AP® Physics 1
Boughton
AP® Physics 1
Summer Reading and Review Worksheets
Part 1: Algebra and Units Practice

Review the information contained in the pdf and complete the 16 problems (also found in the attached pdf, Mathematics for Physics). 


Numerical answers are at the end, but YOU MUST SHOW ALL WORK here in order to receive 
credit.


The table below represents the salary that Petra earns for various hours of work if she is paid $24 an hour.
[image: ]
In this example, an algebraic expression is used to represent a number pattern. The pattern is described
using a general rule or equation: Salary Earned = 24n
Question 1:
a. Using the provided formula, calculate Petra’s earnings after working 12 hours.







b. Describe the formula in sentence form








Question 2:
a. Create a general rule for the pattern below relating “number of triangles” to “number of matches”, using algebra where:

n = Number of triangles
m = Number of matches
[image: ]


b. Using your formula, calculate the number of matches required for 10 triangles


c. How many triangles could be created with 60 matches?
    (If you are uncertain about rearranging the equation, see page 10 on the attachment)



d. Describe the formula in sentence form


Question 3:
a. Complete the table below and create a general rule using algebra to describe the pattern:

[image: A group of triangles with numbers

Description automatically generated]


b. Using your formula, calculate the number of matches required for 15 triangles



c. How many triangles could be created with 21 matches?



d. Describe your formula in sentence form



Question 4:
a. Complete the table below and create a general rule (in the form of ax2+bx+c) to describe the
pattern:
[image: A number with red dots

Description automatically generated]


b. Using your formula, calculate the number of dots required for a shape that is 10 dots wide



[Extension Question]
c. What width of shape could be created with 419 dots?
Hint: https://www.khanacademy.org/math/algebra/x2f8bb11595b61c86:quadratic-functions-equations






Question 5:
Here are some revision examples for practice:
a. 10 - 2 x 5 + 1 =



b. 10 x 5 ÷ 2 - 3 =



c. 12 x 2 - 2 x 7 =



d. 48 ÷ 6 x 2 - 4 =



e. What is the missing operation symbol 18 _ 3 x 2 + 2 = 14






Question 6
Simplify:
a. 3x + 2y - x





b. 3m + 2n + 3n - m - 7





c. 2x2 - 3x3 – x2 + 2x





Expand the brackets then collect like terms
d. 3(m + 2n) + 4(2m + n)





e. 4(x + 7) + 3(2x – 2)




Question 7
Solve for x:
a. x + 6 - 3 = 18



b. 7 = x + (-9)



c. x - 12 = (-3) 



d. 18 - x = 10 + (-6)



Question 8:
Solve the following to calculate the unknown variable:
a. 5x + 9 = 44




b.  + 12 = 30




c. 3y + 13 = 49




d. 4x - 10 = 42




e.    + 16 = 30


Question 9:
a. Using 
i. Given f = 3 and  = 9, calculate v



ii. Given v = 40 and  = 5, rearrange the equation to calculate f



iii. Given v = 60 and f = 3, rearrange the equation to calculate 



b. Using 
i. Given m = 12 and  = 4, calculate 



ii. Given   = 81 and   = 3, calculate m



iii. Given  = 48 and m=12, calculate 

c. Using  
i. Given Δt = 5 and Δ = 50, rearrange the equation to calculate 



ii. Given  = 5 and Δ = 30, rearrange the equation to calculate Δt



d. Using  
i. Given  = 60 and t = 12, calculate 



ii. Given   = 124 and   = 4, calculate t



e. Using 
i. Given  = 4416 and μ = 48, calculate 




ii. Given   = 1050 and  = 42, calculate μ




f. Using  

i. Given  = 15, = 25 and t = 10, calculate 



ii. Given  = 60, = 90 and  = 225, calculate t



g. Using 
i. Given v1 = 9, a = 6 and x = 12, calculate v2



ii. Given v2 = 10, a = 8, x = 4, calculate v1



iii. Given v2 = 12, a = 8, v1 = 8, calculate x



h. Using 
i. Given  = 96 and v=4, calculate m



Question 10:
	a. Convert 600 g to kilograms and milligrams



b. Convert 4.264 L to kiloliters and milliliters



c. Convert 670 cm to meters and kilometers



Question 11:
a. A baby elephant walks at a constant velocity of 0.5 m/sec, having a kinetic energy of 14.125J. What is the mass of the baby elephant?
	The formula for specific heat is: 
	Variables:
	Ek = Kinetic Energy = 320, 000J
	v = velocity = 0.5m/s
	m = mass in units kg




b. Calculate the mass of the baby elephant if it walks at a constant velocity of 2km/h?



Question 12:
a. A circle has an area of 25 cm, what is its radius? (A = πr2)


b. A circle has a circumference of 38 cm, what is its radius? (C = 2πr)


c. A cube has a volume of 125 mm3, what is its surface area?
(volume of a cube = length3 & area of one side of a cube = length2)




Question 13:
a. An airplane flies at 600km/h. It flew for 240min. How far did it travel in kilometers? ( )



b.    A force of 250N is applied to an object that accelerates at a rate of 5 . What is the mass of the 			object? (F=ma)



c.    A dropped object near the earth will accelerate downward at 9.8 . If the initial velocity (v0) 			is 1 m/s downward, what will be its velocity (v) at the end of t = 3 s? (v = at + v0)



Challenge Questions:
Question 14:
The security tower for a palace is on a small square piece of land 20m by 20m with a moat of width x meters the whole way around.
	a. Find an expression, in expanded form, for the entire area occupied by the moat and the land



b. Write an expression for the area of the moat.



Question 15:
A cheetah can accelerate from rest to a speed of 126 km/h in 7.00 s. What is its acceleration in  ?(v = at + v0)




Question 16:
Mercury has a density of 13.56 g/cm3. Calculate the weight of 2 L of mercury.
(, where  = density ())

Part 2: Introduction to Trigonometry

Review the information and complete the following 45 problems from the worksheet, Introduction to Trigonometry. 
Citation: www.newpaltz.k12.ny.us/Domain/91
a
b
c

The Pythagorean Theorem  
Remember that the Pythagorean Theorem gives us a relationship between 

the sides of a right triangle:    , where c is the hypotenuse 
of the triangle and a and b are the other two sides.

For # 1-6, find the missing side of each right triangle below.
	1) 
[image: A black triangle with numbers and a square

Description automatically generated]
example:  Find x:

                     
	2)3
4

 

	3)
[image: A triangle with numbers and a triangle

Description automatically generated]











	4) 
[image: A black triangle with numbers and a square

Description automatically generated]

	5) Find the length of PQ if QR is 7 and PR is 25.
[image: A triangle with text on it

Description automatically generated]













	
6)  Find the length of the hypotenuse if the two legs are 1 and .
[image: A triangle with text on it

Description automatically generated][image: A triangle with text on it

Description automatically generated]


What is trigonometry? Trigonometry (from Greek trigōnon "triangle" + metron "measure") is an ancient and very useful branch of mathematics that relates the SIDES of a triangle with the ANGLES of a triangle.  
Trigonometry is incredibly useful for determining heights of mountains, finding distances across lakes, surveying land, determining the height of tides, finding the distance between planets, and modeling sound waves, to name just a few examples.  Trigonometry is also used in music theory, architecture, engineering, astronomy, and in many other fields.  This list could go on and on!  Ms. Stewart used trigonometry when she built a deck on her house to get all the measurements and angles right!
[image: ]On the other side of this worksheet, we used the Pythagorean Theorem to find a missing side of a right triangle when given the other two sides. Now we will use trigonometry to find a missing side or angle when given a side and an angle or when given two sides of a right triangle. We will need to develop three trigonometric ratios: sine, cosine, and tangent, which are abbreviated sin, cos, and tan.
Look at the diagram on the right.  If we use angle A as our reference angle, then we can identify the sides that are adjacent (next to) that angle, the side that is opposite that angle, and the hypotenuse (which is always the longest side).x

	7) Label the sides adjacent, opposite and hypotenuse using x as the reference angle.
x


	8) Label the sides adjacent, opposite and hypotenuse using x as the reference angle.
x


	[image: A triangle with text on it

Description automatically generated]
9) Label the sides adjacent, opposite and hypotenuse using angle R as the reference angle.

	[image: A triangle with text on it

Description automatically generated]10)  Label the sides adjacent, opposite and hypotenuse using angle P as the reference angle.


Look at the diagrams that follow and see if you can discover how the ratios sine (sin), cosine (cos), and tangent (tan) work.  (Assume all the triangles are right triangles.)
	11) Label: adjacent, opposite and hypotenuse
[image: A triangle with numbers and a green rectangle

Description automatically generated]
	12) Label: adjacent, opposite and hypotenuse[image: A triangle with numbers and symbols

Description automatically generated]


	13) Label: adjacent, opposite and hypotenuse
[image: A triangle with numbers and symbols

Description automatically generated]
	14) Label: adjacent, opposite and hypotenuse
[image: A triangle with numbers and a line

Description automatically generated]

	15) Label: adjacent, opposite and hypotenuse
[image: A triangle with numbers and a line on it

Description automatically generated]
	16) Label: adjacent, opposite and hypotenuse
[image: A triangle with numbers and a line

Description automatically generated]



	Trig Ratios:

	

sin A =
	

cos A =
	

tan A = 

	where A represents the reference angle.














17)  Express each ratio as a fraction in lowest terms
[image: A triangle with a number and a square

Description automatically generated with medium confidence]
									


	





sin A° =						sin B° =

cos A° =						cos B° =

tan A° =						tan B° =

18)  What happens if you are given an angle and only one side and asked to find a different side? Try setting up the ratio you would use to find the missing side:
[image: A black triangle with numbers and a square

Description automatically generated]a) 								b)
[image: A line with the same angle

Description automatically generated with medium confidence]
	




							
Steps: to set up trigonometric ratios:
1st __________________________________
2nd __________________________________
3rd __________________________________
4th __________________________________






Examples: Set up the trigonometric ratio used to find the missing quantity:
	19)[image: A triangle with numbers and a rectangle

Description automatically generated]
	20) [image: A black and white triangle with black text

Description automatically generated]

	21[image: A black triangle with numbers and a square

Description automatically generated])


	22)
[image: A black line with numbers and a triangle

Description automatically generated with medium confidence]

	23) A 15-foot ladder is placed on the side of a building. The ladder makes an angle of 71° with the ground. Find the trig ratio you would use to find how high up the wall the ladder will reach.
	Show work here!




Practice: set up the trig ratio used to solve for the missing quantity:
	24)

[image: A triangle with a straight line

Description automatically generated]



	25) 
[image: A triangle with numbers and a square

Description automatically generated]

	26) 
[image: A black and white image of a triangle

Description automatically generated]

	27) 
[image: A black line with black text

Description automatically generated]


	28) 
[image: A black triangle with numbers

Description automatically generated]


	29)
 [image: A black and white triangle with numbers

Description automatically generated]



[image: A black triangle with numbers and a square

Description automatically generated]30)


												


Word problems: Draw a picture for each scenario and set up the problem.

31) An airplane rises at an angle of 12° with the ground. Set up the trig ratio you would use to find the distance it has flown when it has covered a horizontal distance of 1700 feet.





32) Michael and Jarrett are building a ramp for performing skateboard stunts. The ramp is 7 feet long and 3 feet high. Set up the trig ratio you would use to find the measure of the angle, x, that the ramp makes with the ground.





33) A surveyor needs to determine the distance across the pond shown in the accompanying diagram. She determines that the distance from her position to point P on the south shore of the pond is 175 meters and the angle from her position to point X on the north shore is 32°.  Set up the trig ratio you would use to determine the distance, PX, across the pond.

                                                                                                       [image: A diagram of a height

Description automatically generated]

				
Given that triangle ABC is a right triangle with hypotenuse c, find the missing length to the nearest tenth:

34) a = 12, b = 11, c =?					35) a = 8, c = 22, b =?										







Word problems:

36)  A building 14.5 m tall casts a shadow of 11.4 m along the level ground. At what angle do the rays of the sun hit the ground?  (Just set up the problem.  We’ll learn how to solve it next class!)








 

[image: ]37)  Victor’s doghouse is shaped like a tent.  The slanted sides are both 5 feet long and the bottom of the house is 6 feet across.  What is the height of his doghouse, in feet, at its [image: A triangle with numbers and a green line

Description automatically generated]tallest point? (Just set up the problem; don’t solve.)


           











Set up the appropriate trigonometric ratio for each triangle. DO NOT SOLVE!

	38) 
[image: A black triangle with numbers and a square

Description automatically generated]




	39) 
[image: A black triangle with numbers

Description automatically generated]

	40) 
[image: A black and white image of a triangle

Description automatically generated]

	41) 
[image: A black triangle with numbers and a circle

Description automatically generated]



42)  A 5.2 m ladder leans against a wall. The bottom of the ladder is 1.9 m from the wall. What angle does the ladder make with the ground? (Draw a picture and set up the problem; don’t solve.)




43)  Which of the following is a rational number but not an integer?




(a) 		(b) 		(c) 		(d) 


44) Simplify the expression: 


45) Universal set ={All fruit}
A = {apples, bananas, oranges, grapefruit, peaches} 
B = {lemons, peaches, apples}



									
Part 3: Laboratory Related Reading & Exercises
Read these two documents. (They will assist in completing the Laboratory Practice Exercises with Excel.)
Document#1: AP® Physics 1 and 2 Lab Investigations:


Document #2: Information webpage about Microsoft Excel:
http://physics.randolphcollege.edu/lab/IntroLab/Reference/exchint.html
Laboratory Practice Exercises with Excel
1. [bookmark: _Int_dl0w67wC]You need to see if you ran around the block 10 times AT A STEADY pace. Your friend, who was timing you, didn’t know about the “lap” feature of the stopwatch, so only recorded the total elapsed time for each block. You know, from past experience, that 10 of your blocks is the length of a standard race size known as a “5K”. (The data is on the first tab labeled “runner” of the attached Microsoft Excel spreadsheet below.)

a. What is the length of one block?
i. Write down a formula and explain in words how you got it.
ii. Use Excel to calculate the total distance length of the run at each time.
b. Calculate the average speed you ran.
i. What formula did you use for this? Show it using variable symbols and explain in words.
ii. Which of the variables would you consider to be independent, and which were dependent?
c. Now, using Excel to make a scatterplot of the distance vs. time data.
i. Make sure it has an appropriate title and axis titles, with units.
ii. [bookmark: _Int_Ge7iYYyt]Does the data look approximately linear? Put a trendline on it.
1. [bookmark: _Int_NxsCvZET]Do a linear fit by right-clicking on a data point on the graph and selecting “Add Trendline”.
2. Display the equation on the graph.
3. [bookmark: _Int_A5bvcs1b]If you feel it SHOULD go through a SPECIFIC y-intercept (which would be the starting distance), you can force it to do that by selecting “set intercept”.
d. Do you feel the runner kept a constant pace? What evidence do you have to support that answer?

2. A hooligan videotaped an egg being dropped from his fifth-story apartment window. He wanted to be able to know how much time it would take for the egg to go to various distances so that he could adequately time the dropping of the egg to hit things like the tops of trucks, small dogs, or tall men. (The data is on the second tab labeled “egg drop” of the attached Microsoft Excel spreadsheet below.)

a. Assume each story of the building is a standard 5.0 m tall. Use Excel to calculate the height the egg was at each time.
b. Make a graph of height of the egg vs. time.
i. Make sure it has an appropriate title and axis titles, with units.
ii. [bookmark: _Int_QHfDKugW]Does the data look approximately linear? Put a trendline on it.
1. [bookmark: _Int_9zGr21c3]Do a linear fit by right-clicking on a data point on the graph and selecting “Add Trendline”.
2. Display the equation on the graph.
3. [bookmark: _Int_DKwMvXCo]If you feel it SHOULD go through a SPECIFIC y-intercept (which would be the starting distance), you can force it to do that by selecting “set intercept”.
iii. [bookmark: _Int_vgtVVaSO]Does the data look approximately parabolic? Put a trendline on it.
1. [bookmark: _Int_CRsd8ZaH]Do a quadratic fit by right-clicking on a data point on the graph and selecting “Add Trendline”.
2. Display the equation on the graph.
3. [bookmark: _Int_1q1UKUHL]If you feel it SHOULD go through a SPECIFIC y-intercept (which would be the starting distance), you can force it to do that by selecting “set intercept”.
iv. [bookmark: _Int_XWjUXYcm]Does the data look approximately exponential? Put a trendline on it.
1. [bookmark: _Int_xfacbo3b]Do an exponential fit by right-clicking on a data point on the graph and selecting “Add Trendline”.
2. Display the equation on the graph.
v. Which of the fits looks best?
vi. [bookmark: _Int_lDCIst4z]You should have gotten a reasonably good fit with the quadratic.
1. Write the equation of the quadratic trendline fit.
2. What physically are the y-axis variable and the x-axis variable? (One of them represents the time of falling and one represents the height fallen. Which is which?)
3. What better letter symbol might you choose to add physical meaning to:
a. The y-axis variable?
b. The x-axis variable?
4. Rewrite the equation of the trend now using your new symbols.
5. Which of those variables represents the independent variable? Which is the dependent variable?

Data for Laboratory Practice Exercises with Excel
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AP Physics 1 and 2 Lab Investigations: Student Guide to Data Analysis


Accuracy, Precision, and Experimental Error 
Communication of data is an important aspect of every experiment. You should 
strive to analyze and present data that is as correct as possible. Keep in mind 
that in the laboratory, neither the measuring instrument nor the measuring 
procedure is ever perfect. Every experiment is subject to experimental error. 
Data reports should describe the experimental error for all measured values.


Experimental error affects the accuracy and precision of data. Accuracy 
describes how close a measurement is to a known or accepted value. Suppose, 
for example, the mass of a sample is known to be 5.85 grams. A measurement 
of 5.81 grams would be more accurate than a measurement of 6.05 grams. 
Precision describes how close several measurements are to each other. The 
closer measured values are to each other, the higher their precision.


Measurements can be precise even if they are not accurate. Consider again 
a sample with a known mass of 5.85 grams. Suppose several students each 
measure the sample’s mass, and all of the measurements are close to 8.5 grams. 
The measurements are precise because they are close to each other, but none of 
the measurements are accurate because they are all far from the known mass of 
the sample.


Systematic errors are errors that occur every time you make a certain 
measurement. Examples include errors due to the calibration of instruments 
and errors due to faulty procedures or assumptions. These types of errors 
make measurements either higher or lower than they would be if there were 
no systematic errors. An example of a systematic error can occur when using 
a balance that is not correctly calibrated. Each measurement you make using 
this tool will be incorrect. A measurement cannot be accurate if there are 
systematic errors.


Random errors are errors that cannot be predicted. They include errors 
of judgment in reading a meter or a scale and errors due to fluctuating 
experimental conditions. Suppose, for example, you are making temperature 
measurements in a classroom over a period of several days. Large variations in 
the classroom temperature could result in random errors when measuring the 
experimental temperature changes. If the random errors in an experiment are 
small, the experiment is said to be precise.


Significant Digits


The data you record during an experiment should include only significant digits. 
Significant digits are the digits that are meaningful in a measurement or a 
calculation. They are also called significant figures. The measurement device 
you use determines the number of significant digits you should record. If you 
use a digital device, record the measurement value exactly as it is shown on 
the screen. If you have to read the result from a ruled scale, the value that you 
record should include each digit that is certain and one uncertain digit.


Return to  
Table of Contents
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AP Physics 1 and 2 Lab Investigations: Student Guide to Data Analysis


Figure 1, for example, shows the same measurement made with two different 
scales. On the left, the digits 8 and 4 are certain because they are shown by 
markings on the scale. The digit 2 is an estimate, so it is the uncertain digit. 
This measurement has three significant digits, 8.42. The scale on the right has 
markings at 8 and 9. The 8 is certain, but you must estimate the digit 4, so it is 
the uncertain digit. This measurement is 8.4 centimeters. Even though it is the 
same as the measurement on the left, it has only two significant digits because 
the markings are farther apart.


Figure 1


Uncertainties in measurements should always be rounded to one significant 
digit. When measurements are made with devices that have a ruled scale, the 
uncertainty is half the value of the precision of the scale. The markings show 
the precision. The scale on the left has markings every 0.1 centimeter, so the 
uncertainty is half this, which is 0.05 centimeter (cm). The correct way to report 
this measurement is . The scale on the right has markings every 
1 centimeter, so the uncertainty is 0.5 centimeter. The correct way to report this 
measurement is .


The following table explains the rules you should follow in determining which 
digits in a number are significant:


Rule Examples


Non-zero digits are always significant. 4,735 km has four significant digits. 
573.274 in. has six significant digits.


Zeros before other digits are not significant. 0.38 m has two significant digits. 
0.002 in. has one significant digit.


Zeros between other digits are significant. 42.907 km has five significant digits. 
0.00706 in. has three significant digits. 
8,005 km has four significant digits.


Zeros to the right of all other digits 
are significant if they are to the 
right of the decimal point.


975.3810 cm has seven significant digits. 
471.0 m has four significant digits.


It is impossible to determine whether zeros 
to the right of all other digits are significant 
if the number has no decimal point. 


8,700 km has at least two significant  
digits, but the exact number is unknown. 
20 in. has at least one significant digits, 
but the exact number is unknown.


If a number is written with a decimal 
point, zeros to the right of all other 
numbers are significant.


620.0 km has four significant digits. 
5,100.4 m has five significant digits. 
670. in. has three significant digits.


All digits written in scientific 
notation are significant.


 cm has three significant digits.


Return to  
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AP Physics 1 and 2 Lab Investigations: Student Guide to Data Analysis


Analyzing data 
Analyzing data may involve calculations, such as dividing mass by volume 
to determine density or subtracting the mass of a container to determine the 
mass of a substance. Using the correct rules for significant digits during these 
calculations is important to avoid misleading or incorrect results.


When adding or subtracting quantities, the result should have the same number 
of decimal places (digits to the right of the decimal) as the least number of 
decimal places in any of the numbers that you are adding or subtracting.


The table below explains how the proper results should be written:


Example Explanation


The result is written with one decimal place because 
the number 3.7 has just one decimal place.


The result is written with two decimal places because 
the number 6.28 has just two decimal places.


The result is written with zero decimal places 
because the number 8 has zero decimal places.


Notice that the result of adding and subtracting has the correct number of 
significant digits if you consider decimal places. With multiplying and dividing, 
the result should have the same number of significant digits as the number in 
the calculation with the least number of significant digits.


The table below explains how the proper results should be written:


Example Explanation


The result is written with three 
significant digits because 2.30 
has three significant digits.


The result is written with two significant digits 
because 0.038 has two significant digits.


The result is written with two significant 
digits because 2.8 has two significant digits. 
[Note that scientific notation had to be used 
because writing the result as 210 would have 
an unclear number of significant digits.]


When calculations involve a combination of operations, you must retain one 
or two extra digits at each step to avoid round-off error. At the end of the 
calculation, round to the correct number of significant digits.


An exception to these rules is when a calculation involves an exact number, 
such as numbers of times a ball bounces or number of waves that pass a point 
during a time interval. As shown in the following example, do not consider exact 
numbers when determining significant digits in a calculation.
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Example:


While performing the Millikan oil-drop experiment, you find that a drop of oil has 
an excess of three electrons. What is the total charge of the drop?


 


When determining the number of significant digits in the answer, we ignore the 
number of electrons because it is an exact number.


Mean, Standard Deviation, and Standard Error 


You can describe the uncertainty in data by calculating the mean and the 
standard deviation. The mean of a set of data is the sum of all the measurement 
values divided by the number of measurements. If your data is a sample of a 
population (a much larger data set), then the mean you calculate is an estimate 
of the mean of a population. The mean, , is determined using this formula:


where , , etc., are the measurement values, and n is the number of 
measurements.


Standard deviation is a measure of how spread out data values are. If your 
measurements have similar values, then the standard deviation is small. Each 
value is close to the mean. If your measurements have a wide range of values, 
then the standard deviation is high. Some values may be close to the mean, but 
others are far from it. If you make a large number of measurements, then the 
majority of the measurements are within one standard deviation above or below 
the mean. (See “Confidence Intervals” on page 6 for a graph of the standard 
deviation ranges.) 


Since standard deviations are a measure of uncertainty, they should be standard 
using only one significant digit. Standard deviation is commonly represented by 
the Greek symbol sigma, , for data that is from a sample of a population; and by 
the symbol, s, for data that is from a sample.


You calculate standard deviation using this formula:
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When you make multiple measurements of a quantity, the standard error, 
SE, of the data set is an estimate of its precision. It is a measure of the data’s 
uncertainty, but it reduces the standard deviation if a large number of data 
values are included. You calculate standard error using this formula: 


 


Example:


Suppose you measure the following values for the temperature of a substance:


Trial 1 2 3 4


Temperature 20.5 22.0 19.3 23.0


The mean of the data is:


The standard deviation of the data is:


 


The standard error is:


 


Using the standard deviation, we would report the temperature as .  
Since we only have a few data values, a standard deviation of  shows that 
most of the data values were close to the mean. If, however, we had taken a 
large number of measurements, the standard deviation would show that the 
majority (specifically, 68%; see “Confidence Intervals” below) of the data values 
were between  and . Alternatively, the data could be reported using 
the standard error as .
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Confidence Intervals 


A confidence interval is a range of values within which the true value has a 
probability of being. If you measure a single quantity, such as the mass of a 
certain isotope, multiple times, you would expect a small standard deviation 
compared to the mean, so the confidence intervals would be narrow. A wide 
confidence interval in this case would indicate the possibility of random errors in 
your measurements. 


Confidence intervals can be presented in different ways. The following graph 
illustrates a method commonly used in physics:


This method applies only to data that has a normal (bell-shaped) distribution. 
The mean lies at the peak of the distribution. Confidence intervals on either side 
of the peak describe multiples of the standard deviation from the mean. The 
percentage associated with each confidence interval (68%, 95%, and so on) has 
been determined by calculating the area under the curve. 


A wide variety of data types in various subjects follow a bell curve distribution. 
In physics, bell curves apply to repeated measurements of a single value, 
such as measuring fluorescence decay time. A bell-shaped distribution is not 
appropriate when more than one central value is expected, or when only a few 
measurements are made.


Propagation of Error 


If calculations involve the results of two or more measurements, you must state 
the combined uncertainty of the measurements.


The combined uncertainty of quantities that are added or subtracted is the 
square root of the sum of the squares of their individual uncertainties. If, for 
example, you calculate a quantity , where F, G, and H are measured 
values, and their uncertainties are , , and , where the , in this 
case, means “the uncertainty of.” The uncertainty of K, then, is:
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Example:


Suppose you measure the masses of two objects as  kilograms and 
 kilograms. The combined uncertainty is: 


The sum of the masses would have three significant figures and their combined 
uncertainty should be recorded as  kilograms.


To calculate the combined uncertainty of quantities that are multiplied or 
divided, the uncertainties must be divided by the mean values. Suppose that 
now . The combined uncertainty when multiplying or dividing is:


Example:


Suppose you want to calculate the magnitude of the acceleration of an object. 
You measure the net force on the object, , and the mass of the 
object,  kilograms. The acceleration without the uncertainty is:


 


The combined uncertainty is:


 


The acceleration should then be recorded as .


Comparing Results: Percent Difference and Percent Error 


If two lab groups measure two different values for an experimental quantity, you 
may be interested in how the values compare to each other. A large difference, 
for example, might indicate errors in measurements or other differences in 
measurement procedures. A comparison of values is often expressed as a 
percent difference, defined as the absolute value of the difference divided by 
the mean, with the result multiplied by 100:
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You may instead want to compare an expected or theoretical value to a 
measured value. Knowing that your value is either close to or far from a known 
value can suggest whether your experimental procedure is reliable. In this 
case you can calculate the percent error, defined as the absolute value of the 
difference divided by the expected value, with the result multiplied by 100:


 


Note that when the expected value is very small, perhaps approaching zero, 
the percent error gets very large because it involves dividing by a very small 
number. It is undefined when the expected value is zero. Percent error may not 
be a useful quantity in these cases. 
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Graphs 
Graphs are often an excellent way to present or to analyze data. When making 
graphs, there are a few guidelines you should follow to make them as clear as 
possible:


▶▶ Each axis should be labeled with the variable that is plotted and its units.


▶▶ Each axis should include a reasonable number of labeled tick marks at even 
intervals. Having too many tick marks will make the graph crowded and hard to 
read. Having too few will make the value of data points difficult to determine.


▶▶ Typically, graphs should be labeled with a meaningful title or caption.


Independent and Dependent Variables 


When you graph data, you most often choose to plot an independent variable 
versus a dependent variable. The independent variable is plotted on the x-axis, 
and the dependent variable is plotted on the y-axis. 


An independent variable is a variable that stands alone and isn’t changed by 
the other variables you are trying to measure. For example, time is often an 
independent variable: in kinematics, distance, velocity, and acceleration are 
dependent on time, but do not affect time. 


A dependent variable is something that depends on other variables. For 
example, in constant acceleration motion, position of a body will change with 
time, so the position of the body is dependent on time, and is a dependent 
variable. 


Graphing Data as a Straight Line 


When you make a plot on x-y axes, a straight line is the simplest relationship 
that data can have. Graphing data points as a straight line is useful because 
you can easily see where data points belong on the line. A line makes the 
relationships of the data easy to understand. 


You can represent data as a straight line on a graph as long as you can identify 
its slope, , and its y-intercept, , in a linear equation: . The slope 
is a measure of how y varies with changes in x: . The y-intercept is 
where the line crosses the y-axis (where ). 
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Linearizing Data 


Even if the data you take do not have a linear relationship, you may be able to 
plot it as a straight line by revising the form of the variables in your graph. One 
method is to change a relationship so that is has the linear form of  


by substitution. For powers of x, the data would be in the form . To 
linearize this data, substitute  for the x in the linear equation. Then you can 
plot y versus  as a linear graph. For example, graphing kinetic energy, KE, and 


velocity, v,  for the function , yields a parabola, as shown in Graph 1 


below. But if we we set the horizontal axis variable equal to  instead, the 
graph is linear, as shown in Graph 2:


	 	


	 Graph 1  	 Graph 2


If the data is exponential, as in , or is a power of x, as in , taking 
the log of both sides of the equation will linearize them. For exponential data, 
the equation you obtain is  The data will approximate a line 
with y-intercept  and slope b. 


Similarly, for an equation with a power of x, taking the log of both sides of 
 results in . If you plot  the 


data will approximate a line with y-intercept  and slope n, as shown in 
Graphs 3 and 4 below.


	 	


	 Graph 3  	 Graph 4
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Curve Fitting 


A useful way to analyze data is to determine whether it corresponds to a certain 
mathematical model. The first step is to plot the points and see if it follows a 
recognizable trend, such as a linear, quadratic, or exponential function. The 
graphs below show examples of each of these types.


The general equation of a linear function is , where m is slope 
and b is the y-intercept. For example, a linear function in physics is the time 
dependence of the velocity of an object undergoing constant acceleration, 


, where the acceleration, a, is the slope and the initial velocity, , is 
the y-intercept.


The general equation of a quadratic function is , where a, b, and 
c are arbitrary constants. An example of a quadratic function in physics is spring 


potential energy, , where x is the distance the spring is stretched from 


equilibrium, k is the spring constant, and in this case the constants b and c 
are zero. Another example of a quadratic function is the position as a function 


of time for a constantly accelerating object, , where a is 


acceleration,  is initial velocity, and  is initial position. 


The general equation of an exponential function is , where A and b 
are arbitrary constants. An example of the exponential function in physics is 
the number of radioactive particles left after a certain time of radioactive decay, 


, where  is the original number of particles, and  is the decay rate. 
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If the pattern is clearly linear, or if you can plot the data using linearization, you 
can use a straightedge to draw a best fit line that has approximately the same 
number of points above and below the line. You can then determine an equation 
of the line by identifying the slope and y-intercept from the best fit line.


If a more exact equation is desired, or if the data do not clearly follow a linear 
pattern, you can use a graphing calculator or a computer to fit the data to a 
mathematical model. In this case, you input the data and choose the model that 
you think will best fit the data. This is called regression analysis. Regression 
analysis is a common curve-fitting procedure. An analysis using this procedure 
provides parameters for the equation you have chosen for the fit, as well as 
parameters that describe how well the data fit the model. Graphs 5 and 6 below 
show the same data using a linear model and a quadratic model. The value  is 
the coefficient of determination. It indicates how well the model fits the data. 
A value closer to 1 indicates a better fit. In the examples below, both models are 
a good fit for the data, but the  values show that the quadratic model is better.


	 	


	 Graph 5	 Graph 6
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Helpful Links 
“Averaging, Errors and Uncertainty.” Department of Physics and Astronomy. 
University of Pennsylvania. Accessed January 6, 2015. https://www.physics.
upenn.edu/sites/www.physics.upenn.edu/files/Error_Analysis.pdf.


“Excel 2013 Training Course, Videos and Tutorials.” Microsoft Office. Accessed 
January 6, 2015. http://office.microsoft.com/en-us/excel-help/training-courses-
for-excel-2013-HA104032083.aspx.


“Functions and Formulas.” Google Help (for Google Sheets). Accessed 
January 6, 2015. https://support.google.com/docs/topic/1361471?hl=en&ref_
topic=2811806.


“Intro to Excel.” Department of Physics and Astronomy. University of 
Pennsylvania. Accessed January 6, 2015. https://www.physics.upenn.edu/sites/
www.physics.upenn.edu/files/Introduction_to_Excel.pdf.


“Useful Excel Commands for Lab.” Department of Physics. Randolph College. 
Accessed January 6, 2015. http://physics.randolphcollege.edu/lab/IntroLab/
Reference/exchint.html.
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1. What is Algebra


Algebraic thinking spans all areas of mathematics. It goes beyond simply manipulating symbols, to 


understanding mathematical structure and exploring generalisations. It involves forming and recognising 


number relationships, and expressing these relationships using symbols. Developing algebraic thinking is 


best achieved through practical problem solving.  


For example: When describing an odd number, we could say that, ‘An odd number is any number that when 


divided by two will leave a remainder of one’. This sentence describes the mathematical concept of odd 


numbers. We can also describe this relationship using algebra:   


"When 
௫


ଶ
	has a remainder of 1, ݔ is an odd number."


 Importantly "ݔ" can vary and therefore represent any number


 Also note that "ݔ" is not an abbreviation or shorthand, such as “m” for metres, or “p” for perimeter


Hence, algebra provides the written algebra form to firstly express mathematical ideas and then 


relationships.  


An Example: If I had a bag of apples that were to be shared between four people, I could represent the 


number of apples with the letter ݊. The letter ‘n’ is known as a variable when used in this way. I can express 
the process of sharing ݊ apples between four people mathematically. Each person will receive 


௡


ସ
	apples.


This workbook encourages algebraic thinking and assumes a certain level of mathematical ability. Algebraic 


thinking is then applied in the form of physics concepts and questions. 


If you feel you need more support with other areas of Maths, further resources are available from The 


Learning Centre: https://www.jcu.edu.au/students/learning-centre/maths-and-statistics


Until the 17th century, algebra was expressed in words without the use of  


Mathematical symbols.  


Describing an equation such as (10‐x)(10+x)=x2‐100 could be expressed in up to 15 


lines! 



https://www.jcu.edu.au/students/learning-centre/maths-and-statistics
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2. Glossary 


 


,ସݔ   ,ݔ2 3	&	17	are TERMS           x4 + 2	17 = 3 + ݔ is an EQUATION           17 is the SUM of ݔସ ൅  3 + ݔ2


ସݔ ൅ ݔ2 ൅ 3 ൌ 17  
          3 is a CONSTANT 


  2 is a COEFFICIENT 


 is a VARIABLE ݔ                                                                                     


ସݔ                     ൅2	3 + ݔ   is an EXPRESSION                                                                  ൅ is an OPERATOR 


 


Equation:  A mathematical sentence containing an equal sign. The equal sign demands that the 


expressions on either side are balanced and equal.  


Expression:  An algebraic expression involves numbers, operation signs, brackets/parenthesis and 


variables that substitute numbers but does not include an equal sign.   


Operator:   The operation ሺ൅	, െ	,ൈ	,ൊሻ which separates the terms.   


Term:  Parts of an expression separated by operators which could be a number, variable or product 


of numbers and variables. Eg. 2ݔ, 3	&	17 


Variable:  A letter which represents an unknown number.  Most common is ݔ, but can be any symbol. 


Constant:  Terms that contain only numbers that always have the same value. 


Coefficient:  A number that is partnered with a variable. The term 2ݔ is a coefficient with variable. 
Between the coefficient and variable is a multiplication. Coefficients of 1 are not shown. 


Exponent:  A value or base that is multiplied by itself a certain number of times. Ie. ݔସ represents   
ݔ ൈ ݔ ൈ ݔ ൈ  multiplied by itself 4 times. Exponents are also known as ݔ or the base value ݔ


Powers or Indices. 


In 	summary:	


Variable:   ݔ Operator:  ൅ 
Constant:  3  Terms:  3,  17 & (a term with 2 factors) ݔ2
Equation:	 2x ൅ 3 ൌ 17  Left hand expression:   ݔ2 ൅ 3	
Coefficient:	 2  Right hand expression  17 (which is the sum of the LHE) 


 


 


 


4 is an EXPONENT 
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3. Patterns and Simple Algebra 


Algebra provides a clear and descriptive way to explain everyday activities using maths. A useful basic 


application for algebra is to describe and predict patterns. This allows you to create your own algebraic 


equation describing a pattern that you can draw and confirm. 


When representing an unknown number using a variable, the choice of letter is not significant 


mathematically although a distinctive choice can aid memory. For example, “v” can be used to represent 


velocity. In the following example “n” represents “Number of Hours” worked. 


For example: 


The table below represents the salary that Petra earns for various hours of work if she is paid $24 an hour. 


Number of Hours  Salary Earned($) 


1  24 x 1 = 24 


2  24 x 2 = 48 


3  24 x 3 = 72 


n  24 x n = 24n 


In this example, an algebraic expression is used to represent a number pattern. The pattern is described 


using a general rule or equation: Salary Earned = 24n 


Question 1:  


a. Using the provided formula, calculate Petra’s earnings after working 12 hours. 


 


 


b. Describe the formula in sentence form 


 


Question 2: 


a. Create a general rule for the pattern below relating “number of triangles” to “number of matches”, 


using algebra where: 


n = Number of triangles 


m = Number of matches 


 


b. Using your formula, calculate the number of matches required for 10 triangles 


 


c. How many triangles could be created with 60 matches?  


(If you are uncertain about rearranging the equation, see page 10) 


 


 


d. Describe the formula in sentence form 
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Question 3: 


a. Complete the table below and create a general rule using algebra to describe the pattern:


Number of triangles (n)  1  2  3  4  5 


Number of matches (m) 


b. Using your formula, calculate the number of matches required for 15 triangles


c. How many triangles could be created with 21 matches?


d. Describe your formula in sentence form


Question 4: 


a. Complete the table below and create a general rule (in the form of ax2+bx+c) to describe the


pattern:


Width(w)  1  2  3  4  5 


Number of dots (d)  1  5  11 


b. Using your formula, calculate the number of dots required for a shape that is 10 dots wide


[Extension Question] 


c. What width of shape could be created with 419 dots?
https://www.khanacademy.org/math/algebra/x2f8bb11595b61c86:quadratic-functions-equations



https://www.khanacademy.org/math/algebra/x2f8bb11595b61c86:quadratic-functions-equations
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4. Some Basic Algebra Rules


Expressions with zeros and ones: 


Zeros and ones can be eliminated. For example: 


When zero is added the number isn’t changed, ݔ ൅ 0 ൌ ݔ or ݔ െ 0 ൌ   ݔ
ሺ6 ൅ 0 ൌ 6, 6 െ 0 ൌ 6ሻ 


If a number is multiplied by positive 1, the number stays the same, ݔ ൈ 1 ൌ  or ݔ
௫


ଵ
ൌ ݔ


     ሺ6 ൈ 1 ൌ 6,			
଺


ଵ
ൌ 6ሻ 


Note: Using indices (powers), any number raised to the power of zero is 1. 


2ଶ


2ଶ
ൌ
4
4
ൌ 			ݎ݋				1


2ଶ


2ଶ
ൌ 	2ଶିଶ	 ൌ 	 2଴	 ൌ 1	


 Additive Inverse:  ݔ ൅ ሺെݔሻ ൌ 0


 Any number multiplied by its reciprocal equals one. ݔ ൈ
ଵ


௫
ൌ 1; 	4 ൈ


ଵ


ସ
ൌ 1 


 Symmetric Property:		݂ܫ	ݔ ൌ ݕ	݄݊݁ݐ	ݕ ൌ ݔ
 Transitive Property: ݂ܫ	ݔ ൌ ݕ	݀݊ܽ	ݕ ൌ ,ݖ ݔ	݄݊݁ݐ ൌ ݖ


For example, if apples cost $2 and oranges cost $2 then apples and oranges are the same price.


The Order of Operations is remembered using the mnemonic known as the BIDMAS or BOMDAS (Brackets, 


Order, Multiplication/Division, and Addition/Subtraction). 


Also a golden rule:    


“What we do to one side we do to the other” 


Question 5: 


Here are some revision examples for practise: 


a. 10 െ 2 ൈ 5 ൅ 1 ൌ


b. 10 ൈ 5 ൊ 2 െ 3 ൌ


c. 12 ൈ 2 െ 2 ൈ 7 ൌ


d. 48 ൊ 6 ൈ 2 െ 4 ൌ


e. 3	_	18	݈݋ܾ݉ݕݏ	݊݋݅ݐܽݎ݁݌݋	݃݊݅ݏݏ݅݉	݄݁ݐ	ݏ݅	ݐ݄ܹܽ ൈ 2 ൅ 2 ൌ 14
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5. Addition & Multiplication Properties


Maths Property  Rule  Example 
Commutative 
The number order for 
addition or multiplication 
doesn’t affect the sum or 
product 


ܽ	 ൅ 	ܾ	 ൌ 	ܾ	 ൅ 	ܽ 
ܾܽ	 ൌ 	ܾܽ 


1	 ൅ 	3	 ൌ 	3	 ൅ 	1 
2 ൈ 4	 ൌ 	4 ൈ 2 


Associative 
Since the Number order 
doesn’t matter, it may be 
possible to regroup numbers 
to simplify the calculation 


ܽ ൅ ሺܾ ൅ ܿሻ ൌ ሺܽ ൅ ܾሻ ൅ ܿ 
ܽሺܾܿሻ 	ൌ 	 ሺܾܽሻܿ 


1 ൅ ሺ2 ൅ 3ሻ ൌ ሺ1 ൅ 2ሻ ൅ 3 
2 ൈ ሺ2 ൈ 3ሻ 	ൌ 	 ሺ2 ൈ 2ሻ ൈ 3 


Distributive  ܽሺܾ ൅ ܿሻ ൌ ܾܽ ൅ ܽܿ  2ሺ3 ൅ 1ሻ ൌ 2 ൈ 3 ൅ 2 ൈ 1 


Zero Factor  ܽ ൈ 0 ൌ 0 
If ܾܽ ൌ 0, then either  


ܽ ൌ 0 or ܾ ൌ 0 


2 ൈ 0 ൌ 0 


Rules for Negatives  െሺെܽሻ ൌ ܽ 
ሺെܽሻሺെܾሻ ൌ ܾܽ 


െܾܽ ൌ ሺെܽሻܾ ൌ ܽሺെܾሻ ൌ െሺܾܽሻ 
ሺെ1ሻܽ ൌ െܽ 


െሺെ3ሻ ൌ 3 
ሺെ2ሻሺെ3ሻ ൌ 2 ൈ 3 


െ2 ൈ 3 ൌ ሺെ2ሻ ൈ 3 
ൌ 2 ൈ ሺെ3ሻ 
ൌ െሺ2 ൈ 3ሻ 


ሺെ1ሻ ൈ 2 ൌ െ2 


Rules for Division  െ
ܽ
ܾ
ൌ
െܽ
ܾ
ൌ


ܽ
െܾ


െܽ
െܾ


ൌ
ܽ
ܾ


	݂ܫ
ܽ
ܾ
ൌ
ܿ
݀
݀ܽ	݄݊݁ݐ	 ൌ ܾܿ 


	:݂݋݋ݎܲ
௔


௕
ൌ ௖


ௗ
௕ൈ௔


௕
ൌ ௕௖


ௗ
 (multiply everything by b)	


   ܽ ൌ ௕௖


ௗ
 


ܽ ൈ ݀ ൌ ௕௖ൈௗ


ௗ
 (multiply by d)	


  ܽ݀ ൌ ܾܿ


െ
4
2
ൌ
െ4
2
ൌ


4
െ2


െ6
െ3


ൌ
6
3


	݂ܫ
1
2
ൌ
3
4
1	݄݊݁ݐ	 ൈ 4


ൌ 2 ൈ 3 
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6. Collecting Like Terms 


Algebraic thinking involves simplifying problems to make them easier to solve. The problem below consists 


of several related or “like” terms. Like terms can be grouped or collected, creating a smaller or simpler 


question. 


ݔ7 ൅ ݔ2 ൅ ݔ3 െ ݔ6 ൅ 2 ൌ 14 


A like term is a term which has the same variable (it may also have the same power/exponent/index), with 


only a different coefficient. In the equation above, there are four different coefficients ሺ7, 2, 3, &	6ሻ with the 
same variable, ݔ, and no exponents to consider.  
 


Like terms (multiplied by ‘ݔ’) can be collected: ሺૠ࢞ ൅ ૛࢞ ൅ ૜࢞ െ ૟࢞ሻ ൅ 2 ൌ 14  
(+2 isn’t a like term as it doesn’t share the variable ‘ݔ’) 
 


The coefficients can be added and subtracted separate to the variables: 7 ൅ 2 ൅ 3 െ 6 ൌ 6	 
Therefore: 7ݔ ൅ ݔ2 ൅ ݔ3 െ ݔ6 ൌ   	ݔ6
 


The original equation simplifies to 6ݔ ൅ 2 ൌ 14	 
Now we solve the equation: 


ݔ6		                                                   ൅ 2ሺെ2ሻ ൌ 14 െ 2 
ݔ6										                                                             ൌ 12 
ሺൊݔ	6																																																												 6ሻ ൌ 12	 ൊ 6   
ݔ																																																																										 ൌ 2  


EXAMPLE PROBLEM: 


1. Collect the like terms and simplify: 


ݔ5 ൅ ݕݔ3 ൅ ݕ2 െ ݔݕ2 ൅  	ଶݕ3
Step 1: Recognise the like terms (note: ݕݔ	is the same as ݔݕ; commutative property) 	 


ݔ5 ൅ ݕݔ3 ൅ ݕ2 െ ݔݕ2 ൅  ଶݕ3
Step 2: Arrange the expression so that the like terms are together (remember to take the 


operator with the term). 


ݔ5 ൅ ݕ2 ൅ ݕݔ3 െ ݔݕ2 ൅  	ଶݕ3
Step 3: Simplify the equation by collecting like terms: 5ݔ ൅ ݕ2 ൅ ݕݔ1 ൅  ଶݕ3


                             Note: a coefficient of 1 is not usually shown ∴ ݔ5 ൅ ݕ2 ൅ ݕݔ ൅ ଶݕ3


Question 6 


Simplify: 


a. 3ݔ ൅ ݕ2 െ  ݔ
 


 


b. 3݉ ൅ 2݊ ൅ 3݊ െ݉ െ 7 
 


 


c. 2ݔଶ െ ଷݔ3 െ ଶݔ ൅  ݔ2


Expand the brackets then collect like terms 


d. 3ሺ݉ ൅ 2݊ሻ ൅ 4ሺ2݉ ൅ ݊ሻ 


 


e. 4ሺݔ ൅ 7ሻ ൅ 3ሺ2ݔ െ 2ሻ 
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7. Solving Equations 


The equal sign of an equation indicates that both sides of the equation are equal. The equation may contain 


an unknown quantity (or variable) whose value can be calculated. In the equation, 5ݔ	 ൅ 	10	 ൌ 	20, the 
unknown quantity is ݔ. This means that 5 multiplied by something (ݔ) and added to 10, will equal 20. 


 To solve an equation means to find all values of the unknown quantity so that they can be 


substituted to make the left side and right sides equal 


 Each such value is called a solution (e.g. ݔ	 ൌ 	2 in the equation above)  
 The equation is rearranged and solved in reverse order of operation (SADMOB – see page 7) to find a 


value for the unknown 


Eg.   5ݔ	 ൅ 	10	 ൌ 	20 First rearrange by subtracting 10 from the LHS and the RHS  


	ݔ5									 ൅ 	10	ሺെ10ሻ ൌ 	20ሺെ10ሻ 
ݔ5									 ൌ 10  


          
ହ௫


ହ
ൌ 	


ଵ଴


ହ
 Divide both LHS and RHS by 5 


ݔ												 ൌ 2 


To check the solution, substitute ݔ	ݎ݋݂	2	; ሺ5 ൈ 2ሻ ൅ 10 ൌ 20 ∴ 10 ൅ 10 ൌ 20 


Four	principles	to	apply	when	solving	an 	equation:	


1. Work towards solving the variable: ሺ࢞ ൌ	ሻ 
2. Use the opposite mathematical operation: Remove a constant or coefficient by doing the opposite 


operation on both sides:       


Opposite of    ൈ 	ݏ݅	 ൊ 
Opposite of    ൅	݅ݏ	–  


Opposite of    ݔଶ	݅ݏ	ݔ√ 
Opposite of    √ݔ	ݏ݅	 േ  ଶݔ


3. Maintain balance: “What we do to one side, we must do to the other side of the equation.”   
4. Check: Substitute the value back into the equation to see if the solution is correct.   


One‐step	Equations	


Addition  Subtraction 


ݔ ൅ ሺെ5ሻ ൌ 8 
ݔ ൅ ሺെ5ሻ—ሺെ5ሻ ൌ 8 െ ሺെ5ሻ 


ݔ ൌ 8 ൅ 5	 
∴ ݔ ൌ 13 


 


ݔ െ 6 ൅ 6 ൌ ሺെ4ሻ ൅ 6 
So ݔ ൌ ሺെ4ሻ ൅ 6 


∴ ݔ ൌ 2 
 


Check by substituting 13 for ݔ 
13 ൅ ሺെ5ሻ ൌ 8 
13 െ 5 ൌ 8 
8 ൌ 8   


 


Check by substituting 2 for ݔ 
2 െ 6 ൌ ሺെ4ሻ 
െ4 ൌ െ4 


 


Question 7


Solve for ݔ: 


a. ݔ ൅ 6 െ 3 ൌ 18 


b. 	7 ൌ ݔ ൅ ሺെ9ሻ 
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c. ݔ െ 12 ൌ ሺെ3ሻ  d. 18 െ ݔ ൌ 10 ൅ ሺെ6ሻ 


 


Two‐step	Equations	


The following equations require two steps to single out the variable (i.e. To solve for ݔ). 


ADDITION EXAMPLE:   2ݔ ൅ 6 ൌ 14 


Step 1: The constant 6 is subtracted from both sides, creating the following equation:  


ݔ2																																																																										 ൅ 6 െ 6 ൌ 14 െ 6     (The opposite of ൅૟ is െ૟) 
ݔ2  ൌ 8    


Step 2: Next both sides are divided by two, creating the following equation:  


  
ଶ௫


ଶ
ൌ


଼


ଶ
          (The opposite of ૛࢞ is ൊ ૛) 


ݔ ∴ ൌ 4                   


 Check. Substitute 4 = ݔ into the equation:	2 ൈ 4	 ൅ 6 ൌ 14  
8 ൅ 6 ൌ 14               
						14 ൌ 14                (The answer must be correct)  


 


 


SUBTRACTION EXAMPLE:   


Solve for j:       	3݆ െ 5 ൌ 16 


 


Step 1:              3݆ െ 5 ൌ 16   (deal with the subtraction first) 
                           3݆ െ 5 ൅ 5 ൌ 16 ൅ 5  (Opposite of	െ5	݅ݏ	 ൅ 5) 
                           Thus, 3݆ ൌ 21 (the multiply second) 


Step 2:               
ଷ௝


ଷ
ൌ


ଶଵ


ଷ
  (the opposite of ൈ 	ݏ݅	3 ൊ 3)         


                            ∴  ݆ ൌ 7 
Check: 															3	 ൈ 	7	 െ 	5	 ൌ 	16     


 


 


MULTI‐STEP EXAMPLE: 


 


Solve for T:  
૜ࢀ


૚૛
െ ૠ ൌ ૟              


  
૜ࢀ


૚૛
െ ૠ ൌ ૟ 


																																																																																			
ଷ்


ଵଶ
െ 7 ൅ 7 ൌ 6 ൅ 7	  


                                                                                                 
ଷ்


ଵଶ
ൌ 13 


                                                                                       
ଷ்


ଵଶ
ൈ 12 ൌ 13 ൈ 12 


                                                                                                3ܶ ൌ 156 


                                                                                                  
ଷ்


ଷ
ൌ


ଵହ଺


ଷ
 


                                                                                               ∴ ܶ ൌ 52 
                   Check: ( 3	 ൈ 	52ሻ 	ൊ 12	 െ 7	 ൌ 	6   


 


Set your work 


out in logical 


clear to 


follow steps  
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Question 8: 


Solve the following to calculate the unknown variable: 


a. ݔ5 ൅ 9 ൌ 44


b. 
௫


ଽ
൅ 12 ൌ 30 


c. ݕ3 ൅ 13 ൌ 49


d. ݔ4 െ 10 ൌ 42


e. 
௫


ଵଵ
൅ 16 ൌ 30 
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8. Rearranging Formulas


A formula uses symbols and rules to describe a relationship between quantities. In mathematics, formulas 


follow the standard rules for algebra and can be rearranged as such. If values are given for all other variables 


described in the formula, rearranging allows for the calculation of the unknown variable. This is a 


mathematical application of working with variables and unknowns in physics and engineering problems. In 


this section, rearranging equations and substituting values is practiced with common physics formulas to 


determine unknowns. The next section applies these skills to problem solving including application of 


appropriate units. 


Basic Rearranging Example:  


Calculate the density	ሺ࣋ሻ of Lithium 


Given:  Mass (m) = 268 Volume (v) = 0.5 


࣋ ൌ
௠


௏
   [density is defined by this relationship] 


࣋ ൌ
268
0.5


࣋ ൌ 536 


Alternatively, calculate the Mass (m) of Lithium 


Given: Density (ߩሻ = 536 and Volume (V) = 0.5 


ߩ ൌ
࢓


௏
  


ܸ	 ൈ ߩ ൌ
ൈ௏࢓


௏
 (rearrange to calculate m) 


ߩܸ ൌ  ࢓


࢓ ൌ 0.5 ൈ 536 (substitute values and calculate) 


࢓ ൌ 268 


Finally, calculate the Volume (V) of Lithium 


Given: Density (ߩሻ = 536 and Mass (m) = 268 


ߩ ൌ
௠


ࢂ
  


ߩࢂ ൌ ݉ (as above) 


ߩࢂ
ߩ
ൌ
݉
ߩ


ࢂ ൌ
݉
ߩ


ࢂ ൌ
ଶ଺଼


ହଷ଺
 = 0.5 







14 
 


Many other equations use exactly the same process of rearranging 


For example:	 Ԧܽ ൌ
∆ሬ࢜ሬԦ


࢚
Ԧܨ					  ൌ ݉ Ԧܽ       ܲ ൌ


ி


஺
ݒ       ൌ


ௗ


௧
      and ܯ ൌ െ


ௗ೔
ௗ೚
ൌ


௛೔
௛೚
 


 


Question 9: 


a. Using ݒ ൌ   ߣ݂
i. Given f = 3 and 9 = ߣ, calculate v 


 
 
 
 
 


ii. Given  v  =  40  and   ߣ =  5,  rearrange  the  equation  to  
calculate f 


 


 


iii. Given v = 60 and ݂ = 3, rearrange the equation to calculate ߣ 
 


 


 


 


b. Using ܨԦ ൌ ݉ Ԧܽ 
i. Given m = 12 and  Ԧܽ = 4,  calculate ܨԦ 


 
 
 
 


ii. Given ܨԦ= 81 and  Ԧܽ =3, calculate m 
 
 
 
 


iii. Given ܨԦ= 48 and calculate m=12, calculate  Ԧܽ 
c. Using ܨԦ∆ݐ ൌ   Ԧ݌∆


i. Given ∆5 = ݐ and ∆݌Ԧ	= 50, rearrange the equation to calculate ܨԦ 
 
 
 
 
 


ii. Given ܨԦ = 5 and ∆݌Ԧ	= 30, rearrange the equation to calculate ∆ݐ 


 


 


 


 


Note that each formula 


describes a relationship 


between values: 


ሬሬԦࢇ ൌ 	࢘࢕࢚ࢉࢋ࢜	࢔࢕࢏࢚ࢇ࢘ࢋ࢒ࢋࢉࢉࢇ
ሬ࢜ሬԦ ൌ 	࢘࢕࢚ࢉࢋ࢜	࢚࢟࢏ࢉ࢕࢒ࢋ࢜
࢚ ൌ 	ࢋ࢓࢏࢚


ሬሬԦࡲ ൌ 	ࢋࢉ࢘࢕ࢌ
࢓ ൌ 	࢙࢙ࢇ࢓
ࡼ ൌ 	ࢋ࢛࢙࢙࢘ࢋ࢘࢖
࡭ ൌ 	ࢇࢋ࢘ࢇ
ࢊ ൌ 	࢚࢔ࢋ࢓ࢋࢉࢇ࢒࢖࢙࢏ࢊ
ࡹ ൌ 	࢔࢕࢏࢚ࢇࢉ࢏ࢌ࢏࢔ࢍࢇ࢓
࢏ࢊ ൌ 	ࢋࢉ࢔ࢇ࢚࢙࢏ࢊ	ࢋࢍࢇ࢓࢏
࢕ࢊ ൌ 	ࢋࢉ࢔ࢇ࢚࢙࢏ࢊ	࢚ࢉࢋ࢐࢈࢕
࢏ࢎ ൌ 	࢚ࢎࢍ࢏ࢋࢎ	ࢋࢍࢇ࢓࢏
࢕ࢎ ൌ  ࢚ࢎࢍ࢏ࢋࢎ	࢚ࢉࢋ࢐࢈࢕
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d. Using  Ԧܽ ൌ
∆ሬ࢜ሬԦ


࢚
 


i. Given ∆ݒԦ = 60 and t = 12, calculate  Ԧܽ 


 


 


 


 


ii. Given ∆ݒԦ = 124 and  Ԧܽ = 4 , calculate ݐ 
 
 
 
 
 
 
 


e. Using ܨ௙ ൌ  ேܨߤ
i. Given ܨ௙ = 4416 and μ = 48, calculate ܨே 


 
 
 
 
 
 
 


ii. Given ܨ௙ = 1050 and ܨே	= 42, calculate μ  
 
 
 
 
 


 


f. Using ݔԦ ൌ
௩భሬሬሬሬԦା௩మሬሬሬሬԦ


ଶ
ൈ   ݐ


i. Given  ݒଵሬሬሬሬԦ = 15 , ݒଶሬሬሬሬԦ = 25  and t = 10, calculate ݔԦ 


 


 


 


 


ii. Given  ݒଵሬሬሬሬԦ = 60 , ݒଶሬሬሬሬԦ = 90  and ݔԦ = 225, calculate t 
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g. Using ݒଶଶ ൌ ଵଶݒ ൅ ݔ2ܽ
i. Given ݒଵ = 9 , a = 6 and x = 12, calculate ݒଶ


ii. Given ݒଶ = 10 , a = 8, x = 4, calculate ݒଵ


iii. Given ݒଶ = 12 , a = 8, ݒଵ = 8, calculate x


h. Using ܧ௞ ൌ
௠௩మ


૛
i. Given ܧ௞  = 96 and v=4, calculate m
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9. Unit Conversion 


Measurements consist of two parts – the number and the identifying unit.   


 


 


In scientific measurements, units derived from the metric system are the preferred units.  The 


metric system is a decimal system in which larger and smaller units are related by factors of 10.   


 


Table 1:  Common Prefixes of the Metric System 


Prefix  Abbreviation  Relationship to Unit  Exponential 
Relationship to 


Unit 


Example 


mega‐  M  1 000 000 x Unit  
 


106 x Unit  2.4ML ‐Olympic sized 
swimming pool 


kilo‐  k  1000 x Unit 
 


103 x Unit  The average newborn 
baby weighs 3.5kg 


‐  ‐  Units  Unit  metre, gram, litre, 
sec 


deci‐  d  1/10 x Unit                         
   or 
0.1 x Unit 


10−1 x Unit  2dm ‐ roughly the 
length of a pencil 


centi‐  c  1/100 x Unit                         
   or 
0.01 x Unit 


10−2 x Unit  A fingernail is about 
1cm wide 


milli‐  m  1/1000 x Unit                       
   or 
0.001 x Unit 


10−3 x Unit  A paperclip is about 
1mm thick 


micro‐  µ  1/1 000 000 x Unit              
   or 
0.000001 x Unit 


10−6 x Unit  human hair can be up 
to 181 µm 


nano‐  n  1/1 000 000 000 x Unit      
   or 
0.000000001 x Unit 


10−9 x Unit  DNA is 5nm wide 
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Table 2: Common Metric Conversions 


Unit  Larger Unit  Smaller Unit 


1 metre  1 kilometre = 1000 metres  100 centimetres = 1 metre 
1000 millimetres = 1 metre 


1 gram  1 kilogram = 1000 grams  1000 milligrams = 1 gram 
1 000 000 micrograms = 1 gram 


1 litre   1 kilolitre = 1000 litres  1000 millilitres = 1 litre 


Example: 


Convert 0.15 g to kilograms and milligrams  Convert 5234 mL to litres 


Because 1 kg = 1000 g, 0.15 g can be 
converted to kilograms as shown: 


૙. ૚૞	܏	ܠ	 ૚	܏ܓ


૚૙૙૙	܏
ൌ ૙. ૙૙૙૚૞	܏ܓ  


Also, because 1 g = 1000 mg, 0.15 g can be 
converted to milligrams as shown:  


૙. ૚૞	܏	ܠ	
૚૙૙૙	܏ܕ


૚	܏
ൌ ૚૞૙	܏ܕ 


Because 1 L = 1000 mL, 5234 mL can be 
converted to litres as shown: 


	ܠ	ۺܕ 5234 ૚	ۺ


૚૙૙૙	ۺܕ
ൌ ૞. ૛૜૝	ۺ  


Question 10: 


1   a)   Convert 600 g to kilograms and milligrams 


b) Convert 4.264 L to kilolitres and millilitres


c) Convert 670 cm to metres and kilometres
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10. Working with Units 


In real world mathematical applications, physical quantities include units. Units of measure (eg. 


metres, Litres or kilograms) describe quantities based on observations or measurement. Units can 


also describe mathematical relationships between measurements of different properties. Different 


quantities of the same unit can be directly compared numerically, e.g. 4kg of sugar is much greater 


than 1kg of sugar. However it is meaningless to compare measurements of different units, e.g. 4m 


and 40min are not comparable. It is important to understand correct working with units if they are 


to be used effectively. 


Table 3: Base SI Units and Associated Symbol: 


Base Unit 
Name 


Unit 
Symbol 


Quantity 


Metre  m  Length 


Kilogram  kg  Mass 


Second  s  Time 


Ampere  A  Electric Current 


Kelvin  K  Temperature 


Mole  mol  Amount of a Substance 


Candela  cd  Luminous Intensity 


 


Two Methods: 


Method 1: Base Unit Method 


The International System of Units (SI) describes physical properties in what are known as base units.  


The base unit of length, mass, time are metres, kilograms and seconds respectively (see Table 3). 


Base units are derived from constants of nature such as the speed of light in a vacuum ሺe. g. 1݉ ൌ


distance	travelled	by	light	in	a	vacuum	in
ଵ


ଶଽଽ	଻ଽଶ	ସହ଼
	secondsሻ which can be measured with great 


accuracy. A unit that is derived from another unit is not considered a base unit (e.g. Volume in unit 


m3 is derived from metres). Most formulas are written using base units, meaning any value in the 


correct base unit form can be used. 


Base Unit Example: 


The specific heat of gold is 129 ௃


௞௚∙௄
 . What is the quantity of heat energy required to raise the 


temperature of 100 g of gold by 50.0K? 


The solution is derived from the specific heat formula: Q ൌ mc∆T 


Q=heat energy (base unit Joules, J) 


m = mass (base unit kilograms, kg) 
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c = specific heat (derived unit 
௃


௞௚∙௄
)  


∆ܶ = change in temperature (T) (base unit Kelvin, K) 


Given: 


The mass is currently in the mass unit g and must first be converted to the SI base unit kg. 


݉ ൌ 100݃ ൈ
1݇݃
1000݃


ൌ 0.1݇݃	 


ܿ ൌ 129
ܬ


݇݃ ∙ ܭ
	 


∆ܶ ൌ  ܭ50


The unit for specific heat & temperature are already in their base SI unit and do not require 


conversion. 


Required: 


ܳ ൌ  ܬ	݊݅	ݕ݃ݎ݁݊ܧ	ݐܽ݁ܪ


Analysis: 


Applying the values to the variables in the equation gives: 


ܳ ൌ 0.1 ൈ 129 ൈ 50 


Solution: 


ܳ ൌ  (Joules is the base SI unit for heat energy) ܬ645


∴	The quantity of heat required to raise the temperature of 100g of gold to 50K is 645J 


 


Method 2: Factor Label Method 


Expressing a formula with units and working with units algebraically (or “dimensional analysis”) has 


several advantages, especially when working with non‐standard units. Units can be converted, the 


change from initial units to final unit is immediately clear and the formula may even be derived 


directly from the final unit. The process of working with algebra associates variables with units, 


allowing for the substitution and cancellation of units. 


Unit Conversion Example: 


Convert 10km per hour into metres per second. 


This question can be split into 3 parts: find a conversion factor for kilometres to metres, find a 


conversion factor for hours to seconds, and multiply the initial value by the conversion factors to 


find a final value in correct units. 


	ࢋ࢛࢒ࢇࢂ	࢒ࢇ࢏࢚࢏࢔ࡵ ൈ ࢙࢘࢕࢚ࢉࢇࡲ	࢔࢕࢏࢙࢘ࢋ࢜࢔࢕࡯ ൌ  ࢋ࢛࢒ࢇࢂ	࢒ࢇ࢔࢏ࡲ
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1. The relationship between kilometres and metres is 1km = 1000m. This is used to create a


conversion factor.


a. 10km/hr is written as a unit fraction (10km is travelled per 1 hr)
૚૙࢓࢑
૚࢘ࢎ


b. The unit being converted is multiplied on the opposite side of the fraction
૚૙࢓࢑
૚࢘ࢎ


ൈ	
࢓࢑


 


c. The desired final unit is then written to complete the fraction
૚૙࢓࢑
૚࢘ࢎ


	ൈ	
࢓
࢓࢑


 


d. The new fraction is made to equal 1 using the relationship between units. The


conversion factor is now created.
૚૙࢓࢑
૚࢘ࢎ


	ൈ	
૚૙૙૙࢓
૚࢓࢑


 


2. The relationship between hours and minutes is 1hour = 60min, and the relationship


between minutes and seconds is 1min = 60sec. This conversion will take 2 steps and create 2


conversion factors.


a. 10km/hr is written as a unit fraction
૚૙࢓࢑
૚࢘ࢎ


b. The unit being converted is multiplied on the opposite side of the fraction
૚૙࢓࢑
૚࢘ࢎ


ൈ
࢘ࢎ


c. The desired final unit is written to complete the fraction
૚૙࢓࢑
૚࢘ࢎ


	ൈ	
࢘ࢎ
࢔࢏࢓


d. The new fraction is made to equal 1 using the relationship between units. The


conversion factor is now created.
૚૙࢓࢑
૚࢘ࢎ


ൈ
૚࢘ࢎ


૟૙࢔࢏࢓
e. The process is repeated to convert minutes to seconds


૚૙࢓࢑
૚࢘ࢎ


	ൈ	
૚࢘ࢎ


૟૙࢔࢏࢓
ൈ
૚࢔࢏࢓
૟૙࢙ࢉࢋ


3. The initial value of 10km/hr is then multiplied by the conversion factors:
૚૙࢓࢑
૚࢘ࢎ


	ൈ	
૚૙૙૙࢓
૚࢓࢑


ൈ	
૚࢘ࢎ


૟૙࢔࢏࢓
ൈ
૚࢔࢏࢓
૟૙࢙ࢉࢋ


4. Values and units appearing on both the top and bottom of the division cancel out.


(Any value divided by itself is equal to 1 (ie. 2 ൊ 2 ൌ ݉݇		ݎ݋		1 ൊ ݇݉ ൌ 1) and anything


multiplied by 1 is itself)


૚૙࢓࢑


૚࢘ࢎ
ൈ ૚૙૙૙࢓


૚࢓࢑
ൈ ૚࢘ࢎ


૟૙࢔࢏࢓
ൈ ૚࢔࢏࢓


૟૙࢙ࢉࢋ
 


5. The remaining values and units are multiplied and divided following normal conventions.
૚૙ൈ૚૙૙૙࢓


૟૙ൈ૟૙࢙ࢉࢋ
ൌ 	


૚૙૙૙૙࢓


૜૟૙૙࢙ࢉࢋ
ൌ


૚૙૙࢓


૜૟࢙ࢉࢋ
ൌ 2.78m/s = ܿ݁ݏ/2.78݉


Converting from km which was on top so written on bottom


Converting to m 


Remember:  ૚࢓࢑
૚૙૙૙࢓


࢓૚૙૙૙	࢘࢕	
૚࢓࢑


	ୀ	૚ 
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Solving the Equation Example: 


The specific heat of gold is 129 J/kg∙K. What is the quantity of heat energy required to raise 


the temperature of 100 g of gold by 50.0K? 


The formula for specific heat is: ܳ ൌ  ܶ∆ܥ݉


Variables: 


Q = units J 


m = 100g 


C = 129 J/kg∙K 


∆ܶ = 50K 


ܳ ൌ  ܶ∆ܥ݉


ܳ ൌ 100݃ ൈ ଵଶଽ௃


௞௚ൈ௄
ൈ  ܭ50


ܳ ൌ
100݃
1


ൈ
1݇݃
1000݃


ൈ
ܬ129
݇݃ ൈ ܭ


ൈ
ܭ50
1


ܳ ൌ
100݃
1


ൈ
1݇݃
1000݃


ൈ
ܬ129
݇݃ ൈ ܭ


ൈ
ܭ50
1


ܳ ൌ
100 ൈ 1 ൈ 129 ൈ ܬ50


1 ൈ 1000 ൈ 1


ܳ ൌ
ܬ645000
1000


ൌ  ܬ645


∴	The quantity of heat required to raise the temperature of 100g of gold to 50K is 645J 


Question 11:  


a. A baby elephant walks at a constant velocity of 0.5 m/sec, having a kinetic energy of 14.125J.


What is the mass of the baby elephant?


The formula for specific heat is: ܧ௞ ൌ
௠௩మ


ଶ


Variables: 


Ek = Kinetic Energy = 320, 000J  


v = velocity = 0.5m/s 


m = mass in units kg 


b. Calculate the mass of the baby elephant if it walks at a constant velocity of 2km/h?


Units g and kg are both units of mass but incompatible with each other. 


One must be converted to the other. 


A conversion factor is needed (1kg = 1000g) 


Units are cancelled where they appear either side of the fraction 


Equation is solved using normal conventions 


Final and remaining unit is Joules (J) 
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11. An Approach to Solving a Problem


Problems involving mathematical relationships between two or more variables can be expressed using 


algebraic formula. The algebraic expression of these relationships allows for mathematically sound 


manipulation of variables to investigate, list and calculate different aspects of their relationship.  


1. Put the problem in your own words and/or draw a sketch


2. Pull out the facts given in the question


3. What do you already know?


4. What are the units? Do you need to complete conversions?


5. What will the answer look like (and in what units)?


For Example: 


A circle has an area of 12mm2, what is its radius?  


Put it in your own words: The question asks for the radius of a circle, given an area of 12mm2.  


What do I already know?:  


Area: A = 12mm2 


The formula for area of a circle is Area = πr2 


What are the units? Is a conversion needed? What will the answer look like?: 


Calculate radius (r) using area in mm2. The radius will therefore be in mm. 


Solve: 


ܣ ൌ ଶݎߨ	


12݉݉ଶ ൌ ݎߨଶ


12݉݉ଶ


ߨ
ൌ ଶݎ


ݎ ൌ 	ඨ
12݉݉ଶ


ߨ


ݎ ൌ േ1.954݉݉


Radius is a length that must be positive. A negative radius can be rejected. The radius of a circle with an area 


of 12mm2 is 1.95mm. 


It is important to always have a problem solving process that is simple and familiar when answering 


questions in a test. The process may not be used on every question and will be refined over time and regular 


use. When stuck and all else has failed, you’ll be glad that you at least have a plan. 


r 


Area = πr2 


       = 12mm2 


Substitute in known variables 


Rearrange to solve for r 


Draw a 


sketch: 


Solve the equation 
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Geometry 


Question 12: 


a. A circle has an area of 25cm, what is its radius? (ܣ	 ൌ (ଶݎߨ


b. A circle has a circumference of 38cm, what is its radius? (ܥ ൌ ሻݎߨ2


c. A cube has a volume of 125mm3, what is its surface area?


(v݁݉ݑ݈݋	݂݋	ܾ݁ݑܿ ൌ 	 ݁݀݅ݏ	݁݊݋	݂݋	ܽ݁ݎܽ	&	ଷ݄ݐ݈݃݊݁ ൌ ଶሻ݄ݐ݈݃݊݁


Forces and Motion 


Question 13: 


a. An airplane flies at 600km/h. It flew for 240min. How far did it travel in kilometres? (ݒ ൌ
ௗ


௧
) 


b. A force of 250N is applied to an object that accelerates at a rate 5m/sec2. What is the mass of the


object? (F=ma)


c. A dropped object near the earth will accelerate (a) downward at 9.8 ms‐2. If the initial velocity (v0) is


1 m/s downward, what will be its velocity (v) at the end of t=3 sec?


(v = at + v0)
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Challenge Questions: 


Question 14: 


a. The security tower for a palace is on a small square piece of land 20m by 20m with a moat of width


.m the whole way aroundݔ


a. Find an expression, in expanded form, for the entire area occupied by the moat and the land


b. Write an expression for the area of the moat.


Question 15: 


A cheetah can accelerate from rest to a speed of 126km/h in 7.00 s. What is its acceleration (in ms‐2)? 


(v = at + v0) 


Question 16: 


 Mercury has a density of 13.56݃/ܿ݉ଷ. Calculate the weight of 2L of mercury.  


ߩ) ൌ
௠


௩
 , where ߩ ൌ 	ݕݐ݅ݏ݊݁݀ ቀ


௚


௖௠యቁሻ 
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12. Answers


1. a. 288    b. Petra earns $24 for every hour worked


2. a. m = 3n    b. 30 matches    c. 20 triangles


3. a. m = 2n + 1   b. 31  c. 10


4. a.  d = w2 + w – 1   b. 109  c. 20 (see note)


5. a. 1   b. 22   c. 10   d. 12  e. ൊ


6. a. 2x + 2y    b. 2m + 5n ‐7    c. ‐3x3 – x2 ‐2x    d. 11m + 10n    e. 10x + 22


7. a. x = 15   b. x = 16   c. x = 9   d. x = 14


8. a. x = 7   b. x = 162   c. y = 12   d. x = 13   e. x = 154


9. a. i. 27   ii. 8   iii. 20   b. i. 48   ii. 27   iii. 4   c. i. 10   ii. 6   d. i. 5   ii. 31   e. i. 92   ii. 25


f. i. 200   ii. 3   g. i. 15   ii. 6   iii. 5   h. i. 12   ii.12


10. a. 0.6kg, 600,000mg  b. 0.004264kL, 4264mL  c. 6.7m, 0.0067km


11. a. 113kg  b. 91.4kg


12. a. 2.82cm   b. 6.05cm   c. 150mm2 


13. a. 2400km   b. 50kg   c. 30.4m/s


14. a. 4x2 + 80x + 400   b. 4x2 + 80   15. 5ms‐2    16. m = 27120g or 17.12kg


13. Helpful Websites


Algebraic Expressions: https://www.khanacademy.org/


BIDMAS: https://www.educationquizzes.com/


Commutative, Associative and Distributive Laws: https://www.mathsisfun.com/ 


Learning Algebra: Pre‐algebra: https://www.lynda.com/ 


Like Terms: https://www.freemathhelp.com/


Rearranging Equations: https://www.khanacademy.org/


 Solving Equations: https://www.khanacademy.org/ 


Q4. Working: 


419 ൌ ଶݓ ൅ ݓ െ 1	
0 ൌ ଶݓ ൅ ݓ െ 420 (a quadratic) 
Factorize:	
0 ൌ ሺݓ ൅ 21ሻሺݓ െ 20ሻ 
w=‐21 or w=+20 


You can’t have a negative width,  


therefore the answer is 20 



https://www.educationquizzes.com/

https://www.lynda.com/

https://www.khanacademy.org/

https://www.mathsisfun.com/

https://www.freemathhelp.com/

https://www.khanacademy.org/

https://www.khanacademy.org/








