Shark Tank – Teacher’s Guide
This application of rational functions was chosen because it shows a rational function with a vertical asymptote other than x=0. We are measuring time versus salinity of a saltwater tank, so the basic idea is that at the time that the water in the tank evaporates completely, the salinity should increase without bound. 
This activity is less scaffolded, longer, and more complex. It can be used after “Pace Yourself,” if your students need more background in reasoning about asymptotes. 
Guiding Principles:
1. Active Learning: Students will work together to find a solution to a problem that requires them to seek out or select the information required, perform calculations, and evaluate their actions in the context of the problem.
2. Meaningful Applications: Students will work on an interesting application with perhaps multiple solution paths, where they will identify a mathematical function that models the situation.
3. Academic Success Skills: Students use intuition and perseverance to recognize that they can find solutions to real-life problems.
Prerequisite Knowledge: 
1. Be familiar with unit conversions
2. Basic properties of rational functions, including vertical asymptotes.
Materials needed: 
	Time: Approximately 45 minutes
	Blank sheet of paper for each student
Objectives:
1. To help students use rational functions to model  a real-world context. 
2. To help students understand the meaning of the vertical asymptote in context. In particular, this example asks students to reason about a vertical asymptote that is not at zero.

Context:	
The Oklahoma Aquarium has a bull shark tank that is 380,000 gallons. I emailed the aquarium to ask how much evaporation they have each day and at what salinity they keep the tank. Here is the response I received:
“Evaporation depends on several factors.  It changes over the year with the seasons, temperature, humidity, and what building systems are running (heater, A/C).  We do not track it as a metric, because we lose water through a number of factors including backwashes, protein skimmers, scheduled water changes, and some others.  On average we top off twice a week with roughly 2000 gallons (usually fresh water).  Salinity is tracked and maintained around 30 ppt.  When salinity is low we top off with salt water.  The salinity climbs due to evaporation if not checked.  The Bulls can be kept in full fresh water, and can handle open ocean salinities to 35 ppt (although it could be higher, there is a lack of data).” 
Email correspondence from Ann K Money, Director of Education Programs and Research, Oklahoma Aquarium, amoney@okaquarium.org

Teacher Guide (~45 minutes)
1. (Slide 1): Cover slide. Place students into groups of 2, 3 or 4.  Each student should have a blank sheet of paper in front of them.  
[image: ]
2. (Slide 2):  Sets the context of the problem. 
[image: ]
3. (Slide 3): Have students work in their groups to come up with a graph without input from the instructor. 
[image: ]
4. (Slide 4):  Have the groups present their graphs to one another, explaining the relevant features of their graph. They should all have increasing graphs at this point. We would expect the graph to be increasing and concave up, and have a vertical asymptote when the water in the tank evaporates completely, but it’s OK if the students don’t have all of these features right away. Ask the students what the independent & dependent variables represent, what letter they are using to name them, and what units they are using. 
[image: ]
5. (Slide 5): Have students think about the data that they would need to make a graph. Hopefully they will realize that they need the initial volume of the tank, the initial salinity, and the evaporation rate (or information that can be used to infer the evaporation rate, such as the humidity in the air or surface area of the water in the tank).
[image: ]
6. (Slide 6): We called the Oklahoma Aquarium to gather data about their Bull Shark exhibit. The initial volume in the tank is 380,000 gallons = 1438456.48 liters and the evaporation rate is 571 gal/day =2161.47L/day. 
[image: ]
7. (Slide 7): Additional information about computing salinity. The initial salinity is 30 grams of salt per liter of salt water. 
[image: ]
8. (Slide 8): Find a function that models salinity vs. number of days.  Have the students compare this graph to their original graph. Ask the students to explain the meaning of the vertical asymptote. The vertical asymptote represents the day that the water has evaporated completely and the salt concentration goes to infinity. 
[image: ]
9. (Slide 9): Contains a possible graph of the function. Students can compare their graphs and talk about the range of possible answers to the original question. 
[bookmark: _heading=h.gjdgxs]Using a 1438456 L tank with an evaporation rate of 2161 L/day and an original salinity of 30g/L, you get the function S(d)=30*1438456/(1438456-2161d), which has the graph shown on the slide:
[bookmark: _heading=h.mvfulwyqhy1r][image: ]
[bookmark: _heading=h.sop0aj35ut7f]Note that this graph has a vertical asymptote at approximately day 666. 
[bookmark: _heading=h.prqmz2me2oof]
[bookmark: _heading=h.46stzsqfdoqp]
[bookmark: _heading=h.6vkja0itfg]Common Student Pitfalls:
1. [bookmark: _heading=h.4ac3zk1a4d7n]This activity will be difficult for students. Instructors should be prepared to offer lots of affirmations of the students and encourage them to keep trying. Real-world situations have a lot of factors to consider, but the whole point of learning mathematics is to be able to apply it to complex situations. 
2. [bookmark: _heading=h.ovgowo83cpq4]Students will likely struggle to incorporate the data into their function. They will need to understand “parts per thousand” and convert mL to grams. 
3. [bookmark: _heading=h.cpxwwuj6n1l5]Students may need help thinking about the salinity of the water. Here are some questions that may help them understand:
[bookmark: _heading=h.cpxwwuj6n1l5]·         Will the total amount of salt in the tank change as water evaporates?
[bookmark: _heading=h.cpxwwuj6n1l5]·         How much salt is in the tank?
[bookmark: _heading=h.cpxwwuj6n1l5]·         To calculate the salinity, what values (or units) are used in the numerator and what values (or units) are used in the denominator?
[bookmark: _heading=h.cpxwwuj6n1l5]·         Do the values in the numerator change as the days increase? Do the values in the denominator change as the days increase?
[bookmark: _heading=h.cpxwwuj6n1l5]
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 Explain your graph

For the graph that you drew, what do the
independent and dependent variables
represent?

Explain the shape of your graph in context.
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If we were making an accurate graph,
what data would we need?
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Bull Shark Exhibit at the
Oklahoma Aquarium
Tank size: 380,000 gallons

Evaporation Rate/water loss: 4000 gallons per
week

Salinity of the tank: maintain the salinity at 30
ppt. Bull sharks can live in fresh water and can
tolerate salinities up to 35 ppt.
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- Salinity Computations

ppt means “parts per thousand” so a salinity of
30 ppt means 30 grams of salt per 1000 grams
of salt water.

1mL of water weighs 1 gram
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e functi models the Sa|InItV'
VS. number of days

* How does the graph of your function compare
to the graph you drew at first?

* What is the meaning of the vertical
asymptote?




image1.png




image2.png
600

500

400

300

200

100

-0

60

50

40

-10




image10.png
Shark Tank
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Think About It

Ann, an aquarist who oversees the bull shark
exhibit at the Oklahoma Aquarium, is going
on vacation. The water in the shark tank
evaporates a little bit each day.

If she is not there to add water, how long will
it take for the shark tank to be too salty for
the sharks?
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- Sketch a Graph

In your groups, work together to sketch a
reasonable graph that models the salinity of the
tank as water evaporates each day.




