
Module 5: Advanced Mechanics

Topic 1: Projectile Motion

Inquiry question: How can models that are used to explain projectile motion be used to analyse

and make predictions?

● Analyse the motion of projectiles by resolving the motion into horizontal and vertical

components, making the following assumptions:

○ a constant vertical acceleration due to gravity

○ zero air resistance

➔ Projectile: a macroscopic, slow-moving object

◆ Generally, diameter > 1mm, speed < c (c = speed of light)

➔ Any projectile in inertial free fall motion (ie. the only influence is gravity) is modelled by

projectile motion

◆ To obtain ideal projectile trajectories, ignore effects of friction and assume

constant gravitational acceleration

◆ Can also assume that all projectiles have no movement in 3D (projectile motion is

perfectly 2D

◆ 3 main factors affecting projectile motion: angle of launch, initial velocity and

acceleration due to gravity

◆ Assume no other force is present

➔ When working with projectile motion questions, horizontal velocity is always constant

and vertical acceleration is always constant (acceleration due to gravity = 9.8ms-1 if not

stated in the question)

Vertical and Horizontal Velocities

➔ Galileo’s analysis of projectile motion:

“A projectile motion consists of two

independent motions, horizontal and

vertical. The horizontal motion is under

uniform velocity, and vertical motion is

under uniform acceleration”

- To analyse 2D projectile motion, we analyse

its vertical and horizontal independently

➔ At max height, vertical velocity is zero

◆ Can be useful considering suvat equations using max height as displacement and

final velocity as zero
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● Investigate the orbital motion of planets and artificial satellites when applying the

relationships between the following quantities:

○ gravitational force

○ centripetal force

○ centripetal acceleration

○ mass

○ orbital radius

○ orbital velocity

○ orbital period

● Predict quantitatively the orbital properties of planets and satellites in a variety of

situations, including near the Earth and geostationary orbits, and relate these to their

uses

Definition of Satellites

➔ Satellite: any object with a stable orbit around another object

➔ Orbit (orbital motion) refers to regular and repeating path that one object takes around

a  fixed point

◆ Example: Earth is satellite of Sun, Earth’s orbit is fixed around position of the Sun

➔ Satellites can be man-made (eg. telecommunications satellite) or natural  (eg. moon)

Newton’s Thought Experiment

➔ Newton conducted a thought experiment where he considered what would happen if a

cannonball was fired from the top of a tall mountain

◆ This was an extension of projectile motion to objects in orbit around Earth

➔ He concluded that if the cannonball was fired with greater velocity it could travel further

around the Earth’s curvature

➔ He reasoned that if the cannonball had sufficient velocity it would be in a state of

continuous free-fall and arrive back at the cannon

➔ Main problem was he ignored air resistance which would slow the cannonball and it

would eventually hit the ground

◆ However, in higher altitudes, this is negligible
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Lenz’s Law: Case Study 2

➔ MF that arises from induced emf must oppose external flux change

◆ Otherwise, energy is created from nothing, violating LoCoE

➔ Therefore, induced current flows in clockwise direction

Applying Lenz’s Law to a Coil

1. Determine if the flux through coil is

increasing/decreasing

2. By Lenz’s Law, induced current’s MF must oppose

Δflux

3. Thumb points in direction which opposes ΔΦ
- If MF into page is decreasing, thumb points

into page

- Only works on the inside of the coil

4. Fingers curl in direction of induced current

Summary

➔ Magnetic flux (Φ)

◆ Amount of MF lines threading through an area

● Φ = BperpendicularA → Φ = BAcosθ
➔ Faraday’s Law (EM induction)

◆ ΔΦ gives rise to emf (voltage)

● emf = Ɛ = - n
ΔΦ
Δ𝑡

➔ Lenz’s Law

◆ Current induced flows in such a way to counteract the change which caused it

Eddy Currents

➔ When a metal plate experiences a change in magnetic flux, it induced a special type of

current known as eddy currents

➔ Eddy currents flow in a loop whose direction is governed by Lenz’s Law
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◆ Equate time taken for light to travel 16km and for wheel to rotate on tooth

● t = t =
16𝑘𝑚
𝑣

𝑙𝑖𝑔ℎ𝑡
⇔

θ
ω

Fizeau-Foucalt’s Experiment (Foucault)

➔ Leon Foucault refined Fizeau’s experiment by using a rotating mirror to block the light’s

path and by 1862 determined the speed of light to be 298000 kms-1 (close to today’s

accepted value of 299792.456 kms-1)

➔ Distance for reflected light to travel from R to M and back to R

is 2h. If speed of light is constant (c), then the time taken is

t = → ①
2ℎ
𝑐

➔ During this, the mirror is rotated at an angle θ. If rotational

velocity of mirror is ω, time taken is t= →②θ
ω

◆ Equating ① and ②, c =
2ℎω

θ

➔ Further experiments to measure speed of light (eg. Albert Michelson in the 1930s) and

particularly the discovery of laser in the 1950s allowed for more accurate values for

speed of light to be obtained

➔ By 1983, speed of light was declared 299792458 ms-1. Speed of light is also known to be

an absolute constant regardless of speed of source or observer

➔ Due to constancy of speed of light, one metre is defined to be how far light travels in

1/299792458 (or 1/c) of a second

● conduct an investigation to examine a variety of spectra produced by discharge tubes,

reflected sunlight or incandescent filaments

Exploring the Electromagnetic Spectrum

➔ With Heinrich Hertz’s discovery of the radio wave it was officially confirmed that visible

light is only a small part of the entire EM spectrum; there are many forms of EMR

➔ Earth’s atmosphere is responsible for filtering out certain bands of EMR. This is

beneficial as high energy EMR is dangerous to living organisms. However, it prevents

Earth-based measurements of objects in space

Spectrum

➔ Spectrum: a range/band of values of a quantity or set of related quantities

◆ Visible spectrum: range of colours emerging from dispersion of light

◆ EM spectrum: range of frequencies/wavelengths of EMR
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➔ Has great elasticity to support the propagation of the light waves

Aether Wind

➔ If the aether existed, then the orbital motion of Earth, through the aether, would

produce “Aether Wind”

➔ The speed of light would vary when it travelled in different directions relative to the

aether wind

➔ Thus, we should be able to detect different speeds of light in different directions relative

to aether wind

➔ This is the principle behind the Michelson and Morley experiment

Michelson and Morley Experiment

➔ Aim: to measure the relative motion of Earth through aether using an interferometer

➔ Method: single beam of light allowed to split into two identical components; one was

moving in the directions of aether wind, the other moving perpendicularly to aether

wind

◆ When the two identical beams recombined, the interference pattern was

observed. The whole apparatus was then rotated through 90o, and the

interference pattern was expected to change during the rotation

➔ Results: despite conducting the experiment at various times and locations and the use of

an extremely sensitive interferometer, there was no change in the interference pattern

whatsoever

◆ Known as a ‘null’ result

➔ Implications: the ‘null’ result of the M-M experiment questioned the existence of aether

and provided the experimental evidence to support Einstein’s Special Theory of

Relativity. That is, the speed of light is constant as measured in any inertial frame of

reference
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➔ After a few minutes, quarks combine to form protons and neutrons. This process is

called ‘recombination’

➔ Hundreds of thousands of years later, the universe would have cooled sufficiently for

electrons, protons and neutrons to combine and form atoms

◆ NB: matter was formed in regions of higher energy density; energy was not

spread evenly

Radiation Release

➔ At this point, large amounts of radiation released from the Big Bang was also freed and

cooled down. This radiation still exists today

➔ This is called ‘cosmic background radiation’ and exists as a microwave signature

➔ It was predicted by Gamow in 1948 and later discovered in 1964

Accretion

➔ As the universe was expanding and cooling, particles lost kinetic energy and began to

attract each other through gravity. This formed regions of high mass and density

➔ This region then began to attract other nearby materials and gain mass. This process is

called accretion

➔ Due to accretion, matter in the universe formed discrete gas clouds known as

protogalaxies

➔ As further accretion occurred, galaxies were then formed

➔ Accretion continued to happen inside galaxies to form stars, ie. Sun forming in the Milky

Way

➔ To this day, the universe continues to expand

Cosmic Background Radiation

➔ In the early state of the universe, temperatures were so high that atoms did not exist

➔ The universe consisted of radiation and elementary particles. The radiation was trapped,

travelling short distances before being scattered by electrons. As a result, the universe

was opaque

➔ As the universe cooled to 3000K, 380000 years later, atoms were able to be formed. Free

electrons were no longer present to scatter the radiation

➔ The universe became transparent as radiation was able to disperse freely

● investigate the evidence that led to the discovery of the expansion of the Universe by

Hubble

Introduction

➔ The universe includes all space and time and its contents
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◆ Experienced by all  nucleons (protons + neutrons)

◆ Attractive over short ranges (~1  femtometre, fm, which is x10-15)

◆ Strong enough to overcome electrostatic repulsion forces

◆ Becomes repulsive at even smaller distances

Zone of (Nuclear) Stability

➔ This graph outlines the criteria necessary to create a

stable nucleus

➔ Two main factors contributing to nucleus’ stability is:

◆ Neutron-proton ratio

◆ Total number of nucleons

➔ As more nucleons accrue, more neutrons are

needed to keep the attraction force present

➔ Straight line: neutrons = protons

Radioisotopes (Radioactive Isotopes)

➔ Unstable isotopes are commonly referred to as

radioisotopes because they emit radiation

Radioactivity

➔ Radioactive substances are normally referred to as

being unstable. An unstable substance will emit radiation until they become stable

➔ This means their nucleus is constantly changing due to these emissions

➔ Radioactivity: spontaneous release of energy (radiation or particles) from the nucleus

➔ There are three main types of radiation emissions/decay: alpha, beta, gamma radiation

Properties of Radiation

➔ Alpha particles

◆ Helium nucleus consisting of two protons and neutrons

◆ Often emitted to reduce mass of a radioactive substance
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Force Particles
experiencing the
force

Force carrier
particle

Range Relative
strength

Gravity (acts
between objects
with mass)

All particles with
mass

Graviton (not
yet observed)

Infinity Much weaker

|
|
|
|
|
|
|
|
↓

Much stronger

Weak force (governs
particle decay)

Quarks + leptons W+, W-, Zo Short range

Electromagnetism
(acts between
electrically charged
particles)

Electrically
charged particles

ˠ (photon)
Infinity

Strong force (binds
quarks together)

Quarks + gluons g (gluon) Short range

➔ Exchange particles allow for an explanation of  the attractive and repelling forces we are

familiar with

➔ Example: photons are exchanged between electrons, creating a repelling force and

explaining how like charges repel. Gluons are exchanged between quarks, creating an

attractive force and binding the nucleus together

● investigate the operation and role of particle accelerators in obtaining evidence that

tests and/or validates aspects of theories, including the Standard Model of matter

Evidence for the Standard Model

➔ Evidence comes primarily from modern experiments conducted inside particle

accelerators

➔ The Australian Nuclear Science and Technology Organisation (ANSTO) operates the

Australian Synchrotron, the southern hemisphere’s most powerful synchrotron
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