Samples of Visual Calculus activities

Activity-1: Contour diagrams of produce

You have seen how a contour diagram works to represent elevation of terrain, such as a mountain.  In this activity, you will get a chance to both create and read a contour diagram yourself.

Every group will receive a fruit or vegetable, and make a contour diagram of that fruit or vegetable.  Then groups will swap contour diagrams, and attempt to first fruit or vegetable is being represented, and then reconstruct it.

You need:

Fruits or vegetables

Food container (e.g., Tupper ware)

Knife, suitable for slicing the fruits or vegetables.

Pen or marker, suitable for writing on the fruits or vegetables 

Water 

Corrugated cardboard or modeling clay (such as Play-doh)

Plastic ruler

Cutting board

Instructions:

Part I:

Slice your fruit/vegetable in half (for instance, an apple would be sliced from stem to bottom, not across its middle).  Place the half face down in the food container.  

Decide on a reasonable spacing of contour lines, depending on your particular fruit or vegetable.  (You want to have enough contours that someone else will be able to reconstruct your fruit/vegetable, but the layers also have to be thick enough to allow you to cut the slices.) You may want to read ahead through the rest of the activity before deciding on this spacing.

Now fill the water in the food container until its depth is exactly the spacing you picked.  (For instance, if your spacing will be 1 cm, fill the water to a depth of 1 cm.)  Draw a line around your fruit exactly where the water rises to on it.  Now add more water, until it is at the next height.  (For instance, again assuming a spacing of 1 cm, add water until it is another cm deeper.)  Again draw a line.  Repeat this until the entire fruit/vegetable is under water.

Slice your fruit vegetable along the lines that have been drawn on it.  Trace each slice on a piece of paper.  Put these sketches together to make a single contour diagram; how will you make sure each slice is in the correct position on the paper, relative to the other slices?

Be sure to label your contours, and indicate the spacing you used for the contours.

Part II:

Trade contour diagrams with another group.  Keep secret from the group you trade with what fruit/vegetable you had (and make sure they keep it secret from you!).

First, from the diagram, try to guess what kind of fruit/vegetable they had, and if it has any interesting features.

Next, reconstruct their fruit/vegetable, by making layers (out of cardboard or modeling clay) corresponding to each of the contours.  Make sure each layer has the correct thickness.  If you are using clay, feel free to smooth out the rough edges.

When you’re done, compare to the other half of the fruit/vegetable that the other group saved.  Of course, there will be differences between the two halves, but this should give you a rough idea if you were close.

Activity-2: Volume of produce

In this activity, you will continue your work with fruits and vegetables, this time finding the volume of a piece of produce by chopping it up into smaller pieces.

You need:

Fruits or vegetables

Measuring cup large enough to hold the fruits or vegetables

Knife, suitable for slicing the fruits or vegetables

Cutting board

Ruler

Soft measuring tape

Instructions:

When you receive your fruit/vegetable, first try to estimate its volume by making whatever linear measurements you like (length, height, diameter, etc.).  Don't worry about getting the answer very close to the correct answer; it's just an estimate.  Then check your answer with the measuring cup (put your some water in the measuring cup, then put in your fruit/vegetable, and see how much more volume is occupied by the water with the fruit/vegetable than by just the water alone).  How close was your estimate?

Now, think of a way you can chop up your fruit/vegetable in an organized way that will let you compute the volume of the whole fruit/vegetable by adding up the volume of the smaller pieces.  There's no one best way to do this, but there are several ideas (some at odds with one another) you should consider as you decide what to do:

· It should be (very) easy to compute the volume of each of the pieces.  (What 3-dimensional objects do you know whose volume is easy to compute?)

· There should be some system to your slicing.

· The pieces should be "not too small". (Otherwise they become hard to handle, and to keep track of)

· The pieces should be "not too big"  (Otherwise, why bother slicing?)

When you are done slicing, enter the volume of each piece into an organized table.  For each piece, record not only your best estimate of its volume, but also an upper bound and lower bound for its volume.  Then, use your data to estimate the volume of the entire original fruit/vegetable, including lower and upper bounds.  

· How does your estimated volume compare to both your original estimate and the volume as given by the measuring cup?

· What do you think you could do differently and/or better to get a more precise answer?  (In other words, to get your lower bound and upper bound closer together.)

Activity-3: Zooming into a mountain/slope of a mountain

In this activity, you will explore the different slopes you can describe at a point in a model of a mountain, and what they have to do with one another.

You need:

Modeling clay 

Paper clips

Ruler

Protractor

Paper

Instructions:

Use the modeling clay to make a small mountain model. On a piece of paper large enough to hold your model, mark which direction you will specify as North.  You may want to mark other compass directions as well.  Put the model down on the paper facing any way you like.  (But once you've placed it, don't move it again for the rest of this activity!)  It will now serve as your model for the following story.

Imagine now that a friend is hiking on a mountain whose scale model is the one you have in front of you, and has gotten completely lost. There are no notable landmarks for your friend to help you or any rescue team to locate him/her.  Your friend does have a cell phone, a compass, and a way of pretty accurately measuring the slope or grade of the mountain where s/he is.  Rescue teams are waiting to hear from you on which part of the mountain they should start looking. Your friend calls and says that s/he is at a place where the mountain is uphill facing both North and West.  In fact, the grade facing North is 10%, and the grade facing West is 20%.  Help the rescue team by identifying where on your model your friend could be.  

One way you could do this is by taking some straightened out paper clips and holding them at the appropriate slope, and searching for points on your model that match the paper clip slopes. Repeat this for the following different versions of the above story [it may be possible that some of these combinations do not appear on your particular mountain]:

· 10% North, 20% East

· 15% South, 5 % Northwest

· 10% North, 15% East, 20% Southwest 

Activity-4: Trips to the Dump

In this activity, you will try to optimize a function with two variables.  Later, we'll see how this relates to contour diagrams and slopes.

You need:

Paper

Calculator

Instructions:

Consider the following problem (similar to Hughes-Hallett, p. 712):

Fifty cubic meters of gravel are to be delivered to a landfill.  The trucker plans to purchase an open-top box in which to transport the gravel in numerous trips.  The total cost to the trucker is the cost of the box plus $2 per trip.  The box must have height 0.5 m, but the trucker can choose the length and width.  The cost of the box is $20/m2 for the ends and $10/m2 for the bottom and sides.  Notice the tradeoff: A smaller box is cheaper to buy but requires more trips.  What size box should the trucker buy to minimize the total cost?

There are many ways to approach this problem.  Some suggestions (though not ironclad rules) for how to start:

· Make a diagram of the box, and label the unknowns (length and width) with variables.

· Make a formula for what you are trying to minimize (cost) in terms of the variables (length and width).

· Trial and error.  Can you think of any more efficient ways of searching for the minimum?

Activity-5: Graphing Height vs. Volume of Water in a Bottle

In this activity, you will learn:

· To visualize the change in height vs. volume graph while pouring water at a steady rate into a given bottle 

· To conduct hands-on experiment to plot the height vs. volume graph using bottles with different shapes

· To understand the rate of change of the height of water in bottles with different shapes

· To understand the concept of concavity in the given context.

You need:

· Bottles of different shapes

· Small plastic cups

· Ruler

· Measuring cups

· Grid paper

· Water

Instructions:

You will be given a bottle of a particular shape. 

First, try to predict how the graph of height (H) vs. volume (V) will look like if you pour water into the bottle at a steady rate. Make a sketch of the graph. 





H









    V

Then, you will conduct an actual experiment with the same bottle. You will get a small cup, which will be your non-standard unit of volume. You will use this unit to pour water into the bottle. After you pour the unit, you will use a ruler to measure the height of water in the bottle. Complete a table below:

	Number of volume units
	Height

	0
	

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	

	8
	

	9
	

	10
	


After you complete the table, transfer the data into the height vs. volume graph (use a square grid paper for more precise graph). 

Explain your graph. Compare this graph with the sketch you did at the beginning (before the experiment): are they similar/ different? What did you learn from this activity?  
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