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1 Introduction

1.1 Course of Study

I bid you a hearty welcome to your study of advanced (introductory) physics!

This document is your guide to the policies of this course and you should take good care of it. Even though these policies and arrangements will be discussed during the orientation lecture in June, you will forget some of this. Regardless you are responsible for what is here, unless changed and properly announced either by email or in class. You are also responsible for having a working and current email address. Hotmail users are reminded to keep their inboxes clean as you are still responsible even if an email message cannot be delivered due to technical problems. Confirm with your friends or myself if you have had any technical problems. 

I expect you to behave like adults in this course. This is why I have stringent rules for simply forgetting homework and such like. However, if your life takes a dire turn, please remember that contrary to popular wisdom, I do not have a stone for a heart and would be willing to entertain any reasonable compromise that does not unduly affect the aims of the course under these circumstances. These circumstances are very rare, however, it is important to me that you feel free and comfortable in asking for consideration when unforeseeable challenges arise. However, the content requirements must be preserved in whatever arrangement we craft.

This course must meet not only the guidelines of the standard 4U physics course, but also that of the Advanced Placement Physics C course and a few other things that I feel you need to know. The preparation you will receive will be at a 1st  and 2nd year university level. However challenging this material and my standards become, you CAN make it. Furthermore, you can EXCEL at this material. It is entirely up to you to decide what the outcome of this adventure will be. It will be a decision you must make everyday for the entire semester. Advanced material will be introduced until the final day of the semester. 

Below are the units of study for this year’s introductory AP physics C course 506.

1.1.1 APC506 Course of Study

Chapter indicators [x] refer to the 7e of HRW

1. Mechanics

1.1. Kinematics in 2D and 3D [4]

1.2. Forces and Equations of Motion [5,6]

1.3. Special units on Line and Path integrals [Notes]

1.4. Energy, Momentum and Collisions  [7 ( 9]

1.5. Special lecture on the principle of Least Action [Notes]

1.6. Rotational Dynamics [10,11] 

1.6.1. Rotational Variables [10]

1.6.2. Torque, Rolling and Angular Momentum [11]

1.7. Statics and Elasticity [12]

1.8. Differential Equations of 1st and 2nd Order [C9]

1.9. Gravitation [13 ++]

1.9.1. Gravity I [13]

1.9.2. Gravity II [C13.7, Notes]

2. Electricity and Electrostatics

2.1. Electric Charge and Fields [21, 22]

2.2. Gauss’ Law [23]

2.3. Electric Potential [24]

2.4. Capacitance, Current, Resistance and Circuits [25 ( 27]





3. Magnetism

3.1. Magnetic Fields [28, 29]

3.2. Induction [30]

3.3. Maxwell’s Equations [32]

3.4. Special Lecture on Special Relativity and Electromagnetism

3.5. Alternating Current [31]

3.6. EMR Propagation and the speed of light [33 part] 




4. Waves

4.1. Simple Harmonic Oscillators [16]


4.1.1. Underdamped

4.1.2. Damped 

4.1.3. Resonance

4.2. Driven Oscillators and Wave Equation in 1D and 2D [17]

4.3. Interference and Diffraction in 2D [35, 36]

4.4. History of Quantum Mechanics [Notes] - Briefly

4.5. Quantum Model of Light [38]

4.6. Matter Waves [39]

4.7. More QM [notes]

1.2 Financial Obligations

The costs to take this course are simple. Your textbook will cost you $107.81. This is non-refundable, but as it is yours, you are free to sell it as you please. The AP Physics C examination will cost $82 USD. If you intend to obtain University credit for your AP Physics efforts in any course, you typically must write this and the BC Calculus exam. Usually you are expected to score a 4 or a 5 out of 5 to get a credit (in some programs even 3/5 is adequate). Relax; about 55/90 is a 5/5 in AP Physics C. However, as you know most engineering courses will not grant credit equivalency for AP courses, whereas a number of life science programs will. If this is of interest to you, then you are expected to check directly with your prospected university program. 

You are also expected to have access to Microsoft Office 2000 or earlier and the Maple V version 9 or higher algebra engine. Furthermore, you will need the services of a graphing calculator to accomplish many of the questions on the tests. If you are considering engineering or physics as a degree, you might consider purchasing a TI-86. However, If you purchase calculators that perform algebra be forewarned that often they will be banned on exams and tests in university and are BANNED in AP Physics evaluations as well, but are welcome in class and during your lab work.

1.3 Evaluation and Administrative Policies

1.3.1 Report Card Grading

This is a fall course so midterm grades do not bear the weight that they might in the spring. The midterm grade will not have the evidence of your OAC Physics examination to permit appropriate corrections to be made. However, the raw grade that you have earned thus far in AP Physics C will be multiplied by 1.2 to permit what I hope is a more reasonable report card grade. However, if the marks are already very high I may have to effect some academic socialism on this policy, however, midterm averages are usually near 95%. I would also look forward to meeting your parents, regardless of your age on the occasion of parent’s night or any other time when mutually convenient.

1.3.1.1 Mark Divisions

AP Course Mark
70% Total

Tests


30%

Labs


20%

Assignments

10%

Project


10%

Science Fair       .                5% Bonus  [Max]

Final 4U Exam   

30%

This mark will be modified based on the raw mark, course mark percentile and final examination performance. Final Grades of 100% will only be granted if the student produces very nearly 100% (or more) on the adjusted final exam mark. Mathematical 100% final grades will be given 99% if the exam is much below 100%. The final exam marks are adjusted from time to time when the average marks of  non-AP students is deemed to be too low. The exam marks in this course will follow the same modifications that are effected by the non-AP class prior to any corrections for the AP marks. 

Again averages in the low 90’s are expected, but too much higher than this may give the wrong message unless a class is particularly string such as AP203. I reserve the right to attenuate the modifications if I feel that the average will end being undeservedly high. 

1.3.2 Awards

There are two basic award categories in this class, all are generated by your grades and/or commitment to this program. All students are eligible to win/earn any of these awards. They are all awards of honour and have no cash value. 

1.3.2.1 AP Physics T-Shirt

Mr. van Bemmel awards the t-shirt, free of charge, which has the year of your course and Maxwell’s equations on the front to any students who write the AP Physics C examinations in May and to the highest finishing student at the end of the course. It also is available for purchase to students who are considered graduates (Section 1.3.2.2) for $20 (2005 rates) if these students choose not to write the examination. The presentation of the shirt has no bearing on the course grade or the AP test grade. NO shirts are purchasable for non-graduates and only one shirt can be purchased by a graduate. These mementos are unique and should not be trivialized. 

The free t-shirt is given to the exam writers from Mr. van Bemmel’s personal funds as a souvenir of this experience.

1.3.2.2 AP Physics Diplomas

These diplomas, written in Latin, will be presented with fanfare on the last day of classes to any and all students who have achieved a minimum of 60% in AP Physics without any correction to their grades. The following are distinctions that are added to AP Physics diplomas. The final examination has NO BEARING on these awards. Multiple awards are possible, but very rare. 

cum laude – final raw AP grades in the range 70 – 79 %

magna cum laude – final raw AP grades in the range 80% + 

summa cum laude – highest mark in the course also the APC506 Valedictorian. They have the right of addressing the class for a few moments during the graduation ceremony.  The final exam does not bear on this designation. It is easily possible for two or three students to be closely placed at the end of the year and have the order modified during the examination and so the final mark rank may not always be lead by the Valedictorian. Time constraints prohibit this ceremony from occurring after the final examination and since it is for entertainment purposes only no modification to graduation certificates will be made if the academic order is altered due to final examination performance. 

Previous Valedictorians:

2000 – Adam Trumpour

2001 – Alex Ayers

2002 – Valeri Dessianitchenko

2003 – Elena Qirjazi

2004 – Daniel Ly

2005 – Lulu Ye 
summa cum laude femina (homina) – highest female (male) that was not Valedictorian.

magna proficiere – Most improved student(s) (chosen by Mr. van Bemmel)

2004 E. Chan, G. Grant

2005 B. Chan

studium primus – Awarded to a student who excels in this class while arriving less prepared than most due to courses or personal circumstances (aside from lassitude) 

2003 M. Ul Hassan

2004 Z. Aleem

2005 N. Alidina 

peritis experiri – This designation goes to all members of the laboratory experimental group that was deemed most proficient throughout the APC506 course. This includes all four (five) experiments and the simulation. 

2003 S. Benton, K. Hurley, S. Lau, N. Rawluk

2004 N. Ibrahim, D. Ly, P. Jaworsky, A. Kikuta

2005 K. Ramanathan, H. Kukreja, E. Ternovsky, R. Shek

Maximus curiosis – Given to a student who has shown and exceptional interest in the subject material. It is not awarded every year. 

2005 V. Wollesson

creative award (to be formally named) – This award may be given if student demonstrates an exceptional amount of technical and academic creativity in their approach to solving academic and practical problems. 

2004 – Scott Calway

Mr. van Bemmel reserves the right to add additional categories at his whim. I see them as a very cool souvenir. Please do not miss graduation day in AP Physics. 

If you seek a personal letter of reference, I would be pleased to write it provided I am given reasonable lead time (like a week). I might be expected to write in excess to 20 (twenty) letters during February etc. I take this responsibility VERY seriously and each letter easily takes 2 or 3 hours depending on the circumstances. Please help me help you by giving me (and other teachers) a reasonable amount of time to effect such letters. 

1.3.3 Testing 

Your final mark will be generated from the AP section 70% and the standard 4U final examination. Clearly, the AP course mark will probably be lower than the one you would have earned in the regular class with commensurate effort. This, as you already know, will be adjusted. Your final exam mark will assist me greatly in determining the nature of this adjustment. It is the one opportunity for you to show me that you are a strong student when compared to your peers in the regular class. If you require a particular grade we can discuss this, but your examination will be very much a mitigating factor. Typically, the tests are four word problems one of which was assigned for homework, for which you will have 60 minutes. They will often include proofs or derivations. You are expected to have full knowledge on the operation and use of your calculator in areas such as integration and matrix operations. Each of the questions will be marked out of 5. The marking is going to be stringent and one can go from 5/5 to 3/5 without difficulty. Universities care only about correct answers not the effort you give although these two concepts often exhibit a directly proportional relationship. I value most of all, your approach to the question. I need to be convinced that you understood what to do. Errors in this area will incur far harsher penalties that simple algebra or computation errors; however, they too will be docked, just not as aggressively! 

For each test your will be permitted the following aids:

1.3.3.1 Aids Permitted on APC Tests

Graphing Calculator (TI83, 84, 85, 86), not permitted (89, 92, 200), qwerty keyboards type machines including handhelds and computer notebooks. IR ports must be inoperable. Using an IR port during an evaluation is cheating. This will be dealt with by giving a zero on the instrument and subsequently by referral to a Vice Principal. I might add that if you misrepresent yourself on any assessment under my charge, I will no longer write any reference letters for you. 

Math Instruments (Protractor, ruler and compass)

Table of Integrals and Derivatives (photocopy page A-11 from 7e HRW)

A list of equations presented in the Summary section of the chapters relevant for this test.  You are permitted to write down ANY equation that is presented in the section of the relevant chapters named “Review and Summary”. However, you may NOT write any English or explanations along with these equations. There will be some exceptions to this particular rule, but they are fairly rare and will be announced in advance. These equations must be written in your own hand, not photocopied etc. 

In the class portion of the course, you will complete assignments, lab reports and tests as per the curriculum stated above. Your marks will be recorded without adjustment aside from the above stated circumstances.

The testing will have to occur outside of the classroom due to the time constraints in this course. Expect to write tests in the mornings from 0730 to 0830 in the cafeteria. These will be announced. You are expected to be there as part of your commitment to this course. Test days will be negotiated in class depending on schedule providing too many liberties are not expected by the students. Your lowest test will be dropped from final mark computation. Expect to write 12 to 14 tests this year.

Important: Class 203, testing scheduling was hampered in the early morning, by the existence of a music course in the mornings and by weekly Chemistry tests. This put a real constraint on the choices that were had for AP tests. This year we will undertake to test in the morning, but if this proves untenable then we will have to test after school. Please ensure that you can support this situation. 

You will always have at least 7 days from the date of the last lecture on a given topic prior to the test date. More than that will be granted only in exceptional circumstances. Your assignments are due as the test begins and NOT later in the day so see their completion as part of your study regimen. 

1.3.4 Assignments

At the beginning of a chapter, students will be assigned at least 10 problems from the text. These are due as you begin the test for these chapters. This revised due date will not be earlier than the previous unless unanimous consent is obtained from all members present on the day of deliberations. There will be no excuses and late work will NOT be accepted.

The lowest 15% of your assignments will be dropped from your uncorrected final mark. 

In your assignments, you must begin each algebraic derivation with equations from the summary section of you text. All others must be derived. Proper format with diagrams, givens and conclusions is expected. You should include English in your derivations explaining your work. There is no substitute for professionalism. All assignments must be completed in your own hand unless the use of a computer is specified by the question. Consider reading section 8.0 for more details on this matter. 

1.3.5 Attendance

The school system insists that you be in class everyday. If you must take time, I will have a finite amount of patience. You are in what is arguably the most difficult course taught in a Canadian high school, so missing class is not a wise choice. The school system requires that I report your absences to the office. No one will care if you attend class in university. It is your education; make the best use of the opportunity. 

Often students in AP Physics are those who also contribute much to the life of the school. This contribution may occur either through student driven projects such as student’s council or teacher assisting such as helping Mr. van Bemmel with Algonquin or science fair. This course is too involved and difficult for ANY arrangement to be made for these reasons. Therefore students who go to Pinecrest, must catch up on their own and NO consideration will be given. For Algonquin, only the hike in late October (early November) after the selections of senior staff for AP7 have been made is expected of AP7 seniors so this should not be an issue. Talk to those who did this last year if you have any problems. Algonquin senior selection for AP7 will occur in early October. 

I realize a lot of you are in your final year and want to have fun and serve the school. Simply put, you CANNOT do it all. Sometimes choices have to be made. Serve our school in semester II. In fact, I encourage it. Set an example of how a senior should behave for the entire year, not just until you get acceptance to your desired university program.

1.3.6 Right of Interruption

All AP Physics C students, in good standing, have the right of interruption to any of my classes. This right cannot be abused. It is not practical for me to stop teaching another class and spend 20 minutes with an AP student teaching a concept. This interruption should be short with a question or two that is to the point. You should bring all necessary course materials with you, as I will probably not have AP physics papers with me when I am teaching another class. 

If the problem is more complicated, I recommend that you make an appointment with me. Appointments can be set up anytime from 0715 to 1700 (scheduling permitting). They are 15 minutes in length. Students are given 5 minutes grace for being late after this no guarantees will be made about my availability. I remind you that the solutions manual is available in the classroom as well to help with your assignments.  

1.3.7 Project

This is a summative type of effort, which will combine many aspects of the course. Certainly, an electronics component will be part of any project as well as mechanical principles. Although not common, it may also include a presentation component. To prevent students from having an unfair advantage the scope of the APC506 project will not be released until the first day of school in September 2005.  Furthermore, groups will have to plan their projects in advance and be marked (partly) on the quality of this design. See section 2.4 for more details

Some students attempt a serious science fair project in their final year. It is customary to give them 100% for their ISP in the appropriate science course, assuming an adequate project. However, AP Physics is too prescriptive for me to forgive ANYTHING. Therefore, a science fair project will be done in EXCESS of the requirements of this course. You are reminded that you must undertake to demonstrate your project prior to the onset of the final examination. No work done after the course is complete will be considered. Secondly, realize that a truly remarkable project (i.e. = 5%) will take you between 500 and 1000 person hours. Yes, you can work ahead in the summer, but no consideration will be given to how “busy” you were through the fall. This is a bonus mark scheme and so the constraints are especially tough. 

However, a significant science fair project related to the aims of this course will be given a BONUS to a maximum of 5%. This estimation will be determined by the course instructor and will have no bearing on what, if any, awards are won by said project in organized science fairs. If you are unsure about the applicability of your project, please discus the nature of your work before beginning your project with Mr. van Bemmel. 

Students are to be cautioned about trading physics marks for science fair success. As much as I support science fair, your basic physics background is far more important, especially if you are intending to pursue physical science or engineering at university.

1.3.8 Dropping this Course 

From an administrative point of view, dropping this course often requires your timetable to be significantly rescheduled. This may mean that you would have to switch a number of classes. Since people often drop in the middle of the term this could wreak havoc on a number of your classes. Furthermore, the office may not permit it. Again, there are no refunds for the textbook.

From an ethical point of view, you should be very careful about quitting a difficult undertaking. Life will present many hurdles. Some you will choose and some will choose you, it will be a measure of your character what you choose to do when challenged. It does not make any difference if you are choosing medicine, engineering or physics for a career. It is about thinking, about learning a new language. This is always useful. Your success in AP Physics C will be earned and you will know it. You will also know that you quit when it was tough. So don’t!

1.3.9 Mark Correction to 4U Standard - Polices and Principles

1) This course will be operated as a 4U course with 70% of the final mark on course material and 30% on the final examination. Students report cards will show a credit in 4U Physics. However, for the first time the government has permitted a tag to show that a given course was AP based. Unfortunately there is no way to distinguish Physics B from Physics C although the curriculum is vastly different. Furthermore, the universities do not have a base line on graduates of these courses yet so to protect you I intend to offer the same correction schemes as in the past. Your marks will be whatever your earn including corrections, but your report will also show that you studied at the AP level. This can only be good (I think). 

2) AP Physics students will write the SAME final exam as non-AP students so no mark correction is required for the examination portion of the final grade.

3) The class work mark will be multiplied by 1.2 to reflect the demanding material these students are expected to learn and then combined as per item 1 to compute the final grade.

4) The difference between the class averages of the non – AP and AP physics group’s final, marks will be NO LESS than the difference in the averages of the final examination between these two classes. 

5) The average of the final marks for the fall 2001 AP Physics C class (class 102) was 86.8%. For fall 2002 students, in a more difficult course, the class average was 93.6%. 2003, 92.3% and for the fall  2004 class the average was 92.3% and this class was probably the most demanding of all. 

1.4 Plagiarism

When confronted with challenging technical material even the most moral students are tempted to receive undue assistance in completing their assignments and projects. Plagiarism is considered an academic offence at any university and serious ones will result in expulsion. Worse than that, you do not know anything about what you are supposed to be studying. The issue is really, not whether I catch you. However, your own conscience should dictate your behaviour in this important matter.

When doing the assignments, do them alone without TV and radio. If you are stuck, talk about the questions verbally with others or myself, but do not sit side by side with your work. In the end if you misrepresent your work, you are NOT learning (The worst possible outcome). If you are really stuck, consult the solutions manual, but be very careful how much assistance this resource is supplying you. 

When marking lab reports, I will keep track of various roles played by lab partners. I expect all members to participate in the difficult aspects of the analysis etc. 

In an assignment, the first occasion of plagiarism will result in the questions being given a grade of zero. The second time the entire assignment will be so penalized. Further violations will be referred to the appropriate vice-principal. I will make it my business to ensure that you are NOT rewarded for misrepresenting your work. 

1.5 AP Physics Field Trips

Starting with class 203, I attempted to get my students out into the “field” to see physics and engineering in action, however, this was much more difficult than I anticipated. The spectre of someone being injured was just too frightening for anyone to be interested. However, my efforts continue. If you have any connections in the types of careers that would be useful, please refer the appropriate individuals to me. I need some friends here as the straightforward approach has been an abysmal failure.

We will be visiting the University of Toronto Aerospace research facility in late October, but that is all for know. Wish me luck!

1.6 AP Physics Events

With the development of this course, some traditions have begun to show themselves. I encourage this as the AP Physics experience is unique and it does foster a kinship amongst the students in the program. I think many of you will be amazed where you end up in your careers and I would like to keep up the connections as much as you wish them to be maintained in future years. 

 The AP Physics dinner occurs each February on a weekend of the reading week for university students. This is only open for graduates of the course, and others who are now attending a university or at least graduated from high school. So for the AP Physics Dinner 2006 class 506 students are NOT invited. It is important to keep your email address current with me so that you can be advised of these events. If not you will left out, but of course that may be your wish! However, my web page will also be a source for APC alumni events

Alumni often drop in on project day (13 January 2006) to see what is going on. They feel a connection for the next year’s students and are very curious. Consequently, you may have an audience to witness your projects success or …ahem… lack thereof. 

AP Physics Photo/Party Day is the final full day prior to December Break. Last year Mr. van Bemmel was generous enough to buy pizza for the class! Bring your cameras! I promise at least a picture of me with each lab group and a group photo. With digital age upon us and most of you being techno-types anyway, all images seem to end up on a CD at some stage. Please do NOT post any images on the Internet without approval first from me and secondly EVERYONE in the image. No one may profit from these images without the consent of Mr. van Bemmel (yeah right!) 

AP Physics Graduation Day is held on the last full period day prior to final exams. Diplomas are presented and the valedictorian is encouraged to make a speech (yes folks a serious one) to the rest of the group. Guests, including parents, are welcome. 

A tradition started by some students is to name their lab groups. This is a lot of fun and as long as the name is tasteful, (my definition) I would support this. In the past, we have had Team Discovery Channel and The Super Friends. What new names will surface from class 506? Please follow reasonable decorum principles and be sufficiently original that you do not infringe on the copyright of these historical names. 

1.7 Strategies for Success

You have chosen to take one the most demanding courses of study permitted in an Ontario high school. To my knowledge, in Canada, there are very few (like five) other schools, private or public, that have an actual class of AP Physics C; especially one with additional “useful” content. Without undue extrapolation, this is probably the largest such program in Canada. It is one of the privileges and pleasures of my career to work with you on this material.

You will succeed in this class if decide to. This is not a decision you made when you checked the box on the course selection form, but rather one you will have to make EVERY DAY for the entire semester. Every day you must get up and decide to continue to try to understand. That commitment will lead to great achievements! You should NOT consider possible failure, but rather how to succeed. You want this course to be difficult, because you want to climb the highest mountain. Too many high school students want high grades in easy courses. This is a BAD strategy. You WILL be accountable for your background, knowledge base and your ability to think and solve problems. I want to help you do this; do not fight me! Work with me so you all can accomplish things you never thought possible. If your confidence flags come and see me. I will tell you how good you are!

However, it is essential that you come to class prepared and pay attention everyday. You must understand everything before the next class. That is your task. I suggest that you do not waste your lunch playing cards. Talk about physics, not the banalities of the workload and so on. What do you think professional scientists talk about?    

I realize that this is your final year of high school. With this come many temptations to involve yourself completely in school activities. You cannot do it all. You will have to choose between your academic preparation for university, your social life and work after school. My recommendation is that you should not be working after school; period. You have more important things to do. You can involve yourself in school activities, but keep them to one-time events. Examples might include quiz league where your only obligation is a 20 minute game every week or so or a sporting tournament. You will have to be careful if you try out for school teams where the demands of practises and games may encroach too greatly on your study time. I would also be cautious of central involvement in the yearbook and students council, not because these activities are not worthwhile, but rather that organizing events or a book take A LOT of time; time you will not have. Second semester events are no problem, as this program will be completed by then. 









Mr. van Bemmel 

(some of ) van Bemmel’s maxims

“While trying does not ensure success, its converse guarantees failure”

“ You do not have a way yet so you will do it MY way. Period.”

“You NEVER have a marks problem, but rather a knowledge or conceptual problem”

“An education is the lightest load to carry”

“If it is worth doing it is usually difficult”

“To whom much is given much is also expected”

“You must do the thing that you think you cannot do”

“He who thinks he understands quantum mechanics does not understand quantum mechanics”

2 Laboratory Exercises

2.1 Description of Labs

There will be four or five labs in the fall semester. These labs will be independent from class time. You will be in groups not larger than four. These labs can be performed before and after school or during lunch. You will have privileges to work in the preparation rooms except if a staff member requires this space or you are evicted for being to disruptive (bad). Below will be deadlines for the submission of the formal report for each lab experience. Although we are now in the electronic age, formatting constraints make electronic submissions unworkable so late submissions are NOT acceptable except in extreme circumstances. ALL group members should have working copies and regardless of the problems you should NEVER be completing your work on the day it is due!

Lab


General Topic


Due Date

   1

Mechanics




30 Sep 2005

   2

Pendulum




28 Oct 2005

   3

DC Electricity




25 Nov 2005

   4

AC Electricity and Electromagnetism
21 Dec 2005

   5 

Quantum Mechanics



21 Jan 2006

This fifth lab is tentative due to technical issues. It will be included or can celled by 30 September 2005. 

     

Project










Proposal




11 Nov 05




Demonstration of Function and Report  
13 Jan 06

I will be updating the APC lab manual for class 506 over the summer. I will release it on the first day of school on my website to all of you. The details will then be clear about the specific nature of these experiments and any options that may be available. Full use of your graphing calculator, Maple and Excel will be necessary to complete some of the analysis required for these labs. Here is your chance to be a scientist!

All lab reports must be submitted in duplicate. Only one copy will be returned. I have copies of the work from previous years, your efforts should be sufficiently distinct from theirs or else see section 1.4. Make no mistake folks; while fond of you and respectful of your commitment, I will take disciplinary action on plagiarized work. 

2.2 Formal Report Guidelines

2.2.1 Basic Guidelines

The communication of scientific information is as important as the work itself. If no one is made aware of the developments then it is the same as if the experiment were never undertaken. Until now many of you have produced reports whose quality has been measured by the number of pages therein. However, carefully crafted these reports are practically useless because the reader, typically a supervisor, DOES NOT HAVE THE TIME to read all of it. If you want to make an impact, you have to learn how to say a lot in a small space. Your supervisor WILL read your four pages of your report because it IS not too long. They may even read it FIRST. Furthermore, since your ideas are nicely compressed they will understand your point more effectively and quite possibly ACT on your work. If they want more detail, they will ASK for it. This skill is ESSENTIAL for business or science and you had better learn it. 

Each copy of this document contains a sample report (in gibberish) that shows the format expected of the final document. Your formal reports must follow these guidelines precisely. Observe the absence of a title page and such like. Furthermore, there is to be NO colour used in this report. NO appendices are permitted. However, you are free to change the section headings to tailor to your work. However, most professional work does not normally have more than eight headings and many suffice with five or six. 

Graphs can be placed across both columns if necessary, but this use of space must be justifiable.

This work is due NO LATER than 1600 on the dates relevant for that experiment. If you miss this date you must convince me there are compelling reasons to accept your work. 

You are expected to introduce the experiment and its aims in a professional scientific manner. Full use of professional jargon is expected. Your paper will probably have aspects that are understandable only by responsibly competent readers.

Spelling, grammar and proper expression are essential. It demonstrates respect for your work and its aims. It would be good advice for you to complete a preliminary document a week in advance. I will advise you as necessary, but I will not proof read your work.

Remember that a science paper is a serious technical document. Silly comments, cartoons, or diagrams without captions are unacceptable and indicate a lack of respect for the task. This also includes any presentations you might make of a serious nature. 

Page limit: 4 pages (can be less, but at your peril). You must also include another page, which describes the work each person has done on a lab report. Your signatures must also accompany this sheet. Students not participating or constantly doing trivial aspects of a lab will be marked down in comparison to the lab experience. However, if the other members of a group are not permitting a partner to do their work that is another matter. You choose you groups and they can change as the year progress, but you all must work on the difficult aspects. The challenge here is to say a lot in a small space. Since you have chosen the groups any personal conflicts and such like will not be an excuse for completion.

2.2.2 Report Format

Please observe carefully the gibberish sample. All text is in TIMES. The title is 20 point and small caps. The author’s names are listed in whichever order, they are in 12 pt small caps. Some journals do not publish first names to prevent gender from being revealed. Although a conservative practise we will also do this here for practise. Underneath each author should be a description of each person’s credentials. Please do NOT invent some, but rather indicate your primary task in your research team. For example, if your name was Henri M. van Bemmel and you took worked the probes for your group and considered experimental error then your might write the following.

H. M. van Bemmel

Probe  Technician

The first item below the names and introductions is the abstract. This is different from the “purpose” that has been used on previous lab reports. An abstract tells the reader the most scientifically important thing result of this experiment. It indicates what was done and the significance of the results. Often some of the most influential numbers are included. It takes some practise to write a decent abstract. The saying is that the abstract comes first and is written last. Ask for help if you need it.

The importance of citations and sources in a scientific paper cannot be overstressed. It is a scientist’s stock in trade. To not recognize your sources is at worst plagiarism and at best very bad manners. Over citing is better than under citing. Your last section is always your sources and should be structured as the model below. Check the gibberish version for proper placement.

In the past, students have had an aversion to effecting proper citations. Any paper submitted without proper citations will lose at least 5% and possibly more depending on the state of the sources found at the end of the paper. I suggest you get it right from the beginning some of you have practised this in Grade 11; keep it up!

VI Sources

Bishop, R., Observer’s Handbook 1999, University of Toronto Press, 1998

Gehrels, T. Asteroids III, Webb, 1999

McMaster, M., Personal Communication, May 2001

van Bemmel, H., “Lightcurves of 4 Vesta”, DRMO Press, 1994

van Bemmel, H., www.interlog.com/~hmvb/lc.html, 2000

Your sources are to be alphabetical by surname. They are also printed in 9-point italic type. Any source that does not have a person who can be held responsible for this source is not an acceptable source. 

2.2.3 Syntax and Grammar

In a science paper the text is written in third person past tense. For example:

1. I measured the water temperature     - 1st person past

2. He measured the water temperature – 2nd person past

3. The water temperature was measured – 3rd person past tense (   this is what we want!

If the name a person must be mentioned to distinguish two observations etc, then it should be written with a first initial and the surname. There should be no way to determine the sex of the individual. It should be identical to that found on the title page of the report. 

For example,

Two teams effected observations of the current A. Smith was probe manager of the first team and this group produced better calibrations than those by T. Jones. 

2.2.4 Citations

Science papers are ideas. Ideas come from people. Any idea you use in your report that has come from some reference must be cited. Failure to do so is very poor professional practise. 

A scientific citation is different from a footnote. Footnotes however useful are rarely used in scientific papers. A citation indicates the author and the data of publication. More detail on a reference can be found in the sources of a paper at the end of the section. 

There are two types of citations. 

1. The first is when the author’s work is given as a subject or object of the sentence. For example.

“Work by van Bemmel (1997) led to the first observation of diffraction fringes by an asteroid.“ 

2. The second is when a fact has been given that comes directly from the work of others

“The use of advanced placement courses at MGCI has increased student retention rates at university. (McMaster, 2000).”

If your group has two members then both names are given with the senior researcher first. For example, (van Bemmel and McMaster, 2001). However citations that are longer than this are unwieldy and are abbreviated using the following form (van Bemmel et al, 2001). The Latin “et al” means “and others”. Many modern collaborations have a hundred or more scientists included, making this abbreviation is necessary. The first name in the list is a person known as the Principal Investigator (PI). They bear the greatest responsibility for good and accurate work being effected. They, then, are the contact person for the team. This will change from paper to paper depending on the contribution and circumstances of the researchers. Often the PI is the scientist who gets the research funding for the project. Other persons might be considered “senior project scientists”, but are actually less constrained with the managerial responsibilities that befall the PI. 

2.2.5 Graphs, Tables and Other Form Issues.

2.2.5.1 Graphs

Uncertainties must be properly stated and this will be covered in the section below on uncertainties. Graphs and tables are often an integral part of a report. They are only useful if they are easily understood. My own rule is that if a reasonably competent observer requires more than 15 seconds to grasp the essence of a graph or table then this is a BAD graph or table; period. It is incumbent on you the author to produce a graphic that HELPS the reader. With this is mind the following constraints are placed on graphs

(a) All graphs must have a title

(b) All graphs must have their axes labelled with text rotated so that it reads in the direction of the axis. However, the numbers on the scales should still read horizontally.

(c) No colour is permitted other than Black or shades of grey

(d) The graph should have NO background colour or pattern

(e) The axes labels should be entered with the symbol (consistent with the text) followed by its unit in parenthesis. An arrow pointing in the ascending direction should follow this. Axes fonts should be 10 pt regular TIMES type.

(f) The graph may have a line of best fit, but this should be one that you have computed not that from some word processing gimmick. NO graph should have a line that simply “connects the dots”. 

(g) Legends are required if more than one plot appears on the same graph.

(h) Axes scaling should be in multiples of 1, 2 or 5.

(i) A graph should take up only 1 column unless absolutely required. This may have to be defended.

(j) All graphs must have captions appearing below them. These are to be written below the graph where the writing is as wide as the graph and have 4 or 5 lines max. Captions are written in TIMES regular, but 10-point font. The indent should be 0.3 inches and the text should be justified.

(k) Grid lines can be used, but please make them a grey colour so that they do not dominate the graph. The most vivid thing should be your date points or your line.

(l) Data points should be circles that are not filled in. They should range in size from 3 to 5 points. All data points must have error bars in two dimensions. However, if this is too small to be observable this fact must be discussed in the caption that accompanies the graph.

(m) Graphs should have a border. It should be ¾ point and black in colour.

(n) It is a mistake to make your line or data points bolder to make them standout. This simply makes your work look elementary etc. 

(o) All graphs and tables require captions below them to explain their basic principle. These captions should be no wider than the graph and about 4 lines long. It will be begin with the figure number typed Fig. 1 (or whatever appropriate number). It will be typed in 9-point times text.

See my example below
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Fig 1. lsd;k f;alksdj f;alks dfj;al skdfja ;lskdf ja;lsk djfas;l kdfjas ;lkdfjas; lkdfjas l;dkfjas ;lkdfjas ;lkdfjas;l dkfjasl;kdj fas;lk dfjas;l dfjas;l kdfjas; lkdfja;s ldfkja;ls kdfjas;lk df  as;l kdfj as;ld kfja s;ldk fjas; ldkfj asl;k lsd;k f;alksdj f;alks dfj;al skdfja ;lskdf ja;lsk djfas;l kdfjas ;lkdfjas; lkdfjas l;dkfjas l;kdj fas;lk dfjas;l dfjas;l kdfjas; lkdfja;s ldfkja;ls kdfjas;lk df  as;l kdfj as;ld kfja s;ldk fjas; ldkfj asl;k 

2.2.5.2 Tables

A table is often used to convey data, but it should be kept to a reasonable size to permit easy reading. It may also be larger if the intension of the table is to serve a future reference. This will not usually be the case in our lab reports, but you can impress if you must! So, consider your tables carefully. You are not required to produce your raw data; you may choose to enter only data that has been sufficiently reduced to produce results that would be meaningful to the reader. 

For tables I give you the following example

	Index
	Distance (d)

(m)
	Speed (v)

(m s-1)
	Force (F)

((.03 N)

	1
	1.23(.02
	0.23(.01
	18.21

	2
	2.34(.03
	1.23(.09
	23.11

	3
	4.01(.04
	4.6(.1
	38.00

	4
	4.56(.03
	102(1
	45.33


Fig 1. lsd;k f;alksdj f;alks dfj;al skdfja ;lskdf ja;lsk djfas;l kdfjas ;lkdfjas; lkdfjas l;dkfjas ;lkdfjas ;lkdfjas;l dkfjasl;kdj fas;lk dfjas;l dfjas;l kdfjas; lkdfja;s ldfkja;ls kdfjas;lk df  as;l kdfj as;ld kfja s;ldk fjas; ldkfj asl;k lsd;k f;alksdj f;alks dfj;al skdfja ;lskdf ja;lsk djfas;l kdfjas ;lkdfjas; lkdfjas l;dkfjas ;lkdfjas ;lkdfjas;l dkfjasl;kdj fas;lk dfjas;l dfjas;l kdfjas; lkdfja;s ldfkja;ls kdfjas;lk df  as;l kdfj as;ld kfja s;ldk fjas; ldkfj asl;k

The left column is always the index. This permits easy reference to any row. The units are always placed on the second line just below the name of the variable. If the uncertainty varies then the uncertainty is stated in the table. If it is constant then it is stated with the unit. Include only relevant columns in your table. Tables must also have captions in the same format as those for the Graph. A summary of the requirements follows.

a. Borders should be in grey (40%), with the perimeter at 2 ¼ point with the central lines at ¾ point. 

b. Headings should be centred 

c. The left column must be an index if the table has more than 5 entries, but is encouraged regardless. 

d. No separate columns for uncertainties

e. The “(” sign should line up on a table as you will find in my above example. 

f. Below the heading in the same box is a line containing the units for the column. These should be mks units as much as possible, but if it is raw data then they should be in the units as measured. You will be the judge as to what should be included and what is verbose. You will also have to explain and defend you decision. Our papers are sufficiently short that all of you must leave out something of consequence and you must defend that. You are encouraged to use negative exponents in your units both in tables and the report.

g. If the column values all have the same uncertainty then this should be placed with the units at the top of the table.

h. Avoid the use of percentage uncertainties. This requires the reader to make a computation. Do not make your reader work especially at this type of trivial task. You can certainly use reference to a 5% uncertainty in your text as is common in electrical devices, but in a table, the precise values should be given. 

i. Follow uncertainty rules precisely.

j. Include a caption.

k. No boxes around graphs, but the plot area should be defined

l. You are permitted to use 10pt font in tables, but NEVER less than this. 

Importantly, all figures including graphs and tables must be referred to in the body text of the report.

2.2.5.3 Equations 

When equations are given in a lab report, they often appear in the theory section, but if you plotted a graph and fit an equation to it then you will be presenting these results in the analysis section. Regardless of their location, ALL equations will be presented in the following form.

;a;lsdfjh;alsjf;alsg;alsndg;alsgn;alsnga;lsdgna;lsdgnals;dgnals;dgnas;ldnfas;ldfnals;dnfas;ldfknasld;fkn which is demonstrated in the following relation,
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(Halliday et al, 2002)

Where:



V = The volume of a sphere (m3)

                    r  = Radius of the sphere (m)

Continue with text of report here a;ldfn asjf nskjd askjd vaskdv sa;jdf nas;jkd fnasd kjfasdj bfaskjd fba sdjfbas;j dfbas;dkjfbasd ;kjfbasdk

The above example shows the desired format for presenting equations. The equation must be separated from the text and centred. The number must be in [square brackets]. The number must be located at the right margin and well separated from the equation to prevent it  from being confused with the relation being presented. The variables are only introduced the first time they are used in an equation. Subsequent versions with different subscripts must be declared. Notice that the defining statements for an equation. The units are optional when no constants are included, but a relative connection should be shown. (i.e. in the above example you could have used units and units3 instead of metres. However, if a constant is used, then the units of the constant along with ALL members should be given. The uncertainty of the constant should also be given in the listing.

If you wish to refer to an equation in your text then simply use the number. For example,

“In [1] we see that the volume of a sphere is proportional to the cube of radius.”

Furthermore, your equations must be written using an equation editor. I believe that this has been installed on the computers in the MAC LAB, but regardless reinstall your own WORD and make sure the Equation Editor 3.0 is there.

2.2.6 Oral Presentations

Presentations are not currently part of the AP course (NO guarantees), but this section is included for your interest.

A scientific presentation always begins with credit begin given to the various individuals or institutions that either funded or academically assisted in the research. The presenter should then move to an introduction of what is to be discussed and then follow through with a thorough discussion (time permitting) of each topic. Your audience will appreciate the organization and be better prepared to listen knowing what topics will be discussed.

You are permitted to use overheads, charts, models and computer projection equipment. The operation of same is your responsibility. You should not be fooling around with trivial technical details at the time of your presentation. Make certain that all resources are properly retained for reuse during the question period. 

All presentations MUST include discussions of the following topics:

a. A general description of the experiment at a level appropriate for the audience.

b. Raw data presented in a meaningful format.

c. Trends of these readings vs. time or dimensional variables

d. Implications of this data presented in a meaningful manner

e. Suggestions on where this research may lead

f. Questions may be directed to a specific group member.

The question panel may have experts serving on it; so be prepared. Your audience may have unannounced guests. You have only one chance to make a first impression. Be prepared!

Presentations often have a time limit. Many organizers do not indicate the length of the expected question period. Ask them and then arrange your work so that it is timely.

You are expected in business dress while presenting. This means shirts, ties, and dress slacks for the fellows and business dress for the ladies. (Skirts etc. are not mandatory). This might be slightly overdone for some audiences, but you will never be criticized for being too professional. However, the converse is often true.

You must SPEAK to the audience at your presentation. Reading a report etc. is unacceptable and will be heavily docked. You are expected to be masters of your paper, which will have been read by your instructor prior to your presentation. Thus there will be no speaking notes permitted during your presentation. Read your PowerPoint or overheads if you need a reminder. Attached to this booklet is a sample, judging form. Remember a speech is different from a presentation. 

Missing a presentation requires a doctor’s note with the stipulation that your were not physically capable of this effort at your appointed time. 

2.3 Lab Manual Format

The lab manual, to be updated this summer, will detail the experiments expected of APC304 students. You are permitted the non-interfering run of the laboratory equipment. Your task is to collect the best data possible and to report on it in a timely, professional and scientific manner. All four of the experiments will be challenging and have a number of physics concepts interlaced. The intention is for the lectures to keep pace, but this may not always work and you are still responsible. You have a great textbook and other resources so you should be able to see your way; especially as a group. 

2.4 Project

Your project is essentially a fourth lab, however it will be more challenging while still not permitting any increase in the number of pages unless specified in the lab manual. The project’s specific requirements will be released in the lab manual and will available on my web site by the first day of school. 

While a significant part of your project mark is performance based, you are also rewarded for workmanship, originality and such like. I will undertake to host a couple of electronics familiarization courses in the fall on non-test mornings if this would be of use. 

2.4.1 Prospectus

In this and in future years, students will be expected to produce a prospectus of their project. The exact details will appear in the revised lab manual in September, but the situation is sufficiently well-defined that the prospectus due on 14 October requires the following materials and information.

1. A description of the intended finished project. Your report should indicate reasons that your group has for choosing this method. In January part of your mark will consider how well you followed the original design including “cost overruns” due to under designing of the device / project item. 

2. Your prospectus should contain a sufficient number of scale diagrams of the device so that its appearance and intended function can be determined. These diagrams should be produced on a CAD type program, not simply the drawing tools of WORD etc. However, these diagrams should still fit on one 8 ½ x 11 page of paper and none of them should be “3-D” type, but rather dimensioned technical drawings. Circuit diagrams should also be professionally presented using accepted symbols and such like.

3. You are to include a detailed timeline of how and when your project is to be completed. You should define and schedule every task lasting more than 1 person hour. Miscellaneous tasks requiring less time can be grouped to allow for this “blocking” of time. 

4. You are to include a functional diagram of your project as to how it works (in theory of course!)

5. You must include a intended parts list and estimated budget (can’t exceed $150 CDN total for a group.)

6. You must include an analysis of the design so that you can convince me that your intended device will be able to perform the task assigned of it. 

7. Your prospectus has no page limit, but must be written in the APC format described for lab reports (papers) earlier in this document. It should be professionally organized and have a flow. Rmember this is meant to be a simulation of an engineering proposal. You will use such things to win contracts for your company in the future. Furthermore it should be bound with a proper and succinct cover. The easiest binding is cerolox. I would prefer if the prospectus was NOT stapled. I will retain one copy. If you want an annotated copy returned to you, you must submit TWO copies. 

8. These restrictions will be in force regardless of the topic announced on Day 1. However, the lab manual made ADD or SUBTRACT from this list depending on the specific requirements of the project. 

3 Academic Aids

3.1 Restrictions

On tests or examinations, no computers or calculators with QWERTY keyboards are permitted. Furthermore, no calculators that perform algebraic operations, however simplistic, are permitted on tests or exams. 

The tests are done at AP standards and you will be permitted a formula sheet made up of the equations from the summary section of the chapters related to the test. These equation MUST be written in your own hand and cannot include any English unless specifically permitted by Mr. van Bemmel. In other words, you will have to know the symbols for the variables and what the equations mean without any prompting. 

3.2 Calculators

Aside from the above issues, you do require a graphing calculator for this course. You will be given problems on tests that are unsolvable in the time frame without this technology. Furthermore, when effecting experiments being able to perform some rudimentary analysis is often very useful. You can plot some data, regress the line and see if your results are at least reasonable. If they are not you should figure out why. You should have some expectation of the relationships you seek from your study of the theory.

A number of the experiments in APC506 may require a connection of your calculator to a sonic ranger or other device. These tend to be TI compatible. 

3. Past Reports

Alumni have been asked on their honour to share NOTHING but humorous anecdotes with you. You are to figure it out for yourselves just as they had to. Many share this notion. I have copies of all APC102/203/304/405 reports and such like and if any work submitted is similar in content or verbiage I will take swift and direct action. Furthermore, my graduates will endure a loss of respect on my part (if that matters!) if they were to make this unhelpful choice.

3.4 Computer Based Aids

We are in a new millennium, computer technology is not only available, but essential. Your literacy with this aspect of problem solving is an important part of this course. The remarks below indicate to the depth that I expect you to become competent.

3.4.1 Microsoft Office

The famous programs of Word and Excel are the ones that I use so I would ask that your reports be in this format. You need to be proficient in Excel for its powerful computational and graphing capabilities. If a presentation does become part of this course then your PowerPoint skills would also be in demand. 

3.4.2 Maple V

Maple V is an algebra engine. It will effect algebraic operations including calculus on your input. The math department at Waterloo University wrote this program so it is a Canadian product. It is the engine with which I am familiar so you are expected to purchase a copy for your computer. Some questions in Assignment 0 are related to Maple. 

Maple has a marvellous capability to produce 3D graphs as well as vector field graphs. These can be pasted into a Word document as a picture to enhance your reports. There are other mathematical engines such as Mat Lab. We cannot do them all so this is the one of my choice. As of this writing Maple V version 10 is the most current. It can be purchased over the internet. 

3.4.3 Computer Programming

Some of the problems you will face either in your chapter problem sets or in your lab work will require you to program a computer in a language of your choice. Solutions to these problems will require a listing of the code, a sample output and a written description of the program and how it is supposed to work. I have been programming computers for 23 years. Although the languages, which I am familiar, are dated, I can read just about any code you will generate. You are encouraged to use C++ as this is the language that practically every professor is competent. Other work in areas of Java or systems administration would also be beneficial. 

3.4.4 Textbook Internet Resource

You might consider

 http://jws-edcv.wiley.com/college/bcs/redesign/student/0,,_0471320005_BKS_1074____,00.html 

For some assistance, but this site is not always up to date. 

3.4.5 Internet – General

The Internet is a marvellous resource. However, we all know that lab reports and such like are posted regularly. Furthermore, a lot of garbage is also posted. I expect you to cite all Internet sources you use and be prepared to explain to me why you think the information there is valid. Again if a piece of material cannot be connected with an individual, then it cannot be used. Furthermore, whatever, the electronic requirements of your project, you are expected to draw on your own knowledge NOT simply copy this from the Internet etc. Full marks will only be given to original efforts. 

3.5 Professional

Some of you have parents and family members who are professional scientists. I welcome their participation in your adventure if it is to help. When they start solving things for you or worse doing them for you the line has been crossed. Please be careful. In the end it is YOU that will have to know what is what. You can learn from both of us, but learn you must! Furthermore, some parents may wonder why I am doing something a certain way. Please discuss it with them, but do it MY way. I would like to hear reasonable constructive criticism, but there are many ways to accomplish this and I always have my eye on what comes next at a typical Ontario university.

3.6 Solutions Manual

The solutions manual for our textbook is a resource that you may consider under the following limited conditions. The book must only be used in Room 325B or our classroom. It cannot be taken home or to the library etc. Its use is granted as another source like a teacher to help you through the tough spots. Sometimes it is not the answer, but the approach that you need so help with. Whatever, this resource is there unless it is abused. I will remove this book from circulation for a time if I find out abuse has occurred. 

3.7 Mr. van Bemmel 

I am in the building around 0700 on Monday, Tuesday and Thursday during the time of this course. I rarely go home before 1700, but if nothing is pressing, I may leave early on some days. Therefore, if you require my assistance, please inform me rather than just assuming that Mr. van Bemmel will be there. Interviews with me last 15 minutes and I give only 5 minutes grace if you are late unless you have sent an emissary etc. 

My email address is hmvb@interlog.com
My webpage is http://www.hmvb.org

My home phone is 905 – 476 – 9467 

Please use email whenever possible. However, if the situation has a time constraint or the circumstances dire, please do hesitate to telephone. If there is no answer, PLEASE leave a message indicating how I can return your call. 
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4 Assignment 0

4.1 Guidelines

This is a challenging assignment, which will require at least a week, probably two of your time during the summer providing you properly understand your Grade 11 course and my primers on Calculus and Algebra. It is due at the beginning of class on 02 September 2003. 

You will have a test on 03 September in class that will measure your understanding of this material. You will be permitted use of an accepted graphing calculator for this test. This test will NOT cover Calculus or the computer based sections of the assignment only the physics questions will be tested. This test will have a number of word problems for you to complete in the period. Not all will require Calculus, be some will. NO aid sheets will be permitted for this test ONLY.

Our first day of lectures is then 04 September 2003. Your assignment will be evaluated for completeness only and returned to you. See a copy of the assessment rubric for this assignment

Remember, aside from the computer aspects, ALL of this assignment is to be done in your own hand. The purpose of this effort is two fold. Some of you will be 9 months removed from your last physics class. We do not have the time to rehash Newton’s laws and such like. You need to know this stuff before we start. This is my way of getting your attention. Welcome.

4.2 Calculus

Please do the following questions from your calculus textbook and submit them as part of your assignment. The pages are valid for 7e of ABD.

(i) Read section 3.3 and 3.4

Do questions pg. 198 # 1 – 20 Basic differentiation

Do questions pg. 203. # 1 – 18 Trigonometric derivatives
(ii) Read section 3.6 on Implicit Differentiation

Do questions pg. 217 #11 – 20 

Note I do this technique a little different than the book. It is important that you understand both methods. I can show you this during the preliminary lecture if you wish.

(iii) Read Section 4.3 on Logarithmic and Exponential Derivatives

Do questions pg. 267 # 1 – 30 odd numbered questions only.

(iv) Read Section 6.1 thru 6.5

Do questions pg. 385, # 9 – 31. Basic Integration

Do questions pg. 392, #4, 5, 6, 7 to 21 (odd) Integration by substitution

Do questions pg. 424, #9 – 21 (odd)

Ok, if you complete this you will understand my blackboards MUCH better. Listen to last years AP students if you do not believe me!

4.3 Physics

4.3.1 Textbook

The elementary aspects of linear motion, energy and waves are considered prerequisite background for this course. All of you excelled in Grade 11 both in physics and math or you would not be here. The following assignment will ensure that you stay sharp over the summer. Furthermore, you will be tested on questions such as these on the first long day of the course. 

All of the questions below are from the Exercises and Problems Section
Chapter 2, #7, 10, 12, 17, 29, 38, 44, 52, 56, 61

Chapter 3, #7, 8, 13, 17, 19, 23, 26, 29, 34, 38

Chapter 4.5, #17, 21, 22, 26, 39

Additional question from 4.5.

When we use the range equation we are making an approximation. The projectile is actually in orbit around Earth (it is just that most of this orbit is inside Earth.). If so then from Kepler’s 1st law we know that all orbits are ellipses. What is the simplification that we are making to allow us to use the parabolic arc?

Chapter 5, #4, 6, 9, 13, 22, 31, 42, 48, 50, 54

Chapter 6.1 to 6.3, #4, 8, 11, 17, 19, 25, 31

Chapter 7, #2, 5, 10, 14, 18, 20

Chapter 8, #2, 4, 6, 13

Chapter 16, #5, 9, 13

Chapter 17, #5, 7, 12, 13, 14, 15, 23, 27, 29, 49, 50, 54, 63

4.3.2 Maple Questions

(i) Write a Maple script that performs the derivatives on pg. 197, #10 – 20 and pg. 202, # 9 – 18. Did you do your written work properly? Remember, although Maple gives you an aid, you are expected to effect your math homework above in a proper manner!

(ii) Write a Maple script that performs the integrals pg. 414, #19 and 20 ALL parts.

(iii) Using the following data set, fit a 3rd order polynomial to this data using the least squares routine and a Vandermonde matrix. This must be done in Maple. The data can be written into the program as Maple is difficult to interface. Your are NOT permitted to use the “leastsquares function”. You must use matrices to do this. 
	x
	1.01, 2.2, 2.9, 4.03, 5.32 ,6.22, 8.56, 9.09

	y
	18.5, 76.2, 150.5, 365, 780, 1265, 3250, 7099


(iv) Generate a plot of your data AND the line that you measured. You data should be points and the line is to be dashed! All this is to be done in MAPLE not Excel.

4.3.3 Excel Assignment

Effect the fit for the data above using Excel. You must show the graph of the data and the line of best fit along with the equation with the coefficients rounded pursuant to my error rules. 

4.3.4 C Programming Assignment

4.3.4.1 Least squares 

Using the computer language C or C++, etc write a computer program that will accept a keyed entry of the following data, set up the Vandermonde matrix for cubic, compute its transpose and multiply the two together to get VTV. It will printout a list of the input data, V, VT and VTV.

Your final product will be the code list with reasonable documentation (my definition) and the output.

BONUS 

(i) Write the code so it will solve the problem completely. 

(ii) Write the code so it can solve for a general polynomial. 

(Whatever skills you have this kind of programming skill could easily be required of you in a scientific computing course even in first year. It is easier to learn how to do this now. Languages are an issue, but logical thought is more important.)

4.3.4.2 Image Processing

You are expected to write a program that will be able to read in a digital image in one or more of the accepted formats. The program will allow you to choose two points on the image. It will then produce a photic profile (i.e. an intensity profile) between these two and output this to a data file  readable by other programs and to a graph generated on the GUI that will show the profile. This question can be done in pairs. You will be expected to DEMOSTRATE the operation of this program on the first day of school after classes are over. 

4.4 Linear Algebra

Mathematics and its use is not confined only to process type work such as calculus. The requirement of organizing our work is also very important. The Real World operates in three dimensions and yet you have only seen calculus and other maths in one dimension. How do we consider this? 

Matrix algebra is one of the most use maths to learn. It has many uses in our study of AP Physics and so you will get an introduction to matrices in Lecture 0.  Please do the following questions from the text book as part of Assignment 0.

page 32ff, # 1, 2, 5, 6

page 41, 7

page 167, #1, 2, 3, 4, repeat using GF(5)

page 185, #1, 2

page 193, #1, repeat in GF(7)

page 205, #1, 2, 3, 4, repeat in GF(5)

5 Mathematics

5.1 Derivatives

5.1.1 Single Variable 

For a number of years you have been familiar with the “slope” of a function. You were able to compute this in Grade 9 because the functions that you were dealing produced lines. If we want to take a slope of function that is non linear then we are faced with the problem of taking the slope of a curved line. Consider the parabola, the y variable is certainly changing with the x, but in a not constant manner. Functions such as these have a variable slope for every point on the graph the slope is different. We can compute the slope at a point in the old fashioned way by constructing a line tangent to that point and taking its slope. However, this would be a cumbersome process if we had to do this for many points. Calculus gives us an easier method. 

If we take what is called the derivative of a function with respect to the independent variable then we obtain a function which will give us the slope of the original function at any choose point x.

Consider the equation f(x) = x2 + 3x – 3.  We can sketch this graph easily enough using techniques from earlier grades. However, what is the slope of a tangent line constructed at the point (3, 15) ? This can be easily computed by first determining the derivative of f(x) with respect to x. We call this function f’(x) or f “prime” at x.

For our example f’(x) = 2x + 3. This was found using the power rule, which is well chronicled in your textbook. We then evaluate f’(3) and get 9. So the slope of f(x) at x = 3 is 9. You can use f’(x) to get the slope at any other point  you wish. Easy huh?

If f(x) has a product of x variables then the product rule must be used. Further if the function is trig or log or whatever then there are rules for these as well. It will all be easy after you do my assignment!

Physics is a subject that quantifies phenomena. The quantifiable relationships that exist between variables are the blood of this  subject. Many of them are laws. For example F = ma is the relationship between F, m and a. You will understand completely how to determine these by the end of this course through the lectures and especially your lab work.

5.1.2 Multivariable Functions

As you can imagine Mother Nature is rarely so kind, that only one variable affects the outcome of a situation. Most functions in professional science are multivariate. That is they have any number of variables determining the outcome. We can model this with a simple example from Newton’s Second Law.

Given F = m a

We are used to having m remain constant while and f vary proportionately. If we use the simple example of a rocket taking off from a launch pad then m is also a variable as the rocket is consuming propellant and exhausting it out the nozzle, thus losing a lot of mass. In case what was F(a) = ma we have F(m, a) = m a.

5.1.3 Partial Derivatives

When you have more than one variable in a function, taking its derivative has to change as well. What do we do? Do we take the derivative with respect to m or a or both? The answer is both if we want the entire derivative, but if we assume that m and a are independent , that is a and m do not affect each other then we can take a derivative with respect to one of them. This would not be a full derivative because we have left out the other one so it is called a partial derivative. Instead of 
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Mercifully, when you have chosen the variable for which you are going to take the derivative all the rules learned in single variable Calculus are valid. 

There is much in your text about this topic. Another example of partial derivatives can be found in the uncertainty section. Partial derivatives will show themselves at different times in the course, but not for the first few chapters.

5.2 Integration

5.2.1 Principle of Integration

We often have to add things. When we add many things we call this a sum, but what would we do if we needed to add an infinite number of values. The answer is NOT always infinity or zero.

If we take the region below a curve between the x-axis and f(x) and the axis and a normal from the last x value to f(x), we have a region that has one curved side (unless f(x) is liner or constant). To compute the area of this region requires the principles of Calculus. What is required is that we construct in abstract n little rectangles under the curve. We then make them increasingly narrow. The narrower they get the more accurate our answer. Calculus theory that you will learn later permits us to make them so small that an infinite number of rectangles can be placed under the function. I know its sounds crazy, but it works. Further, we can take aspect of differentiation and reverse them to get some of these values. If a given function has an integral then you will get an equation that will permit the computation of the area under the curve for any x (careful if the function goes negative as the integral will as well and this can cancel some values). However, many integrals are NOT analytical and require the services of a computer to do them the hard way. We call this numerical integration. You will do both in this course. Some of the computer programming that is required is to solve problems such as these. You calculus text will have much to day about this.

5.2.2 Fundamental Theorem of Calculus

If we integrate and get an equation then we call this an indefinite integral. However, if the integral is evaluated between two x values then it will be just a number and then known as a definite integral. 

5.2.3 Some Principles of Anti-Differentiation

If we take our parabola from the differentiation section and attempt to find the area under the curve then we will compute an integral of that equation.

f(x) = x2 + 3x – 3 

F(x) = 
[image: image5.wmf]ò

+

-

+

=

c

x

x

x

dx

x

f

3

3

3

)

(

2

3


If we want to find the are under this curve from say x = 1 to 3 then we write

F(3) – F(1) = 
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5.3 Symbol Conventions 

In this entire course, all symbols will be used in concert with serious science. The idea is that you will have less to adapt to if you are used to these symbols. Much of the problems in university are not conceptually based, but rather the symbols of higher mathematics are like a new language, which many students have not learned. Understanding this requires you to work on this year. 

For this course, the variables will be as I show them on the board. Sometimes, but NOT often my variables will be different than the book. It is what I write for which you are responsible. 

5.4 Linear Algebra

5.4.1 Least Squares

If you have a set of data, you can use matrix principles to choose the best possible polynomial that will fit this data. In your earlier course, you would fit a line to data by estimating with your eye a best line that “fits” your data. This is not professional. 

We need a statistically acceptable line that fits the data. We also want to be able to fit any polynomial to the data that would make scientific sense. It not normal to fit any curve beyond a forth order polynomial. At higher degrees, these functions become very unstable. 

Suppose that you have a dataset (x1, y1), (x2, y2), …, (xn, yen). If you want to fit a polynomial of degree k then you must have at least 2k data points. That is n ( 2k. 

We set up a matrix called a Vandermonde matrix. It looks like this.
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The transpose of V is VT. We can obtain a square matrix by left multiplying VT with V

So the matrix equation now becomes,
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The c vector is the coefficients for our polynomial of best fit. We DO NOT know the vector in this equation. The y vector is the list of y coordinates from our data points. Make sure that x1 corresponds with y1 etc.

To solve this equation we require the vector c to be isolated on the left. This accomplished by taking an inverse. We find,
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Matrix computations are exhaustive and you will be dealing with decimals and other non-integer values. Your TI-83’s are taxed to perform this work. Excel, Maple and TI-86 are better suited. For example, TI-83 cannot represent vector operations easily.

Work with matrices in general will be learned either privately from me or from your OAC Algebra/Geometry Class.

5.5 Uncertainty Analysis

5.5.1 Accuracy vs. Precision

When a value is measured there are two parameters that enter into the quality of the measurement. These are accuracy and precision. They are different ideas. Accuracy is the amount that a measurement is removed from the actual true value. However, we rarely know what the true value is. This could only be known by theoretical prediction. An example of this might the difference between computing ( and measuring the circumference of a circle. Most values in nature have what are called accepted values based on the results of repeated experiments. For example, the local acceleration of gravity is 9.80. ms-2. No one disputes this, but to what number of significant digits can we accurately state this value? 

On the other hand, we have precision. How closely can subsequent measurements be repeated? If you measure the length of a table at 2.3 m, what might you say if the next observation is 1.4m? It would show a definite lack of precision. You goal as an experimenter is get the best possible precision from your equipment with out any fakery. You will always be on the fuzzy edge with any piece of equipment if you taking it to its limits. Clever design of your experiment will permit better and more reliable data collection. You will not get the “keys” to a million dollar lab until you deserve them. The payment starts with your performance in a $50,000 lab!

Thus, we say that a measured variable has a stated uncertainty NOT an error. You cannot know the error so it is poor practise to imply this. 

5.5.2 Working with Uncertainties 

When we attempt to assess how precisely a parameter can be stated there are two aspects that must be considered.

1. How precise are the actual measurements? This must be achieved by a mutually acceptable procedure so that other scientists will accept these techniques.

2. What is the procedure for combining variables that have stated uncertainties?

5.5.2.1 Making Measurements with Stated Uncertainties

No scientist is ever satisfied with one observation. It is called anecdotal. However if many measurements are made the average gives the most reliable value. This is so because there is the assumption that the uncertainty in the measurements is due to random interpretations of the most precise reading possible of an instrument. For example if you measure the length of a table using a ruler calibrated in mm, to get the most precise value will require you to estimate fractions of a mm by eye. If this is done a number of times, there will be variations. 

Students will note that after averaging a lot of numbers together an additional observation does very little to change the average. The theory of large numbers suggests 30 observations is a maximum. Most of you will not have the time for this many, but I suggest that at least 5 observations are reasonable. However, the best experimenters are VERY careful calibrators of their equipment. They want to be certain that any anomalies observed are truly those of the phenomena being investigated. The embarrassment and time that is wasted due to improperly calibrated equipment is not acceptable to them. 

5.5.3 Standard Deviation (()

The custom in physics, when no other phenomena are present, is to assume that the standard deviation of a data set is the uncertainty of the mean of a measurement. This can be computed on practically any calculator or spreadsheet. It implies that 68% of the observations lie between one standard deviation from the mean in both directions. Two standard deviations imply that 95% lie in between two standard deviations above and below the mean. For a spread of 3( then 99.7% of all observations, lie within this spread. Since the measurements above have a probabilistic aspect to them measurements, that lie 2 or three ( from the mean should be checked for mistakes etc. There is plenty of literature on this topic if you wish to pursue it further.  

5.5.4 Stating Uncertainties

One has to be careful how uncertainties are stated. Professional scientists are somewhat more cavalier than students are expected to be. I give the following rules and corollaries for this procedure. You will learn this conservatively and then go on to form whatever bad habits you wish, but for me you will do this correctly.

5.5.4.1 van Bemmel’s Rules of Uncertainty Analysis

Rule #0 – Every measured value has an uncertainty

Corollary 1 – “Small” countable groups can be exact. For example, if you were asked to count the number of chairs in a classroom the exact value would reasonable. However, if the count is “large” then an uncertainty should be applied. For example, you were asked to count the number students milling about at lunchtime in the cafeteria. In either case, a student should be prepared to defend their estimates first by explanation in their paper and second in a discussion with the teacher if required.

Corollary 2 – Experimentally derived values given in texts without a quoted uncertainty are estimated to have an uncertainty of 5 least significant digits. For example, if the acceleration of gravity were given as 9.80 m s-2 then the uncertainty would be stated as ( .05 ms-2. If this is too conservative for you then I suggest you seek out a more precise source!

Rule#1 – Only ONE significant digit permitted in an uncertainty.

Regardless of the method used to compute the uncertainty, the value should be rounded to one significant digit BEFORE further calculations. Any glance at professional work shows numerous violations of this rule, but that is professional work and there are subtleties there are not due to lassitude or carelessness.  

Rule #2 – The value of the parameter must be stated with the same number of decimal places as the rounded uncertainty.

5.5.4.2 Display of Values with Uncertainties

The way that uncertainties are stated is very important to their proper understanding. Although each scientist has his or her way, the method that I will expect of you has a justification for its use; the clearest form of expression possible. I want your work to be understood. I want it to look professional. Clumsy or sloppy notation is the hallmark of sloppy thinking in your work. There is NO substitute for a professional job.

The standard for of stating a value with an uncertainty is given below.

Standard form  (1.234 ( .002) m s-1.

Examples of improperly stating the above would be 

(1.23 ( .002) ms-1 (incorrect number of decimal places in uncertainty or and extra decimal place of the average is required if the uncertainty is correct)

(1.234 ( 0.002) ms-1 (leading zero in uncertainty)

(1.234 ( .02)ms-1 (too many decimal places in average.)

Parenthesis around both the value and the uncertainty show that this is a single parameter. Place the unit outside. No leading zero on uncertainties. A leading zero on the uncertainty makes it appear as a separate number. You do not want your work to confuse the reader. If you are using scientific notation then the form is given below,

Scientific Notation  (1.234 ( .003) x 108 m s-1 or Scientific Notation  (1.234 ( .003) E8 m s-1. 

Units such as those above that are fractions should be expressed with negative exponents. If fractional units must be used then they must be given with horizontal division lines. Diagonal dividing lines are for measuring cups not physics!

5.5.5 Computations with Uncertainties

This section gives the details of how computations that include uncertainties are to be handled. Your answer should always be a number and its uncertainty. This uncertainty must be properly computed as well. Spreadsheets such as Excel are very useful for doing this kind of work. In the following examples x, y, or z, etc are the variables and (x, (y and (z are the uncertainties. The overriding principle is that the uncertainty computation and rounding MUST occur after EACH computation NOT just at the end. 

5.5.5.1. Addition or Subtraction

We want z ( (z for our final answer.

Let z = x1 + x2 + … + xn   or  z = 
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5.5.5.2. Multiplication and Division

If the computation is a simple multiplication without exponents then the following simplification of the more general rule given in 5.5.5.3 below may be useful.

We want z ( (z for our final answer.

Let z = (x1) (x2) … (xn)      (They are all multiplied together)

Then 
[image: image12.wmf]n

n

z

x

x

x

z

2

2

2

2

2

2

1

2

1

...

s

s

s

s

+

+

+

=


5.5.5.3. Other functions such as trig etc.

In the past when you have combined functions that have exponents or trig in them you may have simply estimated a percentage error. This will not suffice in AP Physics C. The use of percent implies that the uncertainties grow linearly with the value. This may not be  so. It of ten is not during division and exponentiation. The general method of computing the uncertainty of more complicated expressions is to use the method of quadratures as shown below with an example.

Suppose w = f(x, y, z) (i.e. z is a function of x, y  and z), then
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I realize at this introductory level this appears a little daunting, but it is NOT that hard. Consider the following example.

w = x sin y + xyz

Clearly using the rule in part 2 above will not suffice. We must use part 3. The uncertainties like (z etc are just the uncertainties that are attached to each variable so they are simply numbers. The new part (nothing is hard, just new!) is the partial derivatives.

Since w is a function of a number of variables a derivative of w such as dw/dx or w’ is not possible since its real change of value compared to all variables is its derivative. This means for multivariate functions their derivatives are matrices, not a single equation. To take a partial derive is not that difficult . You realize that as something moves in y it cannot change its x or z values. Therefore, we are measuring how a variable changes with respect to one axis. Thus, we are only taking part of the derivative so it is called a partial derivative. I do not intend to show how these derivatives are effected here. This can learned from your Calculus text or me. (This is one of reasons that you bought the bigger book!).

Now to the example,

w = x sin y + x2yz sin x

Then 
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and 
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and for the last variable z we have
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We now put these functions into the spreadsheet and then link them to a cell with the quadratures equation in part 3. Remember if you are dealing with the same function, the derivatives do not change only their value changes. 

This page intentionally left blank

6 Support

6.1 Staff

Aside from me, you might get some assistance from Mr. McMaster who can often help you with the mathematics and such. However, he has 90 students of his own and is only generally familiar with this course and its objectives, so please do not make undue demands on his time.

6.2 School

The resources of the school as they exist are yours to use if you are not interfering with others use of same. You may be permitted to leave some equipment set up for another day’s use if it is not needed and permission has been given. Furthermore, you are required to return all of this material when completed your work.

Students will only be held accountable for equipment broken during moments of frivolity. If you are working conscientiously and some mishap with equipment occurs you must tell a staff member immediately. DO NOT COVER IT UP! Sometimes we can fix things quickly.

6.3 Parental

Your parents need to understand that this course along with Calculus and English and possibly other AP courses yet unborn is a very different kind of commitment to your schoolwork than before. You WILL need time to think and study. You will NOT GET IT everyday! You are not supposed to. Undue demands on your time by your parents for tasks or familial activities will definitely stress your abilities to undertake these courses. It will be no different in university so get used to it. You will be stressed out sometimes, however, please do not scare your parents with your reactions! Growing academically is not often pretty, but it is pretty important!
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7 Formal Report Exemplar

What follows is gibberish version of a formal report as I expect to see them. Each experiment is sufficiently complicated that getting the entire story into your paper  will be challenge. Your future employers will NOT have the time to read volumes of material. Thus, you WILL confine your writings and figure to the six pages I require. remember there are NO appendices etc. SIX pages and NO more.
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I. Introduction
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IV. Conclusions
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8 Problem Set Format

8.1 General Principles

Problem sets will typically be assigned for each chapter you will study. Any topic or task that you have mastered is mostly due to the practise you have undertaken. Your success in physics depends almost entirely on the amount of practise you complete while you study each section and prior to major evaluations. 

Suitable preparation for a test might include as many as 15 or 20 questions weighted towards aspects of the course that you do not understand as clearly. You can briefly review the chapter before starting the problems, but you should do the questions with the same amount of assistance that you might have on a test. Your homework can be a terrific reference if effected carefully and with proper form (described below). Homework done cryptically will ensure that you will have a difficult time understanding your thinking when you return to it a couple of months later. This is not good practise and will not be tolerated. You are here as much to learn how to learn as you are to learn physics. 

Questions vary and reasonable latitude will be given on solution form where the problem has a different aim. However, in general, each problem solution must have the properties listed below.

Do not stare at a problem for more than 5 minutes without making some effort. If you cannot make some progress in 5 minutes, you do not understand the problem. Make some brief notes about the problem and seek the help of your instructor. Teachers will be particularly reluctant to assist students who have a completely blank page. The secret is to complete many medium-difficult questions in the time available. 

8.2 Problem Set Guidelines

1) Do NOT write out the questions. You have better things to do.

2) All problems to be solved in your own hand except where computer work is demanded.

3) Problems must NOT be solved by measurement of scale diagrams.

4) Regardless of the problem, some English should be included to indicate the approach you took to the question. This is best done by concisely describing each line or two as the algebra is developed. Part marks will NOT be given if English comments are omitted. 

5) Any equations that are introduced must first exist in the relevant chapter summary of the textbook. All others must be derived. 

6) Uncertainty or significant figure rules must be followed in all assignments unless otherwise stipulated. Units should be expressed as either m s-1 or 
[image: image17.wmf]s

m

 but NOT m/s.

NOTE: In the sample below comments included inside a set of [   ] brackets are used to explain the format and should not be included in a real problem.


Sample Question:

1. A 10 kg projectile is hurled 0.300 km. If the initial angle is 34o‑ then 

(a) What was the initial speed?

(b) How long did it take for the projectile to travel the 0.3 km?

1. Given: 

mp = 10 kg

Mass of projectile




rx = 0.3 km = 300 m   Range of projectile

(i = 34o 

Initial Angle

g = 9.8


Acceleration of Gravity

Diagram





        (=34o






rx = 300 m

(a) RTF: vi , Initial Speed

The conditions for this question require the range equation 


[image: image18.wmf]g

v

r

x

q

2

sin

2

=






[Equation from text]

Solving for v is best done by first solving for v2. Hence,
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[Derivation]

And solving for v we have, 
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[Derivation continues]

Now that we have solved for the variable of interest you can now substitute the numbers indicated for the variables. No units should be included here as they get mixed up with variables.
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Hence,
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    [State final numerical answer, round to proper sf with unit]

Therefore the initial speed was 56 ms-1.     [ Concluding statement.]

(b) RTF: Time of projectile Travel (t)

We know that the velocities in the x and y directions are independent. Acceleration exists only in the y direction. Thus, the x speed is constant. The situation in the y direction will control the time, as the time for the projectile to reach maximum height will be ½ of that for the entire trip ignoring drag.

To begin with we need to resolve v into its x and y components,

vx = v cos (
vy = v sin (
We know that 

vf = vi + at

Solving for time to the maximum
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We can dispense with vf since it equals zero. The negative sign in the numerator is then cancelled with the negative sign in the value for g.

Hence,


[image: image24.wmf]g

v

t

2

=


substituting values gives,
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Therefore the projectile would have been 11s in flight.
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[List all values given or implied in problem. Convert ALL units to mks values. If necessary indicate in English what each symbol means.] 





[Diagrams are required for applicable problems. Variables should be included when relevant]. 





[After derivation is complete, values are substituted into equation. No units should be included. You may check the derivation with a unit check, but including them with the numbers simply increases the chance of confusion with variables.]
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