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Essential idea: The solution of the harmonic oscillator can be framed around the variation of kinetic and potential energy in the system.

9.1 – Simple harmonic motion

Nature of science:

Insights: The equation for simple harmonic motion (SHM) can be solved analytically and numerically. Physicists use such solutions to help them to visualize the behaviour 
of the oscillator. The use of the equations is very powerful as any oscillation can be described in terms of a combination of harmonic oscillators. Numerical modelling of 
oscillators is important in the design of electrical circuits. (1.11)

Understandings:

!" The defining equation of SHM

!" Energy changes

Applications and skills:

!" Solving problems involving acceleration, velocity and displacement during 
simple harmonic motion, both graphically and algebraically

!" Describing the interchange of kinetic and potential energy during simple 
harmonic motion

!" Solving problems involving energy transfer during simple harmonic motion, 
both graphically and algebraically

Guidance

!" Contexts for this sub-topic include the simple pendulum and a mass-spring 
system

Utilization:

!" Fourier analysis allows us to describe all periodic oscillations in terms of simple 
harmonic oscillators. The mathematics of simple harmonic motion is crucial to 
any areas of science and technology where oscillations occur

!" The interchange of energies in oscillation is important in electrical 
phenomena

!" Quadratic functions (see Mathematics HL sub-topic 2.6; Mathematics SL sub-
topic 2.4; Mathematical studies SL sub-topic 6.3)

!" Trigonometric functions (see Mathematics SL sub-topic 3.4)

Topic 9: Wave phenomena 17 hours

Additional higher level
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9.1 – Simple harmonic motion

Data booklet reference:
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Aims:

!" Aim 4: students can use this topic to develop their ability to synthesize 
complex and diverse scientific information

!" Aim 6: experiments could include (but are not limited to): investigation of 
simple or torsional pendulums; measuring the vibrations of a tuning fork; 
further extensions of the experiments conducted in sub-topic 4.1. By using the 
force law, a student can, with iteration, determine the behaviour of an object 
under simple harmonic motion. The iterative approach (numerical solution), 
with given initial conditions, applies basic uniform acceleration equations in 
successive small time increments. At each increment, final values become the 
following initial conditions.

!" Aim 7: the observation of simple harmonic motion and the variables affected 
can be easily followed in computer simulations
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9.2 – Single-slit diffraction

Nature of science:

Development of theories: When light passes through an aperture the summation of all parts of the wave leads to an intensity pattern that is far removed from the 
geometrical shadow that simple theory predicts. (1.9)

Understandings:

!" The nature of single-slit diffraction

Applications and skills:

!" Describing the effect of slit width on the diffraction pattern

!" Determining the position of first interference minimum

!" Qualitatively describing single-slit diffraction patterns produced from white 
light and from a range of monochromatic light frequencies

Guidance:

!" Only rectangular slits need to be considered

!" Diffraction around an object (rather than through a slit) does not need to be 
considered in this sub-topic (see Physics sub-topic 4.4)

Theory of knowledge:

!" Are explanations in science different from explanations in other areas of 
knowledge such as history?

Utilization:

!" X-ray diffraction is an important tool of the crystallographer and the material 
scientist

Aims:

!" Aim 2: this topic provides a body of knowledge that characterizes the way 
that science is subject to modification with time

!" Aim 6: experiments can be combined with those from sub-topics 4.4 and 9.3
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9.2 – Single-slit diffraction

!" Students will be expected to be aware of the approximate ratios of successive 
intensity maxima for single-slit interference patterns

!" Calculations will be limited to a determination of the position of the first 
minimum for single-slit interference patterns using the approximation 
equation

Data booklet reference:

!"
b

θ λ=
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9.3 – Interference

Nature of science:

Curiosity: Observed patterns of iridescence in animals, such as the shimmer of peacock feathers, led scientists to develop the theory of thin film interference. (1.5)

Serendipity: The first laboratory production of thin films was accidental. (1.5)

Understandings:

!" Young’s double-slit experiment

!" Modulation of two-slit interference pattern by one-slit diffraction effect

!" Multiple slit and diffraction grating interference patterns

!" Thin film interference

Applications and skills:

!" Qualitatively describing two-slit interference patterns, including modulation 
by one-slit diffraction effect

!" Investigating Young’s double-slit experimentally

!" Sketching and interpreting intensity graphs of double-slit interference 
patterns

!" Solving problems involving the diffraction grating equation

!" Describing conditions necessary for constructive and destructive interference 
from thin films, including phase change at interface and effect of refractive 
index

!" Solving problems involving interference from thin films

Theory of knowledge:

!" Most two-slit interference descriptions can be made without reference to the 
one-slit modulation effect. To what level can scientists ignore parts of a model 
for simplicity and clarity?

Utilization:

!" Compact discs are a commercial example of the use of diffraction gratings

!" Thin films are used to produce anti-reflection coatings

Aims:

!" Aim 4: two scientific concepts (diffraction and interference) come together in 
this sub-topic, allowing students to analyse and synthesize a wider range of 
scientific information

!" Aim 6: experiments could include (but are not limited to): observing the use 
of diffraction gratings in spectroscopes; analysis of thin soap films; sound 
wave and microwave interference pattern analysis

!" Aim 9: the ray approach to the description of thin film interference is only 
an approximation. Students should recognize the limitations of such a 
visualization
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9.3 – Interference

Guidance:

!" Students should be introduced to interference patterns from a variety of 
coherent sources such as (but not limited to) electromagnetic waves, sound 
and simulated demonstrations

!" Diffraction grating patterns are restricted to those formed at normal incidence

!" The treatment of thin film interference is confined to parallel-sided films at 
normal incidence

!" The constructive interference and destructive interference formulae listed 
below and in the data booklet apply to specific cases of phase changes at 
interfaces and are not generally true

Data booklet reference:

!" n d sinλ θ=

!" Constructive interference: dn m2
1
2

λ= +⎛
⎝⎜

⎞
⎠⎟

!" Destructive interference: dn m2 λ=



 Topic 9: W
ave phenom

ena

Physics guide
78 Essential idea: Resolution places an absolute limit on the extent to which an optical or other system can separate images of objects.

9.4 – Resolution

Nature of science:

Improved technology: The Rayleigh criterion is the limit of resolution. Continuing advancement in technology such as large diameter dishes or lenses or the use of smaller 
wavelength lasers pushes the limits of what we can resolve. (1.8)

Understandings:

!" The size of a diffracting aperture

!" The resolution of simple monochromatic two-source systems

Applications and skills:

!" Solving problems involving the Rayleigh criterion for light emitted by two 
sources diffracted at a single slit

!" Resolvance of diffraction gratings

Guidance: 

!" Proof of the diffraction grating resolvance equation is not required

Data booklet reference:

!"
b

1.22θ λ=

!" R mN
λ
λ

=
∆

=

International-mindedness:

!" Satellite use for commercial and political purposes is dictated by the 
resolution capabilities of the satellite

Theory of knowledge:

!" The resolution limits set by Dawes and Rayleigh are capable of being 
surpassed by the construction of high quality telescopes. Are we capable of 
breaking other limits of scientific knowledge with our advancing technology?

Utilization:

!" An optical or other reception system must be able to resolve the intended 
images. This has implications for satellite transmissions, radio astronomy and 
many other applications in physics and technology (see Physics option C)

!" Storage media such as compact discs (and their variants) and CCD sensors rely 
on resolution limits to store and reproduce media accurately

Aims:

!" Aim 3: this sub-topic helps bridge the gap between wave theory and real-life 
applications

!" Aim 8: the need for communication between national communities via 
satellites raises the awareness of the social and economic implications of 
technology
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Essential idea: The Doppler effect describes the phenomenon of wavelength/frequency shift when relative motion occurs.

9.5 – Doppler effect

Nature of science:

Technology: Although originally based on physical observations of the pitch of fast moving sources of sound, the Doppler effect has an important role in many different 
areas such as evidence for the expansion of the universe and generating images used in weather reports and in medicine. (5.5)

Understandings:

!" The Doppler effect for sound waves and light waves

Applications and skills:

!" Sketching and interpreting the Doppler effect when there is relative motion 
between source and observer

!" Describing situations where the Doppler effect can be utilized

!" Solving problems involving the change in frequency or wavelength observed 
due to the Doppler effect to determine the velocity of the source/observer

Guidance:

!" For electromagnetic waves, the approximate equation should be used for all 
calculations

!" Situations to be discussed should include the use of Doppler effect in radars 
and in medical physics, and its significance for the red-shift in the light spectra 
of receding galaxies

Data booklet reference:
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v
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′ =
±

⎛
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⎞
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v
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International-mindedness:

!" Radar usage is affected by the Doppler effect and must be considered for 
applications using this technology

Theory of knowledge:

!" How important is sense perception in explaining scientific ideas such as the 
Doppler effect?

Utilization:

!" Astronomy relies on the analysis of the Doppler effect when dealing with fast 
moving objects (see Physics option D)

Aims:

!" Aim 2: the Doppler effect needs to be considered in various applications of 
technology that utilize wave theory

!" Aim 6: spectral data and images of receding galaxies are available from 
professional astronomical observatories for analysis

!" Aim 7: computer simulations of the Doppler effect allow students to visualize 
complex and mostly unobservable situations
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Essential idea: Electric charges and masses each influence the space around them and that influence can be represented through the concept of fields.

10.1 – Describing fields

Nature of science:

Paradigm shift: The move from direct, observable actions being responsible for influence on an object to acceptance of a field’s “action at a distance” required a paradigm 
shift in the world of science. (2.3)

Understandings:

!" Gravitational fields 

!" Electrostatic fields 

!" Electric potential and gravitational potential

!" Field lines

!" Equipotential surfaces

Applications and skills:

!" Representing sources of mass and charge, lines of electric and gravitational 
force, and field patterns using an appropriate symbolism

!" Mapping fields using potential

!" Describing the connection between equipotential surfaces and field lines

Theory of knowledge: 

!" Although gravitational and electrostatic forces decrease with the square of 
distance and will only become zero at infinite separation, from a practical 
standpoint they become negligible at much smaller distances. How do 
scientists decide when an effect is so small that it can be ignored?

Utilization: 

!" Knowledge of vector analysis is useful for this sub-topic (see Physics  
sub-topic 1.3)

Aims:

!" Aim 9: models developed for electric and gravitational fields using lines of 
forces allow predictions to be made but have limitations in terms of the finite 
width of a line

Topic 10: Fields 11 hours

Additional higher level
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10.1 – Describing fields

Guidance:

!" Electrostatic fields are restricted to the radial fields around point or spherical 
charges, the field between two point charges and the uniform fields between 
charged parallel plates

!" Gravitational fields are restricted to the radial fields around point or spherical 
masses and the (assumed) uniform field close to the surface of massive 
celestial bodies and planetary bodies

!" Students should recognize that no work is done in moving charge or mass on 
an equipotential surface

Data booklet reference:

!" W q Ve= ∆

!" W m Vg= ∆
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10.2 – Fields at work

Nature of science:

Communication of scientific explanations: The ability to apply field theory to the unobservable (charges) and the massively scaled (motion of satellites) required scientists 
to develop new ways to investigate, analyse and report findings to a general public used to scientific discoveries based on tangible and discernible evidence. (5.1)

Understandings:

!" Potential and potential energy

!" Potential gradient 

!" Potential difference

!" Escape speed

!" Orbital motion, orbital speed and orbital energy

!" Forces and inverse-square law behaviour

Applications and skills:

!" Determining the potential energy of a point mass and the potential energy of 
a point charge

!" Solving problems involving potential energy

!" Determining the potential inside a charged sphere

!" Solving problems involving the speed required for an object to go into orbit 
around a planet and for an object to escape the gravitational field of a planet

!" Solving problems involving orbital energy of charged particles in circular 
orbital motion and masses in circular orbital motion

!" Solving problems involving forces on charges and masses in radial and 
uniform fields

Utilization:

!" The global positioning system depends on complete understanding of 
satellite motion

!" Geostationary/polar satellites

!" The acceleration of charged particles in particle accelerators and in many 
medical imaging devices depends on the presence of electric fields (see 
Physics option sub-topic C.4)

Aims:

!" Aim 2: Newton’s law of gravitation and Coulomb’s law form part of the 
structure known as “classical physics”. This body of knowledge has provided 
the methods and tools of analysis up to the advent of the theory of relativity 
and the quantum theory

!" Aim 4: the theories of gravitation and electrostatic interactions allows for a 
great synthesis in the description of a large number of phenomena
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10.2 – Fields at work

Guidance:

!" Orbital motion of a satellite around a planet is restricted to a consideration of 
circular orbits (links to 6.1 and 6.2)

!" Both uniform and radial fields need to be considered

!" Students should recognize that lines of force can be two-dimensional 
representations of three-dimensional fields

!" Students should assume that the electric field everywhere between parallel 
plates is uniform with edge effects occurring beyond the limits of the plates

Data booklet reference:
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Essential idea: The majority of electricity generated throughout the world is generated by machines that were designed to operate using the principles of electromagnetic 
induction.

11.1 – Electromagnetic induction

Nature of science:

Experimentation: In 1831 Michael Faraday, using primitive equipment, observed a minute pulse of current in one coil of wire only when the current in a second coil of wire 
was switched on or off but nothing while a constant current was established. Faraday’s observation of these small transient currents led him to perform experiments that 
led to his law of electromagnetic induction. (1.8)

Understandings:

!" Emf

!" Magnetic flux and magnetic flux linkage

!" Faraday’s law of induction

!" Lenz’s law

Applications and skills:

!" Describing the production of an induced emf by a changing magnetic flux 
and within a uniform magnetic field

!" Solving problems involving magnetic flux, magnetic flux linkage and  
Faraday’s law

!" Explaining Lenz’s law through the conservation of energy

Theory of knowledge:

!" Terminology used in electromagnetic field theory is extensive and can 
confuse people who are not directly involved. What effect can lack of clarity in 
terminology have on communicating scientific concepts to the public?

Utilization: 

!" Applications of electromagnetic induction can be found in many places 
including transformers, electromagnetic braking, geophones used in 
seismology, and metal detectors

Aims:

!" Aim 2: the simple principles of electromagnetic induction are a powerful 
aspect of the physicist’s or technologist’s armoury when designing systems 
that transfer energy from one form to another

Topic 11: Electromagnetic induction 16 hours

Additional higher level
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11.1 – Electromagnetic induction

Guidance:

!" Quantitative treatments will be expected for straight conductors moving at 
right angles to magnetic fields and rectangular coils moving in and out of 
fields and rotating in fields

!" Qualitative treatments only will be expected for fixed coils in a changing 
magnetic field and ac generators

Data booklet reference:

!" BA cosΦ θ=

!" N
t

ε Φ= − ∆
∆

!" ℓBvε =

!" ℓBv Nε =
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11.2 – Power generation and transmission

Nature of science:

Bias: In the late 19th century Edison was a proponent of direct current electrical energy transmission while Westinghouse and Tesla favoured alternating current 
transmission. The so called “battle of currents” had a significant impact on today’s society. (3.5)

Understandings:

!" Alternating current (ac) generators
!" Average power and root mean square (rms) values of current and voltage
!" Transformers
!" Diode bridges
!" Half-wave and full-wave rectification
Applications and skills:

!" Explaining the operation of a basic ac generator, including the effect of 
changing the generator frequency

!" Solving problems involving the average power in an ac circuit
!" Solving problems involving step-up and step-down transformers
!" Describing the use of transformers in ac electrical power distribution
!" Investigating a diode bridge rectification circuit experimentally
!" Qualitatively describing the effect of adding a capacitor to a diode bridge 

rectification circuit
Guidance:

!" Calculations will be restricted to ideal transformers but students should be aware 
of some of the reasons why real transformers are not ideal (for example: flux 
leakage, joule heating, eddy current heating, magnetic hysteresis)

!" Proof of the relationship between the peak and rms values will not be 
expected

International-mindedness: 

!" The ability to maintain a reliable power grid has been the aim of all 
governments since the widespread use of electricity started

Theory of knowledge:

!" There is continued debate of the effect of electromagnetic waves on  
the health of humans, especially children. Is it justifiable to make use of 
 scientific advances even if we do not know what their long-term 
consequences may be?

Aims:

!" Aim 6: experiments could include (but are not limited to): construction of a 
basic ac generator; investigation of variation of input and output coils on a 
transformer; observing Wheatstone and Wien bridge circuits

!" Aim 7: construction and observation of the adjustments made in very large 
electricity distribution systems are best carried out using computer-modelling 
software and websites

!" Aim 9: power transmission is modelled using perfectly efficient systems 
but no such system truly exists. Although the model is imperfect, it renders 
the maximum power transmission. Recognition of, and accounting for, the 
differences between the “perfect” system and the practical system is one of 
the main functions of professional scientists
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11.2 – Power generation and transmission

Data booklet reference:

!" I
I
2rms
0=

!" V
V

2rms
0=

!" R
V
I

V
I

0

0

rms

rms

= =

!" P I Vmax 0 0=

!" P I V
1
2 0 0=

!"
N
N

I
I

p

s

p

s

s

p

ε
ε

= =



Topic 11: Electrom
agnetic induction

Physics guide
88 Essential idea: Capacitors can be used to store electrical energy for later use.

11.3 – Capacitance

Nature of science:

Relationships: Examples of exponential growth and decay pervade the whole of science. It is a clear example of the way that scientists use mathematics to model reality. 
This topic can be used to create links between physics topics but also to uses in chemistry, biology, medicine and economics. (3.1)

Understandings:

!" Capacitance

!" Dielectric materials

!" Capacitors in series and parallel

!" Resistor-capacitor (RC) series circuits

!" Time constant

Applications and skills:

!" Describing the effect of different dielectric materials on capacitance

!" Solving problems involving parallel-plate capacitors

!" Investigating combinations of capacitors in series or parallel circuits

!" Determining the energy stored in a charged capacitor

!" Describing the nature of the exponential discharge of a capacitor

!" Solving problems involving the discharge of a capacitor through a fixed 
resistor

!" Solving problems involving the time constant of an RC circuit for charge, 
voltage and current

International-mindedness:

!" Lightning is a phenomenon that has fascinated physicists from Pliny through 
Newton to Franklin. The charged clouds form one plate of a capacitor with 
other clouds or Earth forming the second plate. The frequency of lightning 
strikes varies globally, being particularly prevalent in equatorial regions. The 
impact of lightning strikes is significant, with many humans and animals being 
killed annually and huge financial costs to industry from damage to buildings, 
communication and power transmission systems, etc

Utilization:

!" The charge and discharge of capacitors obeys rules that have parallels in other 
branches of physics including radioactivity (see Physics sub-topic 7.1)

Aims:

!" Aim 3: the treatment of exponential growth and decay by graphical and 
algebraic methods offers both the visual and rigorous approach so often 
characteristic of science and technology

!" Aim 6: experiments could include (but are not limited to): investigating basic 
RC circuits; using a capacitor in a bridge circuit; examining other types of 
capacitors; verifying time constant
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11.3 – Capacitance

Guidance:

!" Only single parallel-plate capacitors providing a uniform electric field, in series 
with a load, need to be considered (edge effect will be neglected)

!" Problems involving the discharge of capacitors through fixed resistors need to 
be treated both graphically and algebraically

!" Problems involving the charging of a capacitor will only be treated graphically

!" Derivation of the charge, voltage and current equations as a function of time 
is not required

Data booklet reference:
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Essential idea: The microscopic quantum world offers a range of phenomena, the interpretation and explanation of which require new ideas and concepts not found in the 
classical world.

12.1 – The interaction of matter with radiation

Nature of science:

Observations: Much of the work towards a quantum theory of atoms was guided by the need to explain the observed patterns in atomic spectra. The first quantum model 
of matter is the Bohr model for hydrogen. (1.8)

Paradigm shift: The acceptance of the wave–particle duality paradox for light and particles required scientists in many fields to view research from new perspectives. (2.3)

Understandings:

!" Photons

!" The photoelectric effect 

!" Matter waves

!" Pair production and pair annihilation

!" Quantization of angular momentum in the Bohr model for hydrogen

!" The wave function

!" The uncertainty principle for energy and time and position and momentum

!" Tunnelling, potential barrier and factors affecting tunnelling probability

Theory of knowledge:

!" The duality of matter and tunnelling are cases where the laws of classical 
physics are violated. To what extent have advances in technology enabled 
paradigm shifts in science?

Utilization:

!" The electron microscope and the tunnelling electron microscope rely on the 
findings from studies in quantum physics

!" Probability is treated in a mathematical sense in Mathematical studies SL sub-
topics 3.6–3.7

Topic 12: Quantum and nuclear physics 16 hours

Additional higher level
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12.1 – The interaction of matter with radiation

Applications and skills:

!" Discussing the photoelectric effect experiment and explaining which features 
of the experiment cannot be explained by the classical wave theory of light

!" Solving photoelectric problems both graphically and algebraically

!" Discussing experimental evidence for matter waves, including an experiment 
in which the wave nature of electrons is evident

!" Stating order of magnitude estimates from the uncertainty principle

Guidance:

!" The order of magnitude estimates from the uncertainty principle may include 
(but is not limited to) estimates of the energy of the ground state of an atom, 
the impossibility of an electron existing within a nucleus, and the lifetime of 
an electron in an excited energy state

!" Tunnelling to be treated qualitatively using the idea of continuity of wave 
functions

Data booklet reference:
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Aims:

!" Aim 1: study of quantum phenomena introduces students to an exciting new 
world that is not experienced at the macroscopic level. The study of tunneling 
is a novel phenomenon not observed in macroscopic physics

!" Aim 6: the photoelectric effect can be investigated using LEDs

!" Aim 9: the Bohr model is very successful with hydrogen but not of any use for 
other elements
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12.2 – Nuclear physics

Nature of science:

Theoretical advances and inspiration: Progress in atomic, nuclear and particle physics often came from theoretical advances and strokes of inspiration.

Advances in instrumentation: New ways of detecting subatomic particles due to advances in electronic technology were also crucial. 

Modern computing power: Finally, the analysis of the data gathered in modern particle detectors in particle accelerator experiments would be impossible without modern 
computing power. (1.8)

Understandings:

!" Rutherford scattering and nuclear radius

!" Nuclear energy levels

!" The neutrino

!" The law of radioactive decay and the decay constant

Applications and skills:

!" Describing a scattering experiment including location of minimum intensity 
for the diffracted particles based on their de Broglie wavelength

!" Explaining deviations from Rutherford scattering in high energy experiments

!" Describing experimental evidence for nuclear energy levels

!" Solving problems involving the radioactive decay law for arbitrary time 
intervals

!" Explaining the methods for measuring short and long half-lives

Theory of knowledge:

!" Much of the knowledge about subatomic particles is based on the models one 
uses to interpret the data from experiments. How can we be sure that we are 
discovering an “independent truth” not influenced by our models? Is there 
such a thing as a single truth?

Utilization:

!" Knowledge of radioactivity, radioactive substances and the radioactive decay 
law are crucial in modern nuclear medicine (see Physics option sub-topic C.4)

Aims:

!" Aim 2: detection of the neutrino demonstrates the continuing growing body 
of knowledge scientists are gathering in this area of study
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12.2 – Nuclear physics

Guidance:

!" Students should be aware that nuclear densities are approximately the same 
for all nuclei and that the only macroscopic objects with the same density as 
nuclei are neutron stars

!" The small angle approximation is usually not appropriate to use to determine 
the location of the minimum intensity

Data booklet reference:

�� R R A0
1/3=

�� N N e t
0= λ−

�� A N e t
0λ= λ−

�� D
sinθ λ≈
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Essential idea: Einstein’s study of electromagnetism revealed inconsistencies between the theory of Maxwell and Newton‘s mechanics. He recognized that both theories 
could not be reconciled and so choosing to trust Maxwell’s theory of electromagnetism he was forced to change long-cherished ideas about space and time in mechanics.

A.1 – The beginnings of relativity

Nature of science:

Paradigm shift: The fundamental fact that the speed of light is constant for all inertial observers has far-reaching consequences about our understanding of space and time. 
Ideas about space and time that went unchallenged for more than 2,000 years were shown to be false. The extension of the principle of relativity to accelerated frames of 
reference leads to the revolutionary idea of general relativity that the mass and energy that spacetime contains determine the geometry of spacetime. (2.3)

Understandings:

!" Reference frames

!" Galilean relativity and Newton’s postulates concerning time and space

!" Maxwell and the constancy of the speed of light

!" Forces on a charge or current

Applications and skills:

!" Using the Galilean transformation equations

!" Determining whether a force on a charge or current is electric or magnetic in a 
given frame of reference

!" Determining the nature of the fields observed by different observers

Theory of knowledge:

!" When scientists claim a new direction in thinking requires a paradigm shift in 
how we observe the universe, how do we ensure their claims are valid?

Aims:

!" Aim 3: this sub-topic is the cornerstone of developments that followed in 
relativity and modern physics

Core topics 15 hours

Option A: Relativity



  Core topics

Physics guide
95

A.1 – The beginnings of relativity

Guidance:

!" Maxwell’s equations do not need to be described

!" Qualitative treatment of electric and magnetic fields as measured by 
observers in relative motion. Examples will include a charge moving in a 
magnetic field or two charged particles moving with parallel velocities. 
Students will be asked to analyse these motions from the point of view of 
observers at rest with respect to the particles and observers at rest with 
respect to the magnetic field.

Data booklet reference:

!" x x vt′ = −
!" u u v′ = −
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96 Essential idea: Observers in relative uniform motion disagree on the numerical values of space and time coordinates for events, but agree with the numerical value of 

the speed of light in a vacuum. The Lorentz transformation equations relate the values in one reference frame to those in another. These equations replace the Galilean 
transformation equations that fail for speeds close to that of light.

A.2 – Lorentz transformations

Nature of science:

Pure science: Einstein based his theory of relativity on two postulates and deduced the rest by mathematical analysis. The first postulate integrates all of the laws of physics 
including the laws of electromagnetism, not only Newton’s laws of mechanics. (1.2)

Understandings:

!" The two postulates of special relativity 

!" Clock synchronization

!" The Lorentz transformations

!" Velocity addition

!" Invariant quantities (spacetime interval, proper time, proper length and  
rest mass)

!" Time dilation

!" Length contraction

!" The muon decay experiment

Applications and skills:

!" Using the Lorentz transformations to describe how different measurements 
of space and time by two observers can be converted into the measurements 
observed in either frame of reference

!" Using the Lorentz transformation equations to determine the position and 
time coordinates of various events

!" Using the Lorentz transformation equations to show that if two events are 
simultaneous for one observer but happen at different points in space, then 
the events are not simultaneous for an observer in a different reference frame

!" Solving problems involving velocity addition

!" Deriving the time dilation and length contraction equations using the Lorentz 
equations

Utilization: 

!" Once a very esoteric part of physics, relativity ideas about space and time are 
needed in order to produce accurate global positioning systems (GPS)

Aims:

!" Aim 2: the Lorentz transformation formulae provide a consistent body of 
knowledge that can be used to compare the description of motion by one 
observer to the description of another observer in relative motion to  
the first

!" Aim 3: these formulae can be applied to a varied set of conditions and 
situations

!" Aim 9: the introduction of relativity pushed the limits of Galilean thoughts on 
space and motion
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A.2 – Lorentz transformations

!" Solving problems involving time dilation and length contraction
!" Solving problems involving the muon decay experiment
Guidance:

!" Problems will be limited to one dimension
!" Derivation of the Lorentz transformation equations will not be examined
!" Muon decay experiments can be used as evidence for both time dilation and 

length contraction
Data booklet reference:
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differ from each other.

A.3 – Spacetime diagrams

Nature of science:

Visualization of models: The visualization of the description of events in terms of spacetime diagrams is an enormous advance in understanding the concept of spacetime. (1.10)

Understandings:

!" Spacetime diagrams

!" Worldlines

!" The twin paradox

Applications and skills:

!" Representing events on a spacetime diagram as points

!" Representing the positions of a moving particle on a spacetime diagram by a 
curve (the worldline)

!" Representing more than one inertial reference frame on the same spacetime 
diagram

!" Determining the angle between a worldline for specific speed and the time 
axis on a spacetime diagram

!" Solving problems on simultaneity and kinematics using spacetime diagrams

!" Representing time dilation and length contraction on spacetime diagrams

!" Describing the twin paradox

!" Resolving of the twin paradox through spacetime diagrams

Theory of knowledge:

!" Can paradoxes be solved by reason alone, or do they require the utilization of 
other ways of knowing?

Aims:

!" Aim 4: spacetime diagrams allow one to analyse problems in relativity  
more reliably
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A.3 – Spacetime diagrams

Guidance:

!" Examination questions will refer to spacetime diagrams; these are also known 
as Minkowski diagrams

!" Quantitative questions involving spacetime diagrams will be limited to 
constant velocity

!" Spacetime diagrams can have t or ct on the vertical axis

!" Examination questions may use units in which c = 1

Data booklet reference:
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Essential idea: The relativity of space and time requires new definitions for energy and momentum in order to preserve the conserved nature of these laws.

A.4 – Relativistic mechanics

Nature of science:

Paradigm shift: Einstein realized that the law of conservation of momentum could not be maintained as a law of physics. He therefore deduced that in order for momentum 
to be conserved under all conditions, the definition of momentum had to change and along with it the definitions of other mechanics quantities such as kinetic energy and 
total energy of a particle. This was a major paradigm shift. (2.3)

Understandings:

!" Total energy and rest energy

!" Relativistic momentum

!" Particle acceleration

!" Electric charge as an invariant quantity

!" Photons

!" MeV c–2 as the unit of mass and MeV c–1 as the unit of momentum

Applications and skills:

!" Describing the laws of conservation of momentum and conservation of 
energy within special relativity

!" Determining the potential difference necessary to accelerate a particle to a 
given speed or energy

!" Solving problems involving relativistic energy and momentum conservation 
in collisions and particle decays

Theory of knowledge:

!" In what ways do laws in the natural sciences differ from laws in economics?

Utilization:

!" The laws of relativistic mechanics are routinely used in order to manage the 
operation of nuclear power plants, particle accelerators and particle detectors

Aims:

!" Aim 4: relativistic mechanics synthesizes knowledge on the behaviour of 
matter at speeds close to the speed of light

!" Aim 9: the theory of relativity imposes one severe limitation: nothing can 
exceed the speed of light

Additional higher level option topics 10 hours

Option A: Relativity
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A.4 – Relativistic mechanics

Guidance:

!" Applications will involve relativistic decays such as calculating the 
wavelengths of photons in the decay of a moving pion [ 2 ]oπ γ→

!" The symbol m0 refers to the invariant rest mass of a particle

!" The concept of a relativistic mass that varies with speed will not be used

!" Problems will be limited to one dimension

Data booklet reference:
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A.5 – General relativity

Nature of science:

Creative and critical thinking: Einstein’s great achievement, the general theory of relativity, is based on intuition, creative thinking and imagination, namely to connect the 
geometry of spacetime (through its curvature) to the mass and energy content of spacetime. For years it was thought that nothing could escape a black hole and this is 
true but only for classical black holes. When quantum theory is taken into account a black hole radiates like a black body. This unexpected result revealed other equally 
unexpected connections between black holes and thermodynamics. (1.4)

Understandings:

!" The equivalence principle

!" The bending of light

!" Gravitational redshift and the Pound–Rebka–Snider experiment

!" Schwarzschild black holes

!" Event horizons

!" Time dilation near a black hole

!" Applications of general relativity to the universe as a whole

Applications and skills:

!" Using the equivalence principle to deduce and explain light bending near massive 
objects

!" Using the equivalence principle to deduce and explain gravitational time 
dilation

!" Calculating gravitational frequency shifts

!" Describing an experiment in which gravitational redshift is observed 
and measured

!" Calculating the Schwarzschild radius of a black hole

!" Applying the formula for gravitational time dilation near the event horizon of a 
black hole

Theory of knowledge:

!" Although Einstein self-described the cosmological constant as his “greatest 
blunder”, the 2011 Nobel Prize was won by scientists who had proved it to be 
valid through their studies on dark energy. What other examples are there of 
initially doubted claims being proven correct later in history?

Utilization:

!" For the global positioning system to be so accurate, general relativity must be 
taken into account in calculating the details of the satellite’s orbit

!" The development of the general theory of relativity has been used to explain 
the very large-scale behaviour of the universe as a whole with far-reaching 
implications about the future development and fate of the universe

Aims:

!" Aim 2: the general theory of relativity is a great synthesis of ideas that are required 
to describe the large-scale structure of the universe

!" Aim 9: it must be appreciated that the magnificent Newtonian structure had 
serious limitations when it came to the description of very detailed aspects of 
planetary motion
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A.5 – General relativity

Guidance:

!" Students should recognize the equivalence principle in terms of accelerating 
reference frames and freely falling frames

Data booklet reference:
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Essential idea: The basic laws of mechanics have an extension when equivalent principles are applied to rotation. Actual objects have dimensions and they require 
the expansion of the point particle model to consider the possibility of different points on an object having different states of motion and/or different velocities.

B.1 – Rigid bodies and rotational dynamics

Nature of science:

Modelling: The use of models has different purposes and has allowed scientists to identify, simplify and analyse a problem within a given context to tackle it successfully. 
The extension of the point particle model to actually consider the dimensions of an object led to many groundbreaking developments in engineering. (1.2)

Understandings:

!" Torque

!" Moment of inertia

!" Rotational and translational equilibrium

!" Angular acceleration

!" Equations of rotational motion for uniform angular acceleration

!" Newton’s second law applied to angular motion

!" Conservation of angular momentum

Applications and skills:

!" Calculating torque for single forces and couples

!" Solving problems involving moment of inertia, torque and angular acceleration

!" Solving problems in which objects are in both rotational and translational 
equilibrium

Theory of knowledge:

!" Models are always valid within a context and they are modified, expanded 
or replaced when that context is altered or considered differently. Are there 
examples of unchanging models in the natural sciences or in any other areas 
of knowledge?

Utilization:

!" Structural design and civil engineering rely on the knowledge of how objects 
can move in all situations

Aims:

!" Aim 7: technology has allowed for computer simulations that accurately model 
the complicated outcomes of actions on bodies

Core topics 15 hours

Option B: Engineering physics
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B.1 – Rigid bodies and rotational dynamics

!" Solving problems using rotational quantities analogous to linear quantities

!" Sketching and interpreting graphs of rotational motion

!" Solving problems involving rolling without slipping

Guidance:

!" Analysis will be limited to basic geometric shapes 

!" The equation for the moment of inertia of a specific shape will be provided 
when necessary

!" Graphs will be limited to angular displacement–time, angular velocity–time 
and torque–time

Data booklet reference:
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106 Essential idea: The first law of thermodynamics relates the change in internal energy of a system to the energy transferred and the work done. The entropy of the universe 

tends to a maximum.

B.2 – Thermodynamics

Nature of science:

Variety of perspectives: With three alternative and equivalent statements of the second law of thermodynamics, this area of physics demonstrates the collaboration and 
testing involved in confirming abstract notions such as this. (4.1)

Understandings:

!" The first law of thermodynamics

!" The second law of thermodynamics

!" Entropy

!" Cyclic processes and pV diagrams

!" Isovolumetric, isobaric, isothermal and adiabatic processes

!" Carnot cycle

!" Thermal efficiency

Applications and skills:

!" Describing the first law of thermodynamics as a statement of conservation of 
energy

!" Explaining sign convention used when stating the first law of thermodynamics as 

Q U W= ∆ +

!" Solving problems involving the first law of thermodynamics

!" Describing the second law of thermodynamics in Clausius form, Kelvin form 
and as a consequence of entropy

International-mindedness:

!" The development of this topic was the subject of intense debate between 
scientists of many countries in the 19th century

Utilization:

!" This work leads directly to the concept of the heat engines that play such a 
large role in modern society

!" The possibility of the heat death of the universe is based on ever-increasing 
entropy

!" Chemistry of entropy (see Chemistry sub-topic 15.2)

Aims:

!" Aim 5: development of the second law demonstrates the collaboration involved 
in scientific pursuits

!" Aim 10: the relationships and similarities between scientific disciplines are 
particularly apparent here
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B.2 – Thermodynamics

!" Describing examples of processes in terms of entropy change

!" Solving problems involving entropy changes

!" Sketching and interpreting cyclic processes 

!" Solving problems for adiabatic processes for monatomic gases using  
pV

5
3 = constant

!" Solving problems involving thermal efficiency

Guidance:

!" If cycles other than the Carnot cycle are used quantitatively, full details will be 
provided

!" Only graphical analysis will be required for determination of work done on a 
pV diagram when pressure is not constant

Data booklet reference:
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Essential idea: Fluids cannot be modelled as point particles. Their distinguishable response to compression from solids creates a set of characteristics that require an in-
depth study.

B.3 – Fluids and fluid dynamics 

Nature of science:

Human understandings: Understanding and modelling fluid flow has been important in many technological developments such as designs of turbines, aerodynamics of 
cars and aircraft, and measurement of blood flow. (1.1)

Understandings:

!" Density and pressure

!" Buoyancy and Archimedes’ principle

!" Pascal’s principle

!" Hydrostatic equilibrium

!" The ideal fluid

!" Streamlines

!" The continuity equation

!" The Bernoulli equation and the Bernoulli effect 

!" Stokes’ law and viscosity

!" Laminar and turbulent flow and the Reynolds number

Applications and skills:

!" Determining buoyancy forces using Archimedes’ principle

!" Solving problems involving pressure, density and Pascal’s principle

!" Solving problems using the Bernoulli equation and the continuity equation

International-mindedness:

!" Water sources for dams and irrigation rely on the knowledge of fluid flow. 
These resources can cross national boundaries leading to sharing of water or 
disputes over ownership and use.

Theory of knowledge:

!" The mythology behind the anecdote of Archimedes’ “Eureka!” moment of 
discovery demonstrates one of the many ways scientific knowledge has been 
transmitted throughout the ages. What role can mythology and anecdotes 
play in passing on scientific knowledge? What role might they play in passing 
on scientific knowledge within indigenous knowledge systems?

Utilization:

!" Hydroelectric power stations

!" Aerodynamic design of aircraft and vehicles

!" Fluid mechanics is essential in understanding blood flow in arteries

!" Biomechanics (see Sports, exercise and health science SL sub-topic 4.3)

Additional higher level option topics 10 hours

Option B: Engineering physics
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B.3 – Fluids and fluid dynamics 

!" Explaining situations involving the Bernoulli effect

!" Describing the frictional drag force exerted on small spherical objects in 
laminar fluid flow

!" Solving problems involving Stokes’ law

!" Determining the Reynolds number in simple situations

Guidance:

!" Ideal fluids will be taken to mean fluids that are incompressible and non-
viscous and have steady flows

!" Applications of the Bernoulli equation will involve (but not be limited to) flow 
out of a container, determining the speed of a plane (pitot tubes), and venturi 
tubes

!" Proof of the Bernoulli equation will not be required for examination purposes

!" Laminar and turbulent flow will only be considered in simple situations

!" Values of R 103<  will be taken to represent  conditions for laminar flow

Data booklet reference:
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Aims:

!" Aim 2:  fluid dynamics is an essential part of any university physics or engineering 
course

!" Aim 7:  the complexity of fluid dynamics makes it an ideal topic to be visualized 
through computer software
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110 Essential idea: In the real world, damping occurs in oscillators and has implications that need to be considered.

B.4 – Forced vibrations and resonance 

Nature of science:

Risk assessment: The ideas of resonance and forced oscillation have application in many areas of engineering ranging from electrical oscillation to the safe design of civil 
structures. In large-scale civil structures, modelling all possible effects is essential before construction. (4.8)

Understandings:

!" Natural frequency of vibration
!" Q factor and damping
!" Periodic stimulus and the driving frequency
!" Resonance
Applications and skills:

!" Qualitatively and quantitatively describing examples of under-, over- and critically-
damped oscillations

International-mindedness:

!" Communication through radio and television signals is based on resonance of 
the broadcast signals

Utilization:

!" Science and technology meet head-on when the real behaviour of damped 
oscillating systems is modelled
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B.4 – Forced vibrations and resonance 

!" Graphically describing the variation of the amplitude of vibration with driving 
frequency of an object close to its natural frequency of vibration

!" Describing the phase relationship between driving frequency and forced 
oscillations

!" Solving problems involving Q factor

!" Describing the useful and destructive effects of resonance

Guidance:

!" Only amplitude resonance is required

Data booklet reference:

!" Q 2
energy stored

energy dissipated per cycle
π=  

!" Q 2 resonant frequency
energy stored
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Aims:

!" Aim 6: experiments could include (but are not limited to): observation of sand on 
a vibrating surface of varying frequencies; investigation of the effect of increasing 
damping on an oscillating system, such as a tuning fork; observing the use of a 
driving frequency on forced oscillations

!" Aim 7: to investigate the use of resonance in electrical circuits, atoms/molecules, 
or with radio/television communications is best achieved through software 
modelling examples
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Essential idea: The progress of a wave can be modelled via the ray or the wavefront. The change in wave speed when moving between media changes the shape of the wave.

C.1 – Introduction to imaging

Nature of science:

Deductive logic: The use of virtual images is essential for our analysis of lenses and mirrors. (1.6)

Understandings:

!" Thin lenses

!" Converging and diverging lenses

!" Converging and diverging mirrors

!" Ray diagrams

!" Real and virtual images

!" Linear and angular magnification

!" Spherical and chromatic aberrations

Applications and skills:

!" Describing how a curved transparent interface modifies the shape of an 
incident wavefront 

!" Identifying the principal axis, focal point and focal length of a simple 
converging or diverging lens on a scaled diagram

!" Solving problems involving not more than two lenses by constructing scaled 
ray diagrams 

International-mindedness:

!" Optics is an ancient study encompassing development made in the early 
Greco-Roman and medieval Islamic worlds

Theory of knowledge:

!" Could sign convention, using the symbols of positive and negative, 
emotionally influence scientists?

Utilization:

!" Microscopes and telescopes

!" Eyeglasses and contact lenses

Aims:

!" Aim 3: the theories of optics, originating with human curiosity of our own 
senses, continue to be of great value in leading to new and useful technology

!" Aim 6: experiments could include (but are not limited to): magnification 
determination using an optical bench; investigating real and virtual images 
formed by lenses; observing aberrations

Core topics 15 hours

Option C: Imaging
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C.1 – Introduction to imaging

!" Solving problems involving not more than two curved mirrors by constructing 
scaled ray diagrams

!" Solving problems involving the thin lens equation, linear magnification and 
angular magnification

!" Explaining spherical and chromatic aberrations and describing ways to reduce 
their effects on images

Guidance:

!" Students should treat the passage of light through lenses from the standpoint 
of both rays and wavefronts

!" Curved mirrors are limited to spherical and parabolic converging mirrors and 
spherical diverging mirrors

!" Only thin lenses are to be considered in this topic

!" The lens-maker’s formula is not required

!" Sign convention used in examinations will be based on real being positive  
(the “real-is-positive” convention)
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114 Essential idea: Optical microscopes and telescopes utilize similar physical properties of lenses and mirrors. Analysis of the universe is performed both optically and by using 

radio telescopes to investigate different regions of the electromagnetic spectrum.

C.2 – Imaging instrumentation

Nature of science:

Improved instrumentation: The optical telescope has been in use for over 500 years. It has enabled humankind to observe and hypothesize about the universe. More 
recently, radio telescopes have been developed to investigate the electromagnetic radiation beyond the visible region. Telescopes (both visual and radio) are now placed 
away from the Earth’s surface to avoid the image degradation caused by the atmosphere, while corrective optics are used to enhance images collected at the Earth’s 
surface. Many satellites have been launched with sensors capable of recording vast amounts of data in the infrared, ultraviolet, X-ray and other electromagnetic spectrum 
ranges. (1.8)

Understandings:

!" Optical compound microscopes

!" Simple optical astronomical refracting telescopes

!" Simple optical astronomical reflecting telescopes

!" Single-dish radio telescopes

!" Radio interferometry telescopes

!" Satellite-borne telescopes

Applications and skills:

!" Constructing and interpreting ray diagrams of optical compound microscopes 
at normal adjustment

!" Solving problems involving the angular magnification and resolution of 
optical compound microscopes

!" Investigating the optical compound microscope experimentally

!" Constructing or completing ray diagrams of simple optical astronomical 
refracting telescopes at normal adjustment

International-mindedness:

!" The use of the radio interferometry telescope crosses cultures with 
collaboration between scientists from many countries to produce arrays of 
interferometers that span the continents

Theory of knowledge:

!" However advanced the technology, microscopes and telescopes always 
involve sense perception. Can technology be used effectively to extend or 
correct our senses?

Utilization:

!" Cell observation (see Biology sub-topic 1.2)

!" The information that the astronomical telescopes gather continues to allow us 
to improve our understanding of the universe

!" Resolution is covered for other sources in Physics sub-topic 9.4
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C.2 – Imaging instrumentation

!" Solving problems involving the angular magnification of simple optical 
astronomical telescopes

!" Investigating the performance of a simple optical astronomical refracting 
telescope experimentally

!" Describing the comparative performance of Earth-based telescopes and 
satellite-borne telescopes

Guidance:

!" Simple optical astronomical reflecting telescope design is limited to 
Newtonian and Cassegrain mounting

!" Radio interferometer telescopes should be approximated as a dish of diameter 
equal to the maximum separation of the antennae

!" Radio interferometry telescopes refer to array telescopes

Data booklet reference:
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Aims:

!" Aim 3: images from microscopes and telescopes both in the school laboratory 
and obtained via the internet enable students to apply their knowledge of 
these techniques

!" Aim 5: research astronomy and astrophysics is an example of the need 
for collaboration between teams of scientists from different countries and 
continents

!" Aim 6: local amateur or professional astronomical organizations can be useful 
for arranging demonstrations of the night sky
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dispersion and attenuation effects.

C.3 – Fibre optics

Nature of science:

Applied science: Advances in communication links using fibre optics have led to a global network of optical fibres that has transformed global communications by voice, 
video and data. (1.2)

Understandings:

!" Structure of optic fibres

!" Step-index fibres and graded-index fibres

!" Total internal reflection and critical angle

!" Waveguide and material dispersion in optic fibres

!" Attenuation and the decibel (dB) scale

Applications and skills:

!" Solving problems involving total internal reflection and critical angle in the 
context of fibre optics

!" Describing how waveguide and material dispersion can lead to attenuation and 
how this can be accounted for

!" Solving problems involving attenuation

!" Describing the advantages of fibre optics over twisted pair and coaxial cables

International-mindedness:

!" The under-sea optic fibres are a vital part of the communication between 
continents

Utilization:

!" Will a communication limit be reached as we cannot move information faster 
than the speed of light?

Aims:

!" Aim 1: this is a global technology that embraces and drives increases in 
communication speeds

!" Aim 9: the dispersion effects illustrate the inherent limitations that can be 
part of a technology
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C.3 – Fibre optics

Guidance:

!" Quantitative descriptions of attenuation are required and include attenuation 
per unit length

!" The term waveguide dispersion will be used in examinations. Waveguide 
dispersion is sometimes known as modal dispersion.

Data booklet reference:
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Essential idea: The body can be imaged using radiation generated from both outside and inside. Imaging has enabled medical practitioners to improve diagnosis with fewer 
invasive procedures.

C.4 – Medical imaging

Nature of science:

Risk analysis: The doctor’s role is to minimize patient risk in medical diagnosis and procedures based on an assessment of the overall benefit to the patient. Arguments 
involving probability are used in considering the attenuation of radiation transmitted through the body. (4.8)

Understandings:

!" Detection and recording of X-ray images in medical contexts

!" Generation and detection of ultrasound in medical contexts

!" Medical imaging techniques (magnetic resonance imaging) involving nuclear 
magnetic resonance (NMR)

Applications and skills:

!" Explaining features of X-ray imaging, including attenuation coefficient, half-value 
thickness, linear/mass absorption coefficients and techniques for improvements 
of sharpness and contrast

!" Solving X-ray attenuation problems

!" Solving problems involving ultrasound acoustic impedance, speed of ultrasound 
through tissue and air and relative intensity levels

International-mindedness:

!" There is constant dialogue between research clinicians in different countries 
to communicate new methods and treatments for the good of patients 
everywhere

!" Organizations such as Médecins Sans Frontières provide valuable medical skills 
in parts of the world where medical help is required

Theory of knowledge:

!" “It’s not what you look at that matters, it’s what you see.” – Henry David 
Thoreau. To what extent do you agree with this comment on the impact of 
factors such as expectation on perception?

Utilization:

!" Scanning the human brain (see Biology sub-topic A.4)

Additional higher level option topics 10 hours

Option C: Imaging
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C.4 – Medical imaging

!" Explaining features of medical ultrasound techniques, including choice of 
frequency, use of gel and the difference between A and B scans

!" Explaining the use of gradient fields in NMR

!" Explaining the origin of the relaxation of proton spin and consequent emission of  
signal in NMR

!" Discussing the advantages and disadvantages of ultrasound and NMR scanning 
methods, including a simple assessment of risk in these medical procedures

Guidance:

!" Students will be expected to compute final beam intensity after passage through 
multiple layers of tissue. Only parallel plane interfaces will be treated.

Data booklet reference:
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Aims:

!" Aim 4: there are many opportunities for students to analyse and evaluate 
scientific information

!" Aim 8: the social impact of these scientific techniques for the benefit of 
humankind cannot be over-emphasized

!" Aim 10: medicine and physics meet in the hi-tech world of scanning and 
treatment. Modern doctors rely on technology that arises from developments 
in the physical sciences.
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Essential idea: One of the most difficult problems in astronomy is coming to terms with the vast distances between stars and galaxies and devising accurate methods for 
measuring them.

D.1 – Stellar quantities

Nature of science:

Reality: The systematic measurement of distance and brightness of stars and galaxies has led to an understanding of the universe on a scale that is difficult to imagine and 
comprehend. (1.1)

Understandings:

!" Objects in the universe

!" The nature of stars

!" Astronomical distances

!" Stellar parallax and its limitations

!" Luminosity and apparent brightness

Applications and skills:

!" Identifying objects in the universe

!" Qualitatively describing the equilibrium between pressure and gravitation  
in stars

!" Using the astronomical unit (AU), light year (ly) and parsec (pc)

!" Describing the method to determine distance to stars through stellar parallax

!" Solving problems involving luminosity, apparent brightness and distance

Theory of knowledge:

!" The vast distances between stars and galaxies are difficult to comprehend or 
imagine. Are other ways of knowing more useful than imagination for gaining 
knowledge in astronomy?

Utilization:

!" Similar parallax techniques can be used to accurately measure distances here 
on Earth

Aims:

!" Aim 1: creativity is required to analyse objects that are such vast distances 
from us

!" Aim 6: local amateur or professional astronomical organizations can be useful 
for arranging viewing evenings

!" Aim 9: as we are able to observe further into the universe, we reach the limits 
of our current technology to make accurate measurements

Core topics 15 hours

Option D: Astrophysics



Core topics 

Physics guide
121

D.1 – Stellar quantities

Guidance:

!" For this course, objects in the universe include planets, comets, stars (single 
and binary), planetary systems, constellations, stellar clusters (open and 
globular), nebulae, galaxies, clusters of galaxies and super clusters of galaxies

!" Students are expected to have an awareness of the vast changes in distance 
scale from planetary systems through to super clusters of galaxies and the 
universe as a whole

Data booklet reference:

!" d
p

(parsec)
1

(arc–second)
=

!" L AT 4σ=

!" b
L
d4 2π

=
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of stars. Stars follow well-defined patterns from the moment they are created out of collapsing interstellar gas, to their lives on the main sequence and to their eventual death.

D.2 – Stellar characteristics and stellar evolution

Nature of science:

Evidence: The simple light spectra of a gas on Earth can be compared to the light spectra of distant stars. This has allowed us to determine the velocity, composition and 
structure of stars and confirmed hypotheses about the expansion of the universe. (1.11)

Understandings:

!" Stellar spectra

!" Hertzsprung–Russell (HR) diagram

!" Mass–luminosity relation for main sequence stars

!" Cepheid variables

!" Stellar evolution on HR diagrams

!" Red giants, white dwarfs, neutron stars and black holes

!" Chandrasekhar and Oppenheimer–Volkoff limits

Applications and skills:

!" Explaining how surface temperature may be obtained from a star’s spectrum

!" Explaining how the chemical composition of a star may be determined from 
the star’s spectrum

!" Sketching and interpreting HR diagrams

!" Identifying the main regions of the HR diagram and describing the main 
properties of stars in these regions

!" Applying the mass–luminosity relation

!" Describing the reason for the variation of Cepheid variables

!" Determining distance using data on Cepheid variables

!" Sketching and interpreting evolutionary paths of stars on an HR diagram

!" Describing the evolution of stars off the main sequence

!" Describing the role of mass in stellar evolution

Theory of knowledge:

!" The information revealed through spectra needs a trained mind to be 
interpreted. What is the role of interpretation in gaining knowledge in the 
natural sciences? How does this differ from the role of interpretation in other 
areas of knowledge?

Utilization:

!" An understanding of how similar stars to our Sun have aged and evolved 
assists in our predictions of our fate on Earth

Aims:

!" Aim 4: analysis of star spectra provides many opportunities for evaluation  
and synthesis

!" Aim 6: software-based analysis is available for students to participate in 
astrophysics research
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D.2 – Stellar characteristics and stellar evolution

Guidance:

!" Regions of the HR diagram are restricted to the main sequence, white dwarfs, 
red giants, super giants and the instability strip (variable stars), as well as lines 
of constant radius

!" HR diagrams will be labelled with luminosity on the vertical axis and 
temperature on the horizontal axis

!" Only one specific exponent (3.5) will be used in the mass–luminosity relation

!" References to electron and neutron degeneracy pressures need to be made

Data booklet reference:

!" λmaxT = × −2 9 10 3. m K

!" L M3.5∝
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D.3 – Cosmology

Nature of science:

Occam’s Razor: The Big Bang model was purely speculative until it was confirmed by the discovery of the cosmic microwave background radiation. The model, while 
correctly describing many aspects of the universe as we observe it today, still cannot explain what happened at time zero. (2.7)

Understandings:

!" The Big Bang model

!" Cosmic microwave background (CMB) radiation

!" Hubble’s law

!" The accelerating universe and redshift (z)

!" The cosmic scale factor (R)

Applications and skills:

!" Describing both space and time as originating with the Big Bang

!" Describing the characteristics of the CMB radiation

!" Explaining how the CMB radiation is evidence for a Hot Big Bang

!" Solving problems involving z, R and Hubble’s law

!" Estimating the age of the universe by assuming a constant expansion rate

International-mindedness:

!" Contributions from scientists from many nations made the analysis of the 
cosmic microwave background radiation possible

Utilization:

!" Doppler effect (see Physics sub-topic 9.5)

Aims:

!" Aim 1: scientific explanation of black holes requires a heightened level 
of creativity

!" Aim 9: our limit of understanding is guided by our ability to observe within 
our universe
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D.3 – Cosmology

Guidance:

!" CMB radiation will be considered to be isotropic with T ≈ 2.76K

!" For CMB radiation a simple explanation in terms of the universe cooling down or 
distances (and hence wavelengths) being stretched out is all that is required

!" A qualitative description of the role of type Ia supernovae as providing evidence 
for an accelerating universe is required

Data booklet reference:

!" z
v
c0

λ
λ
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!" z
R

R
1

0

= −

!" v H d0=

!" T ≈  
H
1

0


