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Purpose of this package

The exercises in this SPH4U introductory package are intended to give a brief refresher in some of the skills required to study physics at the grade 12 university preparation level. These topics are those with which a student should already be comfortable before attempting the grade 12 course. These topics will not be covered specifically during regular instruction.

The Ontario Ministry of Education describes the grade 12 physics course as follows:

This course enables students to deepen their understanding of the concepts and theories of physics. Students will explore further the laws of dynamics and energy transformations, and will investigate electrical, gravitational, and magnetic fields; electromagnetic radiation; and the interface between energy and matter. They will further develop inquiry skills, learning, for example, how the interpretation of experimental data can provide indirect evidence to support the development of a scientific model. Students will also consider the impact on society and the environment of technological applications of physics.

The prerequisite for this course is grade 11 university preparation physics (SPH3U). It is important to note, however, that a thorough understanding of mathematics at at least the grade 10 level (MPM2D minimum, MCR3U better) is also required to tackle the material in this course. 

Some rules of thumb:

· As you proceed through the material in this package, be honest with yourself as to how familiar the topics are to you. The amount of instruction given in this package for each topic should be sufficient for someone needing only a refresher in the material. These examples are not intended to teach the material for the first time. If you are finding that you need more instruction than appears here on several topics you may want to consider taking a course before grade 12 physics (options include grade 10 academic math, MPM2D, grade 11 university preparation math, MCR3U, and grade 11 physics, SPH3U). Please note that physics at a first year university level requires the use of calculus (MCV4U) although it is possible to successfully complete this grade 12 course without using calculus.

· Be aware of the requirements of the post-secondary program in which you wish to enrol. Most college programs require the grade 12 college level course, SPH4C. Colleges are not able to translate a grade in one course to another. For example: if you earned a 60% in this course (SPH4U) but needed a 65% in SPH4C to qualify for your program, a college will be forced to use the grade of 60% for the SPH4C requirement, even though the 4U course was more comprehensive than a 4C would have been. The SPH4C course is also offered through Continuing Education.

· Most importantly, do not become discouraged. There are many opportunities for extra help and support at Continuing Education if a certain topic presents you with difficulties.

Basic Math Skills and Rules for Significant Figures

1. Manipulating fractions

Ex. A. Multiplying/Dividing
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At this point it is best to cancel what you can from top and bottom of the fraction. It will make expressing the result in lowest terms easier. Since 3 and 6 are divisible by 3, and every term is being multiplied in both numerator and denominator, we can express the fraction as:

.
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which is conveniently already in lowest terms.

Ex. B. Adding/Subtracting
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Ex. C. Fractions of fractions (nothing to worry about!)
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which is again already in lowest terms.

Further practice (if you need it): First try to do the above examples without looking at the worked solutions. Then, if you need more practice, try the following (remember that any whole number, like 5, can be written as a fraction, 5/1 (which means 5 divided by 1, and anything divided by 1 is itself):
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	Answers
	1.   3/5
	2.   -11/65
	3.   33/40
	4.   8/11


2. BEDMAS and polynomial algebra

Ex. A. Expand and simplify 
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Ex. B. Expand and simplify 
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Ex. C. Expand and simplify 
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Further practice (if you need it): First try to do the above examples without looking at the worked solutions. Then, if you need more practice, try the following (you can find even more practice if you look up polynomial simplification in Google).
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	Answers
	1. 
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3. Factoring
Common Factoring

Ex. A. Factor 
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Ex. B. Factor: 
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Factoring trinomials
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Ex. C. Factor 
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If you need further practice with factoring, first go over these examples and try them on your own without looking at the solutions. Then, if you need even more practice, try “Googling” Factoring trinomials. There will be literally hundreds of tutorials and practice problems you can try.

Significant Figures (also known as Significant Digits) Rules:

Multiplying and Dividing

1. All non-zero digits are always significant.

Ex. a. 1234 (4 sf)
b. 0.1234 (4 sf)
c. 1.234 (4 sf)

2. All numbers before the “x 10x” part in scientific notation are always significant.

Ex. a. 1.01 x 10-4 (3 sf)
b. 2.00 x 10-2 (3 sf)

c. 100 x 103 (3 sf)

3. All zeroes in between non-zero digits are always significant (even if they appear after a decimal).

Ex. a. 1.000001 (7 sf)
b. 10034.1 (6 sf)
c. 203 (3 sf)

4. All zeros that appear after a decimal are significant except if there are no non-zero digits before the decimal.

Ex. a. 12.000 (5 sf)

b. 125.0210 (7 sf)

c. 0.00230 (3 sf)

5. Zeros that appear after a non-zero digit but before the decimal when there are no digits after the decimal are assumed to be NON-significant. If you need them to be significant in your answer, use scientific notation.
Ex. a. 200 (1 sf)
b. 2.0 x 102 (2 sf)
c. 2.00 x 102 (3 sf)
d. 2.000 x 102 (4 sf)
e. 200.0 (4 sf)

Note 1: NEVER round any number you plan to use in a future calculation to sig figs. ONLY ever round your final answers to sig figs.

Note 2: When employing sig figs in labs, the number of sig figs in your measured data is up to you! You must decide how accurate your measurements are. Sometimes this is easy, say, when you use an electric scale that measures to 2 decimal places. When you are measuring volumes using a burette or graduated cylinder, you will have to decide to what degree of accuracy you can measure (i.e. if the gradations on a graduated cylinder are by the mL, you may be able to measure to the tenth of a mL…)

Adding and Subtracting

1. Add/subtract all numbers using all decimal places. Round your answer to the number of decimal places in the least accurate number you used (or to the largest placeholder).

Ex. a. 120.3 + 23.25 + 333.005 = 476.555 (round to 476.6)


      b. 100 + 123 + 56.5 = 279.5 (round to 300)
Significant Figures Practice

1.  How many significant digits are in the following measurements?

a)  23.30 cm 

b)  1843.02 g 

c)  3.66 kg 

d)  0.0037 m

e)  705000 s

2. Complete these addition problems.

a) 6.201 cm + 7.4 cm + 0.68 cm + 12.0 cm = 

b)  1884 kg + 0.94 kg + 1.0 kg + 9.778 kg =

c)  16. 156 g + 28.2 g + 0.0058 g + 9.44 g =

3.  Complete these subtraction problems.

a)  10.8 g – 8.264 g = 

b)  2104.1 m – 463.09 m =

c)  16.50 mL – 8.0 mL =

4.  Complete these multiplication problems.

a)  10.19 m x 0.013 m = 

b)  3.2145 km x 4.23 km = 

c) (7.50 x 106 m)(2.2 x 10-3 m) = 

5.  Complete these division problems.

a)  80.23 m 

 

     
     2.4 s

     

b)  4.301 kg

      1.9 cm3 

c) 6.6 x 108 m

      2.31 x 10-2 s

More practice? Google significant digits or significant figures. There are literally thousands of practice pages.

Significant Digits Practice Answers

1.  
a) 4 sd


b)  6 sd


c)  3 sd


d) 2 sd


e)  3 sd


2.
a)  26.3 cm

b)  1896 kg

c)  53.8 g

3.  
a)  2.5 g

b)  1641.0 m

c)  8.5 mL

4.  
a)  0.13m2

b)  13.6 km2

c)  1.7 x 104 m2
5.  
a)  33 m/s

b)  2.3 kg/cm3

c)  2.9 x 1010 m/s

Linear Functions and Equations

A linear function is a relationship between two variables both to the power of 1. When you graph a linear function you can see this relationship as a line. There are three main things that help you describe the function: The SLOPE, the Y-INTERCEPT and the X-INTERCEPT.

The most common way to represent a linear function is the SLOPE/Y-INTERCEPT method:
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where y is the dependent variable (like stock price, or distance travelled, or temperature, or number of hours of sunlight in a day), m is the slope, x is the independent variable (like time) and b is the y-intercept. 

Below are some examples of linear functions with their equations:
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A linear equation is a mathematical representation of a function, but having set one of the variables to a certain value. 

Ex. A. Say you had a function relating stock price (y, in dollars) to time (x, in months), and that function was y = -2x + 20. 

a. When will the price of the stock be exactly $12.50? 

b. What price does the stock start at? 

c. When will the stock be worthless?

d. If someone had told you the function of the value of this stock over time before you bought it, should you have bought this stock?

a. y represents the price of the stock. If that price is to be 12.50, we simply substitute that number into the function and get the corresponding linear equation in which we can solve for x:
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So, after 3.75 months the stock will be worth $12.50.

b. The “start time” for the stock is when time is = 0 months. Here, substitute 0 for x into the function to get a linear equation in y, and then solve for y.
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So the stock price started at $20.00. 

c. The stock will be worthless when it has a value of $0.00. Substitute 0 for y and solve for x.
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So after 10 months the stock will be worthless.

d. The relationship between the price and the time that passes is defined by the slope of the function. In this case the slope is -2 (y = -2x + 20), indicating that as x increases, y decreases. Since x is time and y is value, the stock is doomed to lose value over time, and it was a bad idea to buy it in the first place.

More practice? Try the following:

Graph 
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a. What are the slope, the x-intercept and the y-intercept?

b. Which would you rather have this function represent, your net income in thousands of dollars over time, or the bacteria count in a throat culture taken when you had strep throat. Why?

-3/5, 5/3, 1, bacteria

Quadratic Functions and Equations

A quadratic function is a relationship between two variables where the independent variable is raised to a power of 2. When you graph a quadratic function you can see this relationship as a parabola. There are three main things that help you describe the function: The VERTEX, the Y-INTERCEPT and the X-INTERCEPT(S). There can be 0, 1 or 2 x-intercepts. The x-intercepts are often called roots, or, when solving quadratic equations, solutions.

There are three common ways to represent a quadratic function:

1. The standard form: 
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2. The factored form: 
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3. The vertex form: 
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Here s and t represent the x-intercepts, the vertex is at (h, k) and the sign of a tells you if the parabola points up (+a) or down (-a). Here are some examples with equations:
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The function on the left has a vertex at (2, -2), points up (a is +0.5) and x-intercepts at 0 and 4. The function on the right has a vertex at (1, -2), points down (a is -1) but has no x-intercepts, therefore no factored form of its equation. If the vertex lies on the x-axis there will be only one x-intercept and the factored form will look like y = a(x – s)2, or           y = a(x – s)(x – s) where s is the only root.

A quadratic equation is a mathematical representation of a function, but having set one of the variables to a certain value. In physics it is useful (but in this course not essential) to be able to convert between one form of the quadratic function and another. For practice doing this ask your instructor. You will find, however, that most of the time you will be using quadratic functions and equations in the standard form (form #1 above). 

Ex. A. Say you had a function relating height of a ball (y, in meters) to time (x, in seconds), and that function was y = –4.9x2 + 10x + 30. Find:

a. The starting height of the ball

b. The time to reach the final height of the ball.

c. The maximum height of the ball

Here is a picture of the function that describes our equation, y = -4.9x2 + 10x + 30
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Our problem, however, does not describe this entire function, but only the height of a ball. In terms of the picture above, the equation we want only needs to exist between time zero, the point at which the ball begins to move, and a height of 0, where the ball hits the ground. 

[image: image43.wmf]y = -4.9x^2 + 10x + 30

for the time of our problem

-5

0

5

10

15

20

25

30

35

40

0

1

2

3

4


a. The starting height of the ball:

From the graph it looks like the ball starts at time 0 from a height of 30 m. To be exactly sure though, we need the equation. We will simply substitute a value of 0 for x (time) in our equation and see what y equals:
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So we were right. The ball starts at a height of 30 m.

b. The time it takes to reach the final height of our ball (the ground, or 0 m) can be estimated from our graph, or calculated exactly from our equation. From the graph it looks like it takes about 3.7 s for the ball to hit the ground (the x-axis here, or when y, the height = 0). To be sure though we need to substitute the value of 0 for y in our equation and solve for x:
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So our estimate from the graph was pretty close. The ball hits the ground at approximately 3.697s. The negative root is meaningless in our problem (but does describe a real root of the function we used).

c. The maximum height looks to be about 35 m from our graph, but in order to solve this problem exactly we need to do one of two things: use an equation of motion (this will be addressed in a further section of this package), or find the vertex of our function. The y value of the vertex represents our maximum height. The quickest way to find the vertex is to realize that its x value is exactly in between the two x-intercepts. We’ll average those values to get the x value of the vertex, and then sub that x value into our equation to get the y value.
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So again our estimate is close and the actual max height is approximately 35.1 m.

 Solving Systems of Equations

Sometimes you are given a situation in which you have more than one variable to solve. You must have at least as many equations as variables in order to solve explicitly for each variable. In this course those equations may be either linear or quadratic. Here are some examples:

Ex. A. What is the point of intersection of the two functions y = 2x + 1 and y = x – 1? (Note: another common way of asking this question in physics is to say “solve the system of equations given by the following functions”.)
Here we have 2 variables and 2 equations, so we can solve for both y and x. The most common way to solve these types of systems is to get one variable expressed as the other, and then set both equal to one another and solve. 

Here we have y already expressed as a function of x in both equations, so, 
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So the solution to the system, or the point of intersection of these two lines is (-2, -3)

Further practice:

Find the solutions to the following systems of equations:
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	Answers
	1.   infinite solutions
	2.   (1/4, -1/4)
	3.   (2, 3)


Ex. B. Solve the system of equations y = x + 1 and y -x = x2. 
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So, there are two solutions: (1, 2) and (-1, 0). 

Further practice? Try these:
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	Answers
	1.   no solution
	2.   (-1, -1)
	3.   (2, 3) and (-2, -15/3)


Angle Theorems

When solving vector problems in this course you will need to find the values of unknown angles, usually in fairly simple situations. In order to do this successfully you need to know a few angle theorems: The Opposite angle theorem, the Parallel line angle theorem, the Complementary angle theorem and the Supplemental angle theorem, as well as some angles truths about triangles.
Opposite angle theorem: 2 intersecting lines produce 2 sets of equal opposite angles:


Ex. A.  Find :

From the opposite angle theorem  must be 23(.
Supplementary angle theorem: a straight line represents 180(:



Ex. B.  Find :

From the opposite angle theorem  must be 23( (180( –  = 157().
Complementary angle theorem: a right triangle’s non-90( angles add to 90(. More generally, the sum of the interior angles of a triangle sum to 180(:


Ex. C.  Find :

 must be 33( (180( – 123( = 57(, 90( - 57( = 33(, or 180( - 90( - 57( = 33().

Parallel line theorem: a line intersecting two parallel lines makes a pattern of equivalent angles as shown in the diagram below:

Ex. D.  Find :

 must be 97(...

For further practice “Google” angle theorem or angle theorem worksheets. There are thousands out there with solutions available. 



Basic Trigonometry

In a right triangle (one with one 90( angle) the ratios of the sides of the triangle are defined with specific names: sine (sin) cosine (cos) and tangent (tan). These ratios are all related to one another by the angle made by the respective sides. For angle  below, side x is called the adjacent side, side y the opposite side and side r the hypotenuse. For angle  below side x is called the opposite side, side y the adjacent side and side r the hypotenuse. The sides are further related by the Pythagorean theorem, x2 + y2 = r2. The size of the angle will define the ratio of the sides to one another. Your calculator knows these ratios, so if you know the values of the sides, you can find the value of the angles and vice versa. For this course it is sufficient to know the following diagram.
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Ex. A. Find the value of and x: 
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For further practice, “Google” trigonometry worksheets. There are thousands of them with solutions.

Sine and Cosine Laws

In non-right triangles the relationships between sides and angles are a bit more complex. There are two laws that help you figure out unknown side lengths and angles in a non-right triangle, the sine law and the cosine law. (Note: these laws also work for right triangles, but the basic ratios above are simpler to use).

Sine law:

For the triangle in the diagram below, the following relationships hold:
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Cosine law:
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Ex. A. Find all unknown sides and angles in the triangle below:


We have to start by using the cosine law because we don’t have the

right type of angle/opposite side info we need to use the sine law…
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Try to find on your own. If you need more practice, again, the Internet is full of worksheets you can try. (The value of  is 13.1( and there is an easy way and a hard way to find it ;)

Vectors vs. Scalars and Basic Vector Math

A scalar is a number just like you are used to, like 4 or 9. 4 + 9 = 13. 4 – 9 = -5. 

A vector is a number with a direction attached, like 4 m [to the North], or 9 m/s [South]. If vectors are added and subtracted, you need to take their directions into account. 

We use arrows to depict vectors. Before we add or subtract vectors, we have to draw a picture of them to be sure what we are looking for. We draw the vectors starting with the first, and then arranging the tail of the second vector to the head of the first. The resultant vector is the value of the distance between the tail of the first vector to the head of the second. 

Vectors being added in 1 dimension work similarly to scalars. 

Ex. A. What is the resultant displacement of a woman who walks 3 m [West] and then 4 m [West]?


Vector picture: 

From our picture is it clear the overall displacement is 7 m [West]

Ex. B. What is the resultant displacement of a woman who walks 3 m [West] and then 4 m [East]?


Vector picture:

From our picture is seems like the resultant vector is 1 m [East]. The easiest way to add these vectors is to express them using the same direction. We can call east negative west and vice versa. So, we can say that the woman walks 3 m [West] and then -4 m [West] and do the scalar addition to get 3 + (-4) = -1 m [West] or in other words 1 m [East].

Vectors being added in 2 dimensions requires trigonometry.

Ex. C. What is the resultant displacement of a man walking first 4 m [North] and then 5 m [East]?

Vector picture: 

The resultant displacement is related to the other displacements through the Pythagorean theorem. 

R2 = 42 + 52
R = 6.4 m

The resultant vector also has a direction that we must determine. The direction from our picture is north, ( East, so we must use trigonometry to solve for . 
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So our answer is the man’s final displacement is 6.4 m [North 51( East].

(Note: we aren’t worrying about significant figures as well just yet).

Further practice:

1. How far does an elephant have to walk if it travels 45 km [South] and then 25 km [East] to get to a watering hole?

2. How far and in what direction would a vulture have to go if it could fly directly from where the elephant starts to the watering hole?

Answer: 1. 70 km
2. 51 km [South 29( East]
Energy, Time and Power

Energy, time and power are all related through a very simple equation:


[image: image67.wmf]  

P

=

E

t


where power, P is measured in Watts (W) or in Joules/second

energy is measured in Joules (J)

time is measured in seconds (s)

The more energy you can put in per second, the more power you have. If you put in a lot of energy in a short period of time, you have more power. Think about how “powerful” a push would be if you took a. 1 s to deliver the push, or b. 1 hour to deliver the same amount of energy. There is much less power felt in the second scenario.

Ex. A. How much power do you generate (in Watts) if you can deliver 1000 J in 25 s?
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Ex. B. How much power do you generate (in kilowatts) 

if you can deliver 1000 MJ in 25 h?
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Further practice:

How much energy (in mJ) do you use if you generate 25 cW of power in 2 minutes?

Answer: 30000 mJ
Electricity Basics (Current, Charge, Conductivity)

Electrons carry electric current. Since electrons carry a negative charge, current can be defined as the number of electrons that pass a given point per second.

Current is measured in Coulombs (C) per second, or Amperes (A). 1 Amp is equal to one Coulomb’s worth of electric charge passing a given point in 1 second. 1 Coulomb’s worth of charge is = 6.24151 x 1018 electrons, or in other words an electron carries a charge of approximately 1.61 x 10-19 C.

The direction current is said to travel is very confusing in physics. Current is actually due to the motion of electrons, negative charges. Positive charges (due to protons in the nuclei of atoms) DO NOT MOVE. Physicists define current, however, as the direction of motion of positive charge. This is due to a mistake made by physicists long ago that no one bothered to correct (since everyone “in the know” knew what was going on anyway). So, what you have to remember as a new physicist is that current will be defined to go in the opposite direction that you know the electrons are moving. 

You can give objects charge several ways. If an object doesn’t conduct electricity very well you can charge it by rubbing it with another object that has a different affinity for electrons. If the affinity is lower in the first object, it will lose electrons and become positive after rubbing. If the affinity is higher in the first object, it will gain electrons and become negative after rubbing.

If the objects conduct electricity, i.e. let electrons pass freely through them, all you need to do is touch a charged object to the conductor and you will give the conductor the same charge. Remember this is due to the motion of electrons, so if the original object had a positive charge, it had a deficit of electrons and the conductor will try and neutralize the object by giving it some of it’s (the conductor’s) electrons. In doing so the object become less positive, but is still positively charged. The conductor becomes slightly positive. If an object has a negative charge, it has a surplus of electrons and the electrons will flow into the conductor upon contact, giving the conductor a smaller negative charge (and lessening the charge on the object, although not getting rid of it totally). 

If a conductor is attached to the ground, electrons will flow through it freely without ever giving the conductor a net charge. In this way you can neutralize a charged object by touching it to a conductor attached to the ground. If the object was positively charged, electrons will come from the ground, through the conductor and into the object until it is neutral. If the object was negatively charged, the surplus electrons will flow through the conductor into the ground until the object is neutral. The ground can be thought of as an endless supply of electrons (this isn’t completely true, but for most purposes it is close enough). 

Basic Atomic Structure (Protons, Neutrons, Electrons)
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An atom consists of 3 main particles, neutrons, protons (both in the nucleus) and electrons, that sort of orbit around the nucleus. Each atom has a unique atomic number. This number tells you how many protons are in the nucleus. Protons carry a positive charge. These positive charges are balanced by electrons, which have a negative charge. Therefore, every atom has a different number of electrons in it. These electrons exist in “orbital shells” each a different distance from the nucleus. The further you get from the nucleus, the larger the orbital shells have to be, and the more electrons that can be accommodated per shell (in general). These orbitals correspond to different amounts of electric potential energy. We will look in detail at these energy levels and what they mean in this course. 

Newton’s Laws of Motion (F = ma)

and Kinematics

There are three basic equations of motion from which all other equations you will use in the course are developed. The first is for motion with no change in velocity (i.e. no acceleration).

1. 
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 where d is displacement in m, v is velocity in m/s and time is in s.

The second is an equation for average velocity and how it is related to displacement. In this equation there is a change in velocity, and therefore an acceleration (although acceleration doesn’t appear in this equation). 

2. 
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  where d is displacement in m, vf is the final velocity in m/s and vi is the initial velocity.

The third equation is for average acceleration. Acceleration is defined as the change in velocity over time. 

3. 
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Notice two things: first, these are vector equations, which means we will often have to take direction of motion into account. Second, there are 5 parameters we need to worry about, acceleration (a), displacement (d), time (t), initial velocity (vi) and final velocity (vf). In the first days of class we will try to develop equations that will allow us to find each of these parameters given we have just three of the others. 

Here I will show you a derivation of one of the equations of motion with which you should already be familiar, displacement in terms of initial velocity, time and acceleration. 
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The other equations of motion are (in their most common forms):
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Before you begin the physics course, see if you can derive each of these equations from equations 2 and 3 above, similar to how this example was done.

Question: KLM jumbo jet flies around the world (a distance of 40000 km) going west while a Qantas jumbo jet flies around the world in the other direction starting at the same time. The KLM jet covers half its flight distance at a speed of 2500 km/h and the other half of its distance at 1000 km/h. The Qantas jet spends half its flight time  at 2500 km/h and the other half of its time at 1000 km/h. Who finishes first, and by how much?

Answer: The Qantas jet finishes 5.14 h ahead of the KLM jet.

What causes a change in velocity (i.e. an acceleration)? In short, an unbalanced force. The most useful equation you will have in this course is how force is related to acceleration. Fortunately it is very simple:
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where F is force in Newtons (N)

m is mass in kilograms (kg)

a is acceleration in meters/second/second (m/s2)

You should have already seen this equation, but we will spend a lot of time going over the implications and applications of it in this course too.
Notice that the = sign is placed vertically. This is typical when you are simplifying rather than solving an equation, where the = sign will often be placed horizontally with the numbers and variables.








Notice here that you cannot divide out a 5 from 30 and 35 because not all the terms in the numerator and denominator are being multiplied together. Compare this with Ex. A. above.








Here we are finding the lowest common denominator, essential to adding or subtracting fractions. You must remember to multiply both the top and bottom of each fraction by the number you are using to get the common denominator (i.e. you are really just multiplying each fraction by 1 because anything over itself (i.e. anything divided by itself) = 1).








Many people become confused when they see fractions over fractions. All a fraction means is to divide, i.e. 2/5 means take 2 and divide it by 5. The same applies to fractions over fractions. Just write them out with the dividing sign instead to simplify the expression, and carry on simplifying the numerator and denominator exactly as in the previous examples.








Here the numerator is just like example B above. The denominator is written in a strange way at first: 3/5/6/7. All this means is that one must take 3/5 and divide it by 6/7. The denominator is now exactly like Ex. A above.








Remember to put negative terms in brackets when manipulating them in an expression or equation. Here 7/10 is being divided by negative 9/35, which means the entire expression becomes negative (that’s why the negative sign is moved to the front of the expression in the next line).








5 divides into both 35 and 10…








Here again we have a fraction over a fraction. All this is saying to do is take 7/10 and divide it by negative 9/35, which is written out less confusingly in the next line.








BEDMAS stands for Brackets, Exponents, Division/Multiplication, Addition/Subtraction. It reminds you which operation to perform on a polynomial expression first, second, third etc. Here we add the a + 2a in the interior brackets first, then apply the exponent 2 to the resulting algebraic term 3a in those brackets. Note that you must put both the 3 and the a to the power of 2 to get 9a2, not 3a2 or 9a. Many people forget one or the other.





We then multiply each term in the first set of brackets with each term in the second set.








Finally we combine like terms (terms with the same power of the variable) to get our final simplified expression.








It’s easiest to expand the binomials first, then apply the monomial (in this case, 2) to the simplified result in the brackets. You can instead multiply the 2 into the first bracket and then expand the binomials, but don’t multiply the 2 into both sets of brackets and then expand. You will have multiplied the expression by an extra factor of 2.





Don’t forget that an exponent applied to a polynomial applies to the entire polynomial, not just individual terms inside it (i.e. (3y + 1)3 does not equal (3y)3 + 13…





Look for common multiples in all the terms and divide them out and put them in front. It is exactly the opposite process of expanding and simplifying.





Just treat the numerator and denominator separately and proceed as in Ex. A. above.





First get the product of the squared coefficient (here it’s 2) and the number not multiplying the variable (here it’s -10, the sign is very important). Here that product is -20. 





Next make a table of all the factors of the product, and the sum of those two numbers. If you find a combination that adds to the coefficient of the middle term (here it’s -1), you can factor the expression. Here 4 and -5 multiply to give -20 and add to give -1.





Re-write the expression using the two factors, then common factor what you can out of the first two terms (here we can take out 2x), then the last 2 terms (we can take out -5).





The binomials left over (here (x+2) will always be identical. These binomials are now a common factor of each of the terms 2x and -5, so we take the whole binomial out as a common factor to get our fully factored expression





Notice here and when expressing functions that the “=” sign is placed in line with the terms, unlike when you are simply expanding and simplifying or factoring as in previous exercises. It is actually uncommon to simply factor or simplify expressions by themselves. Usually expanding or factoring is something you do to help you solve an equation, so seeing things written out as you see here (and in later exercises) is much more common.





Here we must use the quadratic formula to solve for x. The quadratic formula is a quick way to solve for x when you have a quadratic equation in standard form. Here, a = -4.9, b = 10 and c = 30. 


Notice that the quadratic formula will give 2 answers (if the number under the square root sign is greater than 0). Each answer represents one of the x-intercepts of the function above, but as we can see from the picture of our problem, only one of the x-intercepts is of interest to us (the positive intercept, representing positive time (negative time does not exist)).





Notice the squiggly equals signs. These are appropriate to use when you have rounded a number, like a non-terminating decimal, and used it in further calculations. It’s always best to keep as many decimal places as you can until you round your final answer to as many significant digits are appropriate, but sometimes rounding before that final step is unavoidable.





Since at our point of intersection y from one line = the y from the other, we can say that y = y. Since y’s are equal, what they equal must also be equal.





Once we’ve solved for x, we substitute that value back into either equation for y. It doesn’t matter which one. They will both give the same answer (convince yourself of this by substituting x = -2 into y = 2x + 1 instead…





Here it is possible and easiest to solve by a factoring method since x2- 1 is an easily recognizable difference of squares. We could have also use the quadratic formula. It is always possible, although not always easiest to use the quadratic formula to get the solutions of these systems, or to find the roots of a function, if they actually exist. 





Note that there are two solutions here. This means that the line and the parabola intersect twice. It is also possible that the line and parabola intersect only once (if the line passes through the vertex of the parabola), or that they don’t intersect at all, in which case we wouldn’t have found any solutions to our system (we would have gotten a nonsense answer like 2 = 5, which is never true). 





Since we don’t want vf in this particular equation, we can solve for it in two independent equations and set those equal to one another (see section on solving systems of equations for pointers). 


Next it’s just solving the equation for d (the most common form of this equation). 
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