
 

3.4.2 – Solving Systems of Linear Equations 

• Two Linear Equations represented as straight lines should intersect ONCE, the two 

exceptions for this are: 

1. If the two linear equations are the same (infinite solutions) 

2. If the two linear equations are parallel, but not identical (no solutions) 

• Mathematically, scenario one occurs when one equation is a scalar multiple of the 

other → y = 2x + 3 is the same as 4y = 8x + 12  

• Scenario 2 occurs when both equations have the same gradient (slope or incline) as 

each other → y = 4x + 3 is parallel to y = 4x + 7 

o The gradient here is given by the coefficient of x: m → y = mx + c 

 

The two methods of solving linear equations are: 

1. Substitution → isolating a variable in one equation and inserting it into the other 

to remove a confounding variable (leave just one to solve) 

e.g.  

4y – 3x = 2y + x – 6  [1] AND  

3x + y = 12  [2] 
 

Step 1: simplify the equations to isolate either variable 

 2y = 4x + 6 → y = 2x - 3  [1] 

 1y = -3x + 12  [2] so y = 12 – 3x → substitute it into [1] and solve for x 

12 – 3x = 2x - 3 → 15 = 5x → x = 3 
 

Step 2: substitute the found variable into the OTHER equation to solve for the other variable 

 Substitute x = 3 into [2] 

 3(3) + y = 12 → y = 12 – 9 = 3 
 

Therefore, the solution to the two equations is: x = 3, y = 3 

 

2. Elimination → Two equations in the same format can be altered so that a variable 

can be cancelled entirely leaving the other ready to solve 
 

e.g.  

2x – 2y = 1 [1] 

4x + 5y = 11 [2] 
 

Step 1: Edit (* or /) one equation so that the coefficients of ONE variable match the other 

 [1] x 2 → 4x – 4y = 2 [3] now both coefficients of x are 4 and can be cancelled  
 

Step 2: Take the new equation [3] and appropriately add/subtract it from the other  

 4x – 4y = 2 

 4x + 5 y = 11 

          _ 0x – 9y  = -9  → -9y = -9 → y = 1 
 

Step 3: Substitute the discovered value into either equation to find the other solution 

 4x + 5(1) = 11 → 4x = 6 → x = 2/3 

 

Therefore, the solution to the two equations is: y = 1, x = 3/2 



 

3.5 Graphing Linear Equations 

• To put an equation in a form we can graph, one variable must be isolated 

o Often y is isolated and sometimes written as f(x), where y if a function of 

various outputs based on the value of x 

• The equations are plotted on a Cartesian Plane (right), which has an x-axis 

(independent variable; IV) and a y-axis 

(dependent variable; DV) 

The variables are plotted using the coordinates where the 

first number is x and the second y, in the form (x, y) 
 

Two graph a linear equation, say 2x + y = 3, all we need 

are two points. 
 

Inputting x = 0 and x = 1 we get y = 3 and y = 1 

respectively → this would mean that the line passes 

through the points: (0,3) and (1, 1) 
 

To graph this equation, you would plot these two points 

on the grid, and draw a line passing through both with a 

ruler (in the exam you don’t get a ruler, so use your ID or 

pencil) 

 

3.5.1 – Slope-Intercept Form Equations 

• Slope → steepness of a line → it is equal to rise/run → if you have two points:                

(x1, y1), (x2, y2) the gradient between them is calculated by (y2-y1)/(x2/x1) 

• Intercept → the y-intercept is where the equation passes the y-axis, here x is 0, so to 

find y just let x = 0 and solve  

o In the form y = mx + c, m is the gradient, and c is the y-intercept 

▪ y = 2x + 4 → gradient = 2 and the y-intercept is 4 
 

Gradient between the points (1,2) and (3,6) is → 
6−2

3−1
=

4

2
= 2 

Given the gradient and a point, you can find the y-intercept using the y = mx + c format 

 Using point (1,2) → 2 = 2(1) + c → c = 0, this line passes through the origin 

 

Equation of the line is therefore → y = 2x     the + c is not needed as c = 0 

 

3.5.2 – Types of Gradients 

• + gradient → upward slope ( / ) 

• - gradient → downward slope ( \ ) 

• 0 gradient → horizontal ( – ) 

• Unidentified gradient → vertical ( | ) 

 

3.5.3 – Common Graph Shapes  

• You should know the following plain graph (y and x only) shapes by memory              

→ quadratic, cubic, sigmoidal, sinusoidal, hyperbolic, exponential (rise and decay)  



 

5.4 – Trig Function Graphs 

The functions, sine, cosine, and tangent are all displayed below in their simplest forms. You 

do not have to know how to sketch these graphs or interpret much of the mathematics 

behind their shape or function. 

However, you must recognise that these functions are periodic. They are repetitious and 

repeat after an amount of time called a ‘period’. For y = cos(x) and y = sin(x), the length of 

the period is 2π (which is 360°, a full revolution of the unit circle!) 
 

Tangent is unique as it has asymptotes (breaking lines that show values that the function 

cannot take → in this case when θ = π/2 or 3π/2 the coordinate values are (0, 1) or (0, -1), 

where the x value is given by sin (O/H) and y by cosine (A/H) → for tangent (O/A) this 

would equate to tan(π/2) = 1/0 or tan(3π/2) = -1/0 → these are impossible values  

 

Finally, take note that when x = 0, the value of y=cos(x) is 1 and y=sin(x) is 0, this returns us 

back to the unit circle, where we know that at the 0 point, the coordinate is (1, 0) 

 

5.5 – Inverse Trig Functions  

• Only for the sake of completeness in basic trigonometry will we discuss inverse 

functions which may assist in algebraic manipulation of data 

• For all functions: 

o sin(θ) = x and therefore sin-1(x) = θ 

 

As an aside, you will never be asked to draw or manipulate trigonometric data in a way that 

requires a deep knowledge of these functions. Understand how to use these functions, as 

you will apply the math in physics or chemistry questions, rather than in a math question. 

 

 

 

 

 

 



 

2.6 Projectile Motion 

• All projectiles we deal with here are parabolic in nature: either starting from the base 

or the centre and travelling in a 

uniform direction 

Notice how any object launched at a given 

velocity vector at a given angle of 

inclination can be separated into its 

horizontal and vertical components (this 

is covered in 1.1.3) 
 

We can use simple trigonometry and 

vector addition to determine many things 

about the trajectory in question referring 

to the diagram on the right 
 

Vertical Component (is in free fall) 

- Initial speed → Vyi = Vi sin(θ) 

- Vertical displacement from origin → Vyi*t + ½at2 (t is time since launch, a = g = 9.8) 

- Vertical Speed at any time → Vy = Vyi + at 

o Note that vertical speed is 0 at ymax (height of parabola) and decreases 

thereafter  

- You can use the symmetry of a parabola to estimate Vy at a given point → B=D A=E 

o You can also use these equations in the event of an object being thrown 

directly up (note there is no horizontal component) 

 

Horizontal Component (Constant)  

- Initial Speed → Vxi = Vx cos(θ) 

- Horizontal Displacement from origin → Vx*t 

- Horizontal Speed at any time → Vx = Vxi  

o Horizontal speed is constant as there is no frictional drag force to stop it 

 

Initial Velocity Vi 

- Magnitude of Vi → |Vi| = √𝑣𝑥𝑖
2 + 𝑣𝑦𝑖

2  

- Direction of Vi → tan(θ) = 
𝑣𝑦𝑖

𝑣𝑥𝑖
 

 

Displacement Equation 

• If we do not have the time when the ball hits the ground, 

but we do have the angle and initial velocity (Vi) we can 

use the following equation to determine how far the ball 

has travelled at the point where it returns to the ground 

o 𝑥 =  
𝑉𝑖

2×sin(2𝜃)

𝑔
 

 



 

SECTION 3 – PARTICLE DYNAMICS 
 

3.1 Frictional Forces: The Inclined Plane 

• A frictional force is caused by molecular adhesion between two objects in contact 

with one another → a frictional force will oppose the direction of motion 

o The maximal frictional force is given by fmax = μN, where μ is the ‘coefficient 

of friction’ for a surface, and N is the normal force  

o The Normal Force FN is always perpendicular to the surface the object is on 

• Static Friction is always present and is given the symbol μs and is calculated by: 

o μs  = tan(θ), where θ is the incline angle 

• In the diagram, mg represents the weight force, W 

o Resolving the weight vector into horizontal and vertical 

components can be done using mg sin(θ) and mg cos(θ) 

respectively → using Newton’s third law, we can see that 

FN = -mg cos(θ)  

• On the diagram, the small ‘f’ symbol represents the 

coefficient of kinetic friction, denoted μk  

o μk  < μs  → the maximum static force will decrease as the incline grows steeper 

• The net forces (ΣF) on an object can be given by → mg sin(θ) – μk mg cos(θ) 

o Dividing this by mass and utilising Newton’s Second Law → F = ma we get: 

▪ a = f/m = (μk mg cos(θ) – mg sin(θ)) / m = μk g cos(θ) –  g sin(θ)  

• Hence a = g(μk cos(θ) – sin(θ)) 

 

3.2 Uniform Circular Motion 

• When an object is travelling at a constant speed in a circle → 

velocity is always the same magnitude, but its direction is 

changing continuously  

• The velocity is always tangent to the circle, and the acceleration is 

perpendicular to this, in addition to being centrally directed → 

this is centrical acceleration (ac)  

• The magnitude of the acceleration is given by ac = v2/r where r is 

the radius of the circle, and v its velocity 

o Note the direction of the acceleration, is inward 

• The Centripetal Force (Fc) is given by Fc = mac = mv2/r (m is mass) 

N.B. Centrifugal force is in the opposite direction to centripetal 

 

3.2.1 Circular Motion on a Banked Curve  

• On a banked corner, to avoid moving toward the centre, the object 

must be travelling at a speed to generate a normal force to overcome 

this with appropriate velocity 

• Fc = FN sin(θ) = mv2/r → the velocity of the car can be found if the 

mass, the circle radius, and the normal force/angle of inclination are 

known 



 

11.4.1 Mirror Terminology 

R = radius of curvature (C-V distance) 

f = focal length (F-V distance) 

C = centre of curvature 

F = focal point 

V = vertex (centre of mirror) 

 

The image distance (i) is the distance behind the 

mirror and object is (along the C-V axis) and the object distance (o) is 

how far the object is from the mirror surface itself 

 

11.4.2 Convex and Concave Mirror Rules 

For Concave Mirrors 

• If o < f → image is virtual  

• If o > f → image is real and inverted 

• If o = f → no image is formed 

 

• If o < R → image is enlarged 

• If o < R → image is reduced in size 

• If o = R → image does not change in size 

Incident rays parallel to the axis (C) have backward extensions of their reflections through F 

• A ray that passes parallel through C reflects directly back 

• A ray that passes through F will reflect parallel back to C 

 

For Convex Mirrors 

• Always form reduced, erect, and virtual images (REV) 

 

Equations for both Convex and Concave Mirrors 

o 1/i + 1/o = 1/f 

o f = r/2  and hence r = 2f 

o M = magnification = -i/o 

 

• For i and o → positive values = real, negative values = virtual 

• For r and f → positive values = converging, negative values = diverging 

• For M → positive = erect, negative = inverted 

• If M > 1 → image is enlarged, if M < 1 → image is diminished 

 

11.5 Refraction, Dispersion, Refractive Index, Snell’s Law 

• Refraction is the bending of light as it passes through 

a transparent medium to another as the speed of light 

changes 

• 
sin(𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒)

sin(𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑟𝑒𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛)
=

𝑣(𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡)

𝑣(𝑒𝑚𝑒𝑟𝑔𝑒𝑛𝑡)
=

𝜆(𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡)

𝜆(𝑒𝑚𝑟𝑔𝑒𝑛𝑡)
=

𝑛2

𝑛1
 

• v is the velocity of the light, and n1 and n2 are the 

refractive indexes of substance 1 and 2 respectively  

• The smaller the angle of refraction → the more 

optically dense (higher n2) the medium 



 

• Furthermore, the smaller the wavelength of incident light, the closer the angle of 

refraction becomes to the angle of incidence 

• Longer wavelengths travel faster in a medium as shorter waves are more subject to 

refraction  

o As light disperses when it enters a new medium, diffraction occurs as 

multiple wavelengths with the single ray diffract at various angles upon 

meeting a refraction surface 

 

11.5.1 Law’s of Refraction  

• The incident ray, the refracted ray and the normal ray all lie in the same plane 

• The path of the ray is reversible (the angles do not change with the direction of the 

ray) 

 

11.5.2 Refraction out of Water (or from a high to low optical density medium) 

• As air is less optically dense than water, there are some special scenarios where light 

can be refracted or reflected by the water surface 

o The first is the incident critical angle of refraction, where the ray is bent at a 

90° angle to the normal (essentially the ray follows the water surface) → the 

critical incident angle causes neither reflection nor refraction 

o The second is total internal reflection whereby the incident angle is greater 

than the critical angle (θ1 > θc) 

 

11.5.3 Snell’s Law 

• The critical angle θc can be found using Snell’s Law 

o n1 sin(θc) = n2 sin(θ2), as θ2 is 90° upon critical angle impaction and sin(90) = 1, 

sin(θc) can be isolated to give: 

▪ sin(θc) = n2/n1 where n2 is less than n1 

▪ The ratio of n2 to n1 also gives the apparent to actual depth ratio of an 

object (where n2 is the medium of the observer, and n1 the object) 

 

 

 

 

 



 

2.1.2 Electrons and Orbitals 

• Electrons move at such high speeds that we do not know exactly where they could 

lie at any one time: the Schrodinger Equation (which we do not have to know) 

defines 3D probability clouds where we an electron could potentially be → these 

clouds are what we call orbitals (each shell is made up of orbitals) 

• These orbitals are described by 4 different quantum numbers: n, l, ml and ms 

o n → the principal quantum number → this defines the shell number 

▪ K (n=1), L (n=2), M (n=3), N (n=4) … Q (n=7) 

o l → the angular momentum quantum number → this simply defines the 

shape of an orbital → it is defined by n and starts from ZERO (0) 

▪ as n increases the number of orbital variations does too 

▪ The smallest orbital is the s-orbital, which is Sphere shaped, followed 

by the p-orbital, which is split sphere shaped  

In the right image we can see the spheroid s-orbital (0), and the dumbbell shaped p-orbital 

(1), followed by the d, f, and not shown, g and h orbitals (2-5) → with increasing orbital 

value the number of orbital orientations increases (you only need to know the shell 

numbers, and the orbitals they contain (memorise the left image and you are set!) 

o ml defines the number of orientations the orbitals can take up and the formula for 

this is 2l + 1 → for the s-orbital → 2(0) + 1 = 1 orientation 

▪ Note that the number of orientations just increases by 2 each time (each 

‘orientation’ will hold 2 electrons (p has 3 orientations, holds 6 electrons) 

o mn is the quantum spin number which can take the value of -1/2 or ½ → although 

not technically true, it is governed by the 

direction in which the electron spins (and this 

motion creates its magnetic field) → for 

simplicity we will say an electron spins up or 

down (1/2 and -1/2) 
 

▪ Please note the hierarchy of electron spaces: shells 

> subshells > orbitals/orientations 

▪ The L-Shell (n=2) → has S and P subshells → these 

have 1 and 3 orientations respectively  



 

6.9.1 Strong Acid vs Strong Base 

• The pH of a strong acid + strong base titration is initially very low and increases 

slowly as base is added → when the equivalent volume has been reached → the 

curve becomes steep and the equivalence point lies halfway up the steepest section 

• Typically for Strong Acid + Strong base → the eq point has a pH of 7 

6.9.2 Weak Acid vs Strong Base 

• When a strong base is added to a weak acid, halfway to the equivalence point is 

when pH = pKa, which occurs when [A-] = [HA] → the pH at the equivalence point 

will hence be at an alkaline pH 

• After the equivalence point, the titration behaves like a strong acid + strong base 

 

6.9.3 Weak Base vs Strong Acid 

• The titration of a weak base with a strong acid is similar to the weak acid strong base, 

except the pH is initially higher 

• Note the midpoint here is when pOH = pKb and 

the equivalence point is during the steepest 

section → the pH at this point is at an acidic pH 

• After the eq point, the titration behaves like a 

strong acid + strong base 

 

6.10 Redox Titration 

• A redox titration involves using an oxidising 

agent with an unknown reducing agent 

• The oxidising agent is usually the purple MnO4- 

producing potassium permanganate KMnO4 

o The reduced form of KMnO4, Mn++ is colourless → hence we have colourless 

and coloured boundaries  

o Addition of a reducing agent drop by drop will make the colour appear but 

fades as it is reduced, but once eq is reached the colour remains and the 

solution is at equilibrium  


