Charles Dell

Ed 386

Unit Plan 1

If you have ever ridden a roller coaster, then you know there are many sensations resulting from the motion of the car: Gravity tugs on you.  Weightlessness greets you at the top of each incline.  You feel yourself pushed against the side of the car.  Students have been aware of these sensations but, up until now, have never understood why they felt them.  What is the nature of this motion?

In this unit we will analyze and describe motion.  We will look at how things move and how their motion changes.  We will do this by studying two types of motion: velocity and acceleration with velocity being speed in a particular direction and acceleration being the rate at which velocity changes.  Later the student will explore what it is about motion that generates the forces causing the sensations.  This introduction to motion, however, will help them understand how objects move and why they move the way they do.  It will help them develop skills in making and using experimentation of real world phenomena to understand the physical world.

How things move and why they move have been studied for centuries.  The study probably started with astronomy and was further refined by Newton when he experimented with falling objects.  We could probably survive without this knowledge.  However, we would never have gone to the moon, or explored the universe, or been able to develop machines.  The student will undoubtedly be expected to study motion if he goes on to college. But even if he doesn’t, the basic concepts of Physics learned here will help him survive in a very technical world.  We live in a scientific age where the discoveries of science and their applications to every day life have a direct effect on our lives.  The development of air travel and the development of personal computers are good examples of this.

This unit will also provide the groundwork for analyzing and understand physics as a science of math and of real world problem solving.  It will provide a clear set of examples, grounded in personal experience, from which the student can develop general concepts of motion.

The student will carry with him the knowledge and ability to understand the basic concepts of motion.  He will remember that an object’s motion can be defined with mathematical symbols, such as vectors, and that problems can be solved using a little logic, a little math, and a little experimentation.

The math involved will be very basic trigonometry and very basic vector analysis.  The student will know that objects accelerate at a constant rate due to gravity and be able to recreate or solve motion problems by timing the velocity of objects when dropped.  S/he will have a basic knowledge that velocity is based on displacement, displacement being represented by a straight line from one point to another.  S/he will be able to describe uniform motion graphically and algebraically, and will also be able to describe uniformly accelerated motion graphically and algebraically.  The student will also know that Newton’s laws describe the effects of forces on objects in motion, and understand the uniform acceleration of free falling objects.

Students are likely to run into many problems and misconceptions as they progress through the unit.  The nature of these problems will obviously depend on the level of Physics being taught.  The students in the more advanced sections will not have the same problems beginners have, or a least not as many.  

The following table is a list of problems or misconceptions that I have identified both from my own experience and that of my practicum instructor.

Problems or Preconceptions


Goals/Concepts/Strategies

	Student will maintain that objects fall at a constant speed of 32ft/sec
	Objects accelerate at a rate of 32ft/sec every sec

	Student will maintain that speed and velocity are the same thing
	Velocity has a direction associated with it

	Student will lack the knowledge of vector analysis
	Learn to resolve vectors

	Student will not be able to graph


	Learn basic graphing techniques

	Student will not be able to understand the results of a graph
	Review typical graphs of motion and explain the results 

	Student will lack the necessary vocabulary


	Define and handout all vocabulary terms and definitions

	Student will never have used units with algebraic equations
	Application of units under all circumstances

	Student will lack the basic math required


	Introduce a unit for math necessities

	Student will not be able to use a calculator 
	Learn how to perform the necessary math on a calculator.



I have also noticed from my classroom observations that there are even more basic examples of student problems.  They range from not knowing what the symbol for theta is to the inability to visualize problems.  These types of problems will have to be addressed as I proceed through the unit and the necessity arises.

TEXT ANALYSIS

The textbook I’m using is:

Modern Physics, by Frederick E. Trinklein.  

Published by Holt, Rinehart and Winston.  Copyright 1990.

I understand that the book is older than what was requested, however the book is currently being used at Neuman High School, Wausau, Wisconsin. Therefore, I feel it is applicable.

DEFINITIONS:

Science facts: The accepted answer to a problem.

Science generalization: A conclusion not based on facts.

Concepts:  Visualization of solution.

Laws:  A statement that describes a behavior.

Theories:  A reasonable explanation of an event.

Empirical entities: An entity that can be physically manipulated.

Theoretical entities: An entity that exists as an idea.

Science facts:

1. A meter is equal to the distance that light travels in a vacuum in 1/299792458th of a second.

2. Displacement.  You can measure the distance an object has moved.

3. The shape of a “distance vs. time” graph is a straight line.

4. Motion is relative.

Science generalization:

1. All objects fall at rate equal to 32 ft/sec2.  This statement does not take into account the principle of friction.

2. Newton Laws govern all moving objects.  We know these laws do not hold true for objects moving near the speed of light.

Concepts:

1. Mass is a measurement of the amount of material in an object: A person has to visualize a bunch of little particles packed into a solid object.

2. The velocity of an object can be represented by a graph.  Many students can create a graph from data but very few can actually understand what the graph means in real terms.

3. All motion is relative.  People are used to visualizing motion from their real life experience where objects move in relation to them and not thinking they are actually moving also.

Law:

1. Newton’s first law of motion.  If there is no net force acting on a body, it will continue in its state of rest or will continue moving along a straight line with constant speed.

Theories:

1. Modern atomic theory.  Matter is made up of a nucleus surrounded by electrons.

2.  Einstein’s theory of relativity.

Empirical entities:

1. An object’s weight can be measured.

2. An object’s velocity and acceleration can be observed rolling down an incline.

Theoretical entities:

1. An electron can be studied but cannot be directly observed.

IMPORTANT QUESTION

Although this question is not directly asked in the text, it was implied and could be addressed at the same time the example on page 50 was covered.  An object rolling down an incline plain accelerates at a constant rate.  However does the mass of the object make a difference?

The experiment can be set up exactly as shown on page 50.  The only difference being the student will be supplied with various objects with difference masses.

ACTIVITY

In this investigation you will describe the motion of several balls rolling down an inclined track.

Equipment – You will need a track of one meter long, a support for the track, several marbles of different sizes, a meter stick, and a timer.

General Procedure – Keep the angle of the incline constant for this investigation.  Alternately place the marble at the same starting point on the incline.  The balls should be released the same way each time.  Take at least three data runs of each marble and record the average times.

Results – Is there a relationship between the speeds of the marbles

CRITIQUE OF THE PASSAGE

The section that I selected is very typical of all physics books.  It organizes data in a very straightforward manner.  A list of objectives is given at the beginning of the chapter; Italics or boldface type highlights either new terms, definitions, and principles.  Each section concludes with a summary and a vocabulary list.  This helps provide emphasis for important concepts and terms.  It also allows for a quick review by the student.

I like four things about the organization of the text. The placement of examples and problems after each concept rather than only at the end of the chapter should help the student.  The fact that the problems are broken into sets, Group A and Group B, Group B being more difficult will provide the student with an opportunity for immediate reinforcement and a way to self-test the level of knowledge.  The fact that the author stayed with a single column layout keeps the text from being cluttered with information.  It also allows for comments and pictures to be added in the margins allowing for greater flexible in treatment of material.  Although not shown in this section, the text has a refresher section in math, located as an Appendix.  It reviews the mathematical skills required for problem solving in the text.

I do feel however that the text could use a little more color.  Color helps liven up the subject and can make examples a little more clear.  It also needs a larger section on solving vector problems.  It’s very unlikely the student will be able to solve real world problems since the real world does not always have right angles.

USE OF TEXT

Since the primary role of a text is developing knowledge in the content area, I would only use the text as an introduction to the subject.  There are many sources other than textbooks, which can provide interesting and new angles to a subject.

It’s very important to lead the students to a level of learning through problem solving and real world connections.  The textbook can only lay the groundwork for a subject. The actual understanding comes from participating in activities that clarify, or apply, the content to the real world.


I would expect to use a textbook in a cycle of five days.  Each day the student would be required to read a portion of the text.  The following day would be used to discuss the text.  The next day would be used for hands on experimentation.  The fourth day would be used to discuss the results of the activities, and the final day would be used for some kind of formal feedback.  As you can see the student would spend 20% or less of their time using the text.  Keep in mind that the beginning of each cycle may vary by using a different source, perhaps a video that explains the subject better than the text.


As I noted the second day is spent helping the student understand or use the text to understand content.  A good example of this would be having each student develop a vocabulary from the book so they can speak scientifically.  The student would also list all the basic formulas presented to them, and finally write down any questions or unclear concepts they would like to discuss.  This should give them a good foundation for the discussion the following day.  They should be able to understand me and I should be able to understand them. 

ACTIVITY LIST

Week 1

DAY 1-LESSON 1

1. Handout course information

2. Handout lab Report Format

3. Handout and discussion of the Scientific Method

4. Set up lab groups

5. Homework: Chapter 1

DAY 2-LESSON 2

1. Pre Lab discussion

2. Measurement lab

3. Post lab discussion

4. Homework: Chapter 2

DAY 3-LESSON 3

1. Handout graphical method article

2. Introduce Cornell system

3. Handout introduction to the Cornell Note taking system

4. Homework: Take notes on Chapter 1 using Cornell System

DAY 4-LESSON 4

1. Second handout of Cornell system 

2. Handout significant figures article

3. Students will review their notes on graphical  methods and predict test question

4. Homework: Read significant figures article 

DAY 5-LESSON 5

1. Measurement lab due

2. Significant figures worksheet

3. Quiz on Graphing

Week 2

DAY 6-LESSON 6

1. Pre Lab Discussion on Pendulum

a. State problem

b. Research problem(formulas)

c. Predict outcome

d. Test predictions

e. Draw a conclusion from data

2. Lab on Pendulum

DAY 7-LESSON 7

1. Post lab discussion

a. Stress Scientific Method

b. Emphasize good data collection

c. Identify dependant and independent variables

d. Discuss graphs

DAY 8-LESSON 8

1. Complete review sheet on scientific method

DAY 9-LESSON 9

1. Pendulum test

DAY 10-LESSON 10

1. Pendulum lab due

2. Handout motion map article

3. Develop concept map for motion

4. Homework: Chapter 3 p 3.1-3.4

Week 3

DAY 11-LESSON 11

1. Pre-lab discussion on constant velocity

a. Go through Scientific Method again

2. Perform lab

3. Student will create a data table

DAY 12-LESSON 12

1. Post lab discussion

2. Worksheet 1 on position vs time

3. Worksheet 2 on x vs t and v vs t

DAY 13-LESSON 13

1. Pre-read motion map article

2. Read motion map article

3. Post read motion map article

4. Unit review

DAY 14-LESSON 14

1. Worksheet 3

2. Worksheet 4

3. Worksheet 5

4. Motion map quiz

DAY 15-LESSON 15

1. Velocity lab due

2. Test on constant velocity

Week 4

DAY 16-LESSON 16

1. Pre Lab Discussion

a. Scientific Method again

2. Perform uniform acceleration lab

3. Student will create a data table

DAY 17-LESSON 17

1. Post lab discussion

2. Review lab data with partners

3. Worksheet 1 and 2

DAY 18-LESSON 18

1. Review

2. Worksheet 3 and 4

3. Student will participate in a class discussion

DAY 19-LESSON 19

1. Student will participate in a class discussion

2. Student will complete the worksheet

3. If not complete the student will do worksheet at home

4. Student will complete the speeder and patrolman problem

DAY 20-LESSON 20

1. Lab due

2. Test on acceleration

OBJECTIVES

Week 1

LESSON 1: Introduction

· Student will help develop class rules.

· Student will identify the main sections of a lab report.

· Student will analyze the Scientific Method steps.

· Students will participate in the development of the grading system.

· Students will set up lab groups.

LESSON 2: Measurement
· Students will demonstrate the use of a vernier caliper, scale and hydrometer.

· Students will determine the density of various objects.

· Students will record data in a data table and use the data for calculations.

· Student will recognize the basic units of measurement and use them in a formula.

· Students will list the parts of a lab report and scientific method

· Students will identify the major parts of a lab report.

· Students will identify the major parts of the scientific Method.

LESSON 3 Scientific Thinking

· Students will create a Cornell worksheet.

· Students will use the Cornell note taking process.

· Students will review graphing procedures.

LESSON 4 Significant Figures

· Students will consider accuracy of measuring devices in calculations.

· Students will analyze their notes and identify possible test questions using the Cornell system.

· Students will identify the correct number of significant figures in a calculation. 

· Students will practice graphing by completing the graphing worksheet.

LESSON 5: REVIEW

· Students will complete the graphing worksheet.

· Students will complete the significant figures worksheet.

· The student will answer written questions on graphing(Quiz)

Week 2

LESSON 6: Pendulum Lab

· The student will predict the outcome of the experiment.

· The student will develop a systematic approach to problem solving. (Scientific Method).

· The students will identify and classify variables.

· The students will use appropriate measuring devices.

· The students will participate in a pre-lab discussion

· The student will explore how the mass affects the period of a Pendulum.

· The student will explore how the length affects the period of a Pendulum.

· The students will provide a list of elements that may impact the pendulum behavior.

· The students will determine which observations are related and identify the dependant and independent variables.

LESSON 7: POST LAB DISCUSSION

· The student will complete a lab report following the proper procedures.

· The students will discuss the Scientific Method.

· The student will identify and classify variables.

· The student will make predictions about the relationship of the variables.

· The students will relate mathematical and graphical expressions.

· The students will develop linear relationships.

LESSON 8:

· The students will analyze their notes and identify the important concepts by completing area A of the Cornell notes.

LESSON 9:

· The students will respond to written questions pertaining to the objectives covered in the first two weeks,

LESSON 10:

· The students will create a Concept Map on motion

Week 3

LESSON 11: Velocity

· The students will complete a lab experiment on velocity.

· The students will predict the behavior of a battery-operated car moving across a table.

· The students will identify the dependant variable x and the independent variables t.

· The students will list the observations, which can be measured.

LESSON 12:

· The students will use the slope intercept form to write the equation of position vs. time.

· The students will identify velocity as the slope of the position vs. time graph.

· The students will use the equation v = (x/(t to determine the average velocity.

· The students will be able to determine the displacement of objects by finding the area under the v vs. t graph.

LESSON 13:

· The students will be able to discuss the motion of an object from a Motion Map.

· The students will be able to draw a Motion Map given a v vs. t graph.

LESSON 14:

· The students will determine the displacement of two objects using the equation (x = vt.

· Given a x vs. t graph the student will draw a corresponding v vs. t graph.

· The student will be able to determine its average velocity.

· The student will write the mathematical formula, which describes the motion.

· Given a v vs. t graph the student will draw the corresponding x vs. t graph.

· The student will describe the motion of the object.

· The student will determine the displacement of the object.

· The student will write the equation for the motion.

LESSON 15:

· Test

Week 4

LESSON 16: Acceleration

· The students will complete a lab experiment on acceleration.

· The students will describe the motion of a ball rolling down an inclined ramp.

· The students will identify the observations, which are measurable.

· The students will identify the independent and dependent variables.

LESSON 17:

· The students will determine the instantaneous velocity by determining the tangent to a x vs. t graph

· The students will determine the displacement of an object by finding the area under the curve.

· The students will determine the acceleration of an object by finding the slope of the v vs. t graph.

· Given a v vs. t graph the students will draw the corresponding x vs. t graph

· Given a x vs. t graph the student will draw a motion map for the object

LESSON 18

· The students will contrast graphs of objects under constant velocity and constant acceleration.

· The students will define instantaneous velocity.

· The students will distinguish between instantaneous velocity and average velocity.

· The students will define acceleration including its vector nature.

· Given a x vs. t graph the student will draw the corresponding v vs. t graph.

LESSON 19:

· Derive the following formulas:

a = (v/(t
vf = vi + at
(v = at
x = + vot + 1/2at2
(x = vot + 1/2at2
vf2 = vo2 + 2a(x

LESSON 20:

· Test

Specific Cognitive Skills

Higher Cognitive Skills
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LESSON PLAN 1

	Purpose of the Lesson:

· The purpose of this lesson is to introduce the students to what they can expect for the semester, set up lab groups and begin the process of having them think in scientific terms.



	MOTIVATION:

· The students will gain a sense of ownership by participating in the class discussion by helping set the rules and grading guidelines.  This will set the tone for the semester as to how we will approach problems.



	Objectives:

· The students will help develop class rules.

· The students will identify the main sections of a lab report.

· The students will analyze the Scientific Method steps.

· The students will participate in the development of the grading system.

· The students will set up lab groups.



	Support Materials:

· Course information handout.

· Lab report handout.

· Scientific Method handout.



	Teaching Mode and Strategies:

· The day will be spent discussing the rules and grading system, using an open forum strategy.  The discussion will continue until we reach an agreement or a majority consensus is achieved.  The strategy is to review the student’s ideas.  The ideas that are acceptable will be written on the board and distributed later as a handout.



	Tasks student will complete/Activity:

· The students will read the course information handout.

· The students will read the lab report handout.

· The students will write down their ideas.

· The students will hand in their rules and grade system.

· The students will read the Scientific Method handout.

· The students will participate in the class discussion.

· Homework:  Chapter 1, read lab report and Scientific Method handout and list the major parts.



	Questions, Anticipated student responses, and appropriate responses:

· Do we agree the grading system and rules are fair?  The majority will answer yes since they will be developed in class.  If consensus can not be reached it will be set as shown in the handout.



	Strategies for collecting feedback and giving feedback:

· Each student will develop the rules and grading anonymously.  The students will write down their ideas on the rules and grading and then hand in their responses.  The discussion will be based on these responses.



	Transition point of lesson:

· The students will probably be very apprehensive the first day.  The word Physics tends to scare people.  However after creating the rules and grading they will understand that the class will be fair and open.

· The students will be required to think in scientific terms.



	Time estimate:

· 10  Read the course handout.

· 45  Develop the class rules and grading system.




Course Information - Physics

The wireless telegraph is not difficult to understand.  The ordinary telegraph is like a very long cat.  You pull the tail in New York, and it meows in Los Angeles.  The wireless is the same, only without the cat.

- Albert Einstein
If I have seen farther, it is because I have stood on the shoulders of giants.

-Isaac Newton
1.
This course will focus on developing your physics knowledge and understanding.  It will also help to develop problem-solving skills.

2.
Tests, quizzes and homework will be problems, which you must solve, and concepts, which you will need to understand.

3.
Your grade will be based upon the following:


Tests


15%


Activity sheets

10%


Quizzes

15%


Lab Activities

30%


Homework

10%


Class Participation
10%


Attendance

10%

The percentages are only approximations.  The actual score will be calculated from a total points earned out of total points possible.

Tests and Quizzes

1.
All tests will be announced prior to the actual test.  Quizzes may or may not be announced.  You should be prepared to be quizzed on the material at anytime.

2. When a test is scheduled, try to be in school.  If students are absent on the day of a test, they will be required to take it in the class period on the first day they return after the absence..

3.
Students may receive partial credit on your tests and quizzes so it will be best to always show your work in an organized and understandable manner.

4. Equations needed for tests may be placed on a small index card.  It is the student’s responsibility to have the index card completed prior to the test.

Lab Activities

1.
Every student is expected to participate in all lab experiments and submit a written report on each.

2.
The report is to be legible and easily understood.  It is suggested that you type your lab reports.

3.
Graph paper or an appropriate computer program should be used for all graphs.

Homework

1.
All written assignments will be graded on the basis of completion and accuracy of completion.

2.
No credit will be given for just answers to problems.  You must show all work and the required unit , also the final answer must be circled or highlighted.
3.
Written assignments will be expected on their due date.  Penalties will be imposed if they are late.

Class Participation

1.
You are required to have the following for this class: Notebook, Pencil or pen for notes and homework, Calculator.  I would suggest a calculator with trig. functions (sin, cos, tan) and scientific notation.  If you have any problems obtaining things please come see me anytime.

2.
You will be expected to take notes during class.

3.
When the class begins, you should have your notebook open to the previous assignment or ready to take notes for the day.

4.
Periodically I might check for the items listed in #1 and award points for having them.

Absences

1.
If students miss class for any reason it is their responsibility to make up the work.  Students should first contact a friend in class for notes and any homework assignments.  They may speak to the teacher after class or anytime before or after school about the missed assignments.

2.
If a student misses a lab, the lab must be completed during or after the school day when the equipment and science room is available.  Labs must be made up promptly.

Classroom Rules: Be respectful; Be prepared; Be prompt; Work Safely

Philosophy -

Respect people.  Respect others right to learn.  Respect my right to teach.  Respect yourself and don't sacrifice your education, it is one of the most important things in your life.

Rules -

1. Be prepared for class.  When the bell rings be in your seat and remain seated, have your book, notebook and pen/pencil when you get to class.  Have your notebook open and ready to take notes.  You may have a problem on the board, which you should begin immediately.

2. Follow my directions the first time they are given.

3. Raise your hand and be recognized before speaking,

4. No teasing, name-calling, profanity.

5. Wait in your seats to be dismissed from the classroom.

Consequences for misbehavior -

1. verbal warning

2. teacher detention

3. school detention and contact parents

4. school detention and discussion with principal

5. There will be automatic removal from classroom for fighting, vandalism or stealing.

Rewards for good behavior -

1. Time at the end of class to work on homework.

2. Library pass for research.

3. Free time

Lab Reports

I. Introduction:

1. Includes, experiment title, date, your name, your partners names.

II. Objective:

1. An explanation of the purpose, and or theory of the lab.

III. Experimental Procedure:

1. A list of all the equipment used to perform the experiment.

2.
A description of how the equipment was used.

3.
Diagrams or sketches if necessary.

IV.
Data and Results

1.
A record of all the measurements made during the experiment.

2.
All calculations necessary.

3.
Whenever there are several results, the numerical values should be recorded in a table.  Tables must have headings for each column and a clear indication of the unit.

V.
Sample Calculations: (to be used when a data table is used)

1.
Each Sample Calculation should have the following

a.
An equation in familiar form.

b.
An algebraic solution of the equation for the desired quantity.

c.
Substitution of known values with units.

d.
Numerical answer with units.

For example: s=1/2 at2, a=2s/t2=(0.2 x 10 cm) / (2S2)=(5 cm/s2)

VI. Graphs:

1.
Use adequate labels. (title, name of quantities, units)

2.
Draw the best possible curve, using a straight edge when possible.

3.
Calculate the slope when called for.

VII.  Conclusion:

1.
The conclusion is a very important part of the report.  The conclusion must be the individual work of the student who writes the report.  The conclusion consists of one or more well written paragraphs summarizing and drawing together the main results and indicating their significance in relationship to the observed data.

2.
In essence tell me what you learned.

3.
Conclusions must be based upon the results of the experiment.

4.
Possible sources of error must be discussed, this is also very important, there is always some possible source for error.

5.
Graphs must be discussed.

6.
Clarity and conciseness are important.

SCIENTIFIC METHOD

The Scientific Method can be used to Solve Any Problem!

Even to Find a Date for Friday Night!

Here's How To Do It:

Step 1: STATE YOUR PROBLEM You cannot solve a problem until you k now Exactly what it is.

My Problem is - "I Need a Date for Friday Night".

Step 2: RESEARCH YOUR PROBLEM What will it take to Solve my Problem.

What do I know, and need to know, about my Problem?

To Solve My Problem, "I Need Someone to Take Out Friday Night".

Who Can I Take?

- Examine the Possibilities.

- Eliminate Poor Choices.

- Consider Likely Choices.

Step 3: FORM A HYPOTHESIS A Possible Solution to My Problem.

The Simplest solution is. often the Best Solution!

"My Date Will Be ( Name )”.

Step 4: TEST THE HYPOTHESIS Perform an Experiment to See if Your Hypothesis works.

"Ask ( Name ) for a Date Friday Night".

Step 5: DRAW CONCLUSION FROM YOUR DATA In its simplest form, there are only Two Possibilities.

(1)
If Your Hypothesis was Correct, You Now Have a Date for Friday

PROBLEM SOLVED!

(2)
If Your Hypothesis was Incorrect, Your Experiment Failed.

DON’T GIVE UP!

DO MORE RESEARCH!

· What was wrong with your original

· Did you make a poor selection

· Was your experiment flawed

· Form another hypothesis based on additional research

· Test your hypothesis

LESSON PLAN 2

	Purpose of the Lesson:

· The purpose of this lesson is to introduce the students to the lab and equipment

· Discuss the need for precise measurement

· Introduce the students to measuring devices and their units.



	Motivation:

· Precise measurement is necessary for successful experimentation.  It is also necessary for many personal activities and vocations.



	Objectives:

· The students will demonstrate the use of a vernier caliper, scale and hydrometer.

· The students will determine the density of various objects.

· The students will record data in a data table and use the data for calculations.

· The students will recognize the basic units of measurement and use them in a formula.

· The students will list the parts of a lab report and scientific method.

· The students will identify the major parts of a lab report.

· The students will identify the major parts of the scientific Method.



	Support Materials:

· Vernier caliper                       Irregular shaped object

· Hydrometer                              Lab directions

· Scales

· Steel balls

· Wooden balls

· Wooden blocks

· Wooden rods



	Teaching Mode and Strategies:

· The pre-lab discussion will be used to provide the formulas and background knowledge for determining density.  The strategy is to have the students investigate on their own, locate the lab equipment and learn how to use it.

· The pre-lab discussion will allow for review of the Scientific Method.  The strategy is to have them think in scientific terms.



	Tasks student will complete/Activity:

· The students will measure, weigh and/or check the displacement of all the objects.

· The students will develop a data table.

· The students will determine the density of all the objects.

· The student will read the hydrometer.

· The student will develop their first lab report.

· Homework: Chapter 2



	Questions, Anticipated student responses, and appropriate responses:

· Does everyone have all the formulas they need?  Unless they’ve take good notes during the discussion they are likely to missing a few.  After they begin the lab I will write all the equations on the board.

· Do they have to do all the objects?  No!  Do at least one of each type and the irregular shape.

· Have you listed the parts of a lab report in your notes?  Did you recognize the logical progression of the scientific method?  Some students will be unsure.  They will be reassured that we will continue to review these procedures.



	Strategies for collecting feedback and giving feedback:

· During the lab the students may ask questions.  If it’s important to the lab results I will make an announcement to the whole class.  This first session will enable me to evaluate the student’s prior knowledge and adjust the post lab discussion if necessary.  Formal feedback is achieved when the labs are corrected.

· The students will have read the two handouts.  Discussion will be based on the readings.  Listing them on the board will reinforce the concept.



	Transition point of lesson:

· The student will be unfamiliar with the lab and not know how to use the equipment.  They will also have forgotten the formulas and may not know the basic units of measurement.  After using the measurement tools and calculating the density of the objects the student will know basic units, use of units in a formula, and will know where to locate the equipment.

· The students will begin to recognize that science investigation follows logical steps. (i.e. Scientific Method)



	Time estimate:

· 10  Pre-lab discussion

· 30  Data collection

· 15  Post lab discussion




LESSON PLAN 3

	Purpose of the Lesson:

· The purpose of this lesson is to introduce the students to the Cornell note taking system and graphing.

· Activate the student’s prior knowledge of graphing.



	Motivation:

· The Cornell process has proven that students can improve their grades substantially by using the system.  

· The review of graphing will activate the prior knowledge necessary to successfully model motion in up-coming lessons.



	Objectives:

· The students will create a Cornell worksheet.

· The students will use the Cornell note taking process.

· The students will review graphing procedures.



	Support Materials:

· Cornell handout.

· Graphing method handout.



	Teaching Mode and Strategies:

· The first part of the class will be a lecture on the layout of their notes.  The strategy is to give the students enough information to complete the reading assignment and homework assignment using the Cornell system.

· The students will read the graphing article in class and take notes using the Cornell system.  The strategy is to allow the students to use the system and develop questions concerning its use.



	Tasks student will complete/Activity:

· Student will layout their notes in preparation for note taking per the lecture.

· Student will read the article on graphing and take notes using the Cornell system.

· Homework: Take notes from chapter 1 using the Cornell system.



	Questions, Anticipated student responses, and appropriate responses:

· Do you understand how to use the Cornell layout for taking notes?  Yes!  This is a double check to insure they’ve got it.

· Is every one up to speed on graphing?  No!  A few of the students will have problems.  I will review each graph and point out the important points.



	Strategies for collecting feedback and giving feedback:

· I will review all the notes on graphing, at the student’s desk, for proper layout and provide comments individually.

· The lecture on the Cornell system will be followed with a question answer section.



	Transition point of lesson:

· By preparing the student with a lecture on note taking and then allowing them to use it in class, and finally providing them with feedback, will give them a solid foundation of study skills they will need to be successful.



	Time estimate:

· 15  Cornell lecture

· 20  Reading

· 10  Questions

· 10  Review student notes




UNIT I READING: GRAPHICAL METHODS

One of the most effective tools for the visual evaluation of data is a graph.  The investigator is usually interested in a quantitative graph that shows the relationship between two variables in the form of a curve.

For the relationship y = f(x), x is the independent variable and y is the dependent variable.  The rectangular coordinate system is convenient for graphing data, with the values of the dependent variable y being plotted along the vertical axis and the values of the independent variable x plotted along the Horizontal axis.
Positive values of the dependent variable are traditionally plotted above the origin and positive values of the independent variables to the right of the origin.  This convention is not always adhered to in physics, and thus the positive direction along the axes will be indicated by the direction the arrowheads point.
The experimental approach or the character of the data determines the choice of dependent and independent variables.  Generally, the independent variable is the one over which the experimenter has complete control, the dependent variable is the one that responds to changes in the independent variable.  An example of this choice might be as follows.  In an experiment where a given amount of gas expands when heated at a constant pressure, the relationship between these variables, V and T, may be graphically represented as follows:






Correct                                    Incorrect
By established convention it is proper to plot V = f(T) rather than T = f(V), since the experimenter can directly control the temperature of the gas, but the volume can only be changed by changing the temperature.

Curve Fitting
When checking a law or determining a functional relationship, there is good reason to believe that a uniform curve or straight line will result.  The process of matching an equation to a curve is called curve fitting.  The desired empirical formula, assuming good data, can usually be determined by inspection.  There are other mathematical methods of curve fitting, however they are very complex and will not be considered here.  Curve fitting by inspection requires an assumption that the curve represents a linear or simple power function.

If data plotted on rectangular coordinates yields a straight line, the function y = f(x) is said to be linear and the line on the graph could be represented algebraically by the slope-intercept form:

y = mx + b,

where m is the slope and b is y-intercept.

Consider the following graph of velocity vs. time:










The curve is a straight line, indicating that v = f(t) is a linear relationship.  Therefore,

v = mt + b,

where slope = m = v/t = v2 – v1
t2 – t1
From the graph,

m = 8.0 m/s    =.080 m/s2
10.0 s

The curve intercepts the v-axis at v = 2.0 m/s.  This indicates that the velocity was 2.0 m/s when the first measurement was taken; that is, when t = 0.  Thus, b = vo = 2.0 m/s.

The general equation, v = mt + b, can then be rewritten as

v = (0.80 m/s2 )t +2.0 m/s.
Consider the following graph of pressure vs. volume:






The curve appears to be a hyperbola (inverse function).  Hyperbolic or inverse functions


 suggest a test plot be made of P vs.           .  The resulting graph is shown below:





The equation for this straight line is:


P = m       + +b


where b = 0. Therefore; P =         ; when rearranged, this yields PV = constant, which

is Boyle's law.

Consider the following graph of distance vs. time:





The curve appears to be a top-opening parabola.  This function suggests that a test plot be made of d vs. t2 . The resulting graph is shown below:


Since the plot of d vs.  t2  is linear, the expression is:

d = mt2 + b

The slope, m, is


m =   = 


    =

    =   2.0 m/s2.t2
Since the curve passes through the origin, b = 0. The mathematical


expression  that describes the motion of the object is 

d = (2 m/s2 )t2
Consider the following graph of distance vs. height:



The curve appears to be a side-opening parabola.  This function suggests that a test plot be made of d2 vs. h.  The resulting graph is shown on the following page..

Since the graph of d2 vs. h is linear the expression is

d2 = mh + b

The slope, m, is

 


      =   (0.50 cm) h..

Since the curve passes through the origin b = 0.

The mathematical expression is then

d2 = (0.50 cm)h.

Graphical Methods-Summary

A graph is one of the most effective representations of the relationship between two variables.  The independent variable (one controlled by the experimenter) is usually placed on the x-axis.  The dependent variable (one that responds to changes in the independent variable) is usually placed on the y-axis.  It is important for you to be able interpret a graphical relationship and express it in a written statement and by means of an algebraic expression.


The Cornell Note Taking System

Walter Pauk, an emeritus professor of education at Cornell, developed the Cornell note-taking system.  You can learn more about this note-taking framework by reading Chapter 5 in Pauk’s book, How to Study in College. (5th ed.).

Page Layout:

The distinguishing feature of the Cornell system is the layout of the pages on which you take notes.  The page layout includes large margins on the left and bottom of the page.  A picture of this layout (note to scale), with dimensions, is shown below.  A discussion of the three areas of the Cornell system page follows.  Finally, an example of the Cornell system is provided (typed for neatness), using actual notes from a Chemistry class


LESSON PLAN 4

	Purpose of the Lesson:

· The purpose of this lesson is to introduce the students to the concept of significant figures and complete the introduction to the Cornell note taking system.



	Motivation:

· The use of significant figures in calculations is important because if they continue using calculator results their errors will compound.

· Students have been known to raise their grade by two levels using the Cornell system.  The Cornell system is a widely accepted study technique.



	Objectives:

· The students will consider accuracy of measuring devices in calculations.

· The students will analyze their notes and identify possible test questions using the Cornell system.

· The students will identify the correct number of significant figures in a calculation 

· The students will practice graphing by completing the graphing worksheet.



	Support Materials:

· Worksheet on significant figures.

· Second handout on Cornell system

· Graphing practice worksheet.



	Teaching Mode and Strategies:

· The first part of the class will be used to lecture on the Cornell system.  The strategy is to provide them with the remaining steps in taking notes with the Cornell system.

· The students will use the rest of the class time reviewing their notes on graphing and completing their notes using the Cornell system.  The strategy is to have the students predict test questions from their notes.

· Students will practice graphing in class with the worksheet.



	Tasks student will complete/Activity:

· The students will read the second handout on the Cornell system.

· The students will complete their notes on graphing using the Cornell system.

· Graphing practice worksheet.

· Homework: Read significant figure handout and take notes using Cornell system.



	Questions, Anticipated student responses, and appropriate responses:

· Do you understand the total concept of the Cornell system?  No!  Spend as much time as necessary to clear up the problems because this is the last day spent on note taking.  The system requires the student to review their notes every day by completing sections A and C.  With practice they will be able to use the notes to prepare for tests.



	Strategies for collecting feedback and giving feedback:

· I will collect all the notes on graphing.  The strategy is to check to see if the students are identifying the important concepts from their notes.

· The feedback on significant figures will occur in the next lesson when the students complete the worksheet.  The strategy is to provide a discussion on significant figures, have them read an article on it, then do a worksheet to reinforce the concepts



	Transition point of lesson:

· Students will believe calculators return the most accurate results because of the precision of the answer.  They will learn that in experimental calculations the more precise answer is determined by the accuracy of the measuring device.

· The students have learned a very powerful study skill’s tool by using the Cornell system.



	Time estimate:

· 10  Lecture on significant figures

· 10  Reading the second handout on Cornell system

· 20  Students to complete their notes

· 15  Questions on Cornell system




Area "A" -- The Cue Column
The space to the left of the vertical margin should be reserved for a cue column, You should not write in this area during the lecture, while you are taking notes.  The cue column is not created until you review your notes (which, ideally, you do as soon after the lecture as possible, and certainly before the next lecture).  As you study the material in your notes, you should devise questions which the notes answer (think "Jeopardy").  These questions are the "cues" that should be written in the cue column.  By writing questions, you are forced to think about the lecture material in a way that clarifies meaning, reveals relationships, establishes continuity, and, most importantly, strengthens memory.

Area "B" -- The Summary Space
The area below the horizontal margin near the bottom of the page should be reserved for a summary of the notes on that page.  Your summary should be brief -​at most, only a few sentences.  The page summary provides a concise review of the important material on the page, useful for later reference.  More importantly, in writing a summary, you are forced to view the material in a way that allows you to see how it all fits together, in a general sense.  The summary should be helpful in allowing you to see how specific facts fit into the broader landscape.

Area "C" -- The Note-Taking Area
The space to the right of the vertical margin is where you actually record your notes during the lecture.  Pick a note-taking format with which you are comfortable -​there are no hard-and-fast rules for this aspect of the Cornell system.  However, you should not attempt to transcribe verbatim every word spoken by the instructor.  It is usually not difficult to separate the essential material from the non-essential.  For instance, if information is written on the blackboard, it is probably important enough to include in your notes.  To avoid missing information during the lecture, you should develop a system of abbreviations you understand, and you should write in telegraphic sentences (where you only include enough words to carry the essential meaning).  As you take notes, realize that your emphasis should be on the key ideas, rather than the actual words used to convey those ideas.

AN EXAMPLE OF THE CORNELL SYSTEM


READING: SIGNIFICANT FIGURES

Laboratory investigations usually involve the taking of and interpretation of measurements.  All physical measurements obtained by means of instruments (meter sticks, thermometers, electrical meters, clocks, etc.) are to some extent uncertain.  If, for example, the mass of an object is determined by means of a Dial-O-Gram balance, the measured mass will be uncertain by at least ± 0.01 gram.  If the object were now weighed on progressively more accurate scales, the uncertainty in the mass of the object would get progressively less, but regardless of the precision of the measuring device, any instrumental measurement is to some extent uncertain.  The degree of uncertainty in physical measurements can be indicated by means of significant figures.

Consider, for example, a measurement of the length of the object as indicated below, with three differently calibrated meter sticks.




Figure 1
Observe that when measuring the length of the object with the uncalibrated meter stick (top) the actual length of the object in Figure 1 can only be estimated, and then only to the nearest tenth of a meter, or as 0.3 meter (one significant figure).

Measuring the length of the object, however, with a meter stick calibrated in tenths of a meter (center stick in Figure 1) it is obvious that the length of the object is greater than 0.2 m but less than 0.3 m..  Once again, it would seem to be reasonable to estimate the length of the object to the nearest tenth of the smallest calibration or to the nearest hundredth of a meter; thus 0.27 m.  It might actually be as short as 0.26 m or as long as 0.28 m, so 0.27 m (to the nearest hundredth of a meter) seems to be the most reasonable estimate of the object's length.  This measurement has two significant figures indicating less uncertainty in the second measurement than in the first.

Measuring the length of the object with a meter stick calibrated in hundredths of a meter (lower stick in figure 1), the length of the object could be estimated to tenths of the smallest calibrations (centimeters) or the measured length could be estimated to the nearest millimeter; nearer to 0.270 m than to 0.269 m or 0.271 m.  Note that this measurement has three significant figures indicating less uncertainty in this measurement than in either of the other two preceding measurements.  Thus, the number of significant figures in a measurement indicates the precision of the measurement and not the absolute length of the object.

Once the logic of significant figures is accepted, some simple rules are useful for their implementation.

Rule:
The digits in a measurement that are considered significant are all of those digits that represent marked calibrations on the measuring device plus one additional digit to represent the estimated digit (tenths of the smallest calibration).

The zero digits are used somewhat uniquely in measurements.  A zero might be used either as an indication of uncertainty or simply as a placeholder.  For example, the distance from the earth to the sun is commonly given as 1,500,000,000 km.  The zeroes in this measurement are not intended to indicate that the distance is accurate to the nearest km, rather these zeroes are being used as place holders only and are thus not considered significant.

Rules:
1. All non-zero digits in a measurement are considered to be significant.

2. Zeroes are significant if bounded by non-zero digits; e.g., the measurement

4003 m has four significant figures.

3. If a decimal point is expressed, all zeroes following non-zero digits are significant; e.g., the measurement 30.00 kg has four significant figures.

4. If a decimal point is not explicitly expressed, zeroes following the last non​zero digit are not significant, they are place holders only; e.g., the measurement 160 N has two significant figures.

5. Zeroes preceding the first non-zero digit are not significant, they are place-holders only; e.g., the measurement 0.00610m has three significant figures.

As an example, take the process of finding the average of the following series of measurements:

t0 = 20.78 s

t1 = 20.32 s

t2 = 20.44 s               tav = to+ tl +t2+t3+t4+t5+t6) ( 7 = 20.73 s

t3 = 21.02 s

t4 = 20.81 s

t5 = 20.63 s

t6 = 21.12 s

The rule developed earlier in this discussion suggested that we should retain, as significant figures, all digits those values we were certain of plus one estimated digit.  With this rule, we would retain the digit in the tens column because all of the data values in this column are the same (we are certain of these values).  We would also retain the digit in the units column because, even though there are some differences in this column, the rule says we may retain one digit that is estimated (value of the digit in this column is uncertain).

The rule then suggests that we should retain only 2 digits ( tens and units) for tav, and after rounding, the best value would be tav = 21 s.

Rules for addition and subtraction with significant figures:
1. Change the units of all measurements, if necessary, so that all measurements are expressed in the same units (kilograms, meters, degrees Celsius, etc.).

2. The sum or difference of measurements may have no more decimal places than the least number of places in any measurement.

For example:

11.44 m

5.00 m

0.11 m

13.2  m
29.750 m

But since the last measurement (13.2 m) is expressed to only one decimal place, the sum may be expressed to only one decimal place.  Thus 29.750 m is rounded to 29.8 m.

Consider the quotient: 294,921 cm2 ( 38 cm.  What should the answer be?

8,000 cm, or 7,800 cm, or 7,760 cm, or 7,761 cm?

The question is what uncertainty do we wish to express in a product or quotient?  To answer this question we might wish to examine the above example.  Recall that the last digit in each measurement is an estimated digit so the product might be as large as 7,970.86 cm (maximum value), or as small as 7,562.05 cm (minimum value).

Observe that while the digits in the thousands column are both the same, the values of the digits in the hundreds column vary.  Therefore, the quotient would be 7,800 cm, to two significant figures.  Note that the number of figures in the quotient is the same as the least number of significant digits in either the divisor or the dividend.  If we were to test many examples, we would find this relationship to hold true in most cases, leading to the following rule.

Rules for multiplication and division with significant figures:

Students typically make one of two mistakes: either they keep too few figures by rounding off too much and lose information, or they keep too many figures by writing down whatever the calculator displays.  Use of significant figure rules helps us express values with a reasonable amount degree of precision.

When multiplying or dividing, the number of significant figures retained may not exceed the least number of digits in either of the factors.

Example: 0.304 cm x 73.84168 cm.  The calculator displays 22.447871. A

more reasonable answer is 22.4 cm2 . This product has only three significant figures because one of the factors (0.304 cm) has only three significant figures, therefore the product can have only three.

Another example: 0.1700 g (8.50 L. The calculator display of 0.02 g/L, while numerically correct, leaves the impression that the answer is not known with much certainty.  Expressing the density as 0.0200 g/L leaves the reader with the sense that very careful measurements were made.

GRAPHING PRACTICE

For each data set below, determine the mathematical expression.  To do this, first graph the original data. Assume the 1st column in each set of values to be the independent variable and the 2nd column, the dependent variable.  Then taking clues from the shape of the first graph, modify the data so that the modified data will plot as a straight line.  Using the slope and y-intercept of the straight-line graph, write an appropriate mathematical expression for the relationship between the variables.  Be sure to include the units.


Data set 1





Data set 2

Mathematical expression # 1



Mathematical expression # 2

_______________________



_______________________


Data set 3





Data set 4

Mathematical expression # 3



Mathematical expression # 4

_______________________



_______________________

LESSON PLAN 5

	Purpose of the Lesson:

· The purpose of this lesson is to review and wrap up the topics for the week.



	Motivation:

· The Cornell note-taking system, significant figures, and graphing are skills the student needs to master.



	Objectives:

· The students will complete the graphing worksheet.

· The students will complete the significant figures worksheet.

· The students will answer written questions on graphing(Quiz)



	Support Materials:

· Quiz on Graphing

· Worksheet on-Significant figures



	Teaching Mode and Strategies:

· The day will be spent tying up all the loose ends on significant figures, Cornell system, and graphing.  The strategy is to bring closure to these topics and begin our scientific discovery.

· The first written quiz will be administered



	Tasks student will complete/Activity:

· The students will hand in the measurement lab.

· The students will complete the significant figures worksheet

· The students will complete their first quiz



	Questions, Anticipated student responses, and appropriate responses:

· Are there any questions on the three topics we covered this week?  Yes! Spend at least 15 minutes reviewing.



	Strategies for collecting feedback and giving feedback:

· The quiz will provide the necessary feedback for the graphing concepts.

· The completed worksheet will provide feedback on significant figures.

· The completed notes will provide feedback on Cornell system.



	Transition point of lesson:

· We will be wrapping up the three major topics of the week.  I will announce that we’ll be proceeding to motion starting Monday.



	Time estimate:

· 29  Significant figures worksheet

· 15  Discussion on homework assignments, etc

· 20  Quiz




SIGNIFICANT FIGURES

The zero rules for significant figures follow:

(1) Zeros are significant when bounded by non-zero digits

(2) Zeros preceding the first non-zero digit are never significant.

(3) If a decimal point is explicitly expressed, all zeros after the first non-zero digit are significant.

(4) If a decimal point is not explicitly expressed, zeros following the last non-zero digit are not significant.

For problems 1 – 10 in the first blank give the number of significant digits in the measurement and in the second blank list the number(s) of the zero rule(s) that were necessary for your decision. For example:

    3     


1,4


9070 m

Problems

1.  _____
_____
0.025 s

2.  _____
_____
405 kg

3.  _____
_____
20.50 m
4.  _____
_____
7600 cm

5.  _____
_____
0.0102 kg
6.  _____
_____
0.1020 g

7.  _____
_____
0.004 ml
8.  _____
_____
20010 mg

9.  _____
_____
2.0 x 102 m
10.  _____
_____
500 ml

As a general rule we say that when taking measurements we are justified in estimating to tenths of the smallest marked graduation on the measuring instrument.

For each of the following problems in the blank record the correct measurement followed by the appropriate explanation of the rule(s) utilized.




Figure 1


0.33 m  The meter stick is graduated in tenths of a meter so the measurement should be estimated to hundredths of a meter.


11.   _________


12.  ________









13.  ______
Estimate the value of v when t=0

14.  _____
Estimate the value of t when v=0


15.  ______

For each of the following problems, in the left blank record the value of the indicated calculation as given by the calculator.  In the right blank express the answer to the appropriate number of significant figures.  Explain your answer.

16.  114.21g + 3041g + 0.042g + 349.5g =

_______



______

17.  1.05 x 10 m/s =

______


______

18.  Determine the volume of a block with dimensions


2.56 cm x 4.652 cm x 8.70 cm

______


______

19.  9.081 m/s    =

         450 s

______


______

20.  Determine the slope of the line in problem 12.

______


______

LESSON PLAN 6

	Purpose of the Lesson:

· The purpose of this lesson is to introduce the students to their first experiment, characteristics of a pendulum.



	Motivation:

· The students will need to build a good scientific approach to problem solving.



	Objectives:

· The students will predict the outcome of the experiment.

· The students will develop a systematic approach to problem solving. (Scientific Method).

· The students will identify and classify variables.

· The students will use appropriate measuring devices.

· The students will participate in a pre-lab discussion

· The students will explore how the mass affects the period of a Pendulum.

· The students will explore how the length affects the period of a Pendulum.

· The students will provide a list of elements that may impact the pendulum behavior.

· The students will determine which observations are related and identify the dependant and independent variables.



	Support Materials:

· String

· Pendulum support

· Stop watches

· Balance for mass measurement

· Three(3) Masses



	Teaching Mode and Strategies:

· This is teacher directed activity.  Students will be divided into their groups and assigned specific tasks: Timing, data collection, etc.  I will vary the experimental design to provide data for each independent variable.  I will also lead the students through the scientific method.  The strategy is to help the students through their first lab making sure they use good techniques.



	Tasks student will complete/Activity:

· The students will participate in a pre-lab discussion.

· The students will create a data table

· The students will participate in the lab by completing the assigned tasks.



	Questions, Anticipated student responses, and appropriate responses:

· Since this is a guided experiment there will be many questions.



	Strategies for collecting feedback and giving feedback:

· There will be numerous questions and answers throughout the lab.  The strategy is to introduce the students to good scientific thing and the Scientific Method.  A lab report will be collected at the end of the week.



	Transition point of lesson:

· The students will begin to recognize that scientific discovery is based on logical steps;  “The Scientific Method.”  The strategy is to work with the students on this first lab to lay out good scientific procedures.

· The student will recognize that mass does not impact a pendulum’s behavior and the length of the string does.  The strategy is to show how experimentation can be used to analyze physical phenomena.



	Time estimate:

· 10  Pre-lab discussion

· 45  Lab




Unit: Scientific Thinking in Experimental Settings

LAB NOTES & INSTRUCTIONAL COMMENTS

APPARATUS-- Pendulum Lab
3 masses for bobs ( same size and shape, different masses- you can use metal spheres or film canisters filled with "BB's".)

string

pendulum support and clamp (or equivalent)

stop watches

balance for mass measurement

PRE-LAB DISCUSSION -- Pendulum Lab
· Set up a support stand from which at least two pendulum are swinging.  Ask for observations.  Request a list of factors that might have an impact on the behavior of the pendulum.  Ask which observations are related in order to isolate dependent and independent variables.

· The dependent variable is the period of swing (T).  Use period rather than frequency to simplify the data analysis, since   T ( l1/2  and   F (  l-1/2  .  The dependent variable will be graphed on the vertical axis.

The independent variables are:
length (1).

mass (m).  You should draw a distinction between mass and weight.

amplitude (A).  You can measure as an angle or a distance from the rest point.

· Ask the students to make tentative predictions about how changes in the independent variables will affect the period.

LAB PERFORMANCE NOTES -- Pendulum Lab
· This is a teacher-directed activity.  Each student, however, will produce a separate lab report.  Every student will be involved by assigning various tasks.  

· Pass out stopwatches to as many students as possible to increase involvement and quantity of data.  Have all students with stopwatches time each trial.

· Emphasize that there must be separate experimental designs for each independent variable.  

· Use at least three pendulums of different mass. keeping the shape and size identical if possible.

· Record data involving each variable separately.  This is a good time to re-emphasize uncertainty and significant digits in a lab setting.  Use SI units only.

· PERIOD VS MASS: avoid the term "weight".  Emphasize the recording of mass in kilograms.

· PERIOD VS AMPLITUDE: record amplitude in meters or degrees.  Carefully select amplitudes to avoid large angles.

· PERIOD VS LENGTH: record length in meters.  Select a wide range of values for length.

Be sure to collect enough data at short lengths where the curve changes the most.
Otherwise, students might conclude that the relationship is linear.  It is appropriate to pose the question, "What would the period be if the length were zero?" 

LESSON PLAN 7

	Purpose of the Lesson:

· Post lab discussion

· Discuss the need for using the Scientific Method.

· Discuss the proper lab report format



	Motivation:

· Following the Scientific Method is necessary for successful experimentation.

· Using the proper lab report format is necessary to convince your peers your conclusions are credible.



	Objectives:

· The students will complete a lab report following the proper procedures.

· The students will discuss the Scientific Method.

· The students will identify and classify variables.

· The students will make predictions about the relationship of the variables.

· The students will relate mathematical and graphical expressions.

· The students will develop linear relationships.



	Support Materials:

· One lab setup from lesson 6



	Teaching Mode and Strategies:

· The post lab discussion will allow for the review of the Scientific Method through a question/answer format.

· A lab setup will be available to clarify, through demonstration, any confusion about the lab.

· The strategy is to debrief the students to insure they’ve understood the basic concepts.



	Tasks student will complete/Activity:

· The students will discuss the lab activity in class

· The students will begin analyzing their data for the lab report.



	Questions, Anticipated student responses, and appropriate responses:

· What were the dependant and independent variables?  Time and mass, time and length.

· How many graphs will you have?  Two!  Both mass and length were varied.

· Are you following the proper lab format?  Check your handout from lesson 1.

· Did we follow the Scientific Method in class?  Yes!  We can check back to the lesson 1 handout.



	Strategies for collecting feedback and giving feedback:

· Since the teaching mode is question/answer the feedback will be verbal.



	Transition point of lesson:

· Initially the students are likely to think mass will have an effect on the pendulum movement, but as a result of experimentation they will see their hypothesis is incorrect.

· The student will see how collecting data through experimentation can solve physical problems.



	Time estimate:

· 55 Post lab discussion




Unit: Scientific Thinking in Experimental Settings

POST-LAB DISCUSSION -- Pendulum Lab







Fig 1



Fig-2



Fig-3

ANALYSIS OF DATA
This is an appropriate time to re-review graphical methods with the students.  I can determine if any of the students are weak in graphing and require remediation.

· Focus discussion on the scientific method.

· Emphasize need to have adequate data quantity and adequate data ranges to get good graphs and to make conclusions.

· Discuss graphical versus mathematical representations.  Show samples of curve fitting.  Discuss the five-percent rule for intercepts.  Derive the mathematical equations from the graphical representation.

· Reiterate the concepts of dependent and independent variables.

· Redefine the terms: period, frequency, weight, and mass.

· Avoid introducing the formal pendulum equation (using "g" ). It is not the purpose of this lab to derive this relationship.

· Discuss and demonstrate proper lab report format.

TYPES OF GRAPHS (Optional)

Depending on the availability of equipment and the abilities of the students I might introduce graphing using Excel.

LESSON PLAN 8

	Purpose of the Lesson:

· Re-affirm the students use of the Cornell system.

· Review significant figures.



	Motivation:

· Preparation for the test.



	Objectives:

· The students will analyze their notes and identify the important concepts by completing area A of the Cornell notes.



	Support Materials:

· Review worksheet



	Teaching Mode and Strategies:

· The teaching mode will be question/answer.

· The strategy is to prepare the students for their first test.



	Tasks student will complete/Activity:

· The students will complete the review worksheet on Scientific Techniques.

· The students will participate in class discussion.

· The students will analyze their note in class.



	Questions, Anticipated student responses, and appropriate responses:

· Is the format of a lab report set in stone?  The format can vary depending on the teacher but it’s usually very similar.



	Strategies for collecting feedback and giving feedback:

· The review sheet will be exchanged in class and peer corrected.  This will lead to the student discussion.



	Transition point of lesson:

· Since this is a review day in anticipation of an exam the students will understand we’re finishing the ground work necessary for success in this class.



	Time estimate:

· 20 Review sheet

· 35 Correction of review sheet and discussion




UNIT REVIEW: TECHNIQUES





        1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00






Compact Discs

Statistics: 
Slope Y 

Intercept
 C.O.R.

Data Set 1 
10.3±0.246
 4.00±1.38 
0.998

a.) What are the units of slope for this graph?

b.) What is the average price of a compact disc.?

c.) What is the mathematical equation, which describes the graph?

2.)
The following data was collected during an experiment:




Time (s)


Mass (kg)
Trial 1
Trial 2
Trial 3
Trial 4

5
10.2
9.5
10.5
10.3


10
15.3
15.6
15.2
15.4


15
23.4
24.5
23.8
23.1


20
35.0
35.8
35.2
35.4


a.) Express the average time for each mass, using the correct number of significant figures.

b.) Write a clear, English sentence which describes a general relationship between mass and time

1.)


`
Statistics:

Slope

Y-intercept

C.O.R.



Data Set 1
      10.3 ( 0.246
 4.00 ( 1.38

 0.998

a.)  What are the units of slope for this graph

b.)  What is the average price of a compact disc?

c.)  What is the mathematical model, which describes the graph?

2.) The following data was collected during an experiment:

	Mass (kg)
	Trial 1
	Trial 2
	Trial 3
	Trial 4

	5
	10.2
	9.5
	10.5
	10.3

	10
	15.3
	15.6
	15.2
	15.4

	15
	23.4
	24.5
	23.8
	23.1

	20
	35.0
	35.8
	35.2
	35.4


a.)  Express the average time for each mass, using the correct number of significant figures.

b.)  Write a clear English sentence that describes a general relationship between mass and time.

3.)





`
Statistics:

Slope

Y-intercept

C.O.R.



Data Set 1
      150( 0.00
 
5.00 ( 0.00

 1.00

a.)  What is the mathematical model that represents this graph?

b.)  Write a clear English sentence that describes the meaning of slope.

c.)  What would be the SAT score of a student who took seven science classes?

4.)  A student performed an experiment with a metal sphere.  The student shot the sphere from a slingshot and measured its maximum height.  Six different trials were performed with the sphere being shot at different angles from the horizon for each trial.

a.)  What is the relationship being studied?

b.)  What is the independent variable in this experiment?

c.)  What is the dependent variable in this experiment?

d.)  What variable must be held constant throughout the experiment?

5.) Describe the relationship that we proved in our pendulum lab.  The variables included were period, mass, and length.

6.)


a.) What type of relationship does this graph suggest?

b.) What variables would you plot to linearize the data?





`
Statistics:

Slope

Y-intercept

C.O.R.



Data Set 1
      500( 0.00
 
0.00 ( 0.00

 1.00

a.)  Write the mathematical model that describes the graph above.

b.)  What does the y-intercept illustrate?

c.)  Using the mathematical model, how many applications would be needed to earn $8000?

8.)  For each of the following relationships:

· Write what method should be used to linerarize the data.

· Write the mathematical model that would describe the straight line produced.

· Draw a graph that visually represents the relationship.

a.)  Hyperbolic (Inverse)

b.)  Top Opening Parabola

c.)  Side Opening Parabola

LESSON PLAN 9

	Purpose of the Lesson:

· Pendulum test

· The purpose is to determine if the instruction is effectively communicating to the student.



	Motivation:

· Assessment is necessary to check if the objectives are being met for both the student and the instructor.



	Objectives:

· The students will respond to written questions pertaining to the objectives covered in the first two weeks,



	Support Materials:

· Test



	Teaching Mode and Strategies:

· Written test, completed individually.  The strategy is to determine if I met my objectives.



	Tasks student will complete/Activity:

· The student will complete a written test covering measurement, significant figures and Pendulum behavior.



	Questions, Anticipated student responses, and appropriate responses:

· None



	Strategies for collecting feedback and giving feedback:

· None



	Transition point of lesson:

· Up to now we are supplying the student with enough knowledge to be successful in this class.  From this point on the students will be actively engaged in their own scientific discoveries



	Time estimate:

· 55 Test




LESSON PLAN 10

	Purpose of the Lesson:

· Introduce the topic of motion

· Develop a Concept Map for motion.



	Motivation:

· Objects are constantly in motion

· Constant velocity is the foundation on which motion is built.



	Objectives:

· The students will create a Concept Map on motion



	Support Materials:

· Teachers Concept Map



	Teaching Mode and Strategies:

· The teaching mode is that of leading the students through the development of the map.

· The strategy is to give the students a notion of where we’re headed and how we’ll get there.



	Tasks student will complete/Activity:

· The students will hand in their Pendulum lab report.

· The students will work with the teacher to develop a concept map of motion.

· Homework: Chapter 3, p3.1-3.4



	Questions, Anticipated student responses, and appropriate responses:

· Why are we creating a concept map?  They won’t know!  The Concept Map will give an overview of what we’ll be studying in the next two weeks plus the topics for the rest of the semester.



	Strategies for collecting feedback and giving feedback:

· This will be a brainstorming session with the teacher guiding the discussion in a specific area.  I would expect this concept map to be displayed on the classroom wall and added to occasionally.



	Transition point of lesson:

· The students will not have a syllabus given to them.  The Concept Map will be developed to introduce them to motion and eventually static’s.  

· This will act as a semester syllabus.



	Time estimate:

· 55 Motion Map




LESSON PLAN 11

	Purpose of the Lesson:

· The purpose of this lesson is allow students to explore the concept of velocity through experimentation.



	Motivation:

· This will be the first lab the students will perform as a groups.  They will begin exploring physical phenomena, on their own, using the Scientific Method.



	Objectives:

· The students will complete a lab experiment on velocity.

· The students will predict the behavior of a battery operated car moving across a table.

· The students will identify the dependant variable x and the independent variables t.

· The students will list the observations that can be measured.



	Support Materials:

· Battery operated car

· Stop watches

· Meter stick

· Masking tape



	Teaching Mode and Strategies:

· Since this is a student activity I will take a passive role during the lab.  There will be a pre-lab discussion on basic concepts.

· The strategy is to allow the students to investigate on their own



	Tasks student will complete/Activity:

· The students will form their lab groups.

· The students will participate in a pre-lab discussion.

· The students will perform the lab.

· The students will create a data table.



	Questions, Anticipated student responses, and appropriate responses:

· In this experiment are we dealing with the distance or are we just looking at position?  Many will say distance!  

· Emphasize we are dealing with position not displacement.  Also emphasize time is a clock reading and not an interval of time.



	Strategies for collecting feedback and giving feedback:

· The students will participate in a pre-lab discussion.

· The students will hand in their lab reports for grading and critiquing.



	Transition point of lesson:

· The students will begin the lab with very little knowledge on the subject of constant velocity.  By performing the lab they will be able to develop and apply graphing, significant figures, Scientific Method, and lab reporting.



	Time estimate:

10  Pre-lab discussion

45 Lab




Particle Moving with Constant Velocity
LAB NOTE

APPARATUS -- Battery-powered vehicle lab

any slow-moving battery powered toy vehicle

stop watches

stop watches

meter sticks

masking tape

PRE-LAB DISCUSSION -- Battery-powered vehicle lab
· Let the vehicle move across table and ask for observations.  List observations and then ask which items are quantifiable.  Lead them to observe that the tractor moves at constant speed; i.e., that it travels equal distances in equal time intervals.

· The dependent variable is position (x).  Emphasize that we are dealing with position, not displacement or distance traveled.

· The independent variable is time (t).  Emphasize time as a clock reading and not an interval of time. (Why make time independent?  Because when time is graphed on the horizontal axis the slope will be equivalent to velocity.)

LAB PERFORMANCE NOTES -- Battery-powered vehicle lab
Stopwatches and toy tractors are easier to use "stomper" cars and photogates. (Honors classes may be able to handle use of photogates at this stage.) However you choose to have the students collect the data, they should be reminded to perform multiple trials with at least 6 data pairs/trial.  Averaging the values of position helps them develop a sense of the precision they should carry through the analysis.  Otherwise they are guilty of adhering to LiBenthal's Laws:

1. If reproducibility is a problem, conduct only 1 test.

2. If a straight line plot is required, collect only two data points.



LESSON PLAN 12

	Purpose of the Lesson:

· Post lab discussion

· Debrief the student on the velocity lab



	Motivation:

The students will analyze their data tables to see if they were successful in properly describing constant velocity



	Objectives:

· The students will use the slope intercept form to write the equation of position vs. time.

· The students will identify velocity as the slope of the position vs. time graph.

· The students will use the equation v = (x/(t to determine the average velocity.

· The students will be able to determine the displacement of objects by finding the area under the v vs. t graph.



	Support Materials:

· Worksheet 1

· Worksheet 2



	Teaching Mode and Strategies:

· The day will be spent discussing constant velocity concepts.  The strategy is to clear up any misconceptions through the discussion and worksheets.



	Tasks student will complete/Activity:

· The students will complete worksheets 1 and 2

· The students will participate in a post-lab discussion



	Questions, Anticipated student responses, and appropriate responses:

· Why do we make the time the independent variable?  Many will not know!

· When time is graphed on the horizontal axis the slope will be equivalent to the velocity.



	Strategies for collecting feedback and giving feedback:

· The post lab discussion will focus on the position vs. time relationship, slope intercept, constant graph, and (x = vt. Formula.

· The students will then complete the worksheets to act as feedback.  These will be peer reviewed.



	Transition point of lesson:

The student will begin to understand the importance of graphing data in order to describe physical phenomena.



	Time estimate:

20  Discussion

35  Worksheets 1 and 2




POST-LAB DISCUSSION -- Battery-powered vehicle lab
· Focus discussion on the position versus time relationship.

· Use slope-intercept form to write equation of line:

· (e.g. x = (0.85 m/s,)t +  0.12m).

· Discuss the slope of the line as being a constant.  Introduce the label units of Slope (m/s).

· Identify v (velocity) as the slope in the slope-intercept equation.

· Discuss the vertical intercept and the "5% rule-of-thumb".  In most cases, the intercept is negligible.

· From specific equation, write general mathematical model Ax = @t.  Discuss displacement ( x) when initial position is not zero.

INSTRUCTIONAL COMMENT

1.
It is important to describe the motion in terms of position and time, rather than distance.  Position is much less ambiguous than distance (sometimes regarded as the path length, sometimes as displacement).  Some authors use 's' to describe this variable; we prefer 'x' for horizontal motion (and 'y' when the motion is vertical).  We advise against the use of 'd'.  When it comes time to discuss the slope of the position-time graph, the definition for velocity, v = (x/(t naturally arises.  Change in position is superior to change in distance; the latter is a difference of differences.  Change in position is the definition of displacement, the quantity that helps distinguish velocity from speed.  Displacement can be (+) or (-), distance is by definition (+).

2. When discussing the meaning of the graphs, be sure to use a wide variety of examples.






t


Induce the students to describe the motion in full detail (e.g., the object starts somewhere to the right of the origin and moves to the left at constant speed).

3. Using an enlargement of one of their graphs, have the students manually calculate the slope and compare to the value obtained by GA. Students have been conditioned to think of slope only as "rise over run" or y over x..

4. Make sure that they have a thorough grasp of the relationship between slope and velocity.  The answer " l's slope is greater than 2's" is not a guarantee of understanding. It would be profitable to have student’s model the behavior of the object represented by a variety of graphs. If you have an ultrasonic motion detector, this is great fun!

5. Work on making motion maps to represent the position-time behavior of moving objects. Make sure that these semi-quantitative devices are faithful representations.

 


 


Students have been known to draw the motion map above and state that B was moving faster than A because the velocity vectors were longer.

6.
Make sure that students can, given an algebraic statement, an x vs. t graph, or a motion map, recreate the other two representations.


Given:

They should be able to write: x = vt + xo and draw

7.
Be sure to make the connection between x vs. t graphs and v vs. t graphs.  "Stacking" the curves helps to illustrate this relationship.

Make the point that the v vs. t graph yields no information about

starting point.  The v vs. t graph at left could represent either of the x vs. t graphs below.




8.  Make the point that the area under a v vs. t graph represents the displacement, x of the object.  This could be both (+) and (-).  Avoid always using the trivial case.





Worksheet 1
1
Consider the position vs. time graph below for cyclists A and B.








a.
Do the cyclists start at the same point?  How do you know?  If not, which is ahead?

b.     At t= 7s, which cyclist is ahead?  How do you know?

c.     Which cyclist is travelling faster at 3s?  How do you know?

d.     Are their velocities equal at any time?  How do you know.?

e.     What is happening at the intersection of lines A and B?

2.
Consider the position vs. time graph below for cyclists A and B.

a.
How does the motion of the cyclist A in this graph compare to that of A in the previous graph on page one?

b.
How does the motion of cyclist B in this graph compare to that of B in the previous graph on page one?

c. 
Which cyclist has the greater speed?  How do you know?

d.
Describe what is happening at the intersection of lines A and B.

e.
Which cyclist has traveled further during the first 5 seconds?  How do you know?

Sketch velocity vs. time graphs corresponding to the following descriptions of the motion of an object.

1. The object is moving away from the origin at a constant (steady) speed.

2. The object is standing still.

3. The object moves toward the origin at a steady

speed for 1 Os, then stands still for 1 Os.

4. The object moves away from the or[gin at a steady speed for 1 Os, reverses direction and moves back toward the origin at the same speed.

Draw the velocity vs. time graphs for an object whose motion produced the distance vs. time graphs shown below at left.










LESSON PLAN 13

	Purpose of the Lesson:

· The purpose of this lesson is to review motion maps.



	Motivation:

· Throughout the semester the students will represent the behavior of objects in motion in multiple ways: Graphing, algebraically, and Motion Maps.



	Objectives:

· The students will be able to discuss the motion of an object from a Motion Map.

· The students will be able to draw a Motion Map given a v vs. t graph.



	Support Materials:

· Motion Map article

· Worksheet 4

· Worksheet 5

· Review Sheet



	Teaching Mode and Strategies:

· The first part of the class will be used as a pre-read exercise on the motion article.  The student will then read the article and then we will do a post-read exercise.

· The strategy is to use a pre-read, read and post read activity to review motion maps

· The students will then be given time to do the worksheets.



	Tasks student will complete/Activity:

· The students will read the motion map article.

· The students will complete Worksheet 4 and 5.

· The students will complete the review sheet.



	Questions, Anticipated student responses, and appropriate responses:

· Why do we use motion maps?  To describe motion!

· True, but we could use graphs instead.  The motion map is another tool for understanding motion.



	Strategies for collecting feedback and giving feedback:

· The review sheet will be collected and I’ll make remarks where necessary.  The pre-read. Read and post-read activity will provide verbal feedback.



	Transition point of lesson:

· The students will identify another way of describing and modeling motion.



	Time estimate:

10  Pre-read

15  Read

20  Post-read

15  Review sheet




Motion Maps

A motion map represents the position, velocity, and acceleration of an object at various clock readings.

Suppose that you took a stroboscopic picture of a car moving to the right at constant velocity where each image revealed the position of the car at one-second intervals.

[image: image1.jpg]


[image: image2.jpg]


[image: image3.jpg]


[image: image4.jpg]



This is the motion map that represents the car.  We model the position of the object with a small point.  At each position, a velocity vector represents the object’s velocity.

X                                                                                                                       


If the car were traveling at a greater velocity, the strobe photo might look like this:

[image: image5.jpg]


                        [image: image6.jpg]


                        [image: image7.jpg]



The corresponding motion map has the points spaced farther apart, and the velocity vectors are longer, implying that the car is moving faster.

X  

If the car were moving to the left at constant velocity, the photo and motion map might look like this:

[image: image8.jpg]


                       [image: image9.jpg]


                     [image: image10.jpg]



X  

More complicated motion can be represented as well.





Here an object moves to the right at constant velocity, stops, and remains in place for two seconds, then moves to the left at a slower constant velocity.

Consider the interpretation of the motion map below.  At t=0, cyclist A starts moving to the right at constant velocity, at some position to the right of the origin.



A                                                                                                                    

B                                                                                                                                             

Cyclist B starts at the origin and travels to the right at a constant, though greater velocity.

At t=3 s, B overtakes A (i.e., both have the same position, but B is moving faster).

A graphical representation of the behavior of cyclist A and B would look like this:







You could also represent the behavior algebraically as follows:

x = vAt + x0, for A




where vB > vA
x = vBt,         for B

REVIEW

1.
Consider the position vs. time graph at right.

a. Determine the average velocity of the object.





2.
Shown at right is a velocity vs. time graph for an object.

a. Describe the motion of the object.

b. Draw the corresponding position vs. time      i......

graph.  Number the x - axis.



c.
How far did the object travel in the interval t =1 s to t =2s?



d.  What is the total displacement?  Explain how you got the answer.
3.
Johnny drives to Wisconsin (1 920 miles) in 32 hours.  He returns to Arizona by the same route in the same amount of time.

a. Determine his average speed.

b.
Determine his average velocity.

c.
Compare these two values and explain any differences.

4. Consider the v vs. t graph below.





a. Describe the behavior of the object depicted in the graph.

b. Draw a motion map that models the behavior of the object,

5.
A race car travels at a speed of 95 m/s.  How far does it travel in 12.5 s? Use the appropriate mathematical model and show how units cancel. (Keep the proper number of sf's.)

LESSON PLAN 14

	Purpose of the Lesson:

· The purpose of this lesson is to review constant velocity concepts



	Motivation:

The students have completed their first experiment.  They will now need to apply all their new found knowledge in preparation of the test.



	Objectives:

· The students will determine the displacement of two objects using the equation (x = vt.

· Given a x vs. t graph the student will draw a corresponding v vs. t graph.

· The students will be able to determine its average velocity.

· The students will write the mathematical formula that describes the motion.

· Given a v vs. t graph the student will draw the corresponding x vs. t graph.

· The students will describe the motion of the object.

· The students will determine the displacement of the object.

· The students will write the equation for the motion.



	Support Materials:

Worksheet 1

Worksheet 2

Worksheet 3



	Teaching Mode and Strategies:

· The first part of the class will be lecture.  The strategy is to fill in any gaps that were missed.

The rest of the period will be used, by the students, to complete the worksheets.  The strategy is to apply everything they have learned.



	Tasks student will complete/Activity:

· The students will participate in a class discussion on velocity

· The students will complete the three worksheets



	Questions, Anticipated student responses, and appropriate responses:

· Do you have all your formulas on cards?  No!

· Tomorrow is test day and you will need them.



	Strategies for collecting feedback and giving feedback:

· The discussion will provide verbal feedback.

· The worksheets will be peer reviewed and any questions answered.



	Transition point of lesson:

· We are completing the first section on motion.  Tomorrow is the test and then we move on to constant acceleration.



	Time estimate:

10  Discussion

20  Worksheets

25  Peer review




Worksheet 3

1.  Robin, roller skating down a marked sidewalk, was observed to be at the following positions at the times listed below:


	t(s)
	x(m)

	0.0

1.0

2.0

5.0

8.0

10.0
	10.0

12.0

14.0

20.0

26.0

30.0



a.  Plot a position vs. time graph for the skater.

b.  How far from the origin was he at t = 6 s?  How do you know?

c.  Write the mathematical model to describe the curve in (a).

d.  Was his speed constant over the entire interval?  How do you know?

2.  In a second trial the timer started her watch a bit late.  The following data was obtained.

	t(s)
	x(m)

	0.0

2.0

4.0

6.0

8.0

10.0
	4.0

10.0

16.0

22.0

28.0

34.0




a.  Plot the position vs. time graph for the skater.

b.  How far from the origin was he at t = 5s?  How do you know?

c.  Was his speed constant?  If so what was it?

d.  In the first trial the skater was further along at 2s than he was in the second trial.  Does this mean that he was going faster?  Explain your answer.

3.  Suppose that our skater was observed in a third trial.  The following data was obtained:

	t(s)
	x(m)

	0.0

2.0

4.0

6.0

8.0

10.0

12.0
	0.0

6.0

12.0

12.0

8.0

4.0

0.0


a.  Plot the position vs. time graph for the skater.

b.  What do you think is happening during the time interval: t = 4s to t = 6s?  How do you know?

c.  What do you think is happening during the time interval: t = 12s to t = 12s?  How do you know?

d.  Determine the skater’s average speed from t = 0s to t = 12s.

e.  Determine the skater’s average velocity from t = 0s to t = 12s.

WORKSHEET 4





1.  From the motion map above answer the following questions:

a.  What can you conclude about the motion of the object?

b.  Draw a qualitative graphical representation of x vs. t (see below)

c.  Draw a qualitative graphical representation of v vs. t (see below)






Fig 1





Fig 2

d.  Write a mathematical expression that represents the relationship between x and t from Fig 1.

e.  Write a mathematical expression which represents the relationship between v and t from Fig 2

f. Describe what the area under the curve in Fig 2 represents.  Cross hatch the area.

2.  From the position vs. time data below answer the following questions:

	X(m)
	t(s)

	0

2

4

4

7

10

10

10

5

0
	0

1

2

3

4

5

6

7

8

9


a.  Construct a graph of position vs. time.

b.  Construct a graph of velocity vs. time.




















A





B

c.  Draw a motion map for the object.

d.  Determine the displacement from t = 3.0s to 5.0s using the graph B

e.  determine the displacement from t = 7.0s to 9.0s using graph B.

WORKSHEET 5

	x vs. t Graph
	v vs. t Graph
	Written description
	Motion Map

	x
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                              t
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	v

                             t


	
	


	x vs. t Graph
	v vs. t Graph
	Written description
	Motion Map

	
	
	Object moves with constant positive velocity for 4 seconds.  Then it stops for 2 seconds and returns to the initial position in 2 seconds.
	

	

	
	
	

	
	
	Object A starts 10m to the right of the origin and moves to the left at 2 m/s.

Object B starts at the origin and moves to the right at 3 m/s.
	

	

	
	
	A

B




LESSON PLAN 15

	Purpose of the Lesson:

· Test



	Motivation:



	Objectives:



	Support Materials:



	Teaching Mode and Strategies:



	Tasks student will complete/Activity:



	Questions, Anticipated student responses, and appropriate responses:



	Strategies for collecting feedback and giving feedback:



	Transition point of lesson:



	Time estimate:

10  Pre-lab discussion

30  Data collection

15  Post lab discussion




LESSON PLAN 16

	Purpose of the Lesson:

· The purpose of this lesson is to introduce the students to the concept of constant acceleration.



	Motivation:

· The students will realize by now that all objects do not move at a constant velocity.  They will have to develop a model to describe accelerated objects.



	Objectives:

· The students will complete a lab experiment on acceleration.

· The students will describe the motion of a ball rolling down an inclined ramp.

· The students will identify the observations, which are measurable.

· The students will identify the independent and dependent variables.



	Support Materials:

· Metal rail

· Steel ball

· Ring stand

· Stop watch



	Teaching Mode and Strategies:

· Since this is a student lab I will take a passive role during the lab.

· There will be a pre-lab discussion on basic concepts.

· The strategy is to allow the students to investigate on their own.



	Tasks student will complete/Activity:

· The students will participate in a pre-lab discussion.

· The students will perform the lab.

· The students will create a data table.



	Questions, Anticipated student responses, and appropriate responses:

· Can you measure the velocity of the ball in order to calculate its acceleration?  Yes!

· However it would be very difficult because we would have to have a special set up.



	Strategies for collecting feedback and giving feedback:

· The students will participate in a pre-lab discussion

· The student will turn in their lab reports.



	Transition point of lesson:

· Most students have the misconception that the ball roles at a constant speed.  They will soon realize the object actually accelerates at a constant rate.



	Time estimate:

10  Pre-lab discussion

45  Data collection




Uniformly Accelerating Particle Model
LAB NOTES

APPARATUS -- Inclined Rail Motion Lab
metal rail






Pasco dynamics carts and tracks

steel ball ( 1 " diameter) 




picket fences (small)

ring stand with clamp (to raise end of rod)

photogates (2)

ULI Timer (software for Macintosh)

Graphical Analysis

PRE-LAB DISCUSSION -- Inclined Rail Motion Lab
· Let ball roll down inclined rail and ask students for observations.  Record all observations.  To proceed, they must mention something to the effect that the ball speeds up as it rolls down.

· To obtain a finer description, ask students which observations are measurable.  Make sure they include the observation that the ball speeds up as it rolls down the rail. (Do not let them state the ball accelerates since we haven't defined acceleration yet!)

· Ask them how they can measure speed directly.  Lead them to the conclusion that they cannot, but that they can measure position and time.

· Even though they control position, plotting time as the independent variable makes it easier to compare graph to one obtained in Unit 11.

LAB PERFORMANCE NOTES -- Inclined Rail Motion Lab
· Make sure that the angle of inclination is less than 300.

· Use photogates instead of stopwatches (insufficient precision with latter).

· Initial position and speed must be zero. (See sample graphs below.)


LESSON PLAN 17

	Purpose of the Lesson:

The purpose of this lab is to debrief the students on the acceleration lab.



	Motivation:

The student will develop a new model for describing objects that accelerate.



	Objectives:

· The students will determine the instantaneous velocity by determining the tangent to a x vs. t graph

· The students will determine the displacement of an object by finding the area under the curve.

· The students will determine the acceleration of an object by finding the slope of the v vs. t graph.

· Given a x vs. t graph the student will draw the corresponding v vs. t graph.

· Given a v vs. t graph the students will draw the corresponding x vs. t graph

· Given a x vs. t graph the student will draw a motion map for the object



	Support Materials:

· Worksheet 1

· Worksheet 2



	Teaching Mode and Strategies:

· The day will be spent discussing constant acceleration.  The strategy is to clear up any misconceptions.

The worksheets are used to reinforce the concepts.



	Tasks student will complete/Activity:

· The students will complete the two worksheets on acceleration.

· The students will participate in a post-lab discussion.

· The students will review their data with their partners.



	Questions, Anticipated student responses, and appropriate responses:

· Why do make the time the independent variable?  They probably won’t know.

· It makes it easier to compare the graphs to the one obtained in lesson 12.



	Strategies for collecting feedback and giving feedback:

· The post-lab discussion will focus on curve fitting.

· The students will complete the two worksheets to act as feedback.  These will be peer reviewed.



	Transition point of lesson:

· The students will not be able to relate motion on an inclined plane to a free falling object  After this lesson they will understand that the only force acting on the ball is gravitational therefore free falling objects will behave in a similar manner.



	Time estimate:

25  Post-lab discussion

30  Worksheets




POST-LAB DISCUSSION -- Inclined Rail Motion Lab

· Discuss data modification necessary for curve fitting.

· End lab with equation for regression line in x vs. t2 graph.

INSTRUCTIONAL COMMENT

Development of kinematics expressions
From the lab, the students will have the following graphs.




They should have also written an expression for the straight-line graph: x kt2 + b, where

b --> 0.  The units of the constant of proportionality (slope) are m ,but k is not the









      s2
acceleration of the object.  Stating that the slope had the units of acceleration would be premature, because that quantity has yet to be defined.

Instead, one should contrast the x vs. t graph for this lab with the one obtained previously.





One can speak of the average velocity as the slope of the graph (above left) because the slope of a straight line is constant.  It doesn't matter which two points are used to determine

the slope.

On the other hand, one could speak of the average velocity of the object in the graph at right, but since the object started very slowly and steadily increased its speed, the term average velocity has little meaning.


What would be more useful is to have a way of describing the object's speed at a given instant (or as Arons terms it: clock reading).  To develop this idea, you must show that, as you shrink the time interval t over which you calculate the average velocity, the secant (line intersecting the curve at two points) more closely resembles the curve during that interval.







That is, the slope of the secant gives the average velocity for that interval.  As the interval gets shorter and shorter, the secant more closely approximates the curve.  Thus, the average velocity of this interval becomes a more and more reasonable estimate of how fast the object is moving at any instant during this interval.

As one shrinks the interval, t to zero, the secant becomes a tangent; the slope of the tangent is average velocity for this instant, or simply, the instantaneous velocity. at that clock reading.

One should next show several tangents to the curve so that students can see that the slope of the tangent increases as time increases.  Having students do the activity you did in class helps them recognize that we are still defining velocity in terms of slope; it is just that the slope is constantly changing.


A plot of instantaneous velocity (v, instead of v-bar) vs. time should yield a straight line.  The slope of this line, average acceleration.  That is, the change is velocity over a given time interval is defined to be the acceleration.. The equation for the line can be written as v = at + v, where vo is the y-intercept.

It is important to define the acceleration this way, and then show examples of x vs. t graphs in which the acceleration is negative.




In both cases, V2 – v1 is negative, yet very different situations are being represented, We advise against the use of the term deceleration, because students invariably think that this term implies negative acceleration means slowing down; the two conditions are not synonymous.

WORKSHEET 1

When evaluating problems 1 – 3 please represent the motion that would result from the rail configuration indicated by means of a:

A)  qualitative graphical representation of x vs. t.

B)  qualitative graphical representation of v vs. t

C)  qualitative graphical representation of a vs. t.

Remember to label the axes of each graph

D)  qualitative motion map

E)  general mathematical expression of the relationship between x and t.

F)  general mathematical expression of the relationship between v and t.

G)  general mathematical expression of the relationship between a and t.

1.


V0 = 0









(D)

(E)________________  (F)_______________  (G)_____________________

3.






V0 ( 0






(A)




(B)



(C)


(D)

(E)_____________________  (F)____________________  (G)_____________________

When considering problems 4-5 assume that the ball does not experience any change in velocity while it is on a horizontal portion of the rail.

Please represent the motion that would result from the rail configuration indicated by means a:

(A)  qualitative graphical representation of x vs. t

(B)  qualitative graphical representation of v vs. t

(C)  qualitative graphical representation of a vs. t

remember to label the axis of each graph

(D) qualitative motion map









(A)




(B)



(C)


(D)

5.







(A)



(B)



(C)


(D)

WORKSHEET 2

While cruising along a dark stretch of highway with the cruise control set at 25 m/s (55 mph) you see at the fringes of your headlights that a bridge has been washed out.  You apply the brakes and come to a stop in 4.0 s.  Assume the clock starts the instant you apply the brakes.

1.  Construct a motion map that represents the motion described above including position, velocity, and acceleration.  Clearly demonstrate how you can determine the direction (sign) of the acceleration from the motion map representation.

2.  Construct qualitative graphical representations of the situation described above to illustrate:

a.  x vs. t

b.  v vs. t

c.  a vs. t


3.  Construct quantitatively accurate graphical representations of the situation described above for:

a)  v vs. t

b)  a vs. t


4.  On the v vs. t graph above graphically represent the car’s displacement during braking.

5.  Utilizing the graphical representation determine how far the car traveled during braking.  (Explain your problem solving method)

6.  Did the car, according to your graph, have a constant acceleration after the brakes were applied?  Explain how you know)

7.  From the v vs. t graph determine the acceleration of the car once the brakes were applied.  (Show your work)

8.  Using a mathematical representation determine how far the car traveled during braking.  (show your work)

WORKSHEET 2A

This time, while cruising along a dark stretch of highway at 30 m/s ((65 mph) you see at the fringes of your headlights some roadkill on the highway.  It takes you 0.5s to react then you apply the brakes and come to a stop 3.5s later.  Assume the clock starts the instant you see the roadkill.

1.  Construct a motion map that represents the motion described above including position, velocity, and acceleration.   (Hint: make the dots at 0.5s intervals)

2.  Construct a quantitatively accurate velocity vs. time graph for the situation described above.  From the v vs. t graph determine the acceleration then plot the a vs. t graph.


3.  On the v vs. t graph above graphically represent the car’s displacement during the entire 4.0s interval.

4.  Utilizing the graphical representation determine how far the car traveled during the 4.0s interval.  (Explain your problem solving method)

5.  Two kinds of motion occur in this case.  For the first 0.5s the car is traveling at constant velocity.  For the remainder of the time the car has an initial velocity and a uniform acceleration.

Using the appropriate mathematical representation for each phase of the motion determine how far the car traveled from the instant you noticed the hazard until you came to a stop.  (Show your work)

LESSON PLAN 18

	Purpose of the Lesson:

The purpose of this lesson is to review constant acceleration.



	Motivation:

The students will be digesting a lot of information they will need some reinforcement by now.



	Objectives:

· The students will contrast graphs of objects under constant velocity and constant acceleration.

· The students will define instantaneous velocity.

· The students will distinguish between instantaneous velocity and average velocity.

· The students will define acceleration including its vector nature.



	Support Materials:

· Worksheet 3

· Worksheet 4



	Teaching Mode and Strategies:

· Many of the objectives will be covered in a discussion.  The strategy is to have the students work with me to develop the concepts.

· Time will be given for the students to complete the worksheets.  The strategy is to repeat the concepts.



	Tasks student will complete/Activity:

· The students will participate in a class discussion.

· The students will complete Worksheet 1 and 2



	Questions, Anticipated student responses, and appropriate responses:

· Define constant velocity and instantaneous velocity?  They should be able to answer this question by now.

· If an object has a constant velocity then acceleration does not occur.  If an object is accelerating then we can only calculate its average velocity since the velocity is changing.



	Strategies for collecting feedback and giving feedback:

· The two worksheets and the discussion will provide for the feedback.



	Transition point of lesson:

· The students now have a way of predicting how a free fall object may behave.  This topic will be covered in Unit 2.



	Time estimate:

25  Discussion

30  Worksheets




REVIEW

Use the graph below to answer questions 1-4 that follow:






1.  Given a written description to describe the motion of this object.

2.  Draw the motion map for the object.  Include velocity and acceleration vectors.

3.  Explain how you could determine the instantaneous velocity of the object at t = 2 s.

4.  Assume the initial velocity was 50 m/s; determine the acceleration of the object.

5.  A Pontiac Trans-Am, initially at rest, accelerates at a constant rate of 4.0 m/s2 for 6 s.  How fast will the car be traveling at t = 6 s?

6.  A tailback initially running at a velocity of 5.0 m/s becomes very tired and slows down at a uniform rate of 0.25 m/s2.  How fast will he be running after going an additional 10 meters?

7.  For each of the positions vs. time graphs shown below, draw the corresponding v vs. t, a vs. t, and motion map.


















8.  Using the graph below, compare the kinematics behavior of the two objects.





Comparison:



is A > B,  A < B,  A = B

a.  Displacement at 3 s

b.  Average velocity from 0 – 3 s

c.  Instantaneous velocity at 3 s

WORKSHEET 3















a.  Describe in words the motion of the object from 0 – 6.0 s.

b.  Construct a qualitative motion map to describe the motion of the object depicted in the graph above.

c.  What is the instantaneous velocity of the object at the following times?

i.  t = 1.0 s

ii t = 3.0 s

d.  What is the simple average of these two velocities?

What is the average velocity of the entire interval

Why are these two values different?  Which is correct?

e.  Graphically represent the relationship between velocity and time for the object described above.


f.  From your velocity vs. time graph determine the total displacement of the object.

2.  The graph below represents the motion of a moving object.








a.  Where on the graph above is the object moving most slowly?  (How do you know?)

b.  Where on the graph above is the object speeding up?  (How do you know)

c.  Where on the graph above is the object slowing down?  (How do you know?)

d.  Where on the graph above is the object changing direction?  (How do you know?)

3.  A stunt car driver testing the use of air bags drives a car at a constant speed of 25 m/s for a total of 100 m.  He applies his brake and accelerates uniformly to a stop just as he reaches a wall 50 m away.

a.  Sketch qualitative position vs. time and velocity vs. time graphs.



b.  How long does it take for the car to travel the first 100 m?

c.  Remember that the area under a velocity vs. time graph equals the displacement of the car.  How long must the brakes be applied for the car to come a stop in 50 m?

d.  Now that you know the total time of travel, sketch a quantitative velocity vs. time graph.

e.  What acceleration is provided by the brakes?  How do you know?

WORKSHEET 4

	The problem


	V vs. t graph
	Solution

	1. A poorly tuned Yugo can accelerate from rest to a speed of 28 m/s in 20 s

a) What is the average acceleration of the car?

b) What distance does the car travel in this time?


	
	

	2. At t = 0 a car has a speed of 30 m/s.  After 6 s its speed is 15 m/s.

a) What is its average acceleration during this time interval?


	
	

	3.  A bear spies some honey and takes off from rest accelerating at a rate of 2.0 m/s2.

a) If the honey is 10 m away how fast will his snout be going at the moment of ecstasy?


	
	

	3. A bus moving at 20 m/s (t =0) slows at a rate of 4 m/s each second.

a) How long does it take the bus to stop

b) How far does it travel while braking


	
	


	5.  A car whose initial speed is 30 m/s slows uniformly to 10 m/s in 5 seconds.

a) Determine the acceleration of the car.

b) Determine the distance travels in the 3rd second.


	
	

	6.  A dog runs down his driveway with an initial speed of 5 m/s for 8 s then uniformly increases his speed to 10 m/s in 5 s.

a) What was his acceleration during the 2nd part of the motion?

b) How long is the driveway?
	
	

	7.  A physics student skis down a slope accelerating at  constant 2.0 m/s2.  If it takes her 15 s to reach the bottom what is the length of the slope?


	
	

	8.  A mountain goat starts a rock slide and the rocks crash down the slope 100m.  If the rocks reach the bottom in 5s what is their acceleration?


	
	


LESSON PLAN 19

	Purpose of the Lesson:

The purpose of this lesson is to derive the mathematical equations for velocity and acceleration.



	Motivation:

The students need practice relating graphs to mathematical formulas.



	Objectives:

· Derive the following formulas:

a = (v/(t
v = v0 + at
(v = at
x – x0 + v0t + 1/2at2
(x = v0t + 1/2at2
v2 = v02 + 2a(x



	Support Materials:

· Worksheets



	Teaching Mode and Strategies:

The teaching mode will be lecture/discussion.  The strategy is to relate real world phenomena to mathematical equations



	Tasks student will complete/Activity:

· The students will participate in a discussion of graphs vs. mathematical equations.

· The students will complete the worksheet on acceleration.

· Homework: Complete the worksheet.



	Questions, Anticipated student responses, and appropriate responses:

· What kind of behavior would you expect from a free falling object?  The same!

· I sure hope they realize this.



	Strategies for collecting feedback and giving feedback:

· Class discussion

· Worksheet



	Transition point of lesson:

· Up to this point the students have created data tables, graphs, and motion maps to describe motion.  Now they will be able to describe motion in mathematical terms.



	Time estimate:

25  Discussion

15  Worksheet

15  Peer review of worksheets.




INTERPRETING GRAPHS

For each of the situations described write the letter of the position vs. time graph which correctly describe the motion.  Then sketch the corresponding velocity vs. time graph.








1.  A plane flies at constant velocity in the positive direction.


_________




2.  A ball rolls down a ramp


_________


3.  A monster wheels vehicle rests motionless on the table


_________

4.  A car slows uniformly coming to rest


_______

Opus in free-fall on planet Newtonia’s moon

Opus was photographed at one second intervals as he underwent free fall.  Complete the table below.  Plot final velocity vs time then answer the questions below.









Opus in free-fall on planet Newtonia’s

Opus was photographed at one second intervals as he underwent free fall.  Complete the table below.  Plot final velocity vs time then answer the questions below.









SPEEDER AND PATROLMAN PROBLEM

A speeder driving down the road at a constnat 20 m/s passes a patrolman parkeded on the roadside.  The patrolman waits 3 seconds then persues the speeder accelerating at a constant 4.0 m/s2.

Q.  When does the patroman catch the speeder?

A.  Let t = time the patroman is accelerating.  Then t =t +3 = time the speeder is traveling.  At the instant the patrolman catches the speeder the dispacement x for botj vehicles is the same.







v(t + 3) = 1/2at2
(x = v(t + 3) speeder


(20m/s) (t +3) = ½(4.0 m/s2)t2 


(x = ½ at2



20t + 60 =2t2







2t2 – 20t – 60 = 0

To solve this equation use the quadratic formula or a calculator








20 ( 29.7







     4

After the patroman has accelerated 12.4 s he catches the speeder who has been traveling for 15.4 s

Q.  Where does the intercept occur?  Keeping 3 sf’s one can solve this with either equation:




(x = 20 m/s (15.4s)

(x = ½(4.0m/s2)(12.4s)2



(x = 308m


(x = 308m

A motion map depicting this situation is shown below.  The speeder’s position is shown above the axis while the patrolmen’s position is show below.
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Below is a position vs. time graph of the patroman and speeder


Below is a velocity vs. time graph.  The area under the curve has been shaded to show the approximate displacement of each vehicle.


Intergrals:

start

Finish

Area

Speeder

0.00

15.4

307

Patrolman

0.00

15.4

305

LESSON PLAN 20

	Purpose of the Lesson:



	Motivation:



	Objectives:



	Support Materials:



	Teaching Mode and Strategies:



	Tasks student will complete/Activity:



	Questions, Anticipated student responses, and appropriate responses:



	Strategies for collecting feedback and giving feedback:



	Transition point of lesson:



	Time estimate:




OBJECTIVES

Week 1

LESSON 1: Introduction

· Student will help develop class rules.

· Student will identify the main sections of a lab report.

· Student will analyze the Scientific Method steps.

· Students will participate in the development of the grading system.

· Students will set up lab groups.

LESSON 2: Measurement
· Students will demonstrate the use of a vernier calipher, scale and hydrometer.

· Students will determine the density of various objects.

· Students will record data in a data table and use the data for calculations.

· Student will recognize the basic units of measurement and use them in a formula.

· Students will list the parts of a lab report and scientific method

· Students will identify the major parts of a lab report.

· Students will identify the major parts of the scientific Method.

LESSON 3 Scientific Thinking

· Students will create a Cornell worksheet.

· Students will use the Cornell note taking process.

· Students will review graphing procedures.

LESSON 4 Significant Figures

· Students will consider accuracy of measuring devices in calculations.

· Students will analyze their notes and identify possible test questions using the Cornell system.

· Students will identify the correct number of significant figures in a calculation. 

· Students will practice graphing by completing the graphing worksheet.

LESSON 5: REVIEW

· Students will complete the graphing worksheet.

· Students will complete the significant figures worksheet.

· The student will answer written questions on graphing(Quiz)

Week 2

LESSON 6: Pendulum Lab

· The student will predict the outcome of the experiment.

· The student will develop a systematic approach to problem solving. (Scientific Method).

· The students will identify and classify variables.

· The students will use appropriate measuring devices.

· The students will participate in a pre-lab discussion

· The student will explore how the mass affects the period of a Pendulum.

· The student will explore how the length affects the period of a Pendulum.

· The students will provide a list of elements that may impact the pendulum behavior.

· The students will determine which observations are related and identify the dependant and independent variables.

LESSON 7: POST LAB DISCUSSION

· The student will complete a lab report following the proper procedures.

· The students will discuss the Scientific Method.

· The student will identify and classify varables.

· The student will make predictions about the relationship of the varables.

· The students will relate mathematical and graphical expressions.

· The students will develop linear relationships.

LESSON 8:

· The students will analyze their notes and identify the important concepts by completing area A of the Cornell notes.

LESSON 9:

· The students will respond to written questions pertaining to the objectives covered in the first two weeks,

LESSON 10:

· The students will create a Concept Map on motion

Week 3

LESSON 11: Velocity

· The students will complete a lab experiment on velocity.

· The students will predict the behavior of a battery operated car moving across a table.

· The students will identify the dependant variable x and the independent variables t.

· The students will list the observations which can be measured.

LESSON 12:

· The students will use the slope intercept form to write the equation of position vs time.

· The students will identify velocity as the slope of the position vs time graph.

· The students will use the equation v = (x/(t to determine the average velocity.

· The students will be able to determine the displacement of objects by finding the area under the v vs t graph.

LESSON 13:

· The students will be able to discuss the motion of an object from a Motion Map.

· The students will be able to draw a Motion Map given a v vs t graph.

LESSON 14:

· The students will determine the displacement of two objects using the equation (x = vt.

· Given a x vs t graph the student will draw a corresponding v vs t graph.

· The student will be able to determine its average velocity.

· The student will write the mathematical formula which describes the motion.

· Given a v vs t graph the student will draw the corresponding x vs t graph.

· The student will describe the motion of the object.

· The student will determine the displacement of the object.

· The student will write the equation for the motion.

LESSON 15:

· Test

Week 4

LESSON 16: Acceleration

· The students will complete a lab experiment on acceleration.

· The students will describe the motion of a ball rolling down an inclined ramp.

· The students will identify the observations, which are measurable.

· The students will identify the independent and dependant variables.

LESSON 17:

· The students will determine the instantaneous velocity by determining the tangent to a x vs t graph

· The students will determine the displacement of an object by finding the area under the curve.

· The students will determine the acceleration of an object by finding the slope of the v vs t graph.

· Given a v vs t graph the students will draw the corresponding x vs t graph

· Given a x vs t graph the student will draw a motion map for the object

· Given a v vs t graph the student will draw a motion map for the object

LESSON 18

· The students will contrast graphs of objects under constant velocity and constant acceleration.

· The students will define instantaneous velocity.

· The students will distinguish between instantaneous velocity and average velocity.

· The students will define acceleration including its vector nature.

· Given a x vs t graph the student will draw the corresponding v vs t graph.

LESSON 19:

· Derive the following formulas:

a = (v/(t
vf = vi + at
(v = at
x = + vot + 1/2at2
(x = vot + 1/2at2
vf2 = vo2 + 2a(x

LESSON 20:

· Test

Course Information - Physics

The wireless telegraph is not difficult to understand.  The ordinary telegraph is like a very long cat.  You pull the tail in New York, and it meows in Los Angeles.  The wireless is the same, only without the cat.

- Albert Einstein
If I have seen farther, it is because I have stood on the shoulders of giants.

-Isaac Newton
1.
This course will focus on developing your physics knowledge and understanding.  It will also help to develop problem-solving skills.

2.
Tests, quizzes and homework will be problems, which you must solve, and concepts, which you will need to understand.

3.
Your grade will be based upon the following:


Tests


15%


Activity sheets

10%


Quizzes

15%


Lab Activities

30%


Homework

10%


Class Participation
10%


Attendance

10%

The percentages are only approximations.  The actual score will be calculated from a total points earned out of total points possible.

Tests and Quizzes

1.
All tests will be announced prior to the actual test.  Quizzes may or may not be announced.  You should be prepared to be quizzed on the material at anytime.

3. When a test is scheduled, try to be in school.  If students are absent on the day of a test, they will be required to take it in the class period on the first day they return after the absence..

3.
Students may receive partial credit on your tests and quizzes so it will be best to always show your work in an organized and understandable manner.

5. Equations needed for tests may be placed on a small index card.  It is the student’s responsibility to have the index card completed prior to the test.

Lab Activities

5.
Every student is expected to participate in all lab experiments and submit a written report on each.

6.
The report is to be legible and easily understood.  It is suggested that you type your lab reports.

7.
Graph paper or an appropriate computer program should be used for all graphs.

Alternate Assessment
There are three basic areas of work which need to be assessed in a way other than formal testing.  These areas are attendance, lab activities, and class participation.  I’ve marked these on the objective list as class, lab and attendance.  As you can see from lesson one (1), I put a great deal of weight on these three objectives.  In fact, they make up half of the total points available.

Attendance:


Although I know students will miss classes for various reasons, the students will need to realize that there is going to be an enormous amount of content covered in class because I don’t believe in assigning a large quantity of homework.  If a student has a football game, the student is making a choice between academics and what I consider to be extra-curricular activities.  If the student goes on vacation, goes hunting, or attends any other activity, other than sickness, the students will lose points.  The students start out with one hundred (100) points.  Five points are deducted for each absence.  At the end of the semester, the points will be weighed as shown on the cover sheet (10%).  I will use this policy because I firmly believe that if I can get students to class, they will learn.  However, attendance is not meant to be confrontational, but rather an incentive.  In other words, the students will be given an opportunity to reclaim any lost points.


During the semester there will be class days where the students would not miss any content.  For example, on some days the students will be doing worksheets.  This would be an ideal time for the student to make up the points.  S/he can do the worksheets at home using the class period to make up the missed day without involving outside time.  This should work because there will be very little lecture time throughout the semester. Instead, there will be heavy concentration on class activities.


The attendance will be recorded in a standard spreadsheet format.  Administration and parents will be able to view this record at anytime and, if a problem or trend is noticed for a particular student, the parents can be contacted and appraised of the situation, or parents might choose to review the records at a teacher/parent conference.  Parents can also give input as to how the student can make up the work, realizing that the process has to include covering the content missed.

Lab Activities:


Tests will normally show if students are learning content, but lab activities go beyond content.  The students will be reminded that lab techniques, lab behavior, cooperation, involvement and technical writing skills are also important.


The students will work in-groups of five or less.  This would probably be typical since a normal class is thirty students.  I feel I can monitor six (6) groups to see how the students are performing in the above areas.  This gives me approximately ten minutes per group to form an assessment.


The assessment would fall into two categories: lab performance and written lab reports.  A total of one hundred (100) points are awarded, being split in half.  If the student participates, fifty (50) performance points are awarded. The students will be notified during the lab if I feel they are not performing at the fifty- (50) point level.  If they pick it up, I will re-award the points.  This is again an attempt to reward rather than punish.  A well-written report will have a weight of fifty (50) points.  My main concern is they participate in and complete all the labs.  If they do, students will receive a minimum of seventy-five (75) points, fifty for participation and twenty-five for handing in a report, even if it’s not well written.  I would like to see an improvement over the course of the semester, so it will be harder to earn the twenty-five points for the lab report as the semester progresses.  I will be sure to advise them of this after each report.  They will know if they are progressing or there is a danger of receiving a poorer grade.


The students will be keeping a lab manual.  The administration and parents can view them at any time during the semester and would be able to see the difference between an acceptable report and unacceptable report. They can view sample student reports and compare their child’s to them.  The standard report format that the student was provided will also be available.  If any party wishes, they would be able to challenge the grading, since half the points, performance, are subjective. However, these areas are clearly marked on the report, and the student would have been advised of his/her performance at the time.

Class Participation:


The last area of assessment is class participation.  This final step insures me that the student has a fighting chance of learning.  If they attend class, perform the labs and participate in class, I’m confident they will have a thorough understanding of physics when they leave my classroom.


Ample time and ample opportunities will be given to each student to achieve in this area.  Throughout the semester there will be research projects requiring writing, oral presentation and student selected activities that will allow them to collect points.  An example of this is the literacy project I planned for my reading class.  Each student was asked to read an article and take notes using the Cornell note taking process.  The students who completed the assignment were awarded points.  In my own class I would also have them do an oral response.  I will also check the students notes, students would address the class with prepared questions leading to discussion, and at times the students will lead the class in content discussions.


Clearly defining success in these areas will be difficult since it tends to be very subjective.  I can’t fully develop this concept here because of the many different areas and types of assessment required.  Rubrics and checklists will have to be developed for each type of activity, however, so that it will be clear to the students at the beginning of each activity what will be required of them to succeed.


The students will keep an index of all the tasks assigned, the completed task or rubric, and the resultant points awarded, in a portfolio. The points awarded will be based on what I feel is acceptable and non-acceptable based on the rubrics and checklists.  The administration and parents can view the portfolio at any time to see the success of the student, both as based on completion of the activity and as a comparison to sample student work.  If possible, I will allow re-writes, etc., to earn the total points available.


This variety of activities and assessments will allow all students to succeed, while taking into account the differences in learning styles and abilities of each individual.

Scientific Thinking

100 points Total

Place the answer for the following 17 questions on the attached answer sheet. (3 points)

In questions 1-5, match a letter from each of the following graphs with its corresponding graphical analysis statement.





1.  Test plot y vs. 1/x
      ____

2.  y = kx                   ____

3.  y is independent of x    ____

4.  Test plot y2 vs. x  ____

5.  Test plot y vs. x2                ______

6.  In the pendulum lab, the variable which affected the period of the pendulum was :

a. length

b. mass

c. amplitude

d. all of the above


7.  In the pendulum lab, the period was:

a.
the independent variable

b.
graphed on the vertical-axis

c.
graphed on the horizontal-axis

d.
the variable you controlled

For the following questions consider the pendulum apparatus shown below.  Bobs a and b have masses of 20. g; bob c has a mass of 10. g.





8.  Suppose you pulled bobs a and b back through an angle of 5', how would their periods compare?

a.
the period of a is greater

b.
the period of b is greater

c.
the periods are equal

d.
you can't tell because the lengths are different


9..Suppose that you pulled bobs a and c back through an angle of 5', how would their periods compare?

a.
the period of b is greater

b.
the period of c is greater

c.
the periods are equal

d.
you can't tell because the lengths are different

A science class puts wide wheels onto a small cartand lets it roll down an inclined ramp and then across the floor.  The investigation is repeated using the same cart but this time fitted with narrow wheels.  The angle of the incline of the ramp remains constant.  The mass of the cart is kept constant.


10. What is the relationship being studied?

a.
The effect of the cart mass on the distance the cart travels.

b.
The effect of the incline of the ramp on the speed the cart travels.

c.
The effect of wheel width on the distance the cart travels.

d.
The effect of wheel width on the speed the cart travels.


11. What is the dependent variable?

a.
mass of cart

b.
width of wheels

c.
angle of incline

e. distance cart travels

12. What is the independent variable?

a.
mass of cart

b.
width of wheels

c.
angle of incline

d.
distance cart travels

13. What variable needs to be kept constant during the study?

a.
temperature of room

b.
width of wheels

c.
angle of incline

d.
distance cart travels


14. In an effort to create a straight line graph from the data graphed at right, you should


a.
square the volume values

b. invert the volume values

c.
square the pressure values

d.
square root the volume values
0

e
do nothing; you can't get a straight line o ut of

15. The relationship for the graph above is best represented by


a.
Pressure is directly proportional to the volume.

b.
Pressure is proportional to the square root of the volume.

c.
Pressure is inversely proportional to the volume.

d.
Pressure is proportional to the square of the volume.

e.
There is no relationship between pressure and volume.


16. The mathematical model for the graph at right is

best represented by


a.  d=t.

b. d=kt.

c.  d=kt2.

d.  d=k 1/t

e. d2=kt.


17. The graphical representation between distance

and time could best be stated as

a.
Distance is directly proportional to time.

b.
Distance is proportional to the square of time.

c.
Distance is inversely proportional to time.

d.
Distance is proportional to the square root of time.

e.
There is no relationship between distance and time.

Name:______________________

Period:______________________

ANSWER SHEET 

(3) points each

1.
6.  ___
11.  ___
16.  ___

2.  
7.  ___
12.  ___
17.  ___

3.  ___
8.  ___
13.  ___


4.  ___
9.  ___
14.  ___


5.  ___
10.  ___
15.  ___



18. List the 5 steps of the Scientific Method. (5 points)

1).  _____________________________

2).  _____________________________

3).  _____________________________

4).  _____________________________

5).  _____________________________


19. Calculate the density of a circular object weighing 75 grams with a radius of 10 cm. (5 points)


20. What are the basic units of measurement for the following? (5 points)

a. Length  ______________

b. Time     ______________

c. Mass     ______________

d. Given the following formula calculate the value of Potential Energy.  Show the units in your calculations:  M=mass(75g),  G = the force of gravity(9.9 m/sec2), and H = 7 meters.  Be sure to use the KMS system.

PE = MGH

21. Remembering to use the correct number of significant figures calculate the following:

(3 points)

(22.50)(22.1) + 15=


22. Describe how the three areas of a Cornell note taking grid is used. (5 points)



23. The following times were obtained by different observers when determining the period of a pendulum.  Express the average period to the correct number of significant figures. (3 points)

time (s)
0.2502

0.2417

0.2487

0.2538


24. Express the width of the piece of paper, to the correct number of significant figures, measured with the meter stick below. (5 points)


25. The following graph represents the relationship between the weight of a

baby and its age: (18 points)






0.00            2.00             4.00              6.00             8.00             10.0



A (months)


Statistics:
Slope
Y Intercept
C.O.R.


Data Set 1
1.330±.01 30
6.44±0,0785
1.00


a.
What is the dependent variable?

b.
What is the independent variable'?

c.
Express the relationship using an equation:

d.
What is the value and unit for the slope?


e. What is the value, unit and meaning of the vertical intercept?


f.
Predict the weight of the baby at 15 months, assuming the growth rate remains constant.

Velocity test

100 points

For each of the following graphs 1-4:

a. Describe, using a clear, complete sentence, how the motion of object 2 differs from the motion of object 1.  Explain how you know.

b. Sketch the graph of velocity vs time for object 1 and object 2.

c. In the space provided draw motion map for object 1 and object 2.


1.

b.





a.  







c.   





2.


b.





a. 







c.













3. 

b.






a.







c.






4.

b.






a.







c.




5.  Construct a position-time graph for the motion described in the velocity-time graph shown below.  Calculate the displacemnt by finding the area under the v vs. t graph.  Assume a position of zero at t = 0.  Be sure to number the scale on the position scale.
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6.  Below is a motion map for a runner:







On the coordinate axes below sketch a graph which generally describes the runners motion.






7.  Which variable is the:

a. Dependant variable    ____

b. Independent variable  ____

8.  Consider the position vs time graph below









        0          1          2          3          4         5           6


a. Determine the average speed.  Show your work


b. Write the equation for the position and time.


c.  What will the position be at 10.0s?  Show how you got your answer.

9.  Suppose that you are driving along at a steady 15 m/s.  Draw the v vs t graph on the axes below.  At t = 3.0 s you reach down to tune in a different radio station, without changing speed.  At t = 6.0 s you return your attention to the road.  On the graph below represent the distance you traveled, while you weren’t paying attention to your driving.  What is the distance?











     0          1          2          3          4          5          6 



10  You fly from Phoenix to Flagstaff a distance of 180 miles at a constant spees of 180 mph.  You then returned at a constant speed of 90 mph.  What was:

a.  Trip distance  _____




c.  average speed     _____

b.  displacement  _____




d.  average velocity  _____

Acceleration Test

100 points total

1.  Consider the position vs. time graph for objects 1 and 2.







a.  Draw motion maps for objects 1 and 2





b.  How does the motion of object 1 differ from that of object 2

c.  In the chart below you will compare the objects using statements like 1>2, 1<2, 1=2.  Provide a brief explanation for the answer.






Comparison


How do you know

Displacement at t = 0


Ave. velocity from t = 0 to t = 5s


Instantaneous velocity at t = 5s

2. Consider the velocity vs time graph for objects A and B






a.  Draw motion maps for objects A and B


A


B

b.  In the chart below you will compare the objects using statements like A>B, A<B, A=B.  Provide a brief explanation for the answer.






Comparison


How do you know

Displacement at t = 0


Ave. velocity from t = 0 to t = 5s


Instantaneous velocity at t = 5s

3.  From the given graph in each of the sets below, sketch the shape of the corresponding graphs.


a.  


b.


c.

4. A train with a velocity of 50 m/s must come to an emergency stop in 10s.  It slows at a constant rate.


a. Draw a motion map to represent the motion of the train during the 10s.

x


b. Sketch a velocity vs. time graph to represent the motion of the train











c. What is the acceleration of the train?  Show work; use labels.


d. How far will the train travel in these 10 seconds?


e.  How fast will the train be going 3.0 seconds after it puts on the brakes.

5. The drawing below shows a moving object which has been photographed using a strobe flash.  The ojects start at rest and moves to the right.  The dots show the location of the object each second.





a.  Plot the position vs time for the object on the graph below.  Sketch the curve.  Label the axis.












b.  Explain how you could determine the instantaneous velocity at t = 5 s.  


c.  Using an appropriate equation calculate the average acceleration from 0 to 5 seconds.

d.  How fast will the object be moving at t = 9.0 s?  Explain how you obtained your answer.

e.  Define instantaneous velocity


f.  Define acceleration and draw a velocity vector representation of an object under acceleration.
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NO SUCH THING AS AN IONIC MOLECULE!!!


Specific ions are not bonded to each other.  An ionic compound consists of individual ions packed together in a lattice, held together by electrostatic attractions.


Evidence = ability of many ionic compounds to dissolve in water.  Ions can freely move away from each other in the solution.





Comsider formation of an ionj from neutral carbon


























Once the electron is removed, it is extremely difficult to remove more electrons because of the positive charge.  Great input of energy to form +4 ion.





Similar problem in trying to form –4 ion, because it is difficult to add more electrons to something that is already negatively charged.





Solution = share electrons and form covalent bonds.





What is a cation?


What is an anion?


What is salt?





What causes electrons to be transferred from neutral atoms to form ions?





Why is there no such thing as an ionic molecule?

































































Why is it difficult to form a cation or anion from carbon?








What type of bond does carbon form?





-e-





C





4e-





2e-





Atoms can gain or lose electrons to from ions and attain a stable noble gas configuration.  Ionic compounds consist of a lattice of cations and anions formed in this way.  Carbon is not likely to form an ion because it would have to gain or lose too many electrons.  Consequently, C tends to share electrons to from covalent bonds.
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Great! Now I have longer to consider my fate before I get pancaked





Write the equation for the above graph.





Using your graph determine the value of the acceleration





Using your graph determine the displacement after 3 s.





Using the mathematical model determine the dispalcement after 3 s.





How does the gravity on the moon compare to that of Newtonia





0





m





t (s)�
y (m)�
v m/s)�
vf (m/s)�
�



�
�
�
�
�



�
�
�
�
�



�
�
�
�
�



�
�
�
�
�



�
�
�
�
�






v





100





50





Physics is cruel





t





Write the equation for the above graph.





 Using your graph determine the value of the acceleration





 Using your graph determine the displacement after 3 s.





Using the mathematical model determine the dispalcement after 3 s.
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