
Projectile Motion: 

𝑡 =
2𝑢 sin 𝜃

𝑔
, ℎ =

(𝑢 sin 𝜃)2

2𝑔
, 𝑅 =

𝑢2 sin 2𝜃

𝑔
  

Special Relativity: 

1. the laws of physics are the same in all 

inertial (non-accelerated) frames of 

reference 

2. the speed of light has a constant value 

for all observers regardless of their 

motion or the motion of the source. 

𝒕𝟎: the time interval between two events 

in a reference frame where the two 

events occur at the same point in space 

𝑳𝟎: the length that is measured in the 

frame of reference in which objects are 

at rest. 

𝑣 =
𝑐√𝛾2 − 1

𝛾
 

The survival rate of muons can be 

explained by examining the effects of 

special relativity from both the ground 

reference frame and the muon’s 

reference frame. From the ground-

frame, the muon’s clock is time dilated, 

or running slow, according to 𝑡 = 𝑡0𝛾, 

therefore less will decay in a given time. 

From the muon-frame, distance is 

contracted in the direction of motion, 

therefore there is a shorter distance in 

the muon frame to the Earth, according 

to 𝐿 =
𝐿0

𝛾
. 

𝐸𝑡𝑜𝑡 = 𝐸𝑘 + 𝐸0 = (𝛾 − 1)𝑚𝑐2 + 𝑚𝑐2 

= 𝛾𝑚𝑐2 

Total ‘mass-energy’ = rest energy + 

kinetic energy 

The Sun continuously converts mass–

energy stored as mass into radiant light 

and heat. This occurs due to the massive 

temperatures and pressures in the sun, 

which provide energy required for the 

fusion of hydrogen atoms, resulting in an 

enormous release of energy and 

corresponding loss of mass. The energy 

is released mainly through the gamma 

photons and the annihilation of the 

positrons when they meet free electrons 

in the Sun. 

Gravitation: 

𝐹 =
𝐺𝑀𝑚

𝑟2
=

𝑚𝑣2

𝑟
=

4𝜋2𝑟𝑚

𝑇2
= 𝑚𝑔 

𝑎 =
𝐺𝑀

𝑟2 =
𝑣2

𝑟
=

4𝜋2𝑟

𝑇2 = 𝑔 

Electric Fields: 

𝐹 =
𝑘𝑞1𝑞2

𝑟2 = 𝑞𝐸 – non-uniform 

𝐸 =
𝑉

𝑑
, 𝑊 = 𝑉𝑞 =

1

2
𝑚𝑣2 – uniform 

Magnetic Fields: 

Earth’s magnetic field lines point from 

South to North. 

Solenoid – fingers in direction of current, 

thumb points to North dipole. 

DC Motors: 

The commutator reverses the direction 

of the current twice every rotation 

(whenever the coil is in an orientation 

perpendicular to the magnetic field). 

This is achieved through alternating 

contacts between ends of the coil and 

external power supply terminals; thus 

resulting in reversal of magnetic forces 

acting on the coil. Therefore, the motor 

will keep rotating in a constant direction. 

Without a commutator, the coil will 

oscillate about a position perpendicular 

to the magnetic field until it comes to a 

halt. 

Magnetic Flux: 

As a coil rotates through an originally 

perpendicular magnetic field, the 

amount of magnetic field lines that 

threat the coil decreases from a 

maximum to zero over a ¼ turn. For the 

next ¼ turn, the flux enters from the 

other side of the coil, starting at zero 

and building to a maximum value. For 

the third ¼ turn, the amount of flux 

reduces to zero. For the last ¼ turn, the 

flux pass through the coil from the 

original side increasing back to the 

starting value. 

Induced EMF: 

Faraday’s Law – The average emf 

induced is proportional to the rate of 

change of magnetic flux. 

Lenz’s Law - The induced current in a 

loop will be in such a direction that its 

magnetic flux will oppose the change in 

magnetic flux that produced it. 

Generators: 

Commutators reverse the polarity of the 

output current ever half turn (when the 

coil is orientated perpendicular to the 

magnetic field), thereby producing a 

variable DC output current (as the 

current in the coil switches direction 

every half turn as well). 

Slip rings maintain constant contact with 

the circuit terminals, thus allowing an AC 

to be produced in an AC generator.  

Transformers: 

When an AC voltage is applied to the 

primary coil an alternating magnetic field 

is established within the iron core. This 

in turn will induce an alternating voltage 

in the secondary coil. Power is lost in the 

primary/secondary coils and eddy 

currents in the iron core.  

As 𝑃𝐿𝑜𝑠𝑠 = 𝐼2𝑅, transmission of power 

over considerable distances is optimised 

at relative high voltages and low 

currents (𝑃 = 𝑉𝐼). 

%𝑃𝐿𝑂𝑆𝑆 =
100𝑃𝐿𝑂𝑆𝑆

𝑃𝐼𝑁
, 𝑉𝐷𝑅𝑂𝑃 = 𝐼𝑅 

Wave Uses 

Radiowaves AM & FM com 

Microwaves Mobile phones, Wi-Fi, 
speed cameras, radar 

Infrared Short-range 
communication, 
remote controls 

Visible Sight, laser 

UV Sun tan, kill microbes 

X-Rays See inside people, 
things 

Gamma Kill cancer cells 

 

Source Production Features 

Laser Electron 
transitions in 
atoms in a 
gas due to 
stimulated 
emission. 

Coherent 
Polarised 

Synch. Acceleration 
(deflection) 
of charged 
particles 
(electrons) 
due to 
magnetic 
fields. 

Wide 
range of 
λ, 
polarised
, very 
intense, 
can be 
coherent 

LED Electron 
transition in 
semiconduc. 
material from 
conduction 
band to 
valence 
band. 

Can be 
monochr
omatic 
(single 
waveleng
th) 

Incand Acceleration 
of charged 
particles due 
to thermal 
vibrations 

Continuo
us 
spectrum 

Banked Curves: 

 

 

 

 

Friction will oppose the state of motion – 

act up the plane if the body is on the 

verge of moving down and vice versa. 

Forces should be resolved in terms of 

centripetal force to find unknowns. 
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Mechanical Waves:  

A wave is a disturbance which causes a 

transmission of energy from one location 

to another without the net transfer of 

matter. 

A transverse wave is defined as a wave 

whose oscillation is perpendicular (at 

right angles) to the direction of the 

wave’s propagation. 

Longitudinal waves (also known as a 

compressional wave) is defined as a 

wave whose oscillation is parallel to the 

direction of propagation. 

Interference: 

Waves pass through each other without 

being disturbed. Superposition is the 

term used to describe, the net 

displacement of the medium at any 

point in space or time, is simply the sum 

of the individual wave displacements 

Constructive interference - the 

interference of two or more waves of 

equal frequency and phase (coherent), 

resulting in their mutual reinforcement 

and producing a single amplitude equal 

to the sum of the amplitudes of the 

individual waves. 

Destructive interference - the 

interference of two waves of equal 

frequency and opposite phase, resulting 

in their cancellation where the negative 

displacement of one always coincides 

with the positive displacement of the 

other. 

For two coherent waves, constructive 

interference occurs for 𝑃𝐷 = 𝑛𝜆, and 

destructive for 𝑃𝐷 = (𝑛 −
1

2
)𝜆. 

An antinode is a point where 

constructive interference always occurs. 

A node is a point where destructive 

interference always occurs. The 

antinodes and nodes produced by two 

coherent wave sources form along lines. 

This is called an interference pattern. 

Doppler Effect: 

The Doppler Effect is observed when a 

wave source moving relative to a 

detector or observer, resulting in a 

perceived change in frequency. i.e: 

1. The source is stationary and the 

detector/observer moves, or 

2. The detector/observer is stationary 

and the source moves 

Resonance: 

Resonance is the vibration of an object 

caused when a forced oscillation 

matches the object’s natural frequency 

of vibration. Wave resonance occurs 

when the forced oscillations are at the 

resonant frequency of the wave 

medium, so that the superposition of a 

travelling wave and its reflection creates 

constructive interference. 

Standing Waves: 

A standing wave is the result of the 

superposition of two waves with the 

same amplitude and frequency travelling 

in opposite directions within the same 

medium. Nodes – destructive, antinodes 

– constructive. 

At a fixed end, the wave inverts upon 

reflection. At an unfixed end, the wave 

reflects upright. 

Diffraction: 

Extent of diffraction is given by “
𝜆

𝑤
”, 

where diffraction is significant if the ratio 

is ≥ 1 and insignificant if ≤ 1. 

Electromagnetic Waves: 

An electromagnetic wave is a self-

sustaining wave that requires no 

medium in which to propagate. An 

electromagnetic wave is a self-sustaining 

wave that requires no medium in which 

to propagate. This change in electric field 

creates a changing magnetic field and 

vice versa. Together these changing 

fields create an electromagnetic wave. 

Polarisation: 

Light consists of transverse waves that 

exist upon multiple planes. A polarised 

wave describes a transverse wave for 

which the oscillations occur in a single 

plane. A polarising filter is a material that 

allows transverse wave oscillations only 

in a certain plane. 

Refraction: 

When light enters another medium its 

speed and wavelength decrease, whilst 

frequency remains the same. 

 

Critical Angle: 

It is possible for light travelling from one 

medium into a second, of less optical 

density, to refract to such an extent that 

it does not escape out of the second 

medium, but rather “grazes” along the 

surface of the material. 

The incident angle at which this 

phenomenon occurs is the critical angle 

(𝑖𝑐). An incident angle greater than the 

critical angle will produce total internal 

reflection, whereby no light enters the 

second medium at all. 

Colour Dispersion: 

White light is what we see when a full 

spectrum of visible light hits our eyes in 

equal amount. Each colour of light has a 

slightly different wavelength. Colour 

dispersion is the separation of white 

light into its component colours due to 

the different amounts that each colour 

refracts.  



Young’s Double Slit Experiment: 

Young shone a beam of monochromatic 

light at a black slide that had two 

narrow, close together vertical openings. 

He described the pattern of light that he 

observed on the screen on the other side 

of the black slide. He observed a pattern 

of bright and dark vertical lines, with a 

bright line in the centre of the pattern in 

line with the light source and a point on 

the slide between the vertical openings. 

Young interpreted the bright and dark 

lines as evidence of interference due to 

light travelling by paths of different 

distances from the two vertical openings 

to a point on the screen.  Interference is 

a phenomenon unique to waves thus 

showing that light could behave as a 

wave. 

Fringe Spacing: 

∆𝑥 =
𝜆𝐿

𝑑
, used to describe how changing 

wavelength, slit separation and screen 

distance (L) effects fringe spacing. 

Diffraction and Imaging: 

If the extent of diffraction is too spread, 

then the image is less finely resolved, 

resulting in a less clear image. 

Photoelectric Effect: 

Electron Volt – the amount of energy 

required to accelerate one electron 

across a potential difference of 1V. 

eV  Joules × (1.6 ∗ 10−19) 

Einstein’s explanation of the 

photoelectric was based on three 

assumptions: 

Light not only transfers energy to matter 

in small packets, but travels through 

space as a packet of energy. This 

‘photon’ has energy given by 𝐸 = ℎ𝑓. 

Each photon gives all of its energy to one 

single electron. 

There is a minimum amount of energy 

that an electron must lose in order to 

escape the metal surface – the Work 

Function. Thus, 𝐸𝐾 𝑀𝐴𝑋 = ℎ𝑓 − 𝜙 

The evidence for this is: 

Max EK depends on frequency 

Max EK is independent of intensity 

There is no time delay between the 

arrival of light at the metal surface and 

the emission of photoelectrons, even for 

low intensity light. 

Wave Model Limitations: 

The wave model predicted that: 

Max EK would increase with greater 

intensity – larger amplitude of wave. 

There would be minimal dependence on 

frequency, as energy is mostly in 

amplitude. 

There would be a time delay for low 

intensity light as the energy from small 

amplitude waves would take some time 

to accumulate before an energy had 

enough energy to leave the metal. 

The wave model cannot explain: 

Independence of photoelectron EK and 

intensity. 

Existence of threshold frequency 

No time delay for electron ejection. 

De Broglie Waves: 

The identical nature of the diffraction 

pattern produced by an X-ray to that of 

an electron beam, proved that particles 

could exhibit wave like properties. 

Emission/Absorption Spectra: 

Emission and absorption spectra can be 

explained with a model of the atom in 

which electrons occupy discrete energy 

levels. If an electron absorbs light then it 

will move up to a higher energy level. If 

an electron emits light then it will move 

down to a lower energy level. The 

energy of the photon absorbed/emitted 

is equal to the change in energy levels of 

an atom, due to an electron changing 

state. 

Quantised States: 

Electrons exhibit wave behaviour and 

have a wavelength. Each electron orbit 

in an atom, de Broglie proposed, is a 

standing wave. The orbits correspond to 

circular waves in which the 

circumference of the orbit equals an 

integer multiple of wavelengths, hence 

the quantised states of the atom. The 

energy of an electron is related to its 

momentum, which is related to its 

wavelength, so if only exact multiples of 

a certain wavelengths can fit, then only 

certain energy values are possible. 

Single Photon/Electron Double Slit:  

In a single particle double slit 

experiment, the intensity of the beam is 

reduced such that there is only one 

photon/electron in the apparatus at any 

one time. On the screen, discrete spots 

appear a t specific points, although 

seemingly random. This spot means the 

photon/electron is behaving like a 

particle. However over time the hits 

accumulate, and rather than being 

random, they form a pattern. This 

pattern is identical to an interference 

pattern produced for a high intensity 

beam. This shows that the 

photon/electron behaves like a wave as 

well. Thus this experiment is evidence 

for the dual nature of light/matter. 

 

Single Slit: 

As a photon/electron passes through a 

slit, it has a probability of diffracting and 

therefore having an uncertainty in 

momentum. It also has an uncertainty in 

position, which is approximately half of 

the width of the slit. If slit width is 

decreased, there is less uncertainty in 

position and there is a greater 

probability of diffraction. Thus the 

uncertainty in momentum increases. 

Similarly if the slit width is increased, 

there is more uncertainty in position and 

there is less diffraction. Thus the 

uncertainty in momentum decreases. 

This illustrates Heisenberg’s Uncertainty 

Principle, where the product of position 

and momentum uncertainties can never 

be less than 
ℎ

4𝜋
 (thus explaining why if 

one uncertainty increases the other 

decreases). 

Classical Laws Failure: 

Classical laws assume that physical 

quantities such as position and 

momentum can be determined to 

unlimited certainty. 

This assumption is appropriate for larger 

objects because the quantum 

uncertainty described by HUP is so 

negligible (since h is so small). But for 

small enough objects the uncertainty is 

significant; that is, to meaningfully 

describe for example an electrons 

position, HUP states that we must make 

∆x very small, which means ∆px becomes 

significantly large. And so classical laws 

fail to describe their behaviour to 

unlimited certainty.  



Variables: 

An independent variable is the variable 

for which quantities are manipulated by 

the experimenter, and assumed to 

directly affect the dependent variable. 

They are plotted on the x-axis. You want 

this to be the only variable acting on the 

dependent variable. 

A dependent variable is the variable 

being changed as a result of the other 

variable in the experiment. It belongs on 

the y-axis of the graph. You want the 

changes to only be caused by the 

independent variable. 

Extraneous variables are variables which 

might have an impact on the dependent 

variable. You don’t want these variables 

in your experiment; get rid of them if 

possible or control them.  

A controlled variable is a variable that 

has been held constant in an experiment 

to test the relationship between the 

independent and dependent variables. 

Categorical Data are best represented 

using bar charts/pie charts 

Numerical Data are best displayed using 

scatter plots/line graphs. 

Errors: 

Instrumental limitations – any measuring 

device can only be used to measure 

within a certain degree of fineness. 

Systematic errors – Caused by a mistake 

which does not change during 

measurement. They are either identified 

as outliers or alter experimental results. 

They do not enter into the uncertainty. 

Random errors – arise from unnoticed 

variations in measurement technique, 

environment etc. They affect precision, 

however they average out if results of 

large trial no. are combined. 

Precision vs. Accuracy: 

A precise measurement is one where 

independent measurements of the same 

quantity closely cluster about a single 

value – may or may not be correct. How 

many decimal places? 

An accurate measurement is one where 

independent measurements cluster 

about the true value. Do they reflect the 

truth? 

Repeatability & Reliability: 

Repeatability - completion of experiment 

more than once to obtain similar results. 

Good practice in improving experimental 

precision. 

Reliability – likelihood that another 

experimenter with different/similar 

equipment will obtain the same results. 

Where personal judgement is involved 

this impacts more reliability than 

repeatability. 

Significant Figures: 

Can’t express answer to higher number 

of sig. figs involved. 

Measurement Uncertainties: 

Error – the difference between 

measured and true value. 

Uncertainties can be expressed as: 

Absolute error, in the form of 𝑥 ± ∆𝑥 

Percentage error, in the form 𝑥 ± (
∆𝑥

𝑥
) ∗

100 

For analogue measurements, the 

uncertainty is ± half the distance 

between two adjacent markings unless 

specified by manufacturer. You can take 

a measurement as being halfway 

between two adjacent markings. 

Uncertainty Algebra: 

Addition and Subtraction: ADD the 

absolute uncertainties. 

Multiplication and Division: ADD the 

percentage uncertainties. 

For a number raised to an exponent: 

MULTIPLY the percentage uncertainty by 

the power. 

For multiplying by a constant: 

MULTIPLY absolute uncertainty by 

constant OR leave percentage 

uncertainty untouched. 

Validity: 

“How well do the findings provide a 

response to research question?” 

Impacted by extraneous variables or 

multiple possible explanations for 

results. Improved by better 

methodology. Did you actually measure 

the impact of the IV or something else? 


