / Volume ratio

Table 2.  Water balloon data.
	
	Diameter (cm)
	Radius (cm)
	Surface Area (cm2)
	Volume (mL)
	Surface Area / Volume

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	

	6
	
	
	
	
	



Answers will vary.  However, as the radius increases, the SA/Volume ratio should decrease.
Concept Development:

1. Plot the ratio of the sugar cube surface area / volume data against the number of cubes per side.  Use the number of cubes per side on the x-axis and ratio of the surface area to the volume on the y-axis.

2. As you increase the length of the length, width and height of the cube, what happens to the ratio of the surface area divided by the volume?

As the size of the cube increases, the SA to volume ratio decreases in a non-linear fashion.
3. Plot the water balloon surface area divided by volume and radius data.  Use radius on the x-axis and surface area divided by volume on the y-axis.

4. As you increase the radius (or diameter) of a sphere-like shape, does the ratio of SA to volume increase or decrease?

As you increase the size of the sphere-like shape, the SA to volume ratio decreases.
5. If the surface area / volume ratio increases as the size of the object increases, which is increasing more quickly: surface area or volume?

If the SA to volume ratio increases as size increases, the SA is increasing more rapidly than the volume.
6. If the surface area/ volume ratio decreases as the size of the object increases, which is increasing more quickly: surface area or volume?

If the SA to volume ratio decreases as size increases, then the volume is increasing more rapidly than the surface area.
7. In general, what can you say about the surface area and volume of objects relative to their size?

As the size of an object increases, the volume increases more rapidly than the surface area does.
Concept Application:

1. Nutrients and oxygen diffuse through the cell membrane into cells and wastes leave the cell in the opposite direction.  Explain how the size of a cell affects a cell’s ability to get nutrients.  

The amount of nutrients that a cell can take in depends on the amount of surface area.  Conversely, the amount of waste that can be expelled from a cell depend on the surface area.  However, the SA, and thus the amount of nutrients available, doesn’t increase as rapidly as the volume, which represents the part of the cell that needs the nutrients and produces the wastes.  Thus, as the cell size increases, at a certain point the cell won’t be able to get enough nutrients because the SA to volume ratio isn’t high enough.
2. Assume a type of cell is an ellipsoid (an egg and a football are types of ellipsoids).  The formula for the volume of an ellipsoid and a formula for the approximate value of the surface area of an ellipsoid are given below.

Volume = 4(abc

Surface Area = 4(/3*(a1.6b1.6 + a1.6c1.6 + b1.6c1.6)0.625
The values a, b, and c are the lengths that characterize the ellipsoid.  Think about a football; “a” would the length from one tip to the other.  The other two values, “b” and “c”, would be the distance from the laces to the other side and the distance from one seam to the other.

Assume “a” = 10 (m, “b” = 6 (m, and “c” = 5 (m.  Calculate the surface area, volume and SA / volume ratio for the cell.  Then, calculate those three values for a cell that is twice as big in each direction (“a” = 20 (m, “b” = 12 (m, and “c” = 10 (m).  Explain the impact this would have on the functionality of the cell.


SA = 4(/3*(a1.6b1.6 + a1.6c1.6 + b1.6c1.6)0.625

SA = 4(/3*((10 (m)1.6(6 (m)1.6 + (10 (m)1.6(5 (m)1.6 + (6 (m)1.6(5 (m)1.6)0.625


SA = 396.8 (m2


Volume = 3770 (m3


Thus, the SA / Volume ratio is 0.1053


If we double the dimensions, the SA = 1587 (m2 and the Volume = 30160 (m3


Thus, the SA / Volume ratio is 0.0526


The decrease in SA / Volume ratio would make the cell less functional, because it can’t get in as many nutrients per volume.

Engineering Application:

1. If you add sugar to water, the sugar dissolves.  The speed of the dissolving process depends on the surface area to volume ratio.  If you have a big cube of sugar, it takes longer to dissolve than if the sugar cube has been broken down into smaller pieces before being dropped into the water.  Using this idea, explain why you would inject fine gas particles into a combustion engine, rather than just burning a pool of fuel.

By injecting the fuel in fine particles, more surface area is available per volume.  Thus, the fuel burns more rapidly.  If you have the same volume of fuel in fine particles, rather than a large pool, the particles will burn much more rapidly, giving more power as well as more control over when the fuel will be burned to release the power.
2. If you were designing an underground fuel storage system for a new gas station, would you have one large tank for each grade of gasoline or smaller tanks associated with each pump?  Explain.

In this case, you want to have a small SA to volume ratio because gas will, potentially, leak through the surface area, which you do not want.  Additionally, the material to make the tank lining is a cost that you want to minimize by maximizing the volume for a given SA.  So, for economic and environmental reasons, you’d like one tank for each grade, rather than multiple tanks, assuming all other considerations are equal.
