St Mary’s Catholic School
Department Curriculum Planning
Department: Science

Year Group: Year 11 (Physics)

This is the plan for the taught curriculum during achievement period: Assessment Period 1 (September 7th 2021 – November 19th 2021)

	Brief summary of the topic/work being covered during this period	

	Students are taught only one topic during this assessment period: 'Waves’

Specifically:

Combined Award:
· [6.1] Transverse and longitudinal waves, Properties of waves, 
· [6.2] Types of electromagnetic waves, Properties of electromagnetic waves 1, Properties of electromagnetic waves 2, Uses and applications of electromagnetic waves

Triple Award:
· [6.1] Transverse and longitudinal waves, Properties of waves, Reflection of waves, Sound waves (HT only)
Waves for detection and exploration (HT only).
· [6.2] Types of electromagnetic waves, Properties of electromagnetic waves 1, Properties of electromagnetic waves 2, Uses and applications of electromagnetic waves, Lenses, Visible light, 
· [6.3] Perfect black bodies and radiation

Students are taught the topics so that they can gain a full understanding of the core principles of Physics and enable them to achieve their full potential at GCSE.

	Prior knowledge needed for this unit/topic from previous teaching

	Concepts Covered in KS3
TOPIC – Waves (Y7)
From the KS3 course, students should be able to:
· Describe the link between amplitude or frequency and energy.  
· Describe how a microphone and a loudspeaker work.  
· Describe how sound transfers energy, and how this is linked to generating electricity 
· Compare transverse and longitudinal waves.  
· Describe how to use a wave model to explain observations of the reflection, absorption, and transmission of waves. 
· Describe what happens when waves superpose. 
· Describe the electromagnetic spectrum.  
· Describe the link between frequency and energy.  
· Describe the effect of radiation on living cells. 
Practical Skills Covered in KS3
· Being able to plan different types of scientific enquiries to answer questions, including recognising and controlling variables where necessary 
· Being able to take measurements, using a range of scientific equipment, with increasing accuracy and precision, taking repeat readings when appropriate 
· Being able to record data and results of increasing complexity using scientific diagrams and labels, classification keys, tables, scatter graphs, bar and line graphs 
· Being able to use test results to make predictions to set up further comparative and fair tests 
· Being able to report and present findings from enquiries, including conclusions, causal relationships and explanations of and degree of trust in results, in oral and written forms such as displays and other presentations 
· Being able to identify scientific evidence that has been used to support or refute ideas or arguments.

	Rationale for students studying this unit/topic 

	Rationale for studying this topic
Teaching this topic gives students an appreciation for wave behaviour and consideration engineers must make when designing systems, machines and processes involving waves.
Wave behaviour is common in both natural and man-made systems. Waves carry energy from one
place to another and can also carry information. Designing comfortable and safe structures such
as bridges, houses and music performance halls requires an understanding of mechanical waves.
Modern technologies such as imaging and communication systems show how we can make the
most of electromagnetic waves. The main areas that this links in with are energy and transfers, speed and maths skills, there are also some cross over s in terms of knowledge with Biology for separate students when they study the eye (lenses). All of this familiarity with allow students to build on what they already know.
These topics further build upon the scientific content covered at KS3 and give the teacher opportunities to further develop the practical investigative skills the students gained at KS3.

Rationale for timing of this topic
Students cover these topics in year 11 as it completes their scientific understanding of the key concepts of the Physics GCSE course. Effective learning will greatly enable students to make a successful start to comprehending the learning objectives taught at KS5 on the A Level Physics course, and the BTEC Applied Science course.


	Key concepts/ideas that are taught to students in this unit/topic, including any anticipated gaps in knowledge and plan to overcome these

	[TOPIC 6.1 Waves in air, fluids and solids]
6.1.1 Transverse and longitudinal waves
· Waves may be either transverse or longitudinal.
· The ripples on a water surface are an example of a transverse wave.
· Longitudinal waves show areas of compression and rarefaction.
· Sound waves travelling through air are longitudinal.
· Students should be able to describe the difference between longitudinal and transverse waves.
· Students should be able to describe evidence that, for both ripples on a water surface and sound waves in air, it is the wave and not the water or air itself that travels.
6.1.2 Properties of Waves
· Students should be able to describe wave motion in terms of their amplitude, wavelength, frequency and period.
· The amplitude of a wave is the maximum displacement of a point on a wave away from its undisturbed position.
· The wavelength of a wave is the distance from a point on one wave to the equivalent point on the adjacent wave.
· The frequency of a wave is the number of waves passing a point each second.
· Period = 1/frequency
· [T = 1/f]
· period, T, in seconds, s
· frequency, f, in hertz, Hz
· The wave speed is the speed at which the energy is transferred (or the wave moves) through the medium.
· All waves obey the wave equation:
· Wave speed = frequency x wavelength
· [V = f λ]
· wave speed, v, in metres per second, m/s
· frequency, f, in hertz, Hz
· wavelength, λ, in metres, m
· Students should be able to:
· identify amplitude and wavelength from given diagrams
· describe a method to measure the speed of sound waves in air
· describe a method to measure the speed of ripples on a water surface.
· (Physics only) Students should be able to show how changes in velocity, frequency and wavelength, in transmission of sound waves from one medium to another, are inter-related.
· Required practical activity 8: make observations to identify the suitability of apparatus to measure the frequency, wavelength and speed of waves in a ripple tank and waves in a solid and take appropriate measurements.
6.1.3 Reflection of waves (physics only)
· Waves can be reflected at the boundary between two different materials.
· Waves can be absorbed or transmitted at the boundary between two different materials.
· Students should be able to construct ray diagrams to illustrate the reflection of a wave at a surface.
· Students should be able to describe the effects of reflection, transmission and absorption of waves at material interfaces.
· Required practical activity 9 (physics only): investigate the reflection of light by different types of surface and the refraction of light by different substances. 
6.1.4 Sound waves (physics only) (HT only)
· Sound waves can travel through solids causing vibrations in the solid.
· Within the ear, sound waves cause the ear drum and other parts to vibrate which causes the sensation of sound. The conversion of sound waves to vibrations of solids works over a limited frequency range. This restricts the limits of human hearing.
· Students should be able to:
· describe, with examples, processes which convert wave disturbances between sound waves and vibrations in solids. Examples may include the effect of sound waves on the ear drum
· explain why such processes only work over a limited frequency range and the relevance of this to human hearing.
· Students should know that the range of normal human hearing is from 20 Hz to 20 kHz.
6.1.5 Waves for detection and exploration (physics only) (HT only)
· Students should be able to explain in qualitative terms, how the differences in velocity, absorption and reflection between different types of wave in solids and liquids can be used both for detection and exploration of structures which are hidden from direct observation.
· Ultrasound waves have a frequency higher than the upper limit of hearing for humans. Ultrasound waves are partially reflected when they meet a boundary between two different media. The time taken for the reflections to reach a detector can be used to determine how far away such a boundary is. This allows ultrasound waves to be used for both medical and industrial imaging.
· Seismic waves are produced by earthquakes. P-waves are longitudinal, seismic waves. P-waves travel at different speeds through solids and liquids. S-waves are transverse, seismic waves. S-waves cannot travel through a liquid. P-waves and S-waves provide evidence for the structure and size of the Earth’s core.
· Echo sounding, using high frequency sound waves is used to detect objects in deep water and measure water depth.
· Students should be aware that the study of seismic waves provided new evidence that led to discoveries about parts of the Earth which are not directly observable.

Anticipated Gaps
· Students may struggle to describe evidence that, for both ripples on a water surface and sound waves in air, it is the wave and not the water or air itself that travels. Teacher should use models, simulations and real-life examples to demonstrate this clearly to students. Models using a slinky are also great and applying P and S waves to earthquakes is a fantastic way to provide connections and foundations for knowledge.
· Students may also struggle to remember the correct units. Teacher should use knowledge recall and retrieval strategies, as part of homework, bell tasks, and revision activities to aid student’s ability to recall this information.
· In terms of math skills, students may find the rearrangement of equations quite challenging. Science should liaise with math teachers to understand the most effective strategies for teaching mathematical concepts. These strategies could be used consistently across the science and maths departments to support student learning.

[Topic 6.2] Electromagnetic Waves
6.2.1 Types of electromagnetic waves
· Electromagnetic waves are transverse waves that transfer energy from the source of the waves to an absorber.
· Electromagnetic waves form a continuous spectrum and all types of electromagnetic wave travel at the same velocity through a vacuum (space) or air.
· The waves that form the electromagnetic spectrum are grouped in terms of their wavelength and their frequency. Going from long to short wavelength (or from low to high frequency) the groups are: radio, microwave, infrared, visible light (red to violet), ultraviolet, X-rays and gamma rays.
[image: ]
· Our eyes only detect visible light and so detect a limited range of electromagnetic waves.
· Students should be able to give examples that illustrate the transfer of energy by electromagnetic waves.
6.2.2 Properties of electromagnetic waves 1
· (HT only) Different substances may absorb, transmit, refract or reflect electromagnetic waves in ways that vary with wavelength.
· (HT only) Some effects, for example refraction, are due to the difference in velocity of the waves in different substances.
· Students should be able to construct ray diagrams to illustrate the refraction of a wave at the boundary between two different media.
· (HT only) Students should be able to use wave front diagrams to explain refraction in terms of the change of speed that happens when a wave travels from one medium to a different medium.
· Required practical activity 10: investigate how the amount of infrared radiation absorbed or radiated by a surface depends on the nature of that surface.
6.2.3 Properties of electromagnetic waves 2
· (HT only) Radio waves can be produced by oscillations in electrical circuits.
· (HT only) When radio waves are absorbed they may create an alternating current with the same frequency as the radio wave itself, so radio waves can themselves induce oscillations in an electrical circuit.
· Changes in atoms and the nuclei of atoms can result in electromagnetic waves being generated or absorbed over a wide frequency range. Gamma rays originate from changes in the nucleus of an atom.
· Ultraviolet waves, X-rays and gamma rays can have hazardous effects on human body tissue. The effects depend on the type of radiation and the size of the dose. Radiation dose (in sieverts) is a measure of the risk of harm resulting from an exposure of the body to the radiation.
· 1000 millisieverts (mSv) = 1 sievert (Sv)
· Students will not be required to recall the unit of radiation dose.
· Students should be able to draw conclusions from given data about the risks and consequences of exposure to radiation.
· Ultraviolet waves can cause skin to age prematurely and increase the risk of skin cancer. X-rays and gamma rays are ionising radiation that can cause the mutation of genes and cancer.
6.2.4 Uses and applications of electromagnetic waves
· Electromagnetic waves have many practical applications. For example:
· radio waves – television and radio
· microwaves – satellite communications, cooking food
· infrared – electrical heaters, cooking food, infrared cameras
· visible light – fibre optic communications
· ultraviolet – energy efficient lamps, sun tanning
· X-rays and gamma rays – medical imaging and treatments.
· (HT only) Students should be able to give brief explanations why each type of electromagnetic wave is suitable for the practical application.
6.2.5 Lenses (physics only)
· A lens forms an image by refracting light. In a convex lens, parallel rays of light are brought to a focus at the principal focus. The distance from the lens to the principal focus is called the focal length. Ray diagrams are used to show the formation of images by convex and concave lenses.
· The image produced by a convex lens can be either real or virtual.
· The image produced by a concave lens is always virtual.
· Students should be able to construct ray diagrams to illustrate the similarities and differences between convex and concave lenses.
· The magnification produced by a lens can be calculated using the equation:
· Magnification = image height/object height
· Magnification is a ratio and so has no units.
· Image height and object height should both be measured in either mm or cm.
· In ray diagrams a convex lens will be represented by: [image: ]
· A concave lens will be represented by: [image: ]
6.2.6 Visible light (physics only)
· Each colour within the visible light spectrum has its own narrow band of wavelength and frequency.
· Reflection from a smooth surface in a single direction is called specular reflection.
· Reflection from a rough surface causes scattering: this is called diffuse reflection. Colour filters work by absorbing certain wavelengths (and colour) and transmitting other wavelengths (and colour).
· The colour of an opaque object is determined by which wavelengths of light are more strongly reflected. Wavelengths that are not reflected are absorbed. If all wavelengths are reflected equally the object appears white. If all wavelengths are absorbed the objects appears black.
· Objects that transmit light are either transparent or translucent.
· Students should be able to explain:
· how the colour of an object is related to the differential absorption, transmission and reflection of different wavelengths of light by the object
· the effect of viewing objects through filters or the effect on light of passing through filters
· why an opaque object has a particular colour.

Anticipated Gaps
· Students struggle to recall the types and order of the various waves that form the electromagnetic spectrum. Teachers could use a pneumonic to achieve this, alongside other knowledge recall strategies.
· Students may struggle to distinguish between transparent and translucent objects. Teachers could reduce the risk of confusion by using examples such as water vs water with squash in it!
· Students struggle to comprehend the ideas around the electromagnetic spectrum. The scheme of work introduces this at the beginning of the topic, allowing it to be revisited and developed throughout the following lessons. Knowledge recall strategies could be used to build up a basic understanding of the key facts.
· Students can find it difficult to comprehend and recall ideas around lenses and magnification. Effective teaching could be potentiated through practical lessons and demonstrations. These ideas could also be revisited throughout the topic to aid long-term recall.

TOPIC 6.3 Black Body Radiation (physics only)
6.3.1 Emission and absorption of infrared radiation
· All bodies (objects), no matter what temperature, emit and absorb infrared radiation. The hotter the body, the more infrared radiation it radiates in a given time.
· A perfect black body is an object that absorbs all of the radiation incident on it. A black body does not reflect or transmit any radiation. Since a good absorber is also a good emitter, a perfect black body would be the best possible emitter.
6.3.2 Perfect black bodies and radiation
· Students should be able to explain:
· that all bodies (objects) emit radiation
· that the intensity and wavelength distribution of any emission depends on the temperature of the body.
· (HT only) A body at constant temperature is absorbing radiation at the same rate as it is emitting radiation. The temperature of a body increases when the body absorbs radiation faster than it emits radiation.
· (HT only) The temperature of the Earth depends on many factors including: the rates of absorption and emission of radiation, reflection of radiation into space.
· (HT only) Students should be able to explain how the temperature of a body is related to the balance between incoming radiation absorbed and radiation emitted, using everyday examples to illustrate this balance, and the example of the factors which determine the temperature of the Earth.
· (HT only) Students should be able to use information, or draw/ interpret diagrams to show how radiation affects the temperature of the Earth’s surface and atmosphere.

Anticipated Gaps
· Many students find the principles of black body radiation difficult to comprehend. Teachers could potentiate learning through the use of computer simulations and practical activities. This topic could be revisited throughout the academic year, using knowledge recall strategies and techniques, such as bell tasks, homework and revision activities to support student’s knowledge recall.

	New key terminology students will be taught during this topic/unit

	Amplitude:
The maximum displacement of a wave from its undisturbed (equilibrium) position.
Angle of Incidence:
The angle between the incident ray and normal.
Angle of Reflection:
The angle between the reflected ray and normal.
Black:
An object will appear black if it absorbs all wavelengths of radiation incident on it. 
Colour Filters:
Filters that absorb certain wavelengths (colours) and transmit others. A blue filter for example will absorb all wavelengths other than those in the blue region of the colour spectrum.
Colour:
Colour is determined by frequency and wavelength.
Constant Temperature:
A body remains at a constant temperature if it is absorbing radiation at the same rate that it is emitting it.
Convex Lens:
A lens that brings parallel rays to focus at the principal focus. The image formed can be either real or virtual.
Diffuse Reflection:
Reflection from a rough surface that results in scattering.
Echo Sounding:
A technique that uses high frequency sound waves to detect objects in deep water and to measure the depth of water.
Electromagnetic Waves:
Transverse waves that transfer energy from the source of the waves, to an absorber. They form a continuous spectrum of different frequencies and all travel at the same speed in a vacuum.
Focal Length:
The distance between the centre of a lens and its principal focus.
Frequency:
The number of waves passing a given point in a second. It is the inverse of the wave’s period.
Hertz:
The unit of frequency.
Human Hearing:
Humans can hear sounds in the frequency range of 20Hz to 20kHz.
Infrared Radiation:
A type of radiation that all objects emit and absorb. The hotter an object is, the greater the infrared radiation it emits in a given time. Infrared: Used for cooking food, electrical heaters and infrared imaging.
Ionising Radiation:
Radiation that can cause the mutation of genes and cause cancer. Xrays and gamma rays are both forms of ionising radiation.
Lens:
An object that forms an image through the refraction of light.
Longitudinal Waves:
Waves with oscillations that are parallel to the direction of travel/energy transfer.
Magnification:
The ratio of the image height over the object height for a lens. Since it is a ratio, it has no units.
Microwaves:
Used for satellite communications and for cooking food. Normal: The normal is an imaginary reference line that is constructed perpendicular to a boundary at the point that the wave intercepts it.
P-Waves:
Longitudinal, seismic waves that travel at different speeds through solids and liquids.
Perfect Black Body:
An object that absorbs all radiation incident on it and does not reflect or transmit any type of radiation. 
Period:
The time it takes for one complete wave to pass a given point. It is the inverse of frequency.
Radiation Dose:
A measure of the risk of harm to the body as a result of radiation exposure.
Radio Waves:
Used for television and radio signals. They can be produced by oscillations in electrical circuits.
Reflection:
Reflection is when a wave bounces off a boundary. The angle of incidence always equals the angle of reflection
S-Waves:
Transverse, seismic waves that cannot travel through liquids. 
Seismic Waves:
Waves that are produced by earthquakes.
Sound Waves:
The longitudinal waves responsible for sound. In solids, sound waves are transmitted by the vibrations of the solid’s particles.
Specular Reflection:
Reflection from a smooth surface, in a single direction.
Transverse Waves:
Waves with oscillations that are perpendicular to the direction of travel/energy transfer.
Ultrasound Scanning:
A technique that involves ultrasound waves being transmitted and then partially reflected at a boundary before being detected by a detector. The time between transmission and detection can be used to calculate distances, and build up an image.
Ultrasound Waves:
Waves that have a frequency higher than the upper limit of human hearing (20kHz).
Ultraviolet:
Used in energy efficient lamps and for sun tanning.
Visible Light:
The only type of electromagnetic radiation that our eyes can detect. It is used for fibre optic communications.
Wave Speed:
The speed at which energy is transferred through the medium. It is equal to the product of the wave’s wavelength and frequency.
Wavelength:
The distance from a point on one wave to the same point on the adjacent wave (ie. peak to peak or trough to trough).
White:
An object will appear white if it emits all wavelengths equally. 

	Plan for Assessment 

	Informal assessment is ongoing through homework, classwork, practical work, contributions to class discussion/group work.

Formal assessment. Students complete an examination in class out of 50 marks. Each score will be reported out of 100 as a ‘Science Point Score’. Similar to UMS, each assessment will be standardised with a mark relating to a science point score- the scale of which will depend on the difficulty of the examination. This will ensure standard scoring across the 3 disciplines. The Science Point Score will be determined from the performance of the cohort – similar to the methodology used for the GCSE examinations. 

All assessments carried out in Year 11 are split into Foundation Tier and Higher Tier.
It is recommended students in Set 1–2 (for a 4 class band) or Set 1-3 (for a 5/6 class band) will take the Higher Tier assessments. 
It is recommended students in Set 3–4 (for a 4-class band) or Set 4-6 (for a 5/6 class band) will take the Foundation Tier assessments. 
The final decision of tier entry for individual students is at the discretion of the teacher.
Students do not have to sit the same tier in the different Science subjects.
Higher tier assessments can attain Science Point Scores from 0 – 100 points.
Foundation tier assessments can attain Science Point Scores from 0 – 69 points.
The Science Point Score will allow for students to compare results across the three subjects.

The content of the examination is as follows:

	Section of Assessment
	Content

	Section A


	GCSE style questions based on previous topics. Some how science works questions embedded.

	Section B


	GCSE style questions based on current topics learnt. Some how science works questions embedded.



This examination will be set by the HoD and will not be known to the class teacher in advance. 
Teachers are to record centrally 1 single mark out of 50 for the final assessed examination. Teachers may choose to record the marks in their planner. Feedback on the examination should be minimal and students spend time after the examinations self-reflecting, indicating three areas of strength in their assessment performance and three areas to develop in line with the Year 11 frameworks.
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