
  

 

Diploma Programme subject outline—Group 4: sciences 

 

School name  John W. North High School 
 

School code  000472 

Name of the DP subject 
(indicate language) 

 IB Physics HL (English) 

Level 
(indicate with X) 

 

Higher X Standard completed in two years 
 

Standard completed in one year * 
  

 
Name of the teacher who 
completed this outline 

 Adam Quaal Date of IB training 
 July 2016 (Cat. 1) 
 May 2018 (Cat. 2) 

Date when outline was 
completed 

 October 2019 Name of workshop 
(indicate name of subject and workshop category) 

 DP Physics (Cat. 1) 
 DP Physics (Cat. 2) 

* All Diploma Programme courses are designed as two-year learning experiences. However, up to two standard level subjects, excluding languages ab initio and pilot subjects, can be completed in 
one year, according to conditions established in the Handbook of procedures for the Diploma Programme. 

 
1. Course outline 

 
– Use the following table to organize the topics to be taught in the course. If you need to include topics that cover other requirements you have to teach (for 

example, national syllabus), make sure that you do so in an integrated way, but also differentiate them using italics. Add as many rows as you need. 

 
– This document should not be a day-by-day accounting of each unit. It is an outline showing how you will distribute the topics and the time to ensure that 

students are prepared to comply with the requirements of the subject. 

 

– This outline should show how you will develop the teaching of the subject. It should reflect the individual nature of the course in your classroom and should 
not just be a “copy and paste” from the subject guide. 

 
– If you will teach both higher and standard level, make sure that this is clearly identified in your outline. 



  

 
Topic/unit 

(as identified in 
the IB subject 

guide) 
 

State the topics/units in the 
order you are planning to 

teach them. 

Contents 

Allocated time 

Assessment 
instruments to be 

used 

Resources 
List the main resources to be used, 
including information technology if 

applicable. 

 

One class is 56  minutes. 

 

In one week 
there are 5  classes. 

 

Year 1 

1: Kinematics 

1.1: Measurements in physics 
1.2: Uncertainties and errors 
1.3: Vectors and scalars 
2.1: Motion 

16-19 classes 

Daily: Formative 
assessments in the form of 
exit tickets are given on a 
near daily basis.  
(Assessment objectives 1-2) 
 
Weekly: Students complete 
about one practical write-
up per week, which 
constitutes a formative 
assessment for both the 
nature of science (via 
practical skills) and the 
syllabus content. 
(Assessment objectives 2-4) 
 
Bi-Weekly: Summative 
assessments in the form of 
paper two-style questions. 
(Assessment objectives 1-3) 

 
End of unit: Summative 
assessment in the form of 
paper one-style questions. 
(Assessment objectives 1-3) 

Knight, R.D., Jones, B., & Field, 
S., College Physics: A Strategic 
Approach (4th) 
 
Tsokos, K.A., Physics for the IB 
Diploma (6th) 
 
Vernier lab books: 

• Physics with Vernier 

• Advanced Physics with 
Vernier – Mechanics 

• Advanced Physics with 
Vernier – Beyond Mechanics 

 
Hands-on practical work is 
done with the Vernier 
LabQuest 2 interface and a 
variety of sensors and probes, 
such as motion detectors, 
force sensors, current probes, 
and dynamics carts & tracks. 
 
Virtual practical work is done 
with Vernier Pivot Interactives. 

2: Dynamics 2.2: Forces 19-22 classes 

3: Circular Motion & 
Gravitation 

2.2: Forces 
6.1: Circular motion 
6.2: The law of gravitation 

7-9 classes 

4: Energy 2.3: Energy 19-22 classes 

5: Momentum 2.4: Momentum and impulse 12-15 classes 

6: Simple Harmonic 
Motion 

4.1: Oscillations 
9.1: Simple harmonic motion 

2-5 classes 

7: Torque & Rotational 
Motion 

B.1: Rigid bodies 12-17 classes 

8: Electric Charge & 
Electric Force 

5.1: Electric fields 3-5 classes 

9: DC Circuits 
5.2: Heating effects of electric currents 
5.3: Electric cells 

9-12 classes 

10: Mechanical Waves 
& Sound 

4.1: Oscillations 
4.2: Travelling waves 
4.3: Standing waves 
9.5: The Doppler effect 

11-14 classes 



  

Year 2 1: Thermal Physics 
3.1: Thermal concepts 
3.2: Modelling a gas 

11-13 classes 
Daily: Formative 
assessments in the form of 
exit tickets are given on a 
near daily basis.  
(Assessment objectives 1-2) 
 
Weekly: Students complete 
about one practical write-
up per week, which 
constitutes a formative 
assessment for both the 
nature of science (via 
practical skills) and the 
syllabus content. 
(Assessment objectives 2-4) 
 
Bi-Weekly: Summative 
assessments in the form of 
paper two-style questions. 
(Assessment objectives 1-3) 

 
End of unit: Summative 
assessment in the form of 
paper one-style questions. 
(Assessment objectives 1-3) 

 
Group 4 project: Given in 
the first semester, with a 
focus on Topics 3, 5, 8 & 11. 
(Assessment objective 4) 

 
Internal assessment: Given 
in the second semester. 
(Assessment objective 4) 

Tsokos, K.A., Physics for the IB 
Diploma (6th) 
 
Perimeter Institute lesson 
compilations: 

• The Challenge of Quantum 
Reality 

• Beyond the Atom 

• The Mystery of Dark Matter 

• The Expanding Universe 
 
Vernier lab books: 

• Physics with Vernier 

• Advanced Physics with 
Vernier – Mechanics 

• Advanced Physics with 
Vernier – Beyond Mechanics 

 
Hands-on practical work is 
done with the Vernier 
LabQuest 2 interface and a 
variety of sensors and probes, 
such as motion detectors, 
force sensors, current probes, 
and dynamics carts & tracks. 
 
Virtual practical work is done 
with Vernier Pivot Interactives. 

2: Energy Production 
8.1: Energy sources 
8.2: Thermal energy transfer 

10-13 classes 

3: Electricity & 
Magnetism 

Review of 5.1-5.3 
5.4: Magnetic fields 

15-17 classes 

4: Electromagnetic 
Induction 

11.1: Electromagnetic induction 
11.2: Transmission of power 
11.3: Capacitance 

16-18 classes 

5: Fields 
Review of 6.1-6.2 
10.1: Describing fields 
10.2: Fields at work 

11-13 classes 

6: Light Waves 
4.3: Wave characteristics 
4.4: Wave behavior 

8-10 classes 

7: Light Wave 
Phenomena 

9.2: Single-slit diffraction 
9.3: Interference (light) 
9.4: Resolution 
9.5: The Doppler effect (light) 

10-13 classes 

8: Atomic, Nuclear, and 
Particle Physics 

7.1: Discrete energy and radioactivity 
7.2: Nuclear reactions 
7.3: The structure of matter 

14-16 classes 

9: Quantum & Nuclear 
Physics 

12.1: The interaction of matter with 
radiation 
12.2: Nuclear physics 

12-14 classes 

10: Astrophysics 

D.1: Stellar quantities 
D.2: Stellar characteristics & stellar 
evolution 
D.3: Cosmology 
D.4: Stellar processes 
D.5: Further cosmology 

20-25 classes 



  

2. The group 4 project 

 
As the IB guides say, “The group 4 project is a collaborative activity where students from different group 4 subjects work together on a scientific or technological 
topic, allowing for concepts and perceptions from across the disciplines to be shared in line with aim 10—that is, to ‘encourage an understanding of the 
relationships between scientific disciplines and the overarching nature of the scientific method.’” Describe how you will organize this activity. Indicate the timeline 
and subjects involved, if applicable. 

 

Students are required to participate in the Group 4 Project through their IB Biology, IB Physics, and their IB Design Technology courses. In small 
groups, students are asked to select one of three general prompts (with a fourth option for a prompt of their choosing with teacher consultation). 
These prompts include the development of a sustainable school, the development of plans for a city, and the development of a state park. Students 
must include an international component with an eye towards climate change and sustainability. The timeline is roughly as follows: 

• 1 class period for the introduction of the project, 

• 1 class periods for selecting a prompt and developing the broad themes of the project, 

• 5 class periods for collecting data (via databases), researching scientific and technological principles, and developing a solution that addresses 
the project’s prompt through the lens of their discipline, and 

• 2 class periods for developing a coherent, interdisciplinary presentation for the project. 
Final projects are presented during an additional 2 class periods, and students complete both a peer and self-evaluation following their presentation. 

 

3. IB practical work and the internal assessment requirement to be completed during the course 

 
As you know, students should undergo practical work related to the syllabus.  
 

• Physics, chemistry and biology: 40 hours (at standard level) or 60 hours (at higher level) 

Use the table below to indicate the name of the experiment you would propose for the different topics in the syllabus. 

Name of the topic 
Experiment 

* indicates a prescribed practical 
Any ICT used? 

2.1: Kinematics Bowling ball challenge: determining a constant velocity 
Spreadsheet, 
computer 

2.1: Kinematics Cart on a ramp: determining a constant acceleration 
Data logging, graph 
plotting software 

2.1: Kinematics *Picket fence free fall: determining the acceleration of free-fall Data logging 



  

2.2: Forces Newton’s laws of motion: exploring the relationship between force and motion (3-part lab) 
Data logging, graph 
plotting software 

2.2: Forces Inertial vs. gravitational mass: distinguishing inertial and gravitational mass Computer 

6.1: Circular motion Airplane on a string: determining the tension in a conical pendulum Computer 

2.3: Energy 
Energy transfer & storage: elastic, kinetic & gravitational: exploring the relationship between 
potential energy, kinetic energy, and motion (3-part lab) 

Data logging, graph 
plotting software 

2.4: Momentum Impulse & momentum: exploring the relationship between force, time, and motion 
Data logging, graph 
plotting software 

2.4: Momentum Momentum & collisions: exploring the conservation of momentum 
Data logging, graph 
plotting software 

9.1: Simple harmonic motion Pendulum investigation: determining the relationship between mass, length, and period 
Spreadsheet, 
computer 

B.1: Rigid bodies & rotational 
dynamics 

Ramp rolling: determining the relationship between moment of inertia and motion Computer 

B.1: Rigid bodies & rotational 
dynamics 

Torque: determining the relationship between moment of inertia and torque 
Spreadsheet, 
computer 

2.3: Energy 
2.4: Momentum 
B.1: Rigid bodies & rotational 
dynamics 

Marble collision: synthesizing conservation of energy, conservation of momentum, and 
rotational motion in a ballistic pendulum setup 

Computer 

5.1: Electric fields Forces & electric charge: exploring the inverse square nature of Coulomb’s law 
Spreadsheet, 
computer 

5.2: Heating effects of electric 
currents 

Series & parallel circuits: investigating the effect of resistor combination on voltage and 
current through a circuit 

Data logging 

5.2: Heating effects of electric 
currents 

*Factors affecting electrical resistance: investigating one or more factors that affect 
resistance 

Data logging, graph 
plotting software 

4.5: Standing waves Transverse standing waves: exploring the relationship between frequency, length, and node Computer 

4.2: Travelling waves *Keep in time: investigating the speed of sound 
Spreadsheet, 
computer 



  

3.1: Thermal concepts 
*Specific heat of water: applying the calorimetric techniques of specific heat capacity or 
specific latent heat 

Spreadsheet, 
computer 

3.2: Modelling a gas *Pressure vs. volume: investigating at least one gas law 
Spreadsheet, 
computer 

8.2: Thermal energy transfer 
Greenhouse effects: exploring the relationship between thermal energy, atmospheric gasses, 
albedo, and emissivity (3-part lab) 

Computer 

5.3: Electric cells *Swapping batteries: determining internal resistance Computer 

5.4: Magnetic fields 
Current-carrying wire in a magnetic field: exploring the relationship between current, 
magnetic flux density, and magnetic force 

Computer 

11.1: Electromagnetic 
induction 

Electromagnetic induction: exploring Faraday’s law Computer 

11.2: Transmission of power Investigating a diode bridge rectification Data logging 

11.3: Capacitance RC circuits: exploring the effects of resistance and capacitance on voltage functions Data logging 

4.4: Wave behavior *Angle of reflection & refraction: determining refractive index Computer 

9.3: Interference *Light diffraction: investigating Young’s double-slit Computer 

7.1: Discrete energy and 
radioactivity 

Flame test quantitative analysis: determining the wavelength of an electronic transition Computer 

12.1: The interaction of matter 
with radiation 

Photoelectric effect: determining the relationship between light frequency, work function, 
and electron kinetic energy (via voltage) 

Computer 

12.2: Nuclear physics *Penny isotopes: investigating half-life Computer 

D.2: Stellar characteristics & 
stellar evolution 

HR diagram: investigating stellar quantities using placement on a HR diagram Database 

 

 

 

 

 
 



  

4. Laboratory facilities 

 
Describe the laboratory and indicate whether it is presently equipped to facilitate the practical work that you have indicated in the chart above. If it is not, indicate 
the timeline to achieve this objective and describe the safety measures that are applicable. 
 

The back room of my classroom’s building is outfitted with sinks, storage space for dry and wet lab supplies (including chemical storage), first aid kits, 
emergency eyewash stations, fire extinguishers, a fume hood, supply refrigerators, and a dishwasher for glassware. This back room runs along the 
inner spine of the building and it is shared by all of the science teachers in the building. Within my own classroom, I have wraparound storage for 
virtually all of my physics supplies. Over the past five years, the school has purchased an entire suite of physics supplies through Vernier to enable 
digital data acquisition labs, as well as a cart of Chromebooks to facilitate student use of graphing software and spreadsheets. My laboratory facilities, 
storage space, and inventory are sufficient to carry out the practical work indicated in the chart above. 

 

5. Other resources 

 
Indicate what other resources the school has to support the implementation of the subject and what plans there are to improve them, if needed. 

 

With the recent implementation of an FRC robotics team and the Design Technology course (both facilitated by me as well), I have access to 
machinery to modify, customize, and repair both lab equipment and classroom demonstrations. Our library contains ample technology for students to 
access periodicals and other resources, and the librarians devote time to informing students about these tools during internal assessments. Within our 
science department, there are many shared resources and schoolwide projects (e.g., an air quality monitoring project, a community garden) that 
increase general student interest in the Group 4 sciences. Finally, our administration provides conference time to develop common lesson plans and 
assessments, as well as to vertically align our lab work to prepare students for senior-year internal assessments. 

 
6. Links to TOK 

 
You are expected to explore links between the topics of your subject and TOK. As an example of how you would do this, choose one topic from your course 
outline that would allow your students to make links with TOK. Describe how you would plan the lesson. 

 

Topic Link with TOK (including description of lesson plan) 

12: Quantum & 
Nuclear Physics 

Much of the knowledge about subatomic particles is based on the models on 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 as thing as a single truth? At 
the end of topics 7 and 12, after learning about the “quantum revolution” of the 1900s, students develop a timeline of the major 
experiments (e.g., photoelectric effect, Geiger-Marsden experiment) and discuss how each confirmed or refuted the contemporary 
theory of matter. Students are responsible for explaining the modification(s) to accepted theory made by each experiment. 



  

 
7. Approaches to learning 

 
Every IB course should contribute to the development of students’ approaches to learning skills. As an example of how you would do this, choose one topic from 
your outline that would allow your students to specifically develop one or more of these skill categories (thinking, communication, social, self-management or 
research). 
 

Topic Contribution to the development of students’ approaches to learning skills (including one or more skill category) 

Topic 5: Electricity 
& Magnetism 

During our electricity and magnetism unit, students conduct several hands-on lab investigations involving relatively technical 
equipment and documentation. This allows students a chance to evaluate and sharpen their communication skills within the 
context of practical work. Each lab begins with a modelling process through which students actively listen to their peers to 
construct a research question and a data collection and analysis plan. Throughout the lab, students continue to listen critically to 
their peers and speak effectively in order to facilitate the lab, and they are also frequently reading technical texts. At the 
conclusion of their lab investigation, they must write-up their results and develop a convincing argument using the claim, 
evidence, and reasoning technique.  

 
8. International mindedness 

 
Every IB course should contribute to the development of international-mindedness in students. As an example of how you would do this, choose one topic from 
your outline that would allow your students to analyse it from different cultural perspectives. Briefly explain the reason for your choice and what resources you will 
use to achieve this goal. 

 

Topic Contribution to the development of international mindedness (including resources you will use) 

Option D: 
Astrophysics 

In Topics D.3 and D.5, we explore the different theories of cosmology. In the process, we discuss the evolution of these views since 
the times of ancient astronomers. These include not only Eurocentric developments of cosmology (e.g., Copernican model, 
Hubble’s redshift observations), but also a discussion of early Eastern and Mesoamerican astronomy and cosmology. Resources 
used include the Perimeter Institute’s curricular resources for teaching modern physics, the Cosmos (1980, 2014) documentaries, 
and several resources from the University of California, Santa Cruz. 

 
 
 
 
 
 



  

9. Development of the IB learner profile 

 
Through the course it is also expected that students will develop the attributes of the IB learner profile. As an example of how you would do this, choose one 
topic from your course outline and explain how the contents and related skills would pursue the development of any attribute(s) of the IB learner profile that you 
will identify. 

 

Topic Contribution to the development of the attribute(s) of the IB learner profile 

Topic 2: 
Mechanics 

At the end of the first semester, students use their understanding of dynamics to construct a cardboard boat, which they sail 
across the school’s pool. The process requires them to be inquirers and thinkers in the process of researching their boat design. It 
also requires them to be communicators when constructing their boat with their peers. Since they are sailing on a pool in 
December (albeit in Southern California), there is also an element of risk-taking involved, as they must forge a boat that can 
withstand being sunk. Following the project, the students complete a peer and self-reflection to consider the strengths and 
weaknesses of both their design and their group dynamics. 

 


