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1. Overview

The study of physics is often the most difficult subject for students. It represents a different kind of thinking and an analytical approach that is not in common experience for most of us let alone young people. For example, we might argue about which sports player is “better” than the other. The argument goes back and forth, but there is no easy analytical method to find a solution. Each person has their opinion and usually will not be dissuaded. Political discussions are largely the same. There is no machine we can use to decide impartially who would be the “best” leader. Perhaps the person with the most experience and the best credentials is “boring” and will not inspire his followers, making this person ineffective in spite of their qualifications. Problems such as the above are largely emotional and it is to this area that humans are naturally most passionate. 

In a subject such as physics where we can literally compute the best materials to use or the most effective technique with which to perform a task there is extra duty. This duty is to take out much of the above-mentioned passion and take a “cold hard look” at the facts as presented. 

The great physicist R. P. Feynman once said “ … our activities must conform to the laws of physics, for Mother Nature cannot be fooled…”. 

When we fail to do this, we have what is called an “accident”.

The modern world’s conveniences and such like are all based on the laws of physical science. The magic of the computer or the convenience of our homes and automobiles are all a result of the careful computation of physical forces and the understanding of properties of materials.  The advances in medicine are largely due to the new diagnostic equipment again based on very specific physical laws. We can only understand what we can first detect. 

Over the past 40 years, we have be awed by space exploration and the ability of the engineers and scientists to navigate so precisely over vast distances and to have these remarkable machines operating reliably in these remote and hostile environments. This was possible because we could theoretically predict, using mathematical models, what characteristics these machines would require to work properly and then, as they were constructed, tests were performed to ensure that the device was constructed as designed and that this design worked as advertised. 

As you begin your study of physics, a very technical subject, it will take some time to understand how the various things that are discussed can be used to predict natural phenomena. This subject is not for everyone, but if your aims lie in the university programs of engineering or physics then excellence in this course of study is essential. Biologists often feel that the study of physics is well removed from their main interest, but that is not so. The entire cell operates on osmatic and electrostatic forces. The nervous system is largely electrical and the storage of charge is partly responsible for our ability to remember. Almost all medical diagnostic equipment is based on physics and understanding the principles of how these machines operate will make you a better practitioner. On a more practical note, most life science programs require a study of first year physics, a course for life scientists to be sure, but one that almost half have trouble completing. 

If this is your first time taking physics, stay on top of the material, get help immediately and do your assignments thoroughly, right from the beginning. You can be successful; give yourself a chance!

2. Why Study Physics?

Students in high school typically study the subject of physics for one of three basic reasons. They are interested in it and want to pursue this type of subject in university, they need it in their university program even though their main academic objective lies elsewhere or they simply need a high school credit. Let us take a brief look at the general motivations a student might have in these areas.

When we begin to a serious study of physics in grade 11, we move away from an information type course where concepts are described in general terms and students perform little or no mathematical analysis, to a program where concepts are conveyed in mathematical terms and experiments are performed where data is carefully analyzed to provide verification of the theory under study. This change is very challenging for many students. We do not talk in mathematical terms, so practise of your analytical skills must be deliberate and regular. Students whose mathematical background is weak (either due to ability or lassitude) often find physics a challenge. We not only use mathematical principles, but we investigate what they are telling us about the physical situation we are studying. 

2.1. Personal Interest 

Students who enjoy this subject often choose to pursue their studies in engineering or a physical science such as physics itself or its derivatives such as astronomy. Historically this was a male bastion, but increasing numbers of women are studying engineering and such subjects. There seems to be no observable difference in the relative performance of the sexes making the old discriminations moot. The two main arbiters for success in physics are desire for the subject and your ability to analyze problems using physical principles and mathematical arguments. 

If a student chooses to pursue a university program in engineering or physical science, the learning curves as they enter can be almost vertical. Appropriate preparation in this subject and in Calculus is essential for a reasonable transition to university life. Taking what is written in this Guide seriously would be sound advice. 

2.2. Required for part of a university program

Students of biology and such subjects are required to take a first year university physics course as part of their degree program. It is a course that many find difficult. In addition many students who pursue life science programs are not particularly interested in physics and mathematics making the study of this subject more of a challenge. However, it should be said that almost all medical diagnostic equipment, from the stethoscope to the magnetic resonance imager (MRI) are all based on physics principles. The nervous system of any creature conveys information as electrical impulses. It therefore behooves the serious student of things biological to have at least a solid understanding of these principles. Future work in the areas of mathematical modelling of DNA and other genetic structures is just around the corner and will revolutionize the biotechnology field. The broader your knowledge base about the scientific principles that permit these phenomena is in your best interest. 

2.3. High School Credit 

Some of you simply need that senior science credit. Fair enough. You can do it! The instructions in this guide if followed carefully will give you sound advice on having a successful study in this subject. Good Luck. 

3. Memorizing

3.1. School until grade 11
Your success in school, until now, is largely based on your ability to remember facts. Except perhaps English, you are presented material and then required to write tests and quizzes to see if you remember it. In mathematics you remember techniques in other subjects you remember procedures and so on. Now, there are projects and other types of assessments that are more effort based, but still a lot of your marks are still based on your ability to remember. Most us remember things because we do them regularly. You remember a second language, because you periodically speak it with friends or family. You body can do gymnastics if you train regularly to keep your brain’s ability to control your body’s movements precisely and so on. 

Consider this simple quiz: make a sketch of how the furniture is arranged in the living room of your home or apartment. Need time to study? Probably not. Why? You are there everyday and so you remember it. Now consider the home of someone you visited briefly a year ago/ Can you remember how things were? Perhaps some of it, but nowhere near the detail and accuracy of your own home. So the same is true with your studies that do require memorization, practise does make perfect (almost). 

3.2. Memorization in physical science

In the study of physics you will have to remember principles and definitions, but simple regurgitation is not enough, you have to be able to use these principles to solve problems. 

This kind of thinking is new and often challenging for many young people. 

Consider a game of chess. Knowing how the various pieces move allows to you play the game (barely), but to be good at “chess problem solving” requires a skill and dedication that goes beyond simply knowing the rules. I realize that not everyone will be a terrific chess player, but most able people if they try could be at least put up a reasonable game.

Physics is not that different. You may be able to state “Newton’s” laws or “Kirchoff’s” Laws and so on. However, if you do not apply them properly then you do not know how to use them to solve a problem and a photocopy from a textbook can replace you. It is creativity and originality of thought that is prized in almost any field. The creative application of the above laws can lead to new and exciting technology or it can lead to nothing. Furthermore, these laws will be able to show you the way, but you have to appreciate the message they send. 

Another area you have to be careful with is memorizing similar solutions. This of course is a tendency of students who are proficient a memorizing and want to continue to use this technique instead of the process of deductive reasoning. Some teachers will comply and produce many examples. Students expect the test questions be similar to the examples so they can pattern match instead of solving the problem. If too many questions are set up this way then a student can literally pass the course with good marks and not understand it. This should not be possible. For example, you need to be able to interpret the study of friction from its basics principles to explain why people take small steps on slippery surfaces. The reason for people’s walking choices on ice may not have been specifically discussed in class, but it should be a problem that a competent student should be able to discuss if they have made a responsible study of the subject of friction.

It is similar to the student who is fan of basketball. Should trade this player or that player? How should they reorganize their play on the floor? These are questions debated by fans daily. A fan is great observer of the game and can make predictions of what changes might make a team more successful. If you do not know what a “double-double” is or a “trey” then you are not really qualified to offer opinions on the far more subtle aspects of how a team plays. It is the same in physics. If you do not learn the terms and take an emotional interest the subject gets hard pretty quick. 

4. Physics: A Change of Thinking 

As has been suggested throughout this paper, the subject of physics requires a new approach to solving problems. The problems we shall solve will often be analytical and abstract perhaps on objects too small to see or too large to contemplate. We therefore have to understand and have trust in our abstract tools for they will point the way even when we cannot see it with our 5 senses or imagine it with our Earth bound experience. 

4.1. Problem Based Thinking

Let us consider the typical circumstances of a car mechanic. A person driving an older car comes in as says that the motor is making some kind of noise. That is it all the information the mechanic gets before attempting to diagnose the problem. This problem is unique. The car is older and any number of things might be wrong with it. The mechanic must use his experience and skill to swiftly (time is money) diagnose and fix the problem for his customer at a reasonable price. How does he do it?

Many students when first encountering a problem want to be able to see the solution in one step. While this may be possible with simple problems, clearly the most interesting problems will have complicated multi-level solutions that take some time to evolve. 

When first getting a sense of a problem’s scope it is important to determine not only what the problem IS, but also what it is NOT. By eliminating some possibilities we are putting boundaries on what it could be and these “negative” observations can often be as useful as a positive one that yields numerical data. 

The noise under the hood of that car could be anything, but the mechanic started the car and first attempted to identify the location where the noise was coming from and ultimately traced the cause to a faulty muffler. 

Here the mechanic is not only using his memory of how a typical car works and the location of the various parts and their typical failure scenarios, he is also using deductive logic to trace the problem to its source. I am sure many of you can identify with this situation. 

Another example might that of a computer programmer. You run your program and the results are not as planned. The debugging window might give you some advice about a syntax issue, but if the error is logical the debugging window cannot help you. This means although you know a lot about your program and probably about the programming language you are using, you have to go back through the code to find the point where the problem exists. To do this efficiently you will have to watch the values of different variables and check all the possible scenarios of how your program can run. The process differs from the previous example of the mechanic only in that the issue is largely abstract in the case of the computer program. You do not have “things” to touch  and measure such as engine parameters or equipment. You have only numbers and characters on a computer screen, which have meaning to the competent programmer, but are quite abstract to the layperson. 

Studying physics is in many ways a combination of both examples. Sometimes you have experimental equipment and you need to decide how to organize it to achieve the best results. Other times you are solving a problem, but the “tools” you use are principles and equations; tools that are abstract. This is new for many and you will have to practise the use of these abstract tools carefully as for most of you their use is not obvious or easy because you have never thought about things like this before. In fact you may find your beliefs in subjects such as astrology and other scientific misconceptions challenged in a physics course. It will be very hard for you to reject your mistaken view of the world because you have had it for so long and the tools we will use to show that it is incorrect will be new ones; one that you do not completely understand yet. The principles of astrology and elevators are mutually exclusive, yet we gratefully use elevators everyday. We do not understand how they work, so we do not see that the pseudoscience of astrology contradicts our daily experience. Left unchecked this ignorance can be dangerous. During the 1980’s the US President’s wife hired an astrologer to help predict when her husband would safer to travel and such like. When nonsense like astrology is being used to decide how a major government conducts its business, things are certainly getting out of hand!

4.2. Reading Mathematical Reasoning

We do not speak in mathematical or technical terms during informal conversation. We typically refer to generalities hoping (expecting) the other person to “get it”. We talk in short forms and slang terms to communicate our ideas and our views succinctly and perhaps with some jocularity if appropriate. When we are told that a certain situation is not possible, we usually accept an informal discussion of a topic. For example, a discussion of a family member’s heart problem is generalized because other than the heart being the “blood pump” and most definitely required for life most of us do not know what damaged heart tissue looks like or the actual techniques that a doctor must use to fix the problem. We do not deal in such specifics, because it is possible to obtain the essence of the problem without learning every nuance, every detail. Problems such as these are emotional and largely the information sought by the family is (a) will he make it? (b) What quality of life will he have if he does survive the treatment?(c) Can this happen again and what can we do to prevent it? These are important questions for the family, but have little to do with what the doctor and his/her team must do to fix the problem; as much as it can be fixed. 

When you enter the study of a technical subject you have begun the conversion from patient to practitioner, from client to professional. You will now be expected to use professional language and techniques to express yourself and perform analyses. 

In a physics situation we see mathematical concepts such as linear and quadratic equations, surface areas and volumes of simple solids as rules that limit a situation. These rules are set up first by the nature of the question. You must interpret the question by your technical understanding of the words in the question. Each question will have a constraint; perhaps more than one. By your understanding of these restrictions be they conservation of energy or momentum or perhaps a balance of forces or a number of others you can convert these to mathematical ideas by using the mathematical definition of the various parts of these constraints. More on this later, but it is important to point out how many people have trouble with this aspect of physics simply because they refuse to do the work necessary to learn the technical meaning of the words such as: work, power, energy, force, velocity, induction, vector and so on. 

4.3. Algebraic Tools

Your previous mathematical work should have familiarized you with some basic concepts. The following table describes the mathematical ideas and basic scientific principles you should know without any assistance or prompting at anytime in a physics course. 

4.3.1. Grade 11 Physics Prerequisite Tools 

	Concept
	Requirements

	Solving equations 
	You require the basic tools of algebra. That is being able to solve equations with one unknown. You should solve the equation for the unknown variable before putting in any numbers and never include the units with the numbers.  

	Quadratic Equations
	You are required to factor quadratic equations, but usually in physics you would be required to use the quadratic formula because the coefficients in our equations are normally not integers. The quadratic formula is not that hard. Remember it. 

	Trigonometry
	You should be able to remember the three basic trigonometric ratios: sine, cosine and tangent. You should be able to effect basic computations with same and compute the lengths of triangle sides. You should also know and remember cosine and sine law expressions and when they can be used. 

	Graphing
	You need to know the basic terms for a graph such as dependant and independent variables. You need to know what the graph looks like when one variable is increasing/decreasing or constant with respect to the other. 

	Slope and Intercept 
	You should be able to compute the slope and intercept of a series of points in a linear relationship using pen and paper. 

	Shapes – Perimeter
	You need to know and remember the equations for the perimeters of the following shapes: square, rectangle, parallelogram, rhombus, trapezoid, triangle, circle and sector

	Shapes – Area
	You need to know and remember the equations for the areas of the following shapes: square, rectangle, parallelogram, rhombus, trapezoid, triangle, circle, ellipse and sector

	Solids – Surface Area
	You need to know and remember the equations for the surface areas of the following solids: cube, paralleliped, sphere, cylinder and cone (optional)

	Solids – Volume 
	You need to know and remember the equations for the space volume of the following solids: cube, paralleliped, sphere, cylinder and cone.

	Scientific Notation
	You are expected to be able to convert ANY real number into the accepted form for scientific notation

	System International (SI)
	You are expected to know and remember the SI prefixes for the exponents of 10 from 18 to –18. 

	Calculator Use 
	You are expected to own a scientific calculator. This machine should be able to perform statistical functions such as average and standard deviation as well as trig and exponentials. 

You should be able to use it perform any of the computations specified in this section. 


4.3.2. Grade 12 – Prerequisite Tools (Non- AP)

Students entering should be proficient in all of the above areas listed for grade 11 plus the following listed in this table.

	Concept
	Requirements

	Exponential Functions
	You should be familiar with the concepts of equations of the form y = ax. You should also be familiar with the base “e” for natural logarithms. You should understand what log x and ln x mean and use these ideas to solve exponential equations. 

	Periodic Functions 
	You should be proficient in the use and computation of periodic functions. You should know what the amplitude, wave number and phase shift of a wave equation mean and how they contribute to the resulting graph. 

	Transformation of Functions
	You should be familiar with the methods to transform simple functions such as f(ax), a f(x), f(x) +a, f(x + a) where a is real. 

	Log Graphing
	You should be able to use log-log, log-real, real-log, ln-ln, ln-real and real-ln plotting to attempt to solve simple non-linear fits. 

	Uncertainty Analysis
	You are responsible for the uncertainty analysis you learned in grade 11 physics. This includes: standard deviations, mean, promulgation of error in experimental computation and the original measurement of uncertainties during experimental work. 

	Basic Physics
	Basic kinematical definitions, 1D equations  and when they can be used, Newton’s Laws and vectors


4.3.3. Grade 12 – Prerequisite Tools – Advanced Placement Physics C

All of the above materials plus the following materials largely covered in lecture 0 during the last week of June or During Assignment 0 effected by APC students in the summer time. All of the following is beyond the requirements of a typical grade 12 student, but is very useful knowledge for those intending to study in the fields of engineering or physical science. 

	Concept
	Requirements

	Matrices 
	Understanding of simple matrix algebra, solving matrix equations of the form y = Ax, where a and y are 1D vectors of length n. Inversion of matrices, determinants. Matrix definition of the cross product

	Regression
	The fitting of any polynomial, Taylor Series, fitting of trig and other types of functions using least squares.

	Differential Calculus
	All aspects of the AP Calculus BC course. We will not handle as complicated functions in this course as the math one does, but you will have to adjudge the technical meaning of the results of same. 

	Integral Calculus
	All aspects of the AP Calculus BC course. We will not handle as complicated functions in this course as the math one does, but you will have to adjudge the technical meaning of the results of same.

	Programming
	You must learn and be proficient in the basics of C or C++ and also the Maple algebra engine. 


5. Quantitative Arguments – Logic That Includes Numbers

Any subject that is going to make decisions, especially on the physical environment uses some kind of data. This data is often numerical measurements of the system being discussed. The challenge is of course to convert these measurements into an argument about how progress is going to be made that is defensible, beyond simple personal preference. 

In the physical sciences, we all have ideas and theories about what might happen in a given situation. We even argue about this a great deal, however, in the end usually we can perform some kind of experiment that will support one or the other (or perhaps neither) claim. This luxury separates science from the humanities where the debates of 30 years hence still rage due to the lack of an impartial arbiter such as Mother Nature. 

In many cases the decision or opinion we derive from our data may be challenged by other stakeholders or even in a court of law. The important aspect is that if our deductive reasoning is correct and the data was collected carefully then it will be supported. It took 19 years to collect enough data the conclusively showed that cigarette smoking was hazardous to your health. Now inhaling the smoke wafting from smouldering tobacco leaves does not seem very intelligent, however the proof I speak of above allowed the government to force tobacco manufactures to print health warnings on their products; something NO manufacturer would want to do! 

The following sections contain a few examples where the careful measurement of data forced a solution. The technical care required here is important for analyses that have legal or technical importance. The same is true in any branch of science. If your blood is being tested for some dread disease, you certainly hope the technician making the analysis is doing carefully!

5.1. Examples of Quantitative Arguments 

5.1.1. Example 1: Flying to the Moon

In the late 1960’s and early 1970’s the United States sent 9 manned spacecraft to the moon. To put fragile people into a spacecraft that would have to travel 11 km s-1 to get to the moon requires a sense of confidence well beyond the typical automobile. If a car breaks down, we can get out, assistance and ultimately get the vehicle repaired. If we were unfortunate enough to have an accident, where you are injured, the system via ambulances and such like will come to your aid. None of this is possible when you leave the immediate vicinity of Earth. Thus, assuming we wish our astronauts to return safely, we need a spacecraft constructed so robustly that the chances are failure are slim indeed. This is true in this instance not only for the human concerns, but also for the political consequences of a very public failure. 

How do we decide how strong to make our space ship? Remember strength also equals weight and at current prices, it costs about $70,000 CDN for each kg launched into just Earth orbit and probably more like $100,000 to get to the moon. In addition, for each kg delivered to the moon’s surface required 3 additional kilograms of propellants to get it there. Strong, light, reliable systems cost a lot of money. The engineers who managed this project had to weigh the simple requirements of the mission, safety, time, money and so on all into one huge series of calculations that effectively directed them toward the methods they used. 

5.1.2. Example 2: Forensic Investigation

Unfortunately, equipment and people do fail on occasion and these failures sometimes result in a great loss of life and human suffering. Anytime a serious accident on the roads occurs or in the air, investigators attempt to determine exactly what happened so they can determine the cause. This is not always to serve the courts for people suing companies, but often to fix whatever problem was occurring so that it would not happen again. This is a moral task as well as a financial one. Airlines will not have very many customers if the passengers are afraid to fly on them. 

These types of investigations while distasteful to some are very important.  In the instance of air crashes there are often no survivors or at least none from the cockpit (the nose often hits first). They are left with the debris field to determine what might have happened. They will also have the radar data from the nearest control centre and hopefully the tapes from the “black” (actually orange) boxes recovered from the crash. Even still there are things that can be considered. The amount of damage is indicative of the amount of kinetic energy and that is directly related to the speed of the plane at impact. If the debris field is localized over a few 10’s of metres then the plane was intact at impact whereas if the place broke up in the air then the debris field will be much larger. This was most evident in the destruction of the space shuttle Columbia, which had its debris trail spread over a good part of eastern Texas. Other evidence can indicate if the aircraft was on fire before impact. Any witnesses on the ground may also be able to add insight into the final flight path of a doomed airplane. 

All of the data collected will rule out certain possibilities and suggest others. When the data has been finally collected and analyzed by competent professionals, the investigation team will make a report about the cause of the disaster and steps that might be taken to reduce the chances of it happening again. None of this would be possible without a detailed knowledge of the basic laws of physics and the characteristics of a given aircraft. 

5.2. Uncertainty Analysis

Aside from basic visual discoveries, scientists of any discipline typically have to handle experimental data using statistics to determine what information is therein contained. It is incumbent for the young scientist to learn the principles contained in this document to properly begin the process of learning this important aspect of science practise. 

The subject of statistics is broad and varied and if statistics are applied in an inappropriate manner, they can suggest improper conclusions. The usefulness of data is always linked to how precise it appears to be. For example, it took almost 20 years to statistically prove that cigarette smoking was a health risk. It was not until this data had been properly analyzed that governments could legally force cigarette makers to put health warnings on the packages. Every piece of equipment that can affect human safety or possess an economic risk will have statistics in its design. 

How probable is a failure? What are the consequences both safety and economic if this happens? No process is completely safe, so we accept a certain amount of risk in any undertaking. Processes that occur very often must have even greater safety standards. For example every time you board an airliner you face about a 1 in a million chance of losing your life in an accident however caused. This seems good odds, but if you fly 100 times in your life, you face a chance of getting hurt that approaches 1 in 10000. Many people fly this often, but many business people would fly 100 times more frequently. Their chance of getting hurt is still only 1 in a hundred. Yes, some people do lose their lives in a plane crash, but the risk is acceptable to most of us. 

As a young scientist, you need to learn how data is handled and how to begin to learn what information you can expect to determine from this data. The mathematics you will require is nothing more than grade 10, but you will have to understand what the numbers are telling us. This is done by consulting the theories that we have studied to explain the processes we are observing. The theory always gives us a clue as what statistical process would be most appropriate. In this document, you will be given some principles and some examples to allow to you understand how this can be done. Remember we are never satisfied with ONE observation and we NEVER guess at either the values or their precision. Data must be taken with an open but careful mind.

6. New Terminology:  Some Which Is The Same As Common Language

Many technical subjects have precise language. You would be concerned if a medical doctor was referring to various pieces of equipment as “thingamajigs” or “whatchmacallits”. Aside from how silly and unprofessional it sounds, loose language such as this can lead to serious mistakes. In medical situations or in the cockpit of an airplane the results can easily be fatal. So, in appropriate situations technical language or jargon is routinely used to assure that the proper instructions are given. It may seem “picky” when you loose marks for using “grams” instead of “g” or when you write “vr” instead of “vr” and it is, but is also very important that people all agree on the terms ands symbols used for a given technical situation. If you are going to make a study of a technical field, you too must conform. 

Additionally, people in a given profession use jargon as a professional short hand. It is simply boring to explain every detail in every conversation. This is true in many situations including the “student world”. Most students would understand, “…gotta lab with van Bemmel today…” Even many parents would not completely understand what you mean here, but if you are talking in the cafeteria with other students who already know the typical demands of a science course then there is little more to say.

When you first study any technical subject, you need to learn the new “language” whether it is baseball or physics. The problem with physics, for some, is that some of the terms are the same words we use in common English. It can be very difficult to change meanings to these reasonably common words when you enter a physics situation. Below is a table of some of these physics terms that have technical meanings that are somewhat different from those in everyday language

	Word
	Common English
	Physics - Technical

	Work
	Complete a task. Something that requires effort. 
	The amount of energy transferred in a given situation

	Power
	Strength or energy. A person who exudes influence is a powerful person.
	The rate at which energy is transferred. This is very important as some systems can transfer a lot of energy, but can only do it at a certain rate (i.e. Humans)

	Velocity
	Used interchangeably with speed. Means the rate of change of distance. No vector concepts really established in street language. 
	The rate of change of displacement. Displacement is the net change in position. Both displacement and velocity are vectors

	Weight
	Large meant to infer the mass of a person. Most people use weight to mean mass
	The force of gravity (on any planet) on any object. Weight is measured in Newtons (N)

	Temperature
	How hot or cold it is. Most average people who have a hard time defining what temperature is, except they certainly know when it is too cold or too hot!
	The mean (average) kinetic energy of the molecules and atoms of an object. For the Celsius scale, this is compared to water. 

	Strain
	This can mean the effort one experiences when applying a force. It may mean the emotional burdens carried by some people when bad things or at least stressful things happen. 
	The ratio of the change in dimension of an object under stress compared to its original non-stressed dimension

	Pressure 
	Force of a gas. Emotional strain in some situations. 
	Force per unit area. 


7. General Organization

Your study of any technical subject needs to be properly organized not only in your school work, but you have to stay healthy, which can be a challenge in a building with almost 2000 people in it everyday. You need to learn how to make best use of the lectures in class, your experiments, your study time, your textbook and your notebook. A commitment in all of these areas will ensure the best results of which you are capable. Let us look at these in detail.

7.1. Staying  Healthy

You cannot be your best at school if you are tired all the time. You have to learn how to avoid getting sick with colds and not get too stressed out. You need to work with your friends and family in this area. 

7.1.1. Eating

In our multicultural world, there are a tremendous number of cultural eating choices. This document takes no issue with this. However, you need a balanced diet and ENOUGH food. If you are always eating junk food, the excess sugar and salt will tend to make you “sleepy” after lunch. You need a good hearty breakfast to get your body up a running in the morning. If you get a cold, you need to eat more. Your parents take their car for regular service and are careful what fuel they put in the car’s gas tank. It would seem prudent to treat yourself equally well. You have a lot to do in your school studies and it is essential that you are healthy to make the best of it. One of the best ways to stay healthy is to make sure you eat good food as often as possible. 

7.1.2. Sleeping

Many young people seem to enjoy staying up late, but do not like to get up in the morning. Parents and teachers often get frustrated with this trait, but medical research has confirmed that there are hormones in the average teenager that actually promote this behaviour. Now, that does not mean school will be rescheduled from 1400 – 2000 hrs! However, you can structure your sleep time to ensure that you are as rested as possible for each day, especially one on which you have a test or some other summative evaluation. Here are a few suggestions.

(i) You should sleep at the same time everyday. If vary this a great deal, you will feel “jet-lagged” and it will be harder for you to pay attention and absorb detail. Go to bed late if you must, but make it the same “late” every day. Try to maintain this on weekends as much as possible. An hour here or there will not matter much, but marked changes can make a difference. (ii) Most suggest that growing teenagers should get at least 8 hours sleep every night. OK now that you have stopped laughing, you should take a hard look on how much sleep you need to feel “OK” the next day. Few people can get by with less than 6 hours on a regular basis. 

7.1.3. Avoiding Illness

You get sick by allowing germs or one type or other into your body. Now these things are VERY small and so we cannot see them so we do not know when they are getting in. All we can do is to get rid of the typical places they may collect and try to make it harder for them to enter our bodies. If you typically get 4 colds a year and this advice reduces it to 2 that would seem to be helpful. 

Many “colds” are caused by viruses. There is no cure whatsoever for these little fellows. Your body’s immune system is the only defence you have. Therefore, it seems sensible to try to prevent these colds from happening in the first place. 

Germs get into our bodies in two basic ways. We breathe them in (aspirate) or be ingest them either in our food or around our eyes. We can do little about the germs we breathe in, but we sure can change the situation for the germs we ingest. I am told that of the colds we get normally their source is 50-50 from the above processes. 

Most ingested germs come from our hands. Carefully, consider where your hands go during the day and realize that before you eat or bring your hands to your nose or mouth you should wash them. Our washrooms do not have proper washing facilities so many students do not properly wash their hands after using the bathroom. After we leave, we handle doorknobs and whole bunch of other items. This is how germs are transferred. If you then eat or perhaps bite a fingernail, guess what goes inside your body?  Here are some suggestions

(i) Wash your hands after using the bathroom and before eating (anywhere)

(ii) Wear gloves on the TTC

(iii) Stay away from sick people. Family germs are just as dangerous as those from strangers. 

(iv) Do not touch used facial tissues

(v) Do not smoke (impairs immune functions substantially reduces O​2 in blood stream). Smoking leeches most of the vitamin C from our blood. It also irritates the throat reducing the bodies natural defences such as cilia and mucous making it easier for bacteria and viruses to penetrate. 

(vi)  Stay warm enough

(vii) Get enough sleep

(viii) Do not use public telephones unless you have to. Use your own cell phone instead.

If you get sick, then you need to give your body all the strength it can get to fight off the infections. I have heard that fighting a virulent infection is the same as a full day’s work.

(i) Eat enough of a balanced diet

(ii) Stay home. You need rest or you will be sick a lot longer. It is not fair to infect your friends with the same disease either. 

(iii) Sleep as much as you can. 

(iv) Talk only when necessary. Especially if you have a throat infection talking simply further irritates the swollen membranes. This is especially true if you have laryngitis 

7.1.4. Having Fun 

When you are busy with a heavy program, you need to “blow off a bit of steam” sometimes. Everything is in balance. Life cannot be filled with “nuclear physics and heart surgery” You need to have a fun distraction. It should be different from what you are doing at school. For many, it is music or sports. While “vegging” in front of the TV is perhaps a common activity, I suspect that you will feel far more refreshed if you DO something rather than watch others do something. Responsible “good times” with friends is a special part of the high school experience and can be very helpful in dealing with stress. Laughter, as they say is often the best medicine. 

7.2. Lectures

It has been said by educational researchers that lectures are a very ineffective at transferring information. An energetic speaker might improve this, but often what is remembered are not the important details, but the “entertainment” provided by such a person. Why then do schools and especially universities and the business world transfer much of their training in this manner? I have no idea, but I suspect that the answers are simply that this is still the most cost effective way. Furthermore, in universities and business there are few people who can make some of these technical presentations. These people are often very busy. However, their presentation is the same length regardless of whether they are presenting to 20 to 2000 people. 

Many high teachers attempt to break up the “monotony” with interesting demonstrations, work periods, experiments and even humour. People learn in different ways and the best teachers try to appeal to all learners as best they can as permitted by the curriculum. However, much of your higher learning will be spent in lectures of some sort. If you are not prepared for a technical lecture, the odds are pretty good that you will get “lost” somewhere in the presentation. While you still may copy down the board notes, you are more of a note taker than a student, because you cannot analyze what is going on your paper very effectively. While this may seem heavy handed, I do not feel you are “working” at a given subject unless you are “engaged”. This cannot happen when you are “lost”. Preparation for a lecture can practically eliminate this problem. 

It seems reasonable for you to learn how to make best use of these events. I strongly suggest that you can double or triple your retention from a lecture using the following techniques. Good Luck. 

7.2.1. Preparation

If it is so that people have trouble learning challenging concepts from the blackboard, it may be that sometimes we need to digest a concept before moving on to the next one. However, especially in university, it seems that by the time you have figured out what the professor was saying, they have already moved on to something else. It all seems to happen too fast! This problem can be avoided by adequate preparation. Most courses in high school and in university follow a logical pattern. If the instruction was from section 3.1 and 3.2 of the textbook today then the chances are pretty good that it will 3.3 and perhaps 3.4 tomorrow. If you read these chapter sections, in advance you will be able to focus during the following lecture on the aspects, which you found difficult in your readings. This should be done within a day of the lecture. Reading too far ahead, while of some value, will largely be forgotten when the lecture date final arrives. I would use my time on public transit or prior to class for this activity. It should not require more than 30 minutes

7.2.2. How To “Work” A Lecture

Even if you have the greatest respect for the teacher or professor of a given course, you should approach a lecture with a (respectful) “show me” attitude. It does not matter how smart or accomplished the instructor is, but rather whether YOU get the message. If you have prepared for the lecture as I suggested above then you know the parts of the material that you really need to concentrate on. Furthermore, you should mentally verify each line as it is instructed, to be sure this is consistent with your understanding of the material from your readings. I suggest a 30 second rule here. Read and record with your pencil what has been said / written on the board. If it still does not make sense then you should raise your hand. Trust me. If you have prepared as I suggest above then your question will be a good one and these are appreciated by teachers. 

Some students sit in the back and try to talk with their friends in the lectures. Try to resist this if it is your friends. A class is like a business meeting and it would be very rude (perhaps career shortening!) indeed to ignore the presentation! Take it seriously and come to each class ready to work at the tasks as well as understanding EVERYTHING.

Remember in university or in business the amount of personal support that is typically received by a high school student is usually lacking. You will succeed largely because you decide to make it. Learning how to work at a lecture at high school is a valuable skill that will save you a lot of time later in your education or professional career. 

7.2.3. Follow up

When you see something new in a class it is largely in your short-term memory. The emphasis here is on the word “short”. You need to refresh your memory so that the new concepts presented today are solid and can support the next idea presented tomorrow. Many students simply take notes for an entire unit and then try to learn everything the night before the test. This is very foolish. Regardless of the impact to your mark, you are not LEARNING very much, which is the greatest tragedy. This short-term memory can be improved by review and your homework. Remember, you are not really WORKING at a subject until you attempt to make it your own. This is mostly done alone as you begin to appreciate how a subject comes together. 

7.2.3.1.   Review

Probably within 3 hours of a class, you have experienced at least one if not two other classes and numerous conversations with your friends. It is very easy to loose track of a new concept especially in a technical subject. You really need to review. This can be done at lunch, a spare, on transit or immediately when arrive at home. Some suggestions:

(i) Read over the notes you made in class this day. If you do not understand something then make a note in the margin. If the problem is solved during your review or evening study then write a brief explanation in the margin. 

(ii) In physics, you will usually find some simple follow up questions with each chapter. Some books have little “checkpoint” type problems as well. These are great for follow up because they are normally not to numerical. You may not need a calculator to solve them. However, your ability to solve these problems gives you a sense of how much you understand. 

(iii) In some books, there are conceptual questions at the beginning of the problems that again simply require understanding not complex computations. These are great for review even if you do this at lunch with your friends. So, put away the playing cards and pull out the physics books. What a great trade!

7.2.3.2. Homework

When it is finally time to do your assignments, need a quiet place free of distractions and interruptions, to work that has enough space for your books and perhaps a computer. This is YOUR workplace and provision for it should be taken seriously. You need to undertake all the homework that is reasonable for the next day’s class. You will sleep better if everything is done before you go to bed. I completely realize that physics homework may take a back seat to some other interests such as computer games, TV and email. These pursuits are fine when they are used in reasonable measure. Do not completely deprive yourself of these things. One way is to schedule the time. Look at the homework you have been assigned for the next day. How long will this take to do well? Ok, now also add in how long you need to do email or any chores and perhaps a favourite TV show or something. This will tell you what time you need to start. Remember working at your homework does not include getting organized, cleaning off your desk etc. Only REAL work counts here. 

When you consider the problems typically assigned for homework in physics there will be some that are hard for you. Fair enough. It is what you do about this that is most important. Please consider section 8.1 on this very topic. Not to précis this chapter, but you simply cannot solve problems if you do not understand the technical wording of a question and have the basic background as described in section 6 for the class your are taking. Furthermore, you should review your notes and perhaps read the text book (again) on the topic causing the problem. What you should try to avoid is an effort to find an example question that largely conforms to the one you do not understand. Yes, this can be useful AT THE END, but not as the sole method of producing a reasonable solution. 

If you do not understand some aspect of the lecture or a question, make a note in the margin of your notebook about what you do not understand. You should be able to do this. Now you might want to say, “I do not ‘get’ question 12”. Well that may be true, but you can focus your thinking better than that and you must do so to begin to learn how to work through these challenging problems. This note in your margin is indicative of an aspect of a concept that harder for you. You will forget it once again! When you obtain the solution for a question, pencil in a solution to the problem you wrote in the margin. This way when you read it again in the future you will not have to go through the same process. 

IMPORTANT

Do not spend more than five minutes staring at a given question. If you cannot make any progress in this amount of time move on to something else. When students tell me, “I studied for two hours last night and I did not get any of the questions”. Nonsense. You might as well have been watching television for the good it did AND this certainly depressed you as well! Instead, I suggest this five-minute rule. At the end of five minutes, if you are not making any progress, write something in the margin about what you do not understand, there must be something or you would be able to finish it! Then move on to the next question or another subject or a project or other activities removed from school, but be in the next morning to get assistance. Do not let this issue languish. That is when the problems get really bad. 

When you craft your homework solutions, it is important to do it neatly and verbosely. Your homework on these problems is essentially a solution set for you to study from when preparing for the final examination or even in the following year’s program. A set of guidelines for writing solutions can be found on my website. In short, your solutions should be complete enough that you could study from them without consulting the textbook. Now I see the long faces already, but I ask you to consider how useful your solutions would be if you do as I ask. 

7.2.3.3.  Teacher Assistance 

Believe it or not, but your teachers really want to help you! However, many do serve upwards of 80 students and your demands on them have to be reasonable. Your teacher should indicate when they are available. Take advantage of that. My experience is that students are often seeking reassurance as much as they are a technical solution. One way to make this most effective is to use the margin note method described in section 7.2.3.2 above. This is really helpful for both the student and the teacher. In a few minutes the student can get answers to the problems they have and the teacher can feel a sense of assisting their student while keeping the time commitment reasonable. 

The same may occur if you get a “question period” in class. If you make solid use of the margin note technique, this can also help you during these instances. 

When getting help make sure you bring all the required books and papers as your teacher may not have them handy when you ask your question. 

7.3. Experiments

7.3.1. General Aim of Experiments in Physics

The prime objective in a physics experiment in high school is to verify some theory that you have studied. The essence is to predict what will happen with the theory given on this topic. Your task is to use the equipment provided for the experiment to measure the real world and then using statistics see if the data conforms to the theory. You need to handle the uncertainties inherent in your measurements and propagated by your calculations. Furthermore, you need to be able to write a concise report detailing your theoretical assumptions, methodology, analysis procedures and conclusions.

Physics, unlike chemistry and biology does not lend itself very easily to discovery learning. Our student experiments are largely about finding mathematical relationships between variables so students need to be somewhat competent before doing them or the learning curves during the experiments are too steep. 

Importantly, this is not to say demonstrations are not effective in physics, they are in many occasions. However, in chemistry we can see things bubble or change colour. In biology, we can see the anatomy of some organism. To “see” that the relationship between displacement and time is a quadratic is difficult to observe directly. The analysis of this data is important and cannot be effected until the students have had some instruction. The student of physics as a senior student requires a quantitative approach. Your science study as a younger person certainly discussed physics type subjects, but this was all “picture book” type material or factual material. At a younger age, you were exposed to the types of things that a subject such as physics does, but not how the physicist does it. Your training in grade 11 and 12 is the beginning of that conversion. 

My own aim is have experiments effected at the end of a unit that allow the students to show what they have learned by combining all that has been learned along with experiment procedures into a experiment that will probably take one or two periods to collect the data and then a week or more to properly write up. 

7.3.2. How To Get The Most From The Experiment

An experiment aside from being simply another assignment from your teacher is a chance to see the principles that you have studied in action. Physics more than any subject allows you to analyze the data and even assess how close your work came to verifying accepted theories. Taking all of this seriously is important. You have to have an approach such as “How would a professional research scientist do this work?” Now at your tender age, you do not really know, but you can be sure that they will take it seriously and plan their tasks carefully and otherwise get very involved with the situation. 

Yes you can “take it easy”, and walk into an experiment period without any preparation, but the most unfortunate aspect is that you will not be learning very much at all. You lack of commitment will show in your submissions and can be come a difficult habit to break when you are older. Do it right the first time by preparing and taking seriously the educational opportunity you have. 

7.3.2.1.  Planning

You may find it silly to plan your experimental work prior to doing it, but that is truly the road to success with experimental work. Many pieces of equipment in physics you will not be familiar with in advance. Consequently, it will take some time to properly learn how they work. This means that you will need even more time to determine how these instruments can be used to effect the most precise and reliable observations possible for their current configuration. I did experiments in second year university that were so demanding that if I did not completely prepare for them in advance I could not have completed them in the 4 hours allotted. There was no provision for make up time so quite a few students did not make it through this course. It can be a cold world sometimes. 

Any complicated task requires planning and although most of us do not see the need on a daily basis. Imagine if you had a plan at home to ensure that your laundry was done at certain time and that there was a procedure to ensure that food shopping is conducted so that all required items are kept in stock. If you follow this plan then you will have no want when you are otherwise busy with your other activities. Instead most of us simply “wing it” and are periodically unable to keep up with pace of events. Things seem to go wrong just when they are most irritating. For example, a computer printer that has performed flawlessly for years will fail which printing out an assignment due that day. This is a variant of Murphy’s Law and punishes students at all levels on a daily basis. Who needs the stress? As they say, “if you fail to plan you plan to fail”

Proper planning for an experiment includes

(i) You should read, in advance, the expectations of the experiment in detail to understand theoretically, what the object and associated tasks of the experiment are in the eyes of your instructor. 

(ii) Consider the operation of the equipment that you will be using. Discuss as a group the best way to employ this equipment to enable the best results with respect to uncertainties. If your teacher permits it, it can be advantageous to “play” with this equipment prior to effecting the experiment. You can take some trial observations and understand how the equipment works. 

(iii) Use a Lab notebook and prepare it in advance for the lab. Have some headings and other variables that you wish to record. This will save you a lot of time at the equipment.

(iv) Stay on task with your colleagues. Mindless gabbing does not serve the situations and will delay and/or affect the quality of your work. Some teachers will not let you come after school and do it because you were expected to get your work done in the class period. The thinking is that you have wasted your time so why should you waste theirs? I cannot completely disagree. See a class period as important as business meeting or something like that so that you give such a day its due. 

7.3.2.2.  Equipment

In science class, you will encounter many pieces of equipment that are not familiar. This is especially true in physics. While physics equipment lacks the heat and potential calamity that can occur in chemistry, to obtain excellent results requires some effort to understand what a particular device does and how data measurements can be inferred. 

In motion you will encounter ticker-timers, motion detectors, photogates, stopwatches, metre sticks, callipers and micrometers. Other aspects of physics have their own specialized tools to measure and assist understanding. If you are to effect an experiment in a physics class, often the teacher with either pass out a hand out describing what is to be done and even demonstrate the use of some of the equipment. Some have a lab manual or such items posted on their web pages. Make solid use of these advantages before the experiment so that you can properly understand how they work when it does matter. 

Take good care of the equipment you are privileged to use. The replacement of same is expensive and some items are difficult to replace as the companies that make them come and go. Take care to put everything back and safely store the instrument(s) as directed by your teacher. Take special care with electrical meters and computer probes, especially when you are inexperienced in their use as you can damage them with inappropriate sensor levels and connections. 

Finally, you may think that some of the equipment in your science class is kind of “simple”. You envision yourself as a brain surgeon or a rocket scientist and these experiments are so simple that you decide not to try very hard until these experiments are “cool”. I tell you now, as clear as I can, that you will not get a chance to work with a million dollar laboratory until you can demonstrate your effectiveness in one worth twenty thousand.

Remember that whether you are using a ticker-timer or the Hubble Space Telescope, instruments tend to be used near their maximum capacities, because for that is why they were constructed. Therefore, the same problems of data resolution and “noise” will exist in most experimental work. Furthermore, you have to compute and manage the uncertainty generated by work and communicate this in the accepted manner in your reports. 

7.3.2.3.  Methodology 

Many experiments are “scripted” in that you are expected to follow a specific set of procedures to obtain a particular observation. The senior classes tend to give students more latitude in experimental design. This is most apparent in the AP physics course where students are completely free to choose the method aside from any exclusion. 

There are various ways to do things and you need to think carefully about how to proceed. Here are some considerations. 

(i) Make sure you are measuring what you think your are measuring

(ii) Always consider the uncertainty in whatever analysis you are contemplating. 

(iii) What other parameters of the experiments environment are relevant?

(iv) Always think through an innovation before trying it. Do some back of the envelope type computations and see if the aspect you are concerned with will make a significant effect on the integrity of your data. Sending people on an ill-conceived excursion is a waste of time in high school and can get you fired in the real world.

7.3.2.4.  Documentation

Although you are new to writing technical reports it is important that you begin to realize some of the professional protocols that exist in academic subjects. An academic professional, such as professor, has only their ideas on a subject as their stock in trade. It is at best rude to assume this work as your own. The lab report writing primer on my website explains this in more detail, but you should always be very careful that you do your own work and give due credit to those who assist you especially those whose works you found in print. 

I might add that only scholarly resources are acceptable. You should take information from the Internet very carefully. There are many misleading and in fact erroneous websites out there and it behoves the student to verify their sources carefully. 

7.3.2.5.  Report Writing

There are stories about an individual in India who several thousand years ago worked out Calculus and a number of other concepts largely connected to modern science and mathematics. Similar legends also come from China and the tragic loss of the ancient works of the Greeks destroyed in the Alexandria library in 300 CE add to sense that modern thinkers may not have been the first to develop these ideas. However, these ancient works are of little use because the circumstances of the world did not permit their introduction at that time. The foundations of modern science are largely connected to the work in Europe during the mid 1550’s to the present. All the gadgets that we connect with the “modern world” are derived from the concepts promoted at this time. In addition, the invention of the printing press, by Gutenberg, which was improved by Franklin and others, made the dissemination of new ideas very simple. It seems that human evolution needs very few geniuses to see a bit farther, but when they tell other about their vision, it can be understood and emulated. It is true even today with the very existence of our education system. Therefore, it seems that communication of new ideas is almost as important as the ideas themselves. In our busy world communication has taken on an even more important role as the exchange of information between humans has been accelerated from the simple post-delivered letter to the Internet.

So it falls to the student and the practioner of science to communicate their ideas concisely, using accepted language and format. You have to learn what you data is “saying” and then communicate this as succinctly as possible. The lab reports that you write in your school work will become the Papers that you will write in university and these will lead to Proposals and Technical Reports in your professional career. It takes time to learn this and you would be well advised to take it seriously. 

Finally, your report may be a work of art, but if it is 30 pages long no one will read it (except this one! – which is a reference anyway, but I digress). You have to learn how to say a lot in a small space. This skill will be much appreciated by your supervisors in university and in the beginnings of your career. Yes, you will be required to write longer reports, but in that case, you will know in advance, what is expected. 

You can find the lab report primer for physics on my website www.hmvb.org
7.4. Your Textbook

7.4.1. Overview

Your high school physics textbook is first a compendium of the basics of this subject it is the simplified work of dozens of scientists who first discovered these ideas and others whose work further exploited them. These books are often written by senior high school teachers whose experience as teachers allows them a better insight in how to introduce these ideas to teenagers. So in short, your textbook is a valuable resource. While your teacher will introduce the ideas that you are studying in class, they will do it in their own way. Therefore reading the textbook is useful, because it gives another way of considering this topic.

So why do students avoid reading their textbooks? “Its boring…its too heavy…blah blah” Absolute nonsense! School study is not entertainment! You have to work at it and some of this will be academe’s version of “heavy lifting”. You ignore your textbook’s explanation at your own risk. 

I have already made the point of how important it is to read ahead of the lectures in you technical classes; another fine use of this wonderful resource! So please put your textbook in a honoured position and make solid use of it during your study of physics 

7.4.2. Reading Technical Information 

When you first read a technical document, the concepts are more densely presented and are certainly less familiar than reading a “thriller” type novel. This means gleaning information from such a resource requires more effort. Of course, this is reasonable because the subject is serious. We expect a recreational novel to be an “easy” read. You are reading for fun! A serious technical document requires the internalization of all the preceding information. Complete familiarization with the jargon and the various principles studied prior to this reading will be expected. You need to review that material as often as required to ensure that when you proceed to the next step you can handle it. Yes, this is work! However, when you sign off on the structural integrity of a building you need to KNOW that you are right. This ability comes with a price and you have to pay your dues. 

A tutor of mine said once that, “You probably will not understand it the first time or even the first five times, but by the time you seriously read it ten times you will be fine.” I felt he was expecting too much, however, when I did that very thing, it changed much of my ability in his subject. How much do you want to learn? If you do not try at this basic level, listen carefully as you hear some of those doors closing on your professional future. Trading a video game for technical knowledge at this important juncture in your life seems to be a bad deal to me.

7.4.3. How To Get The Most From Your Textbook

Here I present a summary the uses that can allow you to get the most from your textbook. They are presented in a random order. 

	Read ahead of the lectures. If you are unsure what to read then ask your teacher, they will always be able to tell you what will be discussed the next day. 

	Use the checkpoint problems after each section to see if you are understanding the material

	Use the conceptual questions that sometimes begin the problems at the end of the chapter. 

	Consider the examples to see how some of these problems are solved, but be careful that you are not simply memorizing the pattern of the solution. You need to understand!

	If your book provides a summary at the end of the chapter use this to focus the main aims of the chapter. Often the technical language means that you do not completely grasp an idea. These précis of the chapter can help with that. If the summary says something that you feel does not agree with the chapter then you need to re-read the section to ensure that you can reconcile this discrepancy. 

	Read the appendices periodically. They often contain interesting resources and background information that will make the course easier. It is amazing how many students only consult the parts of the book that they are required to consider for homework. 

	If your book has biographies of famous scientists and others and / or stories of famous discoveries it is often useful to read these. You can be sure that professionals will know these stories simply because of interest. Also you can learn context of your work from finding out what led to its discovery.


7.5. Your Notebook

Your class notebook is the journal you keep during a course. In any science course as well as mathematics, I strongly recommend that you keep your notebooks from one year to the next. There will be times when the information in them is very important. You notebook should contain all handouts, assignments, tests and lab reports as well as the lecture notes in their own sections separated by neatly labelled dividers. These lecture notes should be dated and have page numbers. Take this very seriously. You will find this investment of your time well worth the effort come examination time. 

My website has a section dedicated to notebooks and I suggest you download the document there and follow this advice.

8. Assignments

During a lecture most students are simply note taking and so do not “work” a lecture as I describe above. To internalize this material yourself you need to solve problems and create brain patterns to accept these new ideas. Part of this commitment in physics is done through homework assignments; problems from the textbook. 

A man once said that most people learn through “impact and repetition”. If so then, the impact is the classroom event including the teacher’s presentation and any demonstrations. You then have to spend time on the “repetition” part. The ratio might be as high as 10:1 (repetition:impact) and I know that can be daunting, but anything worth doing is a challenge and you have to really work at to earn it. The aim of this document is to help a willing student to focus their efforts.

8.1. Solving word problems

Physics is an interpretive science. Yes, there are mathematical techniques that are used, but the real skill in physics is setting up the solutions of these word problems. The mathematics we do in physics is usually fairly easy, but these equations and such have meaning and you need to work towards understanding that as much as possible. It can be a challenge and so the following sections will hopefully give you some insight on how to approach these problems. 

8.1.1. Conceptual, Calculation And Advice Type Problems

8.1.1.1. Understanding the Question

An experienced problem solver will take time to understand a question. This is a very important step; one often overlooked by students. How can you possibly solve a problem without understanding it? Many students try I assure you! Each word in a word problem adds information regarding the circumstances of a problem. This includes nouns verbs and their modifiers; verb tenses are also of interest. Remember that you will use only the technical definition of the words in the problem. You have to let go of your everyday definitions of these words. If you do not understand what a word means then look it up, that is your responsibility! 

8.1.1.2. Finding the constraints

When a student asks for help in physics one of the biggest problems is that students do not understand how to get the equations that lead to a solution of a given problem. This section will give you some advice in this area. 

Every word problem has at least one or more “constraints”. This professional term indicates that some principle restricts the possibilities of the solution. For example, let us consider the conservation of energy. The rule for an isolated system (i.e. no energy in or out during the process) is that energy at the beginning of the experiment is the same as that at the end. If we drop something then the potential energy it loses is equal to the kinetic energy it gains. This gives the relation 

Potential energy lost = kinetic energy gained or with symbols Ep = Ek   not too bad eh?

Now the next step is to substitute the mathematical definitions of these variables, which gives, 
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   Since m is the same mass on both sides (if it were not then you would have to use subscripts on the “m”’s of both sides. So we can cancel them then we are left with, 
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 and then you need only solve for the unknown variable (depending on what was given etc.)


Very important for students studying motion in two dimensions

The two axes are independent. Which means any change in “x” cannot affect y’s values in anyway. Therefore, if you are dealing with a constraint that is a vector you solve this problem for both dimensions separately. This is one of the concepts most often forgotten by students. 

Every physics problem has at least one if not more constraints these have to be taken in context. 

You need to carefully study the concepts presented in class and read the problem very carefully to deduce what constraints are relevant for a question. Again, the actual algebra is usually fairly easy, but the real task is to assess the constraint and then substitute the algebraic definitions. If students have problems with this is usually due to students not understanding either the technical meaning of the words in the problem or the meaning of a given constraint. There are NO quick fixes to do this properly you need to study and review and if necessary, get assistance from your teacher. You will always find physics a challenge if you do not master this aspect. 

Furthermore, many of the challenging problems require two or more deductions to solve them. This means that you will not usually be able to solve the problem by inspection. Some students give up if they cannot “see” the solution from the outset. You have to move past this. The procedures on problem solving discussed here and in the problem solving format guidelines on my web page are not “picky” procedures designed to extend the time students have to spend on homework, in fact they are procedures that are designed to help students work through a challenging problem using deduction and the definitions of various concepts. 

In advanced placement physics where calculus is used aggressively, students not only have to be clear about the technical aspects of their calculus and when it should be used. If a parameter is constant then of course it comes out of any integration or derivative. You have to know this and review enough and make sure you are on top it. Calculus is the language of physics and engineering and you will not be able to continue if you are not fluent. 

There is a relatively short list of constraints that apply in physics courses. Here is a summary.

	Constraint
	Brief Description

	Grade 11

	Conservation Of Energy
	In as isolated system (no energy in or out) will keep the same total energy. Thus the total energy at the beginning equals the total energy at the end. Energy can be transferred from kinetic to various forms of potential and friction (heat), but again the sum must always be the same as the beginning. This constant total energy can not change at any time during the process. 

It may help to consider energy and understand that the energy books must always balance. There can be no surpluses or debits to the energy account at any time. 

	Balance Of Forces
	Newton’s second law says that Fnet = m aobserved . So in this situation the forces are balanced this means that the net force is zero and so acceleration is also zero. You can infer balance of forces if the velocity is constant or zero of an object. 

To set this up consider all of the forces that are acting in this situation and then sum them up and make the total zero. Then substitute either the given values or the definitions for these forces to set up your equation. An example of a definition here for the spring force would be Fs = - kx . So if Fs is in your equation you can substitute –kx for it in the equation especially if the givens include the values for the spring and its amount of displacement from the equilibrium point. 

	Kirchoff’s Voltage Law
	Based on the conservation of energy, this law requires that in any circuit the sum of the potentials (i.e. Voltages) around any loop (including networked circuits) is zero. 

	Kirchoff’s Current Law
	Based on the law of electrostatic repulsion. Electrons in a circuit repel each other aggressively. Electrostatic forces are 1020 times more aggressive than gravity. Thus in a circuit electrons cannot file up in an area and no region is permitted to have a void of electrons as compared to the mean density of charge carries for that type of conductor. These two laws permit the setting of a system of equations that if properly organized can solve for the current in any branch of a circuit. Grade 11 students will see two branch parallel circuits with multiple batteries. In advanced placement physics the students will also see bridge circuits which can only be solved with this method. 

	Grade 12

Includes The Above And The Following

	Conservation Of Linear Momentum
	Any interaction between objects (i.e. Collision) requires that the total momentum of all the particles involved before the event must equal the total momentum of all the particles after the event. This along with the conservation of energy is one of the most fundamental constraints in physics and is always relevant. 

	Conservation Of Kinetic Energy

(Elastic Collisions)
	Collisions where the particles are not permanently deformed or where all objects are free to move independently afterward are called elastic and have the additional constraint that sum of all kinetic energies before the event is equal to the sum of the kinetic energies after the event. 

Solving these problems requires both conservation of momentum and kinetic energy constraints to be honoured. 

	2 Dimensional Vectors 
	In grade 12 motion, force and momentum calculations we sometimes have to consider 2D motion. This means that there is motion in both x and y. Students find these problems hard because they are trying to solve the problem in one effort. You absolutely positively must compute the conditions in x and y separately and the conservation requirement must be satisfied in BOTH dimensions. 

	Advanced Placement Physics

	Conservation Of Angular Momentum
	The complement to momentum in rotational systems is angular momentum. It to must be conserved. So the total angular momentum of a system must be equal to the total after the event. You are reminded of the vector nature of this concept and that angular momentum can exist even when one object passes another and interact gravitationally.

Conservation of angular momentum explains why a figure skater can spin faster as they bring in their arms. It also explains why a bicycle is able to remain upright when in motion, but is unstable when stopped. A torque must be applied to change angular momentum. If the NET torque is zero then angular momentum is constant. 

	Balancing Torques
	Like forces if the torques on a rotational system are balanced then no change in the motion will occur. There can be substantial torques, but if they are balanced in sum then they will have no effect on the motion.

This is useful in computing the effects of gears as torque is conserved in a nested gear system. 

	Centre Of Mass
	The centre of mass of a system of particles is constant providing that the motion of the particles is not changed by an external force. So the centre of mass of a firecracker is the same whether the thing blows up or not. 

Another example is in a simple 1D collision. As the object proceeds to ward the target object the centre of mass moves in the same direction only slower. After the collision it continues to move in the same direction. Even though the particles are scattered the centre of mass is unaffected because no external force is acting. 

	Gaussian Surfaces
	In the study of electric fields where symmetry is available Gaussian surfaces are chosen to take advantage of same. The choice of a surface’s geometry is controlled by these two considerations

(i) The electric field vectors should be either normal to the surface or absent completely

(ii) The magnitude of the electric field across any part of the surface must be constant. 

The result of these two constraints is that the integral becomes and simple multiplication greatly simplifying the problem. 

	Conservative Forces 
	A number of forces in nature exhibit fours properties which result in them being classified as being conservative. Any force deemed conservative allows these assumptions to be made

(i) Work calculations are path independent. Choose the most calculation friendly path and solve. 

(ii) Conservative forces are the positional derivative of a potential energy

(iii) Conservative force field lines never cross (In vector calculus we say that curl F = 0

(iv) Work computed by a CONSTANT conservative force around a closed loop of any shape is zero. 

	Amperian Loops
	In the computation of magnetic fields around electric currents the concept of the Amperian loop is used. Again the shape of the loop is chosen to minimize the complexity of the computation. The considerations are

(i) That the magnetic field is either normal to the plane of the area (thus parallel to the area vector) OR
(ii) That the B field is constant across the entire path of the loop

	Quantum Principles
	Quantum Mechanics is a strange subject. It discusses the smallest things in the universe and covers the region where matter and energy share properties. Some basic principles are

(i) Energy transfer by electromagnetic radiation cannot occur in infinitesimally small increments. The frequency of the oscillating charge producing a photon will determine the smallest allowable energy transfer. This is very small and we cannot directly sense this as humans

(ii) A photon is not very well understood at the fundamental level. Photons transfer energy. They preserve the oscillatory frequency of the charge that generated them. They also preserve the plane of the oscillation, which called the polarization. They exhibit wave characteristics, but these interference patterns can also be reproduced during single photon experiments where previous and photons cannot interfere with each other. Therefore, a photon is most definitely NOT a wave in the classical sense. Certainly, it represents oscillating B and E fields and perhaps polarization is encoded by the planes of same, but it is more certainly more complicated than this.  

Remember that very bright lights do not give sunburn, but a low intensity sunlamp can. A wave’s energy is a function of its amplitude. This is the same a making a light brighter. This does not work in QM.

This relatively simple idea of quantized energy transfer led to some of the remarkable ideas and technology we enjoy today


8.1.1.3. No Memorizing 

Simply memorizing problem solutions makes a poor study of this subject. While your strengths may be in this area, you need to be able to think through problems. This comes with practise. You need to be able to solve conceptual problems. For example after studying friction a question might be “Why do people take small steps on slippery surfaces” [Hint: there are two issues here can you find them?]

8.2. Reading Graphs

8.2.1. Objective of a Graph

You have seen many graphs in your mathematical classes. Mostly they were to illustrate an equation that had no practical meaning. In physics, you need to be able to interpret the physical events implied by a graph. You need to brush up on your mathematics and make sure you understand what a slope is and how by changing the independent variable changes the dependant one. You may have to choose the parts of the graph where certain events are occurring or where it may be safe to operate a system or device.

8.2.2. Data and Lines of Best Fit  (i.e. Data will not exactly follow the relationship you want)

As mentioned in the introduction to physics you need to effect statistics on the data you have measured to assess the best statistical fit to the data you have. The biggest mistake most students make in doing this with their calculators or computers is they try to fit a very high order polynomial (i.e. 8th or 9th degree) so that the line goes through most if not all the dots. 

Fitting the best line is controlled by two constraints.

(i) You must fit a line with an equation that is of the same type and degree as predicted by theory

(ii) if effecting an empirical fit of degree n you should have at least 2n points and n should not be greater than 4. 

There are other ideas such as log-log, log-x, y-log plots that can “straighten” out curved lines. If you do use logarithms, you should use logs of base “e”. If you have a result such as y = abx where a and b are real numbers, you should change a to “e” by adjusting “b”. 

Please consult my primer on regression that can be found on my website www.hmvb.org
8.3. Common Misconceptions

Physics has a number of ideas that have come into the public’s acceptance that are completely incorrect. The main reason for this is that people often accept ideas that “sound” technical, but they are not willing to find out in detail what really happens. These misconceptions get repeatedly promulgated and in the schools it is quite a challenge to reverse the process. 

8.3.1. Heavy Objects Fall Faster

When two bicycle riders go down a hill the more massive rider gets to the bottom first. Heavy objects also make more damage when they fall than do lighter ones. From personal observations such as these, many of us get the mistaken impression that a more massive object falls more rapidly. The truth is that all objects fall with the same acceleration due to gravity. The problem with earth bound observations is that atmospheric drag greatly affects light objects such as feathers and lighter bicycle riders. Most people fail to consider the extent of this. On 02 August 1971 astronaut D.R. Scott dropped a hammer and a feather on the moon (where there is no air) and they did in fact land at the same time! 

8.3.2. Cold Water Boils Faster than Hot Water

There is an old myth out there that if you put cold water into the pot on the stove it will boil faster than if you filled the same pot with the same amount of relatively hot water. This is of course nonsense. Think of it this way, to make some water boil you need to have energy added to the water. The stove will produce the same energy per second (i.e. Power) regardless of the water’s temperature. Therefore, by definition the hot water would require less energy to reach a warmer temperature than colder water and would thus boil in less time. 

8.3.3. Wings

There is a misconception that wings work because of the Bernoulli’s principle. This is a violation of Newton’s 3rd law. There is an excellent description of this topic on my website. 

8.3.4. Astrology

Astrology forecasts are found in major newspapers and all over the internet. Astrology is a pseudoscience supposedly based on the subtle tug of planetary gravitation on the fluids in our bodies. The sun being the largest object is supposed to have the greatest effect. Its position when you are born is supposed to control your personality. 

This is completely silly for a number of reasons including the following. 

	Contradiction
	Explanation

	Precession
	The Earth wobbles on its axis like a precessing top. It takes 23,000 years to complete a single rotation. This process is very slow, but since the zodiacal constellations were defined about 4 to 5 thousand years ago, there has been significant change. The person now born an “Aries” is truly a Pisces. The dates of when the sun actually “enters a constellation are all skewed and in fact there are now 13 members of the zodiac. The 13th constellation being Ophiuchus. How many people have this sign?

	Tidal forces
	One of the arguments is that the subtle differences in gravity across a human being will result in our fluids going this way or that. First other forces are so much more powerful than gravity in the body. The osmatic forces associated with diffusion, surface tension, electrostatic and so on dwarf gravity’s contribution. 

Second, even the nurse who cradles a newly born baby produces a much greater tidal effect than the sun would yet these effects are never mentioned.

Thirdly, the orientation of the delivery room bed would be similar to the change of the seasons, yet this is never mentioned. 


8.3.5. Seasons

The change in seasons is due to the changing aspect of the Earth’s tilt with respect to the sun. To be sure, the Earth’s axis does not change its orientation. This would require tremendous forces and they are not in existence. Instead, the orientation of Earth is pointed in a given direction and precesses extremely slowly as mentioned above. From season to season a given hemisphere is permitted more directed sunlight, this is called summer. 

The misconception many have is that the sun is closer in the summer than it is in the winter. In fact, the sun is closest to Earth in early January, but the issue can be resolved with some simple observations. 

(i) This would not explain the opposite seasons in opposite hemispheres

(ii) If the energy received by the sun in the winter is ¼ of the summer at noon, then the sun would have to be twice as far away and if it was it would be half as big. This is also not observed. 

9. Quizzes

9.1. Objectives

A quiz is short test that does not bear excessively on your final mark. The aim of a quiz from the standpoint of a teacher is to (a) see how their students are understanding their work (b) motivate them to study regularly. If you have been following the other pieces of advice in this guide then a quiz should not be anything to fear. On the other hand if you are not working and not heeding this advice then that can be another matter, but these are your choices and you must accept the consequences must come with them. 

9.2. Multiple Choice

Multiple choice tests and quizzes were invented to speed up the marking process. The tests can be marked quickly with a template or a machine. Furthermore, the marker need not concentrate on the content as they would with word problems. 

The main strategy with multiple-choice questions where a calculation is required is to compute the answer as if the question was a word problem and ONLY then compare it to the given answers. When you do so, you can perhaps eliminate a couple of the answers and then if one or two of the answers are close to yours check over your work to ensure you have not dropped a negative sign or something and then pick your answer. If the quiz deducts marks for incorrect answers then you have to be careful. Do not guess if you have absolutely no idea. If you have narrowed it down to three or even better two answers then it is statistically in your best interests to guess. If there are no deductions then always guess if you do not know. Probabilistically, (assuming the teacher chose the correct answers randomly) it would better if you answered the same letter for every answer you do not know. Otherwise, you have two competing random processes here and they would both have to agree for you to get it correct. 

9.3. Short Answer

Short answer type questions are often simple problems, terminology or definitions. These type of questions do not have the ability to help you check your answer as do multiple choice tests, but they also permit you to earn part marks something not possible in MC tests. It is important that you show your thinking clearly so that the teacher knows what you were trying to do. This will control part marks more effectively than any other aspect.  

9.4. Single Problem
Problems on quizzes should be solved in a manner similar to homework questions. The advice given earlier in this guide would be of use as well. However, on longer problems you want to remember a few other things as well. If you are lost, write something explaining how this could be solved. Write something if you think your answer is wrong, but you do not know where you made a mistake etc. This may not lead to many marks, but it cannot hurt. 

Do not erase incorrect work! Simply bracket it and draw a single line through it. Many teachers will mark this work if in fact it is correct. They may not give you full marks, because you did not know it was correct, but usually you will get something. 

If you are permitted a formula sheet you will not be given any marks until you have made an original contribution to a question. This does not include copying down any of these equations. 

10. Tests

10.1. Overview

10.1.1. What does a teacher want with a test?

Typically, tests are given in a class when a unit of study has been completed. It is an opportunity for the teacher to see how much of this material the students have understood. The teacher attempts to structure a unit test so that the following objectives are made.

1. The entire unit’s content is covered on the test.

2. The questions are of varying difficulty 

3. The questions of different types based on the type of material being covered. In physics, word problems are a large component, but multiple choice is used by some and even if word problems are used they can be conceptual, computation, or both. In physics, simple memory work is normally not emphasized as much as it would be in the younger grades. If equations or a “cheat sheet” are permitted then memory work is almost absent. 

Tests are usually weighed more heavily than simple quizzes. They are often made a few days after lectures and other class activities dedicated to a particular unit are complete to allow students time to internalize the material. In AP Physics students are given a week to study a pair of chapters before the test. Of course, lectures on the next sections continue in this period. 

Solutions to a test are given when the test is returned, either by posting or taken up in class.

10.1.2. Question arrangement

Questions can be arranged in any manner and it is important for a student to COMPLETELY read a test paper to understand what is there. Do the items that you really understand first. 

10.1.3. Aids vs. No Aids

The more aids you are given on a test the more conceptual it will be. In a unit test, many teachers will not allow any aids aside from a non-graphing calculator. On examinations, this can be relaxed. It is the current policy at MGCI that graphing calculators are NOT permitted on any examinations in physics.

At different times in your student career, you may be given a choice of what you are allowed to have. Be very careful about accepting an “open book” test. It will be the hardest one you have ever written to be sure. Clearly, an open book test will be very different from a test that has no aids. 

10.2. Studying Techniques

The proper preparation for a important test or examination depends on a number of factors. How demanding was this material for you? Did you understand the class lectures? How much review have you done on a regular basis? How “good” are you at this type of material?

10.2.1. Schedule

As I said before, in this guide most people learn by “impact” and “repetition”. It is your responsibility to provide enough repetition to ensure you can handle whatever comes on a given test. I have marked so many tests where students do not understand even the easy questions. In this case, you cannot honestly tell me that you properly prepared for this material. This is such a waste. If this material is hard for you then get at it. Don’t leave it. You are not going to learn it by ignoring it! Practise, review and get help as you need and take it seriously or you will be taking it again!

Your study schedule should occur over three or four days before a unit test and perhaps two to three weeks prior to final examinations. I know some of you think I am crazy and I say consider what your marks would be IF you did! Wouldn’t that be nice? You bet! Now DO it!

Remember that as much as your teacher is attempting to explain this material to you they also stand in judgement at your ability to do so. They are a custodian of the subject as well. You would not want a doctor who got 50% the test to operate on your family member so set some respectable standards for yourself and follow them.

10.2.2. Coverage of Material

Many students review the material in the order it was studied, effectively covering everything again. Certainly, you have to cover everything, but you should do this in a random order and study the entire course or unit at once. This is especially true for final examinations where is a lot more material to cover. Dedicate a certain (reasonable) amount of time to the study of physics during this time each day. Do SIMPLE and MEDIUM difficultly problems. The number of truly challenging questions on a test is very few. 


Most students who get low marks on a test get them because they cannot do or get wrong so many easy questions. 

Again, as I said above you cannot convince me that you took the study seriously of a unit if you get a large number of simple questions incorrect. It IS that simple. So forget the really tough problems, I mean it, and concentrate on the easy and middle difficulty ones and while you may not get 93%, you will rarely get 39%. Certainly able students who are trying for the highest grades need to do it all, and if you are getting all the medium problems correct then certainly try the harder one, but not until you know what you are doing. 

10.2.3. How Not To Fool Yourself

One of the most upsetting things in school is to get a low mark on a test. Well perhaps this is a bit overstated, but you get my point. However, it is even worse when you THINK you did well and then you fail such a test. Ouch! This is an example of “fooling yourself” Not only did you think you were ready, you thought you did well so you really had no idea. For a student who cares about their work, such a result such can be the cause of a few tears. Briefly. The important thing to do when you are disappointed to find out what is wrong then try again. You will find that you probably were not that far away from getting it right. A combination of anxiety, unlucky questions and a couple of misconceptions were all that it took to get you in trouble. See your teacher and get some advise. Consider some of the points in this guide and see where you need to improve and DO it!

We all make mistakes, but those of us with more experience are able to catch them quicker. A beginning student might conclude that the speed of a car in a kinematics problem was 3 E 10 ms-1. This is faster than the speed of light, which makes the answer silly and for sure, something was done incorrectly. Students finding the work difficult or of limited experience do not have the “feel” of how some of this works just yet. Here are some strategies that might be helpful.

	Strategy
	Details

	No aids when solving problems
	How much help do you need when studying for a test? Do you need to ask your friends or review the textbook for each question? If so, you are not there just yet.

	Summarize the unit
	Writing a brief summary, no more than a page for a unit, describing the basic concepts and principles. This will really help when you are thinking through the problems

	Teach the material
	Help your friends with their problems. It is very helpful to try to teach the material to others. It will go to great lengths to consolidate the material for you. 

You can also try to do this alone as well. Try to teach the material to the wall, your teddy bear or whatever. You are not permitted any aids. See how far you can go. 

	Make good use of study time
	When you are studying avoid distractions and especially when you are with your friends watch out for too much gabbing or complaining how “hard”, “boring”, “unfair”, “insert word here” , this course / teacher is. It is a waste of your time. Venting is important, but a venting is usually a short burst of steam not a continual flow. You need that time to learn not to complain. If you are being stretched academically then it is going to hurt a bit and the measure of your character is what you do about it. 

	Copy out Notes
	I am not a particular fan of this strategy. I do not think that it is very helpful in this type of course and it does take a lot of time. Problem solving is what we do and I strongly recommend that you take excellent notes in class and use them. 


10.3. Taking the Test

Taking a test is a time for anxiety of many students. You should NOT see it this way. While some butterflies might be there, you should be looking forward to showing the teacher what you know. You should be proud of the effort that you put into the work and ready to show how far you have come. Remember in your career tests will come regularly, be of a different sort than school and many will be unannounced. Failure on these can cost you a job. You need to learn now how to strive for excellence. 

10.3.1. Pace

For students marks are like money in the real world. Teachers try pretty hard to give marks on a test based on either the difficulty or the length of time that they reasonably expect their students to complete a longer question. With word problems, they are often marked out the same value even though some are harder than others. 

Although you may not believe it, you have a fair amount of control over how a test is written. You have complete flexibility about answering the questions in any order and checking your work. Take full advantage of this. Some advice

	Issue
	Particulars

	How much time do I spend on a question?
	Take the total marks available in a test and then divide this by the number of minutes that you are allowed for the test. For example a 1-hour test with 40 marks. 40 / 60 = 0.67 marks per minute or 1.3 minutes per mark. 

Now when you start a new question, especially those that require some consideration, consider how much time you have. If the question has 5 marks, then in the above example you should finish it in about 6.5 minutes. If you have not made meaningful progress in half this time LEAVE IT. Your solution is probably wrong anyway. You are then spending the right amount of time on the problem. I realize that on a test that is a hard thing to do! Nevertheless, do it you must! Get on to another question and repeat the process. Circle the number of the question you could not do so that you know you have to return to this question if you have the time to do so. You should only return to such a questions if you have properly answered every other question on the paper that you perceive is easier than this one. 

With simple multiple choice or fill in the blank worth say 1 mark each in the above example, time yourself over 5 of them or so. Make sure that you are not falling behind the time pace early in the test. This will cause you great stress later on.

Make sure that you do the easiest questions for you right away! Usually questions that you KNOW the answer to will be completed much faster and are far better bet for high marks. This will buy you some time to work on the problems that are harder for you.

	Which questions should I answer first?
	Read the entire test first. You should never be surprised at the end of a test that there is an easy question that you failed to answer, because you ran out of time. Answering all the easy questions first is good business for two reasons. First, you gain confidence that you are getting some marks and that the entire thing will not be a disaster and second is that you will buy time on the test early by solving problems you know with far greater temporal efficiency. 

If you see a complicated question that you probably know how to answer, leave it for a while. Let yourself get into the swing of the test with the easy quick answer questions before you try a tricky but “doable” question. An example of this type might be a electric circuit analysis or even a heat problem or a complicated static force question or one of those 2D vector motion questions about the heading of airplanes flying in a wind from some arbitrary direction

Never hand in your paper early unless, (a) you know you have perfect (b) You are completely out of your element.

	Checking my work 
	Sometimes there are quick ways to make sure that your answer is correct. You might see if the units of your derivation are in fact the units of the variable you are deriving. You can check that you wrote down the information correctly by reading your givens list backward and checking the question. You need to check your work in a manner different from the way in which you solved it. 

Do not make your check routine elaborate. You can make mistakes here as well causing you the unfortunate decision to cross out (NEVER erase) a correct answer. 

	The little things
	When you need a break, check you paper for the correct units. Check the labelling of axes, diagrams and metric conversions to mks. If you check your paper ONLY for these things it is fairly easy to find them. This could be 2 or 3 marks easily, on a paper out of 40 marks. You may not think you have the time, but this is very good investment as these are EASY marks 


10.3.2. Anxiety

Anxiety before a test can be paralyzing. You put pressure on yourself perhaps due to the university destination you are seeking. Parents can also add to this. To do your best you need to relax. The following sections may help you with your approach to this issue. 

10.3.2.1. Before

You NEED a good sleep the night before a major evaluation. If you have been irresponsible and did not prepare adequately, cramming all night will make little difference, because your brain will be so sleep deprived you will get things wrong that you should have gotten right. Review the night before if you must, but go to bed at the same time and awake refreshed. You also need some good food to make you as sharp as possible. 

When you get to the exam site, the common trait is to study right up to the last minute. This can greatly increase your stress as you inevitably go over something that you feel you will not remember. Writing a final examination especially in university, is a very daunting undertaking. Just before the event, it is common to think about the ENTIRE exam and how impossible it all seems to remember. This can be a problem during the first part of the test, as you are not thinking completely clearly. I have recommended in the past for students to stop studying an hour or so before the exam and do something looser, such as read a book or a newspaper, something to distract you a little bit. You will not stew as much and may do better. 

You also need to concentrate on reducing the effect that these kinds of evaluations have on you. There will be many days in your life like this, prepare, write a smart test and accept the result, learn from it and move on. You will not die, be injured, lose a family member, get robbed or anything else. Put evaluations in perspective; the exam attempts to measure your ability in physics not your worth as a human being.

10.3.2.2. During the Test

Some people bring good luck charms or whatever to such events. Do what you have to centre your mind. Again, do the easy problems first. You are expected to get them perfect so TAKE YOUR TIME. It is so unfortunate to read exam or test papers where a dedicated student blows a whole bunch of easy questions due to stress. It is your job to ensure that the results on a test are the best of which you are capable. This has nothing to do with what other students are doing. Do not compare yourself to others in this way unless you like the competition. 

10.3.2.3. After the Test or Examination 

One of the common things students do after a major test is to discuss the answers they gave with their friends. I strongly recommend against this. I think this is fine AFTER the test has been marked, but I feel that it is unfair to you to ask others what they answered for question such and such. You are looking for instant feedback and your colleagues are largely NOT going to get 100% so their views are unreliable as well. The only thing you can be sure of that you will typically get zero for any question you have left blank. I suggest talking about any subject other than the test after a test. This other situation does you no good at all. Remember, after a demanding series of examinations you will be tired thinking this hard. Take care of yourself. 

When you get your exam back check it over very carefully and understand the solutions that you did not get. 

11. Final Words

I realize this guide is a lengthy one, but there are many useful things in here regardless of the challenges you may have with this subject. You may think my ideas are too much, but all I can say is that I want you to KNOW what you are doing so that you can be successful in the future especially if you study this subject at university. Good Luck.

Henri M. van Bemmel B.Sc.

Toronto 19 Dec 2004
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