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Objectives

· Students will be able to demonstrate an understanding of rates as a unit of measure.

· Students will be able to identify and graph linear functions and identify lines with positive and negative slope.

· Students will be able to make and justify mathematical conjectures based on a general description of a mathematical question or problem.

· Students will be able to decide when and how to divide a problem into simpler parts.

· Students will be able to graph a line given the slope of the line.

Standards
8th grade standards
· 8.3.5 – Identify and graph linear functions and identify lines with positive and negative slope.

· 8.3.7 – Demonstrate an understanding of rate as a measure of one quantity with respect to another quantity.

· 8.7.2 – Make and justify mathematical conjectures based on a general description of a mathematical question or problem.

· 8.7.3 – Decide when and how to divide a problem into simpler parts.

· 8.7.5 – Make and test conjectures using inductive reasoning.

· 8.7.11 – Decide whether a solution is reasonable in the context of the original situation.

· 8.7.12 – Note the method of finding the solution and show a conceptual understanding of the method by solving similar problems.

Algebra Standards

· A1.1.5 – Use dimensional (unit) analysis to organize conversions and computations.

· A1.4.2 – Find the slope, x-intercept, and y-intercept of a line given its graph, its equation, or two points on the line.

· A1.9.1 – Use a variety of problem-solving strategies, such as drawing a diagram, making a chart, guess-and-check, solving a simpler problem, writing an equation, and working backwards.

· A1.9.2 – Decide whether a solution is reasonable in the context of the original solution.

· A1.9.7 – Identify the hypothesis and conclusion in a logical deduction.

· A1.9.8 – Use counterexamples to show that statements are false, recognizing that a single counterexample is sufficient to prove a general statement false.

Materials Needed
· Ruler

· Pencil

· Transit Graph
· Colored Pencils or Pens
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Teacher Notes

This activity would be best suited after completing slope and linear equations.  The students need an understanding of both.  They should also have an understanding as to what a rate is and how to find rate.  The teacher may need to review with the students the day before to ensure that the lesson will go smoothly.  The students will be required to write an equation for their findings and they will have to write in words what they found in their experiments.

Pacing Guide
Day 1

This lesson will be used as an introduction to the problems that they will be facing for the next couple of days.  The students need to be introduced into the concept of transit graphs.  The transit graphs are similar to the coordinate plane except for the fact that the x and y values will always be positive.  The x values are the time in hours and the y values is the distance in miles.  These two can be changed to accommodate different units of measure.  The top line in the transit graph is the beginning of the West bound trains.  The bottom line is the beginning of the East bound trains.  


After going over the transit graph, the students should get some practice using the transit graphs.  The students will be given the task to come up with the largest number of trains that would pass through Elkhart on one track going west only, starting and stopping within 24 hours and ignoring the crossing roads and traffic.  To do this they need to know a few things.  They need to know how fast the train is moving and how to draw that on the transit graph.  The questions that they might ask, or even, should ask are on the Assumptions page in this packet.  Go over with them how to find the slope of the line if need be.  You may need to give an example of a line that would leave the West exit and head towards the East exit to get them started.  


When they have found the solution for that situation, have them find the number of trains that they could get through going east.  They should get the same number of East bound trains as they did Westbound trains.  The next step would be to have them find the number of trains that they can get through in 24 hours going both Westbound and Eastbound, while both not happening at the same time with only one track.  Have them tell you why there cannot be an East and a West bound train passing leaving at the same time.


This is a good starting point for the next day in which they will need to worry about the traffic and the crossing arms.

Day 2

Today you will be introducing the problem on the next page for the students.  The students will need to come up with a schedule in which the crossing arms are only down for a total of 4 hours/day.  After they have done that, you may want them to come up with a plan in which the crossing arms are not down too much at one time for the drivers.  You want them to come up with a schedule that is efficient for the railroad and for the motorists.  See what they can come up with to make everyone happy in Elkhart.

Day 3

If they are still working on the previous days work, then you could have the students who are done begin working on the writing portion of this problem.  They will need to write to the railroad company about their schedule.  They will need to convince the board at the railroad company that their plan is the best solution for the railroad company and for the citizens of Elkhart.  The schedules should be in some form that works best for them and has the times that the trains will be leaving the West or the East terminals.  This would be a great time in which the students would have to present to the rest of the class their schedule at a later date.  The class could be the board of the railroad company and the board of the citizens of Elkhart.

Day 4

Today, the students will be given the opportunity to talk about the “bypass” track for their railroad.  The students will need to devise a schedule for the trains in which the trains will have a chance to “pull over” for the other train to pass by and then finish their journey.  How many trains can they get through now in 24 hours?  How much dead time will there be?  Is it more productive for the railroad and for the city to have a “bypass” track?  See what they can come up with.  At the end of class you could have the students talk about what they have came up with or have them get ready for Day 5 in which they will need to present their findings with the rest of the class.

Day 5

The students will be presenting their schedules to the rest of the class.  They will also convince the board of the schedule that they have found to be the most productive schedule possible.  The presenting could be an activity at the teacher’s decision.  If the teacher decides not to present the findings, then the day could turn into a day of reflection.  What did they find?  How many different schedules do you have in one class?  Which schedule does the class think the railroad company will like?  Which schedule do they think the citizens of Elkhart will like?

Assumptions
These assumptions should not be told to the students right away, but should be asked by the students.  If the students do not ask about these things, then maybe they should be prompted in some way to ask the question.

· All trains are the same length

· All trains weigh the same and carry the same products

· No train may be overloaded

· Only one engine

· No weather restrictions (i.e. Ice, snow, tornadoes, rain, etc.)

· Length of the railroad = 50 miles

· Speed of the trains = 10 mph

· Demand number of trains = unlimited

· Safety spacing = 15 minutes

· Positive slope = Westbound trains

· Negative slope = Eastbound trains

· Slope = Speed (rate)

· Constant speed = start and end at the same speed

· All trains at the same speed

· Can have one train entering and one train exiting at the same time. (entrance and exit ramps)

· Ratio – One Eastbound : One Westbound
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Conrail Railroad Company - Day 2
The citizens of Elkhart have had enough!!  They are tired of sitting at railroad crossings for long periods of time.  With all of the underpasses closed for construction, the citizens have decided to go to Conrail with their complaints.  Conrail has decided to act now.  They have hired you to devise a schedule for the trains that pass through downtown Elkhart.  They are looking for a schedule that will please both the citizens of Elkhart and the railroad company.  


You need to come up with a schedule in which you will be able to get the most trains through in 24 hours.  You will then need to write about your schedule and why you think the railroad will find your schedule more profitable than the one that they currently have.

Schedule # 2

Constraints:

*Each crossing arm only down for 4 hours/ day

*Speed - 10 mph

*Ratio – 1:1 W:E

*Spacing – 15 minutes

Is there more than one schedule that will work for this situation?

Come up with another schedule that will deal with the following criteria:

Schedule #3

Constraints:

*Each crossing arm only down for 4 hours at a time

*Speed - 10 mph

*Ratio – 1:1 W:E

*Spacing – 15 minutes

Can you get more trains through on a 48 hour schedule?  Is it the same schedule?
**Can you come up with a schedule that will have the crossing arms down the least amount of time, but with a good number of trains going through town?
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Conrail Railroad Company – Day 4

You have dealt with the situation of not worrying about the citizens of Elkhart when making the schedule.  You have also dealt with the amount of time that the crossing arms can be down.  Now it is time to think about the option of having a “bypass” track.  You now have a railroad in which there is a “bypass” track or pull over track for trains to pull into.  How many trains can you get through using the “bypass” track?  Remember that there is a limited number of trains that can be in the “bypass” track and you do not want to overload them.
 Schedule #4

Constraints:

*Bypass Track capacity = 5 trains at a time

*Westbound – non-stop

*Speed – 10 mph

*Ratio – 1:1 W:E

*Spacing – 15 minutes
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Conrail Railroad Company – Day 1

Today, we are going to do some practicing with the Transit Graphs.  You will have three situations in which you will need to see how many trains you can get through in 24 and 48 hours.  The first thing that you will need to do is predict how many you think you can get through and write it down on a piece of paper.  Then you will use the transit graphs to figure out if your prediction is correct or not.  The situations are as follows:

1) Schedule #1

You are sending only West bound trains through.  How many can you get through in 24 hours?  48 hours?

2) Schedule #2

You are sending only East bound trains through.  How many can you get through in 24 hours?  48 hours?  Is it the same number as the West bound trains in question #1?

3) Schedule # 3

You are sending both West and Eastbound trains through.  How many can you get through in 24 hours without crossing each other?  48 hours?  Is it the same schedule in 24 hours as 48 hours?  Would it be wise to make a schedule with the trains only going one way in 24 hours or should they be going both ways in 24 hours?  What do you think?
