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Introduction: Navigation 


The activities that follow are intended for use as part of a unit on the topic of navigation. This is designed so that it can be used primarily in a mathematics course, although it is also designed in such a manner that it makes connections with other subject areas in the public school program, namely physics, career and life management, and technology education. It is suggested that this can be used as a part of the trigonometry units, and can be used to lead into the independent study unit that is provided for students at both Grades 11 and 12, but this particular guide is meant for Grade 11 due to the specific curriculum outcomes that are mentioned in the activities. A detailed list of outcomes for the activities is provided at the end of the document.

Specifically, the activities are meant to meet outcomes that can be resolved through various activities such as a field trip, a guest speaker, and even a simulation project that is meant to give hands on experience in the field of navigation; however, this project assumes that the students have had some programming experience. The first activity, and in fact the first three activities, are meant as review in order to re-familiarize students with using trigonometry and vectors, and which are covered on the Grade 10 mathematics curriculum. Specifically speaking, these activities are meant to meet Specific Curriculum Outcomes D3 to D6, dealing with using the sine and cosine functions, and also vectors. Evaluation for these activities are accomplished using discussions, in class assignments, and other classroom work, with the option of working in groups where desired, as well as a journal, which is to be kept by students throughout the unit. It can be suggested that these activities be given as handouts during the course of a class.

These are also continued in activity two, which is meant as a review of the Law of Cosines and the Law of Sines, which are also covered on the Grade 10 curriculum and which are intended to respond to SCO’s B5, B6, and D3 to D6 for that grade level. For simplicity purposes, the problems are designed to be as easy as possible for the students, and evaluation is again accomplished in the classroom using pencil and paper work, and substantial discussion periods. Other problems may be added at the teacher’s discretion.

Studying navigation can also be accomplished in the context of a Physics class, and which can meet SCO’s 325-2 and 325-5, respectively, for the Grade 11 Physics program. In fact these guides state that, for these outcomes, the students will be able to make use of techniques to graphically analyze, as well as mathematically analyze, relationships among velocity, displacement, and time, and also that students will be able to use vectors to represent force, velocity, and acceleration. It can also be argued that such activities also meet Grade 11 math SCO C8, which states that students will be able to show that they understand real-world relationships by translating between graphs, tables, and real-world descriptions.”
 

The proposed approaches involve a visit to the class by a guest speaker, such as a ship’s captain or navigator, and / or an airplane pilot, who can mention the nature of their jobs, and some of the matters that they have to deal with each day as they work (such as turbulence, cross-winds, etc.), and how such matters affect the way in which they do their jobs. It may also be of benefit to students who may be considering such a career to ask the guests where they received their training to attain their positions, and can be supplemented to a field trip to a local dockyard for a day trip on a vessel such as a passenger ferry to see first hand how such jobs are performed. For evaluation, students will be asked to write a report in their journals indicating how the experience was beneficial to them, by mentioning at least one thing they felt they learned throughout the process.

A major project is also a part of the activities, and involves students teaming up in groups of five to complete a computer simulation project. This is intended to give students experience in teamwork skills and cooperation, and can also meet Technology Education outcomes for Nova Scotia Public Schools. In fact ten Technology Education outcomes are intended to be addressed in this unit: that students will describe and demonstrate the general principles of the organization of production, that students will demonstrate, define, and apply the basic technology system used in production, identify the needs and preferences of users reflected in contemporary products, and select production tools, machines, and equipment appropriate to the task at hand, and use them safely, accurately, and economically.


It will also be expected that, upon completion of the project, that students will be able to resolve conflicting demands to produce an optimum solution, apply critical thinking skills for evaluating and developing ideas, use techniques, processes, and resources creatively to achieve a high quality product that matches the specifications, to design, plan, and complete a custom production project, and finally, to work as a member of a team in a production enterprise. 
A field trip to an engineering firm is also proposed, with the emphasis being on how engineers deal with problems that they face every day, and how they work together to resolve problems related to their work; the project should also be distributed to the students before undertaking this trip. The engineers who talk to the class may also wish to mention how they received their training, and where they went to get their education. As with the guest speaker activity, students will be asked to write a report indicating how they felt the experience was beneficial to them, and how they feel the trip will benefit them as they prepare to undertake their project. 
Ultimately, it is hoped that the project will serve as an “eye-opener” for the students in regards to navigation, and also to open doors to potential career possibilities for the students. The teamwork skills will be invaluable for the students in the long run, but it is my greatest wish that students will be able to apply everything they learn in the real world to the very best of their abilities.
Journal Rubric: Navigation

	Journal Rubric : Navigation



Teacher Name: Mr. David Alexander 


Student Name:     ________________________________________ 



	


	CATEGORY 
	4 
	3 
	2 
	1 

	Journal/Notebook[image: image5.png]


 
	Clear, accurate, dated notes are taken regularly. 
	Dated, clear, accurate notes are taken occasionally. 
	Dated, notes are taken occasionally, but accuracy of notes might be questionable. 
	Notes rarely taken or of little use. 

	Appearance/Organization 
	Journal is typed or neatly written, and makes excellent use of headings and subheadings to visually organize the material. 
	Journal is neatly handwritten or types and makes good use headings and subheadings to visually organize the material. 
	Journal is neatly written or typed, but formatting does not help visually organize the material. 
	Journal is handwritten and looks sloppy with cross-outs, multiple erasures and/or tears and creases. 

	Data 
	Professional looking and accurate representation of the data in tables and/or graphs. Graphs and tables are labeled and titled. 
	Accurate representation of the data in tables and/or graphs. Graphs and tables are labeled and titled. 
	Accurate representations of the data in written form, but no graphs or tables are presented. 
	Data are not shown OR are inaccurate. 

	Spelling, Punctuation and Grammar 
	One or fewer errors in spelling, punctuation and grammar in the report. 
	Two or three errors in spelling, punctuation and grammar in the report. 
	Four errors in spelling, punctuation and grammar in the report. 
	More than 4 errors in spelling, punctuation and grammar in the report. 

	Drawings/Diagrams 
	Clear, accurate diagrams are included and make the project easier to understand. Diagrams are labeled neatly and accurately. 
	Diagrams are included and are labeled neatly and accurately. 
	Diagrams are included and are labeled. 
	Needed diagrams are missing OR are missing important labels. 

	Participation 
	Used time well in journal time and focused attention on the assignment. 
	Used time pretty well. Stayed focused on the assignment most of the time. 
	Did the assignment but did not appear very interested. Focus was lost on several occasions. 
	Participation was minimal OR student was hostile about participating. 

	Calculations 
	All calculations are shown and the results are correct and labeled appropriately. 
	Some calculations are shown and the results are correct and labeled appropriately. 
	Some calculations are shown and the results labeled appropriately. 
	No calculations are shown OR results are inaccurate or mislabeled. 

	Background Sources 
	Several reputable background sources were used and cited correctly. Material is translated into student's own words. 
	A few reputable background sources are used and cited correctly. Material is translated into student's own words. 
	A few background sources are used and cited correctly, but some are not reputable sources. Material is translated into student's own words. 
	Material is directly copied rather than put into students own words and/or background sources are cited incorrectly. 


Activity 1: Basic Trigonometry Review

Purpose: A review of concepts related to right angle trigonometry, and to give students practice in using the trigonometric functions, especially the cosine function. 

Outcomes: Students will be expected to demonstrate use of trigonometric functions, and make connections between written information and real world problems (Grade 10 Math SCO’s D3 to D6). This activity should take at least two classes to complete, and no more than three.
Procedure: Begin by giving students the journal assignment for the activities.
Draw the figure below on the blackboard, and ask the students if they remember doing a unit in trigonometry in their grade 9 or 10 classes. Brainstorm and discuss ideas for what the students remember learning from their previous studies. They should say for any right triangle, the following trigonometric ratios are defined (and give several examples for each ratio, both converting from tan, sin, and cos to cot, csc and sec respectively, and also examples of triangles where students have to use the ratios, such as from engineering, to name but one):

[image: image1.png]



1. tan a / b = sin cos cot 

2. sin a / c = 1 / csc 
3. cos b / c = 1 / sec be sure to use the triangle above as the reference!)
Ask students if they understand how we got the results from the examples; if not, do extra examples. Ask students if they know in which fields trigonometry can be used outside of school, as a way to show how it can be applied to the real world. They may give “nonsense” answers, but it will be important for them to know this for the purposes of identifying possible career choices once they finish school. Mention that this has been used in such diverse fields as astronomy, establishment of land boundaries, surveying, electronics, physics, and calculus.

Use the information above and a calculator or Maple to answer the following questions, remembering to show all steps. Start this in class, and give as homework if this is not completed in class time. Go over the results in class as a group.
1. Find the following values using a calculator. All of the values are in degrees.
a. Sin 90, cos 90, tan 90

b. Sin 75, cos 75, tan 75

c. Cos 60, sin 60, tan 60

d. Cos 45, sin 45, tan 45

e. Tan 30, sin 30, cos 30

f. Tan 15, cos 15, sin 15

g. Tan 0, cos 0, sin 0

2. Using either the calculator or Maple, plot the trigonometric functions y = cos x, and y = sin x. What do you notice about the graphs? Any similarities? Differences? Be as precise as possible in your descriptions.
3. Given the right triangle above, but with side a = 3 kilometres, and side b = 7 kilometres, find:

a. The length of the hypotenuse c

b. The tangent of the angle 
c. The cosine and sine of 
4. A twelve foot long ladder leans against a wall on a wharf. The ladder is sitting at an angle of 44 degrees to the ground.

a. What is the distance from the base of the wall to the top of the ladder?

b. What is the distance from the base of the wall to the foot of the ladder?

5. The length of a shadow cast by the sun from a building, a Harbourmaster’s office is 37.6m. If the height of the building is 34.1m, what is the angle of elevation of the sun?

6. A cargo ship moves in the Northumberland Strait at 9 knots (nautical miles per hour). At 9:45 PM a lighthouse is sighted 37 degrees to starboard; 38 minutes later, the lighthouse is directly alongside (90 degrees to starboard). How far away was the lighthouse when it was first sighted?
7. A lobster boat begins its day directly alongside a wharf, 90 degrees to port, at 5:30 AM, and travels due north for 20 km. At 6:45 AM, it changes to a heading of 90 degrees east of north, and travels for 8 km before stopping to haul in its traps. What is the resultant displacement of the vessel?
8. A passenger ferry leaves a docking port traveling due south for five kilometres before changing its heading to due west to follow channel markers for 3 kilometres. What is the resulting displacement of the ferry?

9. While traveling at a bearing of 45 degrees for 15 kilometres, a jetboat is forced to change its bearing to 135 degrees to avoid hitting a pod of dolphins, and travels this heading for 5 kilometres. What is the resulting displacement of the jetboat?
Activity 2: The Laws of Cosines and Sines

Purpose: To give students the opportunity to review using the Laws of Sines and Cosines, and to apply them to real world situations.

Outcomes: This exercise is intended to meet Nova Scotia Grade 11 Math SCO’s B5, B6, D3, and D5, as well as Grade 10 Math SCO’s D3 to D6. It is also intended to meet Grade 11 Physics SCO 325-2, regarding graphical and mathematical analysis of the relationship between displacement, velocity, and time. This could take several classes to complete; at least three classes are suggested.
Procedure:

Draw the figure below on the blackboard. Ask students what do they know about properties of triangles, that is, have they done any work with triangles in Grade 10 or earlier about specific properties related to triangles? Brainstorm ideas any triangle such as the one below, and be sure to note that the following relations apply:
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1. The Angle Sum Theorem: A + B + C = 180 degrees

2. The Law of Sines: a / sin A = b / sin B = c = sin C

3. The Law of Cosines:

a. a^2 = b^2 + c^2 – 2bc cos A

b. b^2 = a^2 + c^2 – 2ac cos B

c. c^2 = a^2 + b^2 – 2ab cos C
Give several examples of each of the above situations, perhaps using similar questions to those at the end of the activity, and also below in the in-class examples. Don’t ask for a formal proof, though; this could turn them off.
Use this information to solve the following problems, intended as reviewing the uses of the properties of triangles listed above. The first four questions require the Law of Sines, and this should be done as an in-class assignment. Go over the results as a class.
1. If, in the triangle above, a = 12 km, b = 8 km and B = 45 degrees, what is the measure of A?

2. If A = 75 degrees, C = 40 degrees, and c = 6 nautical miles, what is the measure of A?

3. Assume that angles A and B in the above triangle are equal. The sum of the angles in the triangle is 180 = 2x + 80. If a = b = 10 km, what is c?

4. If B = 85 degrees, b = 17.5 km and c = 12 km, what is C?

5. Assume A = 110 degrees. If b = 25 kilometers and c = 16 kilometers, a =?

6. Find B if it is known that a = b = c = 12 knots.

7. Let A = B = 35 degrees. Find c if a = 8 kilometers and b = 30 kilometers.

8. Find C if it is known that a = 13 nautical miles, b = 9 nautical miles and c = 21 nautical miles.

And now, some word problems for you. These can be solved either graphically or algebraically, but it may be to your advantage to plot the problem graphically, using a coordinate system. Remember also that you may need to use bearings…read the questions CAREFULLY! Again, assume the Earth is flat, and give as homework if the students have not concluded the work in class.
1. A car joins Highway 102 at Brookfield and travels due north, 20.0 km. It then changes direction going to Wentworth Ski Park, 45.0 km exactly northwest. As the crow flies, what is the resultant displacement from Brookfield (point B) to Wentworth (point W)? In what direction?

2. An Air Canada 747 leaves Halifax flying due east for London. 200 km from Halifax, it changes heading to exactly northeast, but gets caught in a tailwind blowing at 75 km/h, and flies in this wind for 450 km. What is the resultant displacement from Halifax to its current location over the Atlantic?

3. A small fishing vessel is traveling the Cornwallis River due south at 13 km per hour. Desiring to get to the other side without drifting so much as a millimeter downstream, it is fighting a westward current of 8 km/h. In what direction must the captain point her vessel to remain “on course?”

4. In a windless situation, a tugboat is trying to move a warship that has run aground off of a sandbar. It travels for 500 m on a heading of 165 degrees before changing its bearing to 225 degrees, and traveling on this heading for 300 meters before freeing the ship. If one were to draw a straight line from the start to the finish point, what’s the final distance traveled by the tug? And on what heading?

5. A cruise ship has arrived at its destination after traveling a net distance of 245 km due east, without wind, from its starting port to the finish, as the crow flies. To get there, it traveled 450 km from a point where it changed direction on open water to a heading of 160 degrees. It had previously traveled 120 km on its original heading when it left port. What was the original heading?
Activity 3: Vector Review

Purpose: A review of concepts related to vectors, and to give students practice in using the properties of vectors. 

Outcomes: Students will be expected to solve problems using vectors, and make connections between written information and real world problems (Grade 10 Math SCO D6). This should take no more than three or four classes to complete. 
Procedure: Ask students to think about the word “vector” for approximately thirty seconds. Brainstorm for what comes to their minds, and write the ideas on the blackboard. They may mention that, from Grade 10 mathematics, a vector is a quantity that has magnitude AND direction. They may also mention that they did similar exercises in Activities 1 and 2 without actually using the term “vector.” Ask if they also remember some of the properties of vectors:
1. Two vectors A and B are equal if and only if they have the same magnitude and direction. Give several examples on the blackboard; ask whether or not a given set of two or more vectors are equal or not.

2. The sum of adding two vectors, A + B, is called the resultant. It is illustrated below; again, give several examples on the board. 
[image: image3.png]R=A+B



 

In this example, the triangle method of adding vectors is used. Below, another example is shown using the parallelogram method (give examples also):
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Ask them if they also remember that vector operations satisfy the following properties (and give several examples for each): 

1. The Commutative Law of addition: A+B = B+A

2. The Associative Law of Addition: A+(B+C) = (A+B)+C

3. There is an identity element: A + 0 = A (where 0 is the zero vector)
4. Subtraction: A – B = A + (-B)

5. Vectors can be multiplied by scalars (numbers): k * A = kA (where k is a scalar)

Mention also that, when solving problems involving bearings and vectors, it will be to their advantage to use graph paper, and to use a scale when completing the problems (e.g. 1 square of graph paper equals 25 kilometres). 

As a way of re-familiarizing you with the use the above properties, use a pencil and paper to answer the following questions. (Give as an assignment during class, and go over the results as a class.) 
1. Graphically prove the Commutative Law.

2. Graphically illustrate the Law of Associativity. 

3. Graphically show that, for any vector A, A – A = 0.

4. Illustrate vector subtraction for any two vectors.

5. Assume that a vector A has a magnitude of 3. What is the resulting magnitude if it is multiplied by the following scalars k?

a. -1/3

b. 4

c. 2*pi

d. 12

e. e
Use the triangle or parallelogram method to answer the following vector questions. Remember to use graph paper and a scale, as it may help you tremendously in this process. Start in class, and give as homework if not completed. Assume also that the Earth is flat for these problems. 
6. Assume that the cruising speed for the now retired Concorde airplane is 2200 km/h. Leaving Toronto (point T), a Concorde airplane travels due west, with no wind blowing at it in any direction, at 2200 km/h for 1.5 hours. It then changes direction at point C to a bearing of 225 degrees at only ¾ of its cruising speed, again with no wind in any direction, for 1 hour before landing at point L. What is the resultant displacement of the Concorde?
7. The passenger ferry MV Sir Robert Bond leaves Lewisporte, Newfoundland, on its run to Goose Bay, Labrador, at a bearing of 015 degrees. 100 kilometres after leaving Lewisporte, it changes direction to a bearing of 345 degrees, sighting the town of Blanc Sablon, Quebec, 500 kilometres later. What was the resultant displacement from Lewisporte (point L) to Blanc Sablon (point B), assuming there was no sign of wind during the voyage?
8. A cargo ship, at the end of its journey, has traveled a resultant voyage of 750 km on a bearing of 100 degrees. To get to this point, it traveled a windless journey which saw it leave port, point P, on a bearing of 180 degrees for 400 km. In which direction did it travel, and what was the distance traveled, to get to the (resultant) final destination point F?
9. A multi part question for you: while on its daily run, the ferry Scotia Prince sights an iceberg in the Gulf of Maine 120 km after having left Yarmouth (point Y) for Portland, Maine, on a heading of 250 degrees. To avoid hitting the iceberg, the ship turns (at point I) to a heading of 180 degrees for 20 km before changing heading again (point S) to 300 degrees for the remaining 200 km of the trip, but it’s fighting a headwind of 30 km/h all the way to Portland (point P). How far did the Scotia Prince travel during this trip? What was the resultant heading from point I to Portland? 
Activity 4: Simulation Project

Purpose: To give students hands-on experience in experiencing navigation situations that sea-going vessels face on a daily basis, and to give further experience in solving problems related to navigation.
Outcomes: This is intended to respond to the outcomes listed in the above lessons, as well as the Technology Education outcomes regarding team work skills, and even responds to Career and Life Management outcomes about demonstrating effective communication and teamwork skills. This can be incorporated into the Independent Study Unit currently in the Curriculum, and also as a lead-in or conclusion to the Trigonometry units. This should take about five school days (one week), but also assumes prior programming experience.
Procedure: In groups of at least five members, students will write a computer program that is intended to simulate a trip taken by an airplane or sea-going vessel. The goal of the project is to allow students to gain hands-on experience working with the Law of Cosines in navigational situations. Students are to complete at least 40 trials of their program, and for simplicity purposes this project concentrates on calculating the resultant heading and velocity for a ship or airplane. Students will also be expected to hand in their calculations for each trial, and have specific responsibilities in the group (recorder, monitor, …).
Students should be given substantial class time to complete this project (at least three classes), and the teacher should also be readily available for consultation in case of difficulties. This should also be done in the computer lab, and the programs should also be written in C as it is used in Nova Scotia schools and universities as the “program of choice.” This project should take no more than one week to complete.

The following information is to be recorded by the students, as well as written into the programs as a (rough) algorithm for the programs:

1. the starting heading,
2. the distance initially traveled,
3. whether or not the ship or plane fought a wind, and if so in which direction and at what velocity,

4. the bearing to which the ship or plane was changed,
5. distance traveled on that final bearing,
6. And again, as in 3, if the ship or plane fought a wind.

7. The resultant distance and direction will also be recorded, which the students will determine themselves in their groups. The students are to write an “if” loop into the program to see if their calculation for the resultant distance matches that determined by the computer, and if the students’ calculation is wrong they will have to retry the trial, to a maximum of five times. Students should also be sure to remember to write the Law of Cosines formula into the program.
8. A “count” loop to ensure that 40 trials have been conducted. If the students successfully complete a trial, the value of “count” will increase by 1; if students fail to complete a trial after five attempts, the value of “count” will not change and the students will do a new trial, from scratch. 

Assessment should consider the following, and the rubric below can also be used:

1. Did everyone contribute equally to the project? This can be done by asking students to submit a list of group members and their responsibilities (monitor – one person keeps the group on task; recorder – everyone enters data, so take turns; programmers and calculators – everyone helps write the program, and does the calculations) before the project begins, and also upon completion, as well as journal entries.
2. When the teacher is circulating amongst the groups, is everyone on task and doing their fair share?

3. Are the computer programs succinct and to the point? Do they avoid any unnecessary work?

4. Have the groups discussed a through solution in their group?

5. Is there proof of the calculations for each trial?

	Collaborative Work Skills : Navigation Program



Teacher Name: Mr. Alexander 


Student Name:     ________________________________________ 



	


	CATEGORY 
	4 
	3 
	2 
	1 

	Contributions 
	Routinely provides useful ideas when participating in the group and in classroom discussion. 
	Usually provides useful ideas when participating in the group and in classroom discussion. 
	Sometimes provides useful ideas when participating in the group and in classroom discussion. 
	Rarely provides useful ideas when participating in the group and in classroom discussion. 

	Quality of Work 
	Provides work of the highest quality. 
	Provides high quality work. 
	Provides work that occasionally needs to be checked/redone to ensure quality. 
	Provides work that usually needs to be checked/redone by others to ensure quality. 

	Time-management 
	Routinely uses time well throughout the project to ensure things get done on time. Group does not have to adjust deadlines or work responsibilities due to procrastination. 
	Usually uses time well throughout the project, but may have procrastinated on one thing. Group does not have to adjust deadlines or work responsibilities due to procrastination. 
	Tends to procrastinate, but always gets things done by the deadlines. Group does not have to adjust deadlines or work responsibilities because of procrastination. 
	Rarely gets things done by the deadlines AND group has to adjust deadlines or work responsibilities because of inadequate time management. 

	Problem-solving 
	Actively looks for and suggests solutions to problems. 
	Refines solutions suggested by others. 
	Does not suggest or refine solutions, but is willing to try out solutions suggested by others. 
	Does not try to solve problems or help others solve problems. Lets others do the work. 

	Attitude 
	Never is publicly critical of the project or the work of others. Always has a positive attitude about the task(s). 
	Rarely is publicly critical of the project. Often has a positive attitude about the task(s). 
	Occasionally is publicly critical of the project. Usually has a positive attitude about the task(s). 
	Often is publicly critical of the project. Often has a positive attitude about the task(s). 

	Focus on the task 
	Consistently stays focused on the task and what needs to be done. Very self-directed. 
	Focuses on the task and what needs to be done most of the time. 
	Focuses on the task and what needs to be done some of the time. 
	Rarely focuses on the task and what needs to be done. Lets others do the work. 

	Preparedness 
	Brings needed materials to class and is always ready to work. 
	Almost always brings needed materials to class and is ready to work. 
	Almost always brings needed materials but sometimes needs to settle down and get to work 
	Often forgets needed materials or is rarely ready to get to work. 

	Pride 
	Work reflects this group's best efforts. 
	Work reflects a strong effort from this group. 
	Work reflects some effort from this group. 
	Work reflects very little effort on the part of this group. 

	Monitors Group Effectiveness 
	Routinely monitors the effectiveness of the group, and makes suggestions to make it more effective. 
	Routinely monitors the effectiveness of the group and works to make the group more effective. 
	Occassionally monitors the effectiveness of the group and works to make the group more effective. 
	Rarely monitors the effectiveness of the group and does not work to make it more effective. 

	Working with Others 
	Each member almost always listens to, shares with, and supports the efforts of others. Tries to keep people working well together. 
	Each member usually listens to, shares, with, and supports the efforts of others. Does not cause "waves" in the group. 
	Each member often listens to, shares with, and supports the efforts of others, but sometimes are not good team members. 
	Members rarely listen to, shares with, and supports the efforts of others. Often are not good team players. 


Activity 5: Guest Speaker

Purpose: To give students an insight into hands-on experience in navigation, through constructive discussions with a ship’s navigator and airline pilot.
Outcomes: All above outcomes. Students will also be expected to write a report in their journals outlining what they learned from the experience, and what they can apply to their projects from this experience. This should take one class to complete.
Procedure: 

A professional navigator is to be invited to the class to speak about issues related to the field of navigation, with emphasis on the nature of their duties, and what they do on a daily basis. The navigator will be asked to mention some of the hazards they face, proper safety procedures to be followed on the job, and other topics such as specific situations they may have faced that may be of interest to the students.

The navigator may also wish to mention the education they received to attain their positions, with attention to the courses taken, where they took their courses, and so on. As mentioned, students will be expected to write a report in their journals about the experience, and submit this report to the teacher for evaluation.

Activity 6: Field Trips

Purpose: Again, to give students further hands-on experience in navigation.
Outcomes: As above. Should take one day to complete.
Procedure:


Two field trips are planned for the students. One is to an engineering firm to outline how engineers solve problems they face, such as navigation, as well as to view solutions or proposals to such problems. Another is a trip on a vessel such as a passenger ferry or fishing vessel to allow students to have a chance to physically navigate a sea-going vessel.


As with the guest speaker activity, it will be of help to the students to ask the speakers accompanying the students to outline how they came to attain their positions, with the students ultimately submitting another report on each experience.


It will also be necessary in the case of the sea voyage to send a permission slip to the students’ homes, and ask the parents to sign the form absolving the school of all liability in case of a potential disaster, as this is a situation in which the students could face a potentially life-threatening hazard such as a storm.


After completing the voyage, and the simulation project, students will hand in their journals for evaluation be the teacher, according to the rubric seen at the beginning of the activity. 
Permission Slip for Activity 6


I, _________________________, being of sound mind and judgment, do hereby and freely absolve           (insert name of school), and also teacher, Mr. David Alexander, of any and all liability in the event of a disaster that may result in serious injury or death of my son / daughter during the upcoming high seas excursion, an experience meant to be for educational purposes about navigation.


I solemnly swear and affirm that this is true, under penalty of perjury, and I hereby accord permission to allow my son / daughter to partake of this field trip.

Name: __________________________________

Signature: _______________________________

Date: ___________________________________

Appendix A: Specific Curriculum Outcomes intended to be addressed on at least a minimal level throughout the activities provided
Mathematics: Grade 10
1. D3: Students will relate trigonometric functions to the ratios in similar right triangles. 

2. D4: Students will use calculators to trigonometric values of angles and angles when trigonometric values are known.

3. D5: Students will apply trig. functions to solve problems involving right triangles, including using the idea of the angle of elevation.
4. D6: Students will solve problems involving measurement, using bearings and vectors.

Mathematics: Grade 11

1. B5: Students will be expected to analyze the graphs of the sine and cosine functions.

2. B6: Students will be expected to analyze and derive the Law of Sines, the Law of Cosines, and develop the formula for the area of a triangle A = ½ bc sin A.

3. D3: Students will be expected to apply sine and cosine rations and functions to situations that involve non-acute angles. 
4. D5: Students will be expected to apply the Law of Sines, the Law of Cosines, and the formula for the area of a triangle A = ½ bc sin A to solve problems.

Physics: Grade 11

1. 325-2: Students will be expected to use vectors to represent force, velocity, and acceleration.

2. 325-5: Students will be expected to graphically and mathematically analyze the relationship between displacement, velocity, and time. Students will also be expected to use vector analysis in two dimensions for systems involving two or more masses, relative motions, static equilibrium, and static torques.
Technology Education: Grades 11 and 12.

1. Students will describe and demonstrate the general principles of the organization of production.

2. Students will demonstrate, define, and apply the basic technology system used in production.

3. Students will identify the needs and preferences of users reflected in contemporary products.

4. Students will be expected to select production tools, machines, and equipment appropriate to the task at hand, and use them safely, accurately, and economically.

5. Students will be able to plan the total sequence for the production of a product.

6. Students will resolve conflicting demands to produce an optimum solution.

7. Students will apply critical thinking skills for evaluating and developing ideas.

8. Students will use techniques, processes, and resources creatively to achieve a high quality product that matches the specifications.

9. Students will be expected to design, plan, and complete a custom production project.

10. Students will show that they are able to work as a member of a team in a production enterprise. 

Career and Life Management 11
1. Students will be expected to show that they can demonstrate effective communication and teamwork skills.
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