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Units 

There are seven base quantities that each have their own base units. These form the seven 

SI units. Every other unit can be written as one or more of the SI units combined. The only 

other extremely common unit is the L (1000 cubic cm). As of 2019, all of these 

measurements could be derived from natural phenomena. Radians are the other 

measurement that are often used, degrees are not used. 

Scientific notation should be used to clearly show the significant figures. These represent 

the precision of the measurement and are therefore important. When using any equation, 

there are specific derived quantities that should be used. Derived quantities are letters that 

represent different measurements eg. distance is L and time is T. These derived quantities 

directly link back to the SI units. When adding different quantities together, they must have 

the same units. 

Estimation 

A rough estimate can be made by reducing all the numbers in the equation to only one 

significant figure. Another strategy is to use smaller, well known lengths to guess the length 

or size of another object as a form of comparison. When finding the area or volume of a 

complex, or strange shape, the area of a more simple and similar shape can be found first. 

The last technique for estimation is to bound it. This means to compare it to a smaller 

measurement and a bigger measurement, and ensure the value calculated is between those 

to estimates. 

Accuracy and Precision 

Accuracy: how close you are to the true value. 

Precise: how close the agreement is between measurements. The reproducibility of a 

measurement. This is affected by random errors. 

Random errors: fluctuations in the thing being measured, the response of the measuring 

instrument or parallax error. 

Systematic error: always effects the measurements in the same way. 

Random errors should have an uncertainty in them, while systematic errors should be able 

to be corrected if enough information is known. This is for situations where the measuring 

device doesn’t begin at zero and similar circumstances. Because of random errors, 

measurements should take uncertainties into account. Uncertainties should be one or two 

significant figures only and should have the same number of decimal places and units as the 

measurement. 

Statistics 



Know how to find the mean, standard deviation and standard error. As the sample size 

increases, the standard deviation remains relatively unchanged, however, the average 

becomes a much better estimation of the true average and as such, the standard error 

decreases. There is not much value in finding the mean, standard deviation or standard 

error of the data unless it is normally distributed, or a Gaussian distribution (same thing). A 

normal distribution has approximately two thirds of all values within one standard deviation 

of the mean, 95% within two and 99.7% within three standard deviations. 

Uncertainties 

There are absolute and relative uncertainties. Absolute uncertainties should have the same 

unit as the actual measurement; however, the relative uncertainties is the uncertainty 

percentage of the total measurement, and therefore has no units. If two measurements are 

added or subtracted, the absolute uncertainty for each is added. If two measurements are 

multiplied or divided by each other, the relative uncertainties are added together. The 

absolute uncertainty is then found by multiplying the relative uncertainty by the result. 

Absolute uncertainties are denoted by the delta sign in equations. 
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Vectors 

Vectors are a single number with a unit and direction, whereas scalars are just numbers and 

units. Vectors are not divisible; however, scalars can be divided easily. When adding two 

vectors, the triangle method is used, along with SOH CAH TOA, and subtracting is the same, 

but a negative vector has the opposite direction. If a vector is split into components, each 

component is added or subtracted to the equivalent component from the other vector. 

Multiplying a vector by a scalar changes only the length, not the direction, and multiplying 

vectors creates a new vector that is perpendicular in direction to both of the initial vectors. 

The unit vectors are l̂, Ĵ, k̂ and are used to describe the direction of a vector. To state the 

length, multiply the vector by the length eg. 3l̂, 2Ĵ. 

Problem Solving 

There are three parts to any problem, the strategy, the solution and the significance. Some 

strategies that can be used to solve a problem include: drawing a diagram, defining 

directions, writing out the variables that are given or can be inferred and determining the 

unknown variables that must be found. It is then important to find and use an equation 

linking these variables together. Often one equation is required for each unknown. Then the 

problem should be solved using these equations. The last part, the significance, is to check 

the units and add the direction of the measurement, and then determine if it is reasonable 

and/or interesting. 

Prefixes 

10−15 f  femto 103 k  kilo 

10−12 p  pico 106 M  mega 



10−9 n  nano 109 G giga 

10−6 𝜇 micro 1012 T  tera 

10−3 m  milli   
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One-dimensional kinematics 

When solving kinematics problems, it is important to use a formal framework that will help 

to answer how things move. Part of the formal framework includes a reference frame or 

coordinate system with an origin, that will define the positive and negative directions. It is 

important to remember which measurements used the reference frames, vectors such as 

displacement and velocity, and which do not, scalars such as distance and speed. All vectors 

can be positive and negative, with positive and negative referring to direction. 

Instantaneous values of velocity and acceleration can be found using calculus. 

Instantaneous velocity is the slope of the tangent to a point on a displacement vs time 

graph, while instantaneous acceleration is the double derivative. If acceleration is constant, 

the following four equations can be used. 
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If the acceleration changes, then the function for velocity is  
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Two-dimensional Kinematics 

To find the instantaneous velocity you need to find the derivative of position in terms of 

time. This can be found of an overall function, or the derivative of each component of the 

displacement can be found. You finish with the equation 
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The instantaneous velocity can be found as either the double derivative of the position with 

respect to time, or the derivative of the velocity with respect to time. The function works 

the same as velocity, and the equation for the instantaneous velocity is 
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For circular motion, the speed is constant, but the direction of the object changes. 

Therefore, there is an acceleration and change in velocity for the object. However, the 

magnitude of the velocity and acceleration is constant. You can use similar triangles to 

prove that 

𝑎 =
𝑣2

𝑟
  

When comparing two reference frames, the difference in position between the origins of 

the two coordinate systems is given by 𝑟𝑠′𝑠⃗⃗ ⃗⃗ ⃗⃗  which means the position of s’ according to s. 

When using subscript in this way, the letter representing the object should be first, followed 

by the representation of the reference frame. When calculating things in different reference 

frames, its important to remember that for point P and reference frames s and s’ 

𝑟𝑝𝑠 = 𝑟𝑝𝑠, +𝑟𝑠𝑠′ 

�⃗�𝑝𝑠 = �⃗�𝑝𝑠, +�⃗�𝑠𝑠′ 

�⃗�𝑝𝑠 = �⃗�𝑝𝑠, +�⃗�𝑠𝑠′ 

If s’ is moving at a constant velocity with respect to s, then the acceleration on object P in 

both frames is the same, because they are both inertial reference frames. 
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Objects move because of forces, and there are two types of forces. The first type are contact 

forces, and these come about by contact between two or more objects. The second type of 

force is field forces, and these are the forces that work at a distance in a field, like electric 

and gravitational forces. These forces are governed by Newton’s three laws. 

Newton’s first law: 

A body remains at rest or at constant velocity unless acted upon by a net force. This is the 

law that helps to define inertial reference frames. Inertial reference frames are reference 

frames that move at constant velocity relative to another inertial reference frame. Newton’s 

laws are only applicable in inertial reference frames. 

Newton’s second law: 

The acceleration of a system is directly proportional and in the same direction as the net 

force on the system and is inversely proportional to the mass of the object. This is not 

including any forces being exerted by the object, or any forces internally in the object. It is 

important to remember that mass and weight are different. Mass is the measure of matter 

and an object’s inertia, while weight is a force due to gravity. When the only force of an 

object is weight, the object is in freefall. 

Newton’s third law: 

Forces come in action and reaction pairs, these reaction forces are equal in magnitude and 

opposite in direction. These forces aren’t always in the same spot, and this is how you get 

net force. The normal force is always perpendicular to the contact surface, it does not have 


