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Instructions and answers for teachers
These instructions cover the student activity section which can be found on page 16. This Topic Exploration Pack supports OCR GCSE (9–1) Twenty First Century Science Physics B.

When distributing the activity section to the students either as a printed copy or as a Word file you will need to remove the teacher instructions section.
Mapping to specification level
This exploration pack is an expansion on various topics mentioned in P1.4 – What Happens When Light and Sound Meet Different Materials? As such, it will make frequent mention of ideas and techniques explored in the delivery guide for chapter 1, including some material from P1.1’s introduction of the electromagnetic spectrum, as well as some basic material from P1.3 – How Do Waves Behave?

These activities are intended to be interesting as well as informative, and to reinforce the connections between the information being learned and real-world phenomena. There is also an emphasis on encouraging learners to explore their own further questions, both by experimenting and researching.

This guide also relates directly to 5.1 (Wave Behaviour) and 5.2 (The Electromagnetic Spectrum) of the Physics A (Gateway) spec.
Introduction
In these activities, learners are required to combine information and techniques learned previously in P1.4, as well as key concepts from P1.1 and P1.3, and encouraged to come up with their own experimental ideas in ways that relate to well-known real-world situations and phenomena. In particular, three aspects of the spectra of sound and light waves will be addressed, in a range of contexts which link this area of the curriculum with a large range of academic and vocational directions various learners might consider pursuing.

The activities are divided into two sections: A, which features explorations of the spectrum of visible light, and B, which features an introduction to the idea of standing waves and harmonics. Section A features three activities: A1: Basic experiments with colour, A2: Spectroscopy for beginners and A3: Why is the sky blue? Section B features two activities: B1: Standing waves, and B2: Harmonics.

It will be assumed that learners are familiar with the concepts of reflection, absorption and refraction, as well as with the basic mathematical relationship between frequency and wavelength.

In the three A activities, learners are asked to make observations of colour and contemplate the implications thereof. Although these activities involve much subjectivity and are unlikely to render any really accurate results, they are devised in order to encourage learners to think about the wider implications and uses of some of the concepts they are being introduced to in this course, and of the subject in general. At all times, the activities are intended to provoke questions and a desire for further inquiry. The introduction of the concept of comparing different spectra later on is intended to reinforce the idea that more objective measurements are always preferable.

In activity B1, the concept of standing waves will need to be explained; it’s a relatively straightforward idea, but sometimes takes a bit of explaining. Focusing on the central idea that there are all kinds of waves that reflect onto themselves and produce chaotic patterns with no clear frequency, but that only certain frequencies, depending on the medium and the geometry, will interact with each other in order to produce a clear, stable periodic oscillation.

In linking from B1 to B2, the idea that the guitar string is doing something similar to the slinky can throw up issues: firstly, the guitar string was fixed at both ends, whereas the slinky was being vibrated at one end. It is also important as ever to remind learners that a whole wavelength is the distance from one peak to the next, which is to say the distance from one antinode to the next but one, so quantities should be multiplied throughout if learners are interested in working out the speed of propagation of sound in the media they are using.

Suggested activities

Activity A1: basic experiments with colour
Equipment:

•
A variety of white and coloured light sources: sunlight (if available), incandescent coloured bulbs, various coloured LEDs (multicolour adjustable ones are particularly useful), laser pointers, electronic devices (computers, tablets, mobile phones, etc.); sodium bulbs (if possible; these can be bought online for a few pounds each and can provide some very interesting observations), etc.

•
A box or covered area which can be effectively sealed off from outside sources of light; learners can be encouraged to construct their own 

•
A selection of coloured transparent materials – clear plastic is an obvious example; lighting gels (colour filters) would be ideal. Obviously some materials, especially plastics and organics, may melt or burn when close to hot light sources, so due care must be taken when placing filters.

•
A selection of coloured materials, including materials made of similar materials but of different colours, e.g. paper that is coloured or has colours printed, drawn or painted on it, dyed fabrics, etc. Multi-coloured materials can also be experimented with, always accepting that observations are bound to become complicated and even more subjective than is already likely.

•
White paper 

•
Suggested: an electronic device on which a colour can be selected and displayed, preferably along with numerical values that can be used to record and replicate the selected colours. Most devices come with basic packages, apps and so on that allow selection of colours in various contexts, and many will display values relating to the colour selected, some allowing the user to input the data directly. For the purposes of these activities, it is only necessary that the colours selected can be compared directly with each other.

Method

Part 1: Constructing the box 

Learners should be capable, especially when working in groups, of devising their own method of avoiding external light. If a darkened room is sufficiently dark and available, it can be used for all the A activities, but learners wishing to perform individual experiments or work in smaller groups will most likely require some form of enclosed area or box with two main openings; one for shining light through and the other for looking through, with a way of opening and closing it easily so that the materials inside can be replaced frequently. The accompanying student sheet gives space for learners to provide a diagram of their chosen experimental setup, while a simple example is given in Fig. 1 below. Learners can be encouraged to think of improvements and techniques; painting or colouring the inside of the box darker, taping joints to avoid small amounts of external light, reflective materials to enhance weak light sources, an additional tube for viewing through, perhaps with adjustable viewing angle, the use of lab equipment wherever it is helpful, and so on.
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Fig. 1: Basic example of a box. This diagram is somewhat unrealistic in terms of the projection of the spot of light on the paper at the back, which is likely to be far more diffuse. 


Part 2: Making observations

The second part of the student sheet provides three example template tables for learners to fill in with observations about the colours they see; one features boxes for observations about the colour of different lights on different materials, the second is for the appearance of different lights filtered through different transparencies on to white paper and the third is for different filters placed in front of a single white light source and projected on to various materials. Learners can choose between these, and those who have completed one with ease can be encouraged either to work through the others as well as generally starting to experiment with combinations of filters lights and materials, and making tables, charts or whatever kind of graphic representation seems appropriate.

It can be difficult to make accurate observations of colours, which is why it can be useful for learners to try and match the colour observed to one on an electronic device, preferably using a package or app that shows numerical values attached to the selected colour (RGB, HSB, hex and so on), and include these numbers for reference.

NB. At this point, some learners may wish to gather huge numbers of different coloured lights and objects to try; do remind them that, if five different coloured light sources are shone through five different filters on to five different materials, that’s 125 observations of colour to make. If learners are working separately, they can be encouraged to “specialise”, paying special attention to things that look similar under some circumstances and different under others. One fun trick for anyone using a sodium bulb, for instance, is to try and match the colour using, say, a laptop screen, and then see how different objects and filters affect the two apparently similarly-coloured lights.

Part 3: Conjecture

With any luck, especially when using different light sources, learners will find some surprising results. They might find, for instance, that two different yellow objects look different from each other when red or green light is shone on them; one might be yellow because it reflects a range of frequencies in the red-green part of the spectrum, and will thus look bright red or bright green depending on which colour is shone on it, while another might reflect a very specific area of yellow frequencies and not the red or green ones. Assuming some results of this kind have come in, an interesting discussion about how different combinations of three colours convinces our eyes that we are seeing a full range of frequencies on a TV or computer screen. Learners should also be encouraged to remember the rest of the electromagnetic spectrum, remembering how parts of our atmosphere are opaque to many frequencies of light but transparent to others, and bearing in mind that the visible spectrum is part of one small area of transparency.

Activity A2: Spectroscopy for beginners

Equipment: 

•
Everything from A1,

•
An opaque object with a narrow slit or small hole (such as would be used in optics experiments)

•
Objects that can be used to refract or diffract light: diffraction gratings, prisms, CDs/DVDs and so on

•
Suggested: magnifying glass lens or similar, for weak light sources

Introduction:

The idea of this activity is to begin to think of ways of analysing the colour effects seen in A1. Learners can again be encouraged to come up with their own designs for the specifics of the experiments; the main objective is to form some kind of way of comparing spectra.

Method

Part 1: Adapting the box

Now we need to make the aperture through which we shine the light much smaller, in order to see any ‘rainbow’ effects with maximum clarity.  If a tube has been inserted through a hole in the box in order to shine a light through previously, this can now be removed, and the slitted object placed over the hole. Any gaps can of course be sealed in a variety of ways.

Next, we need to find a way of projecting a ‘rainbow’ on to some part of the interior of the box to which we can attach some white paper, in order to show the spectrum as clearly as possible. This part usually involves some trial and error, and depends on the method by which the light frequencies are being split. If using a CD, for instance, it is often best to end up with the disc at an angle of between 30 and 45 degrees to the angle from which the light is coming; this may involve some more taping of objects into place, and perhaps adjustments of the angle at which the light enters the box, if possible. 

 Once as clear a spectrum as possible has been observed and the paper attached to the place where it appears (if the paper can be marked where the spectrum appears for reference, that is even better), learners can go back to making observations.

Part 2: Making observations 

Learners may have noticed in the previous activity that it is difficult to match colours on a screen with ones in real life; now they can record the results of their experiments in a less subjective way. If they can steady the apparatus sufficiently to make sure that the spectrum always appears in the same place, they can mark the paper accordingly, start to compare spectra with each other, and see which frequencies are lacking from some colours. Again, the sodium lamp is particularly fun here; learners might be amused to see most of the bands of colour drop away entirely, leaving mostly a small band of yellow (depending on how many other things have been added to the sodium and how well the spectroscope shows that particular area of yellow). Light from the screen of a computer or mobile device can also be interesting, although it can also be at quite a low level.

Learners can repeat their observations with different light sources, filters and materials, but this time, rather than trying to match the colour on a computer, they can draw the spectrum as they see it, ideally with reference to marks on the paper so as to minimise the subjectivity of the colours.

Conclusions and learning outcomes

The A activities are largely conceptual, and here learners can really start to speculate about how much more there is going on in the EM spectrum than we see, even when dealing with that portion of it that we can see. In particular, the idea of spectroscopy, and the observations that different light sources have different ‘signature’ spectra, can be linked to many areas of science, including astrophysics.

 

Activity A3: Why the sky is blue

Equipment (basic):

•
As many of the light sources from A1 as are available, especially a source of bright white light

•
A large transparent container 

•
Water

•
Milk, or similar

•
White paper

Introduction

Most people agree that the sun is yellow and the sky is blue, as countless children’s paintings confirm, yet the gases and vapours in air are overwhelmingly colourless, and sunlight is white. So, why is the sun not white and the sky black? As a way of finishing off experiments with spectra of light, this provides a neat opportunity to answer one of those simple questions that can be used to annoy adults because most of them don’t know the answer.

It goes without saying, I hope, that nobody is to be encouraged to look directly at the sun.

Of course, the sky appears blue because the shorter wavelengths of light are scattered more by the atmosphere, and so the light that reaches us directly from the sun is stronger in longer-wavelength light, in the red and yellow part of the visible spectrum, while the diffuse light that makes the sky a colour contains more of the higher frequencies, in the green-blue-violet area. Water also diffuses frequencies in this way, which is why large amounts of water will appear bluish, even indoors under artificial light with no sky to reflect. This fact will be used in a relatively simple final experiment to create a mini-simulation of a sun and an atmosphere. If a small amount of water is used, the effect may not be noticeable, hence the addition of the milk.

Method

Fill the large transparent container with water. Either in a darkened room or in a box or enclosed space previously used in activities A1 and A2 (if practicable), shine the white light in from one side, and look at the colour of the water, and then look at the light through the water. Place a sheet of white paper on the other side of the container from the light source, and observe the projection of the light on the paper, both through the water and through air.

If there is no noticeable colour effect, add a small amount of milk; this should help scatter a little more of the light.

Learners who have no trouble replicating the results and understanding the implications can be encouraged to experiment with the different light sources and materials and so on from A1 and A2.

Conclusion and learning outcomes

This activity is specifically intended to test learners’ ability to communicate their understanding of a concept, hence the simple essay-type question in the student sheet.

Activity B1: standing waves

Equipment:

•
A good-quality slinky

•
Some floorspace

•
A timer

Introduction:

The idea of this activity is simply to introduce the idea of standing waves and resonant frequencies.

Method
One person holds the slinky at one end, on the floor, while another holds it at the other end. One person then moves the slinky from time to time, slowly at first, increasing the speed until a stable pattern, or standing wave, is found. The slinky should be under enough tension for transverse waves to reflect from the fixed end, but it should be borne in mind that higher tension means higher resonant frequencies. When a standing wave is found, the timer can be used, say, to time ten oscillations, in order to calculate the frequency at which the slinky was being vibrated. As usual, learners should be encouraged to work out for themselves how to convert these measurements by manipulating simple equations.

Then, the frequency should once again be increased until the next mode of the slinky, ie. a standing wave with more nodes, is found, and again the frequency can be measured, and so on until no more modes can be found.

Learners can also work out the relative wavelengths of the modes they are discovering. More able learners can be encouraged to think of these lengths as fractions of the whole length.

Conclusion and learning outcomes
The student sheet provides a table for results to be recorded, and then suggests learners look into the mathematical relationships between frequencies (and wavelengths) of modes. With any luck, they should find that they are uncovering harmonics; frequencies with simple (approximately) integer ratios. This will set them up for the next activity.

Activity B2: harmonics

Equipment:

•
A tone generator, preferably sine wave, with continuously adjustable frequency

•
A speaker capable of producing a reasonable volume

•
A strung musical instrument, ideally one with an audio jack output, ie. electric/electroacoustic guitar.

•
Suggested: a recording device which can display volume. Most laptops have reasonable microphones sufficient for this experiment, but audio connectors, breakout boxes with sockets for standard audio/microphone leads and so on are also available. Many computers have a microphone socket. If a computer or similar device is used, there are many software packages that also allow the device to be used as an oscilloscope and spectral analyser, and these are all useful tools for this activity.

•
Ideally, two computers or similar devices would be used in this activity: one to generate the tones and one to record and analyse the signal from the guitar.

Introduction:

This experiment will find the harmonic modes of a guitar string by continually adjusting the frequency of a tone generator until the string vibrates in sympathy.

Method
Attach the tone generator to the speaker. Make sure the volume is relatively high, but not a danger to the speakers.

Choose a string on the instrument; ideally a medium-low one. The low A on a guitar is ideal, as long as the speaker can produce sufficiently low frequencies, as concert pitch A is an integer number of Hertz. A correctly-tuned guitar should have an A string at 110Hz, although some variation is to be expected depending on the provenance of the instrument. It might be helpful to make sure the guitar, or at least the string you want to use, is tuned beforehand.

Damp or mute all the strings not being used. This can be done by covering with cloth or tape, or even by hand.

Now, place the speaker close to the instrument (the closer you get, the less volume you need), and, starting from, say, around 60Hz, gradually increase the frequency until the string starts to resonate. If you go too far and the string stops resonating, go back a little and “tune” the tone generator to the best frequency.

If an acoustic musical instrument is used, one learner will have to be assigned the role of observer, in order to see and hear when the string is excited. If it is electric and can be either amplified or fed into a device that can display volume (and ideally pitch), it should be easier to tell when this is happening. If you are not sure, try turning the volume of the tone down sharply, and see if the string is still resonating at that pitch in its absence.

Note the frequency at which the string resonates, and then start sweeping the frequency of the tone generator up again until the string starts resonating again, and then repeat until (a) no more noticeable resonance can be generated, (b) the upper frequency limit of human hearing is reached or (c) the sound coming from the speakers becomes too irritating to bear.

The Student Sheet contains a table in which learners can fill in their results, and also some questions designed to encourage them to work out for themselves the relationship between harmonics and musical notes.

Conclusion and learning outcomes
If the instrument has an audio output that can be recorded, or even in the eventuality that the frequencies with which the string resonates can be replayed in quick succession and compared, learners might discover a couple of interesting things about the frequencies that make up the harmonic series: although they are simple integer multiples of the fundamental frequency, they sound subjectively closer together in pitch as they get higher (allowing for a mention of logarithms), and the individual pitches, at least for the first half a dozen or so, are obviously musical-sounding. Alternatively, you could cheat, with the harmonic synthesiser app linked to in the “B Activities: Additional support and resources” section. In this simple synthesiser, the first ten harmonics of a chosen frequency (the given frequencies are all notes in standard even-tempered concert tuning) can be mixed to provide waveforms that can be seen on an oscilloscope-type display as well as heard, and also listened to separately, which can show how what sound like separate musical notes can merge perceptually into a single rich waveform.

Learners can be encouraged to connect what they have discovered about the spectrum of sound with ideas about the spectrum of light and reflect on the similarities and differences between our perception of them. For instance, two very similar frequencies of light will appear very similar to us, whereas two very close notes will sound more jarring than a pair of notes one of which is twice the frequency of the other. Similarities, however, include the fact that there is a great deal of the spectrum that is outside our perceptual range, and that certain phenomena have signature spectra from which they can be identified.

PS. If there are learners (or teachers) who play the guitar and know how to play harmonics, they can be encouraged to do so after the main observations have been made, and the points on the string at which they find the various harmonics can be measured, and ratios found between the lengths from the end of the string to these points can also be looked into. Learners can be asked to predict the results; many should get something like the right answer.

If this activity generates any enthusiasm, a further sub-activity involves measuring the bars of a glockenspiel, xylophone or similar tuned percussion instrument and, using information easily available online, seeing if learners can observe any relationship between the frequencies of the notes and the length of the bars. It might not be obvious at first; in general, a bar whose fundamental frequency is half that of another (an octave below) will be about 1.41 times as long as it. Some learners might recognise the square root of two; others may only notice if they get to observe a bar whose frequency is four times that of another (two octaves above), that is also half its length.

A Activities: additional online support and resources

A1: A medium-length video from the excellent Sixty Symbols about sodium lighting and its effects:

https://www.youtube.com/watch?v=O7mEBpJVJbA 

A2: For some more details on making home spectroscopes, here are a few links. It is easy to find more with a cursory search. The last is a fairly straightforward video that neatly drops in a mention of spectroscopy in astrophysics.

http://sci-toys.com/scitoys/scitoys/light/cd_spectroscope/spectroscope.html 

http://www.hometrainingtools.com/a/make-spectroscope-project 

https://www.youtube.com/watch?v=ZowYVDQDDZ4
A3: A short video about why Rayleigh Scattering: Why is the Sun Yellow and the Sky Blue?

https://www.youtube.com/watch?v=NafbGOQBlQs
B Activities: additional online support and resources:

B1: A nice webpage introducing standing waves, with links to further explanations and interactives:

http://www.physicsclassroom.com/class/waves/Lesson-4/Traveling-Waves-vs-Standing-Waves
B2: Online sine wave tone generator with frequency variable in 1Hz increments:

http://plasticity.szynalski.com/tone-generator.htm
Online harmonic synthesiser:

http://meettechniek.info/additional/additive-synthesis.html
Online basic virtual oscilloscope and frequency analyser:

https://academo.org/demos/virtual-oscilloscope/ 

https://academo.org/demos/spectrum-analyzer/ 

A short video explaining how to play harmonics on a guitar:

https://www.youtube.com/watch?v=UwSZL-xuDG4
A rather detailed page from Music Acoustics about how woodwind instruments work. Learners can be encouraged to explore the linked pages about other instruments:

https://newt.phys.unsw.edu.au/jw/woodwind.html
Additional teacher preparation

Many learners will know of the recent online popularity of a photograph of a dress that some people thought was blue and black and others felt was white and gold; learners should have no trouble becoming interested by some of the more counterintuitive aspects of colour vision, and any areas that still have sodium street lighting would be good places to encourage learners to think about the way colours are not always as simple as we assume.

In the A activities, learners are most likely to have practical issues getting a decent image or clear methods of recording colours. Photographs can be useful, but many devices have automatic colour correction which isn’t always easy to switch off. This is why the colour matching idea might be useful, but, as always, learners can provide their own ideas if and when they are forthcoming.


Activity A1: Experiments with colour
Task 1: Draw a diagram of the experimental setup you used. Include all the details that make a difference to the experiment. Describe your choices of light source, materials, coloured transparent materials (which we shall call filters) and your experimental design.
Task 2: An example of a table to fill in your observations about the colours you see when different light sources are shone on to different materials. Include a description of the colour, and, if possible, a reference to the colour you matched it with on a computer/tablet/phone. You can use the additional space for any extra observations.
	
	Material A
	Material B
	Material C
	Material D
	Material E
	

	Light Source A
	
	
	
	
	
	

	Light Source B
	
	
	
	
	
	

	Light Source C
	
	
	
	
	
	

	Light Source D
	
	
	
	
	
	

	Light Source E
	
	
	
	
	
	

	
	
	
	
	
	
	


Task 3: An example of a table to fill in your observations about the colours you see when different light sources are shone through different filters on to white paper. Include a description of the colour, and, if possible, a reference to the colour you matched it with on a computer/tablet/phone. You can use the additional space for any extra observations.

	
	Filter A
	Filter B
	Filter C
	Filter D
	Filter E
	

	Light Source A
	
	
	
	
	
	

	Light Source B
	
	
	
	
	
	

	Light Source C
	
	
	
	
	
	

	Light Source D
	
	
	
	
	
	

	Light Source E
	
	
	
	
	
	

	
	
	
	
	
	
	


Task 4: An example of a table to fill in your observations about the colours you see when a white light source is shone through different filters on to different materials. Include a description of the colour, and, if possible, a reference to the colour you matched it with on a computer/tablet/phone. You can use the additional space for any extra observations.

	
	Material A
	Material B
	Material C
	Material D
	Material E
	

	Filter A
	
	
	
	
	
	

	Filter B
	
	
	
	
	
	

	Filter C
	
	
	
	
	
	

	Filter D
	
	
	
	
	
	

	Filter E
	
	
	
	
	
	

	
	
	
	
	
	
	


Activity A2: Spectroscopy for beginners
Task 1: Draw a diagram of the modified experimental setup you used. Include all the details that make a difference to the experiment. Describe how you found a way to project a spectrum on to the paper and stabilise the experiment so that the spectrum always appeared in the same place.
Task 2: An example of a table to fill in your observations about the spectra you see from different light sources. Include a drawing of the spectrum, with reference marks if possible. You can use the additional space for any extra observations.
	Light source
	Draw the spectrum, approximately, paying attention to bright and dark bands and their placement more than to exact colour matching
	Observations

	Light Source A


	
	

	Light Source B


	
	

	Light Source C


	
	

	Light Source D


	
	

	Light Source E


	
	


Task 3: Try various light sources through one specific filter, or try various filters with one light source. If you choose one filter and multiple light sources, you can use the template in figure 2 again. If you choose multiple filters, you can use this one. You can also make your own tables, or use any other way of representing the information.
	
	Draw the spectrum, approximately, paying attention to bright and dark bands and their placement more than to exact colour matching
	Observations

	Filter A


	
	

	Filter B


	
	

	Filter C


	
	

	Filter D


	
	

	Filter E


	
	


Activity A3: Why is the sky blue?

The sun gives out light at lots of frequencies, including all the colours we can see. Its light is white. The sky is made of gases that are colourless, and water vapour, which is also colourless. So, the sun should be white and the sky should be black.

So, why is the sky blue, and why does the sun look yellow? Answer the question with any examples, diagrams and so on that you think will help.

NB. I am sure you already know not to look directly into the sun, but, just to remind you, don’t. 

Activity B: Standing waves
Part 1: recording the results


Task 1: Once you have measured your frequencies and wavelengths, use them to fill in this table.

	Number of nodes
	Frequency
	Wavelength 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Part 2: Thinking about the results
Look at the numbers for the frequencies and wavelengths of the different standing waves. Try dividing each one by the next. Do you see any interesting relationships?

Activity B2: Harmonics


Part 1: recording the results


Task 1: Once you have measured the frequencies at which the string resonates, fill them in in the boxes provided, and then calculate the approximate ratio between each resonant frequency and the lowest (or “fundamental”) frequency.
	
	Frequency in Hertz
	Ratio between frequency and fundamental (resonant frequency 1)

	Resonant frequency 1
	
	

	Resonant frequency 2
	
	

	Resonant frequency 3
	
	

	Resonant frequency 4
	
	

	Resonant frequency 5
	
	

	Resonant frequency 6
	
	

	Resonant frequency 7
	
	

	Resonant frequency 8
	
	


Part 2: Thinking about the results


Is there a relationship between the resonant frequencies and the fundamental, or to each other? How are they spaced as they increase? Do they sound as if they are spaced differently?


Look at the guitar. Notice that the frets at the head end are quite far apart, and that they get closer together as you go up the neck towards the bridge (body) end. See if you can find any of the notes that were the harmonics of the string on the frets. Find out which fret is halfway down the length of the string, and find out the relationship between that note and the fundamental, which is the note the open string makes.

Tube through which light passes





Box or enclosure with removable lid or side, dark and non-reflective on the inside





Light source





Paper or other coloured material





Viewing aperture
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