We have an App!
SSERC has been working with a software developer to create a simple app to help students understand average speed. SSERC Speed Camera works like a real speed camera. It captures two successive images of a moving object. If we know the time between each image and the distance travelled in that time, the average speed can be found.
[image: image104.png]3 kHz





Figure 1 – the icon for our app

It is important to realise what this app isn’t. It’s not a highly accurate measuring tool suitable for gathering data in an Advanced Higher investigation. It is designed to encourage students to think about the concept of speed whilst taking real-life measurements.
When the app is started, tap the Calibration button. The calibration screen appears (figure 2).
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Figure 2- calibration screen

There needs to be a stationary object of known length situated in the plane where motion will take place.

Move the markers to the ends of the object. Enter the length in metres in the Distance Between Markers box. If you can rest your tablet or phone on a wall or bench whilst doing this, it will be much easier to set the markers as the camera is still “live” during this process.
Users will have to decide the appropriate time interval between images. Whilst there may be an element of trial and error in this, students should be encouraged to think about a suitable time interval. The time is set using the slider control.
Touch the Back button. When the moving object enters the field of view on the tablet or phone, simply touch the screen. Two pictures, overlaid, will be taken (figure 3).
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Figure 3- superimposed images
Move the markers to the same point on each image. The average speed will be displayed.  To make another measurement, touch Reset. There is no need to recalibrate if the motion will be in the same plane.
We said earlier that this is not designed to be an accurate measuring tool. That is not to talk it down. It can be used to promote discussion about measuring speed and indeed uncertainties. What would be the effect of the moving object being behind or in front of the object chosen for calibration? Can you use this app to measure the speed of objects coming towards you? If you were in a moving vehicle, could you use it to measure your speed? What are the relative advantages of long and short time intervals between pictures? Whilst the app can be used in the classroom, we hope users will take it out into the real world to measure the speed of cars, bikes, runners and more. Perhaps some students will download it from the App Store (IOS) or Google Play (Android) to their own devices. Having had a simple introduction to motion analysis, learners may be better prepared for powerful applications such as Tracker [1] and Vernier Video Physics [2].

This is new territory for us. Please let us know what you think of SSERC Speed Camera and we also welcome suggestions for future apps.
[1] See SSERC Bulletin 225
[2] See SSERC Bulletin 240 (“Start taking the tablets?”)

Camera

Your tablet has 2 cameras, one on the back of the tablet and one facing you for Skype, selfies etc. Touching the camera icon brings up this screen (ours is pointed at a keyboard).
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This brings up some image options – switch to the other camera, exposure control and so on.
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Press the blue circle to take a picture. In video mode (see below) the circle becomes red. When you touch it, video recording starts. A white square appears in the middle of the red button. Touching this stops the recording. In panorama mode, touching the blue circle begins panorama capture. Move the tablet around left to right, touching the button again when you are finished.
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Choose whether to take a still picture, video or panorama.

Once you have taken your picture, you can use the Photo or Gallery app to view it (differs on later Android systems).

TrackIt! - Motion Analysis Using Video

	TrackIt! by Fourier Education is another free app that enables a video of a moving object to be analysed.

On opening it, you have the option of either shooting a video (Camera) or using one you've already shot (Gallery).

We'll assume you have one you have already shot in the Gallery and that it has something such as a ruler placed in the plane of motion for calibration purposes.
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	Once you have opened your video, you will be met with a screen like this:

First off, we'll calibrate by touching this tool:
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(It will turn orange)
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	A double-ended line with a box in the middle appears. Drag each end to the extremities of an object of known length that has been placed in the plane of the motion (e.g. a metre stick).

When you have done this, enter the length of the object (in metres) in the box.
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	Now touch the axes tool:
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Move it to the right position (drag the origin). You can rotate the axes by putting one finger on the origin and rotating using another.
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	Now use the slider:
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And these controls:
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To move to the point in your video where motion begins.

You can simply touch the screen where the object is...
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	…however, if you hold your finger in place, you will see a zoomed view, with cross-hairs that you can use to track with much greater accuracy.

When you take your finger away, the point is tracked and the video moves on to the next frame.

Note that on our device, if you allowed it to "go to sleep" and the screen locked, you had to start all over again.
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	Also, if one of the points lay at the end of the calibration stick, we had to move the calibration stick out the way temporarily. It is important to put it back!

Track all the points you want to.
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	When you have finished, touch the tool at the bottom right:
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You can now select from a number of graphs. Here is the classic "sawtooth" y-velocity of a bouncing ball.
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	We know what you're thinking - it's a dot-to-dot graph. It also seems to assume an initial velocity of zero, whether it was or not.

We can live with this - just!

You can also do this…Touch the share tool:
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You can now email your selected data in an Excel-friendly format or, if you have a suitable app, open it on your device.
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We tidied up our data and plotted this on Excel. The blobs are bigger than perhaps we'd use for something submitted to SQA, but fine crosses would have been hard to see here.
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VidAnalysis Motion Analysis app

This free Android app lets you track the motion of an object that you have filmed on your Android tablet. You can also analyse other videos if they are in the Android format (converters are available). This guide is written for Android 4 Jelly Bean. There may be minor differences if you are using a different version.

We’ll assume:

· You have taken a video on your tablet;

· There is something in the plane of motion whose dimensions you know (e.g. a metre stick).

Open the app. Note that if you are connected to the internet, you may see an advert banner whilst using this app. In our time of using it, we have never seen anything we would consider “inappropriate”.
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If you have used it before, the videos you have loaded will appear. Tapping on one gives you the option to start analysing it or to load a previous analysis.

To load a new video for analysis, tap the + icon.

You may then be asked if you want to complete the action using Photos or Gallery (this is one point where other versions of Android OS may behave differently).

Choose Gallery. You may then have to touch Just Once.
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Your video should be there, along with any others you have taken or stored on the tablet. 
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Tap your video. You are then asked to give it a name.
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It should now appear on the VidAnalysis opening screen.

Tap the video.
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It should now open up in a player.

If the object you are going to investigate doesn’t start moving at the very start of the video, use the blue slider and the <> buttons to advance through the video to the first point at which the object begins to move. We strongly recommend that you do this.
When you’ve got to this point, tap Start Analysis, found at the top right of the screen.
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The first thing you have to do is to mark two points at either end of a known length. This should be in the plane of the motion. We used a metre stick.

Once you make a mark, you can’t drag it around. We found accurate marking to be very hit-and-miss. If you are not happy with the position of your marks, tap the three little dots at the top right of the screen. You will then have the option to recalibrate.  Do ask yourself how critical accurate measurements are – to us, this app was more about the shape of graphs than finding g to several decimal places.

When you have made your two marks, you will be asked what distance (in metres) is represented in real life. In our case this would be 1 metre.
“Well… duh!” moment – we were well through writing this guide when we realised that portrait format videos should be analysed with the tablet held in portrait mode!
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Next, move the origin of the coordinate system to a suitable place. We set it to the base of the metre stick. Note that the curled arrow button at the top right of the screen can be used to rotate the axis through 90 degrees. We have seen some (paid-for) apps that allow you to rotate the axis to any angle you choose. If you want to analyse an object running down a slope, we suggest that you angle your tablet so that its edge is parallel to the slope before filming.

Once you have the axes in position, click the tick at the top right of the screen. This is obscured by the yellow arrow in the picture above.

Now tap the object you are following. A dark blue cross appears. The video then advances one frame. Tap the object again, and so on. If you think you have tapped in the wrong place, touch the three horizontal dots at the bottom right of the screen.
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This brings up the video controls. Tap < to go back one frame. You should see your last cross in light blue. Touch the new position you want to mark. Touch the three dots again to remove the video controls.

When you have tracked as many points as you want to, tap the disc icon at the top right of your screen. You will then be asked to give your analysis a name.
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You can now swipe through a variety of graphs and a data table. We particularly like this vertical velocity “sawtooth” graph of a bouncing ball.

Tapping the three dots at the top right brings up a menu where you can go back and change the position of points or export your data as a spreadsheet-compatible file.

Top tips

· When setting up a situation for analysis, use a dark object against a light coloured background.

· If motion is on a slope, film it with the tablet parallel to the slope.

· If your video is in portrait orientation, hold your tablet in this orientation when analysing.

· If the object you are following is moving rapidly, it will appear as a streak on your device. When tracking it, always tap on the same position on the streak (e.g. the middle).

Sincere thanks to Richard Sadek for not only writing the app and making it freely available, but also for being prepared to listen to comments and implement suggestions.

See also: Vernier Video Physics (paid-for iPad app)

Tracker (free package for PC, Mac, Linux)

Signal Generator App

There are many signal generator apps on iTunes and the Playstore. This one is by Android-design.nl. It is free, but if you are connected to the internet there will be adverts in a banner at the bottom of the screen. We have not seen anything we would consider inappropriate.
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AndroSpectro Lite

AndroSpectro Lite is an audio frequency spectrum analyser.
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When you touch the triangular play button at the top right of the screen, a graph of the frequency components of the sounds it picks up is displayed with respect to time. The play button then becomes a pause button. The colour of the trace is related to the loudness of the sound. 

You can zoom the time and frequency scales as shown below:
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When you zoom in on the frequency scale you will see that the line on the graph spans a reasonably [image: image97.png]


large range of frequencies. 

We feel that this makes AndroSpectro unsuitable for accurate measurements in, say, Advanced Higher investigations, though we were able to get a reasonable estimate of the frequency we were measuring by determining the centre point of the broad band.

Touching the dustbin icon deletes the current display.

One of the things we like about frequency spectrum analysers is the way they can show Doppler shifts in real time.
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This is how we set it up:

· Run a signal generator app on one tablet. Set it to a fairly high frequency, e.g. 8 kHz.

· Delete any existing display on AndroSpectro. Do not press the triangle yet.

· Zoom in to the frequency around 8 kHz.

· Touch the triangle to begin collecting data.

· Move the tablet with the signal generator app running on it as quickly as you can towards or away from the one running AndroSpectro. Consider your own safety and that of the tablet.

· Consider also diffraction and sound reflection!

Our signal generator app could produce three frequencies simultaneously, so we were able to do a sonic “line spectrum”.

See also: Spectrumview+ (paid for iPad app – the free version doesn’t allow zooming), Spectrumlab (PC), Baudline (Mac, Linux).

Function Generator (Keuwlsoft)

This app has features that are not present in a basic signal generator. These features are very useful if you want to demonstrate a classical analogue of Heisenberg’s Uncertainty Principle.

Creating a continuous signal of 10 kHz
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Edit controls (1.)

Make sure CH 1 is selected.

Waveform controls (2)

Make sure the sine wave is selected.
Touch FREQ
Output controls (3)

Make sure the Output controls are set as shown above.

Touch Enter Value (4)
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A box (left) should pop up. 

Enter 10, then touch the kHz button.

Now return to the Output controls and touch OUT.

A continuous tone of 10 KHz should be generated.

Creating bursts of 10 kHz wave packets
Having set up the function generator to generate a 10 kHz sine wave, we will now create bursts of sound, 200 wavelengths long, 10 times per second.

Burst Controls

Touch REPEAT
Touch COUNT
Touch ENTER VALUE
Enter 200 then touch ok
You have now set the signal pulses to be 200 waves long.

Touch FREQ (under Burst Controls)
Touch ENTER VALUE
Enter 10 then touch Hz
Now when you touch OUT, instead of a continuous sine wave, the function generator will produce bursts of 10 kHz signals, each 200 waves long 10 times per second.
Lexis Audio Editor

Lexis Audio Editor lets you record, play, examine, edit and manipulate sound files. Indeed, you can do a reasonable amount of sound engineering with the app.

This is the home screen of the app:
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Most of the controls are self-explanatory. Note the blue slider that controls the recording level and the three dots at the top right of the screen. Touching these brings up a menu.

Note also the Open and save buttons and the zoom controls, all at the top right of the screen. Only the Open button is active in the screen above, because there is no recording to zoom in on or to save.

Investigating frequency
An audio editor can be used to investigate the concept of frequency. Find a partner with a device running a signal generator app. Set this to produce a sine wave of, say, 400 Hz. Touch the Rec a new file button and record a couple of seconds on Lexis. Touch the Stop button.

Note that Lexis doesn’t show the sound trace until after you stop, so you may have to do a couple of trial runs to make sure the recording is neither too quiet nor at a level where the waveforms are “clipped”.
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This is our recording of a 400 Hz signal. We have zoomed in to have a closer look at it. As expected, there are 4 complete “waves” in the time of 0.01 s.

Sound engineering
We can also manipulate sound. The following activities are taken from a suite of SSERC activities called the Phys-X Factor, designed for the PC/Mac/Linux sound editor Audacity.

Touch the Open button.

If you already have a recording open, you will get a pop-up (with curious spelling) asking you if you want to save the existing file. Decide what you want to do.

Touch the file Twinkle twinkle 3rd note quiet, then touch Open (bottom right of screen).


You can touch the Play button to listen to the tune. The third note is indeed a little too quiet.

Select it by dragging the markers from the beginning and end of the trace. You can only drag the end one if you have first moved the one at the beginning. No, we don’t know why either.

Touching the three wee dots at the top right brings up the menu. Touch Effects>.


From the Effects> sub-menu, choose Equalizer / Amplifier. You will see a dialogue box with a slider near the bottom, where you can select the amplification (in decibels). The vertical scale on the right of the main screen gives us a clue as to what this should be: 5 dB. Set this, then touch Apply.


You should now be able to both see and hear the difference.

A slightly trickier task is to change the pitch of a musical note. This could link in to work on frequency although, unlike Audacity, Lexis doesn’t show frequency values in Hertz.

Open the file Twinkle twinkle bad. Please don’t save changes to any of the sample files. If you play this tune, you will hear that the last note is too highly-pitched.

Select the last note using the markers and choose Change pitch from the Effects> menu.

We have it on good authority that the last note needs to go down by 3 semitones (-3). Unfortunately, though there is a mathematical relationship between musical note value and frequency, it is no simple matter to translate “3 semitones” into a frequency shift.

Click Apply then listen to the tune.

Noise cancellation

This activity works best if two of you with tablets pair up. One should open the file Hedge trimmer, the other, Hedge trimmer inverted. Zoom in to around the same time, e.g. 1.50 seconds. Compare what you see.
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Now go to the menu (3 dots, top right of screen).

Choose Import/Mix>

Choose Mixes the current file with another file
If you opened Hedge trimmer, choose Hedge trimmer inverted. If you previously opened Hedge trimmer inverted, choose Hedge trimmer. Can you explain what you see and hear?

Open the file Wipeout bad. This has a piece of music spoiled by a hedge trimmer in the background. Can you remove the hedge trimmer sound?
Pasco Sparkvue – Guide to basics
Pasco Sparkvue is really designed to work with Pasco’s Bluetooth-based Airlink system but it can also access your tablet’s internal sensors.

Launch the app. You should see this screen:
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Touch the sensor you are interested in (e.g. Acceleration X or Sound Intensity), then touch Show.

You should see a (blank) graph.
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Touch Periodic to get ability to set sample rate and to set a stop condition (e.g. to stop after 10 seconds).

The following dialogue box appears.
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When you are ready to collects data, press this green button:
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It should turn red. Touch it when you want to stop collecting data, assuming you haven’t set a stop condition as in the dialogue box above.
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The icon above brings up a menu that allows you to delete data runs.

Pressing the arrows on the button below cycles you through different displays, for example graphs and meters.
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The image below shows a digital meter display.
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Touching the icon below brings up a series of tools for the graph;
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One of the most useful is likely to be the tool for autoscaling:
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Selecting the arrow:
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..allows you to tap on a point and see its co-ordinates displayed at the top of the graph screen. The graph can be zoomed in upon in the usual “pinch and zoom” manner.
PicPac
PicPac is a free app that allows you to make time lapse or stop motion videos. Getting pupils to make stop motion videos as a means to check their understanding is a technique we first heard of from Richard Needham at a National Science Learning Centre course.

The videos are "stand alone". Once created, they can be played like any other video, without the need for the app that was used to make them. The free app adds its title to your video, and you may end up viewing an advert at some point.
On starting the app, an introductory video plays. To move on, click this icon: 


This takes you to the Create a Project screen.

We'll use the Take photos facility.

PicPac works in landscape mode. 

At the top left of the screen, you will see a green button that will either say Auto or Manual. If it says the former, change it to Manual by tapping to the right.

Position the objects you are animating and press the camera icon to take a picture: 
Now move each object to its new position. You will see a ghostly image of the previous position. Be careful not to change the position of the tablet.

When everything is in the new position, press the camera button again. Keep doing this until you have finished your animation, then press the stop button which is the white square next to the camera icon:

You are then given the chance to select the pictures you want to use for your animation.

The chances are that you'll want to select them all, though if you have accidentally taken some duplicates, now is the time to deselect them.

When you are ready to move on, click the white arrow near the top right of the screen.
A pop-up will then ask if you want to use all pictures or every third picture etc. Use all pictures.

This brings up a Video Settings screen. Give your video a title. At present, accept the default settings regarding frame duration and size. You can experiment with these later if you like.

When you are done, touch: 


If you cannot see this because the keyboard is in the way, hide the keyboard by touching:
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We now have the opportunity to record an audio backing or to add music. We will skip this step (white arrow again) in this introductory session.
At this point, you might be invited to watch an advert. Advertising keeps the app free.

You can preview your video, and if you are happy with it, click the disc icon to save it.
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Time lapse
Time lapse photography could be very useful to record an experiment or phenomenon that takes a long time to complete. To do this with PicPac, proceed as before, but don't switch from Auto to Manual.
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You can alter the image resolution or, perhaps more importantly, the time interval between pictures. These are done by touching the settings "buttons" below Auto / Manual and choosing the appropriate value.


Next, press to start filming. Use the same button as you did for stop motion animation to finish filming and proceed as before. 

If you have an iOS device, try iMotion HD.
Animation Using iMotionHD

iMotionHD is a free app that allows you to make time lapse or stop motion videos. Getting pupils to make stop motion videos as a means to check their understanding is a technique we first heard of from Richard Needham at a National Science Learning Centre course.

The videos are "stand alone". Once created, they can be played like any other video, without the need for the app that was used to make them.
	On starting the app, you are met with this screen:

Touch new movie.


	

	Touch manual.

Note that if you wanted to make a time lapse video, you would at this point use the slider to change the time interval between shots.
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	You can now enter a title in the movie title box before touching start.
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	Make sure your device is supported, for example in a free-standing case. You are unlikely to want to move it during filming.

Place your object.

Touch capture.

At the top of the screen, you can see how many shots you have taken. For a smooth-ish video, you will need at least 8 shots for every second of footage.

Touching display at any time lets you look at what you've got so far.
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	When you have taken all your pictures, touch stop. The screen then looks like this:

The slider adjusts the number of frames that will form one second of your video (fps = frames per second).
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	If you touch tools, this screen appears. You can watch your video, step through it and (using the rightmost button) delete a shot you don't want.
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	When you are done, touch export.

Touch photo library to save iyour video on the device. You can also email it to yourself.
	



Vernier Video Physics

Vernier Video Physics is a paid-for app for iOS that enables users to analyse videos of moving objects. Graphs of motion can then be studied.

On starting the app, you will see a list of previous analyses. Here. we're assuming that you have taken a video on the device you are using and that it has an object like a ruler or metre stick that you can use for calibration.

	Touch the "+" at the top left of the screen.

Select Choose Existing.

Navigate to the video you want to use.
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	Touch Use when ready.
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	Touch Origin and Scale.

Drag the ends of the "dumbbell" shape until they are at either end of your object of known length.

Enter the length of your object in the box above your video.
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Drag the origin to a suitable place. By touching and dragging the X and Y, the axes can be rotated, though we could not flip the x-axis through 180 degrees. On reflection, it would therefore have been better if our object had moved left to right.
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	Now touch Points.

If the video controls aren't visible, touch the screen to make them appear. Advance your video to the point at which you want to begin analysing.

Move the marker so that the crosshairs are over an easily identifiable part of the moving object. When you are happy with its position, tap it. The point should be recorded as a dot and the video should advance one frame.
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	If the object is moving quickly, it can be quite hard to see the point to be tracked.

Track the object as far as you wish to.

These two icons are at the top right of the screen:
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	The one on the left lets you see graphs. Swipe until you see the one that interests you.

No, we don't like the join-the-dots effect either.

The other icon lets you export the video or data file, but the data file can only be opened using Vernier software.
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Video tips
Use a well-lit area.

Use an object that contrasts with its background. It is best to use a dark object on a light, uncluttered background.

Don't move the device when filming.

Make sure your ruler is in the same plane as the moving object. The object should move parallel to the tablet or phone.

Twisted Wave Audio Editor

Twisted Wave enables the user to record and play back audio files. The paid-for version allows editing and manipulation of sounds.

	This is the Twisted Wave opening screen. It shows previous recordings you have made and allows you to start new ones or import sound files. We found that importing was most easily done by having the DropBox app on the iPad and transferring files that way.
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	To record a new file, touch the "+" at the bottom left of the screen. Accept the sample rate suggested (44 100 Hz) and touch Mono.
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	The record, stop, playback and rewind controls are as you would expect. You can pinch-zoom horizontally, not vertically.

If learning about frequency, pupils could be asked to record a pure tone of, say, 100 Hz. They could then zoom and count the number of complete "waves" in a given time. The selection tool (see later) could be useful here, and Twisted Wave gives the length of each selection in a display at the top right of the screen.
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	Using the Import option on the opening screen, pre-prepared files can be opened.

This file shows seven notes of a tune. The last note is too high-pitched.

To select it for modification, touch the screen just before the wrong note. A cursor should appear:
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	Use this cursor to drag over the wrong note.

Touch the edit tool (paid-for version only):
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This opens the effects menu.
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	"Cents" appears to be hundredths of a semitone. You can preview the new pitch, then touch Apply.

Other effects, including amplification can be applied to selected parts of the recording.
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This app is great for generating high frequency sine waves for Doppler investigations.


Used with a sound analysis app, the concept of frequency as number of vibrations per second could be explored.


See also: Signal generator by MediaPunk, f Generator by Syclabs (iPad)


Audacity (PC, Mac, Linux)








There are three channels – switch them on (like this one is) or off by touching this “rocker” switch.





Don’t bother too much about this one.





Volume control (make sure your device volume control is also turned up)





Frequencies are set by “rolling” the dials, i.e. touching and sliding your finger towards the top or bottom of the screen.





Waveforms are selected in the same way.





The last figure represents one decimal place. i.e this channel is set to 445.4 Hz (and is currently switched off).
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