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Background Notes


How Television Broadcasting Works

You can explain how television works superficially in a few sentences. Spending a little more time however allows students to make connections between what they learn in Physics and many everyday phenomena. This set of guidelines is broken down into a set of concepts, each exploring some phenomena that are relevant to understanding how television broadcasting works. Suggestions are made for illustrations, activities and experiments. Some concepts could occupy an entire lesson, others might be grouped into a single lesson. This version of the document is very much a first draft - it will be augmented with further activities and suggestions as time allows. 

Pixels
At the closing ceremony of the Moscow Olympics in 1980 hundreds of children arranged in a grid on the main stadium held up large squares of coloured cardboard. Each child had instructions on what colour to display in response to different whistle signals from the teacher. The effect was a series of pictures of the Olympic mascot (Misha the Moscow bear). There is limit to what the human eye can resolve - this explains why the picture looked perfect even though it was constructed from coloured squares. Your television set produces pictures in the same way. The screen consists of tiny phosphor dots of different colours that get switched on and off to display a series of pictures being transmitted by the TV station. The individual elements of a reconstructed picture each have their own brightness and colour are called pixels. Question: Apart from TV, where else are pictures displayed by means of pixels?

Animation

TV pictures and movies rely on the facts that the human eye can not focus sharply enough to resolve the individual pixels, and that images persist in our brain even if the screen goes blank for a short time - we simply don’t notice that the picture has vanished. When the picture displayed after a blank is slightly different to the one before our brain interprets what it sees as a moving image.

Scientists have found that so long as the blank period lasts less than 0.05 seconds we don’t notice, so TV and movies need to flash still pictures at the rate of at least 20 per second for us to perceive what we see as a moving image.

Activity: Draw a flip cartoon of a series of images, starting with a happy face, that if flashed up fast enough would look like an animated face, changing expression from happy to sad. How should the eyes change?

Dealing with Dumb Pixels

The Moscow children were intelligent pixels - they had memorised what colour to show on each different signal from the teacher. But the pixels in your TV set have no memory - they have to be told not only when to display, but what to display. Imagine how we might do this if the teacher had wanted the Moscow children to display a picture they had not memorised ahead of time. The teacher could have simply walked along each row of children and as she passed each child could have said their colour. Then when she had traversed all the rows she could have blown her whistle and all children would have displayed their colour and hence constructed the image. This is more or less how it happens in your TV set, except that the teacher is electronic (more on this later). 

The Raster

There are a couple of other differences. The first is that the pixels in your TV set only display their colour at the moment the “teacher” is passing. This turns out not to affect the quality of the image because of the persistence of human vision as was explained in Concept 2. The second is that rather than walk down one row then back along the next, as would be most efficient, in television the rows, or lines as they are called, are always traversed left to right, starting at the top of the screen. At the end of each row, there is a rapid fly back. In fact it is not the pixels on next line, but the line after that are activated after fly back. When all the even lines have been done, then it is back to the top of the screen to do the odd lines. This is called interleaving. The reason for it is obvious; it is to give the eye a rough version (every second line) of the entire picture, then fill in the detail rather than have a perfect picture slowly being constructed from the top. This places less reliance of the eye’s persistence and avoids the impression of a horizontal edge advancing down the screen. This pattern of traverse is called the raster. In a real TV display there are 625 lines but if we imagined one with only 6, then the raster would look like this:
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Brightness

When TV was first invented the technology available was considerably less sophisticated than today. There was no colour for example. The way we now transmit colour pictures was heavily influenced by television’s black and white past, so for the moment we will restrict our consideration to black and white television. 

A black and white picture means that we simply have to tell each pixel how bright to be, where the extremes are black at one end (zero brightness) and white at the other (maximum brightness). Suppose we divide the scale into 100 levels, our Moscow teacher could have simply walked along the row calling out numbers. 









Exercise: What numbers would the teacher need to call out to give the above picture which has a vertical white stripe on a black backgound just to the right of mid-screen? (Answer, 100,100,100,100,0,100,100,100,100,100,100,100,0 etc)

Synchronisation

When we broadcast TV to thousands of homes it is like having a teacher calling out brightness numbers and every TV set responding and this displaying the same picture. But there is a problem here. The teacher might know which raster row and pixel she is up to, but a TV set just turned on would not. So as well as the brightness numbers, just before the start of the first line the teacher could say a special sequence such as 100, 0,100,100,0 that was unlikely to appear normally. This would be the cue for the each receiver that pixel 0 of line 0 was about to be broadcast. Each receiver would then expect to get the synch sequence at the end of the raster; if it did not it would know to wait for the next before starting on pixel 0 line 0. When you observe your TV picture at home “rolling” it is because it is an indication that it has lost synch.

Phosphorescence

In your TV set, the role of the teacher moving along the rows giving out brightness numbers is played by an electron beam. The pixels are tiny piles of phosphorescent material stuck in rows to the inside glass of your TV screen. When the beam strikes the pile it makes it glow. The intensity of the beam determines how much it glows. The beam is moved back and forth to follow the raster pattern by strong magnetic fields, that in turn are created by passing just the right amount of current through coils wound on the neck of the picture tube. There are horizontal and vertical deflection coils to move the beam in each direction. The beam intensity is contolled by a voltage. Because we know how long the beam has to travel from pixel to pixel, we can control the beam intensity by a time varying voltage - where say -1 V represented brightness level 0 and +1 brightness level 100. Can you say what a brightness level of 75 would be represented as?

Video Signals

Back when TV started engineers around the world had to decide how many lines the picture was going to have, how many pixels on each line (and hence the aspect ratio) and how much time could be allowed for each picture. Engineers from different countries could not agree (although they did agree on the aspect ratio of 4/3), so we ended up with three standards, PAL, NTSC and SECAM. In Australia we use PAL which has 625 lines and a frame rate of 25 frames per second. The frame rate was specially chosen so that it was related to the 50 Hz mains power frequency as this made it easy to keep the electron beam sweeping at the same rate in the receiver as the television camera was scanning. Now we have enough knowledge to make a video signal - remember it has to have a voltage that conveys the brightness level as we move from pixel to pixel. First we calculate how many pixels there are to cover - it is 625 * 625 * 4/3 = 520,833. Now we know that we have to cover this many in 1/25 seconds (in fact we wont even have this time as we have to allow some time for fly back both at the line and frame level. But it is good enough for a ball park figure. We have 1/(25*520,833) = 0.08 micro seconds. So a slice of a video signal covering the pixels either side of a white dot on a black line would look like this:









A complete video signal, including the synchronisation pulses and blanking pulses to allow for fly back would be hard to squeeze onto a page, but you can imagine what it would look like. 

Bandwidth

Just how rapidly a signal needs to change from peak negative to peak positive is a measure of the signals bandwidth. The rule of thumb is that the bandwith is the inverse of the shortest time over which this transition would need to happen. As we have seen in Concept 7, for a PAL TV signal this is 1/0.08 sec = 12. 5 MHz. This is very large compared with the bandwidth of say a voice signal of telephony quality (3.4 kHz) or even a music CD (20 KHz). Because bandwidth is expensive the standard actually restricts the bandwidth to 6 MHz. This simply means that there is a bit of smudging between pixels but it would only be noticeable in a picture that had sharp black to white transitions. A picture that had large areas the same colour would result in most energy in the signal being concentrated at low frequencies. 

Representation of Colour

We can characterise each different colour as a different location in a unit circle. Any location within the circle can be conveyed by just two numbers, the radius to that point and the angle we have to rotate to get to, it starting from the horizontal. There are three primary, red, green and blue, all other colours can be synthesised by combining primaries in various proportions. For the same colour tone, the actual colour can be washed out (almost white) or intense. Intense pure red, green and blue are represented on the colour circle at the points -120 degrees, 0 degrees and +120 degrees right on the unit circle. mixing red with green shifts along the unit circle towards 0 degrees. Adding white moves the point away from the unit circle towards the centre (pure white). The angle is called the hue, and the amount of mixed in white, the saturation. To properly represent the colour of every pixel, we would need two additional video signals as well as the brightness signal. The alternative would be to just transmit the intensity of Red Blue and Green. This is used in some circumstances but it could not be used for colour television as old black and white sets had to have the same brightness signal they were used to. The solution was a clever compromise. We saw above that TV signals are allowed a bandwidth of 6 MHz, but we also saw that most of the time there will be little energy in the spectrum near the 6 MHz edge. Why not somehow convey the colour information by means of a signal whose energy is confined to the 4- 6 MHz region. This will of course interfere with the brightness signal causing rapid fluctuations of brightness along each line, but the visual effect of this is minimised by reversing the polarity of the colour signal on alternate lines (that is what the AL stands for).  The colour signal is a sinusoid at 4.75 MHz (called the colour sub-carrier) whose amplitude is proportional to the saturation and whose phase is equal to the hue.  

Conveying the Sound

A sub-carrier is used for this also, again at the upper end of the available bandwidth.

Transmission Channels

Video signals from TV cameras need to be conveyed over distances. We can send our video signal over a pair of wires, or a coaxial cable, or an optical fibre, or through space using radio waves.  But it is not quite that simple. For example, to use optical fibres we would have to convert our video voltage into a time varying optical signal. Another thing we have to worry about is the bandwidth of the channel. It has to be wide enough to accommodate the video signal, which as we have seen has energy up to 6 MHz.  This is no problem with optical fibres, but it is with the other channels. One way of thinking about the need to match bandwidth with channel is to compare the rate at which oil tankers can change from full speed forward to full speed reverse with say a butterfly. Butterflies have very high bandwidth, oil tankers very low bandwidth. We could get an oil tanker to maneuver like a butterfly, but it would take enormous amounts of power. So it is with signals - we need a channel with enough bandwidth if we want to get away with minimum power.

Baseband and Modulated Signals

If you know about antennas and radio propagation you will know that a diplole antenna has a finite bandwidth centred on its resonant frequency. For efficient transmission of video signals using electromagnetic waves we have to some how change the energy distribution of the video signal so that instead of running from 0 to 6 MHz, it occupies a 6 MHz band centred on the resonant frequency of the antenna. This is fairly easy to do. It is a process called modulation. You simply multiple a sinusoid (called the carrier) at the desired antenna resonant frequency with the original baseband video signal. In the TV set, the reverse process takes place.  The government agency responsible for the management of the electromagnetic spectrum licences each TV station to a particular carrier frequency. carriers are allocated 6 MHz apart. One the station knows its carrier frequency it can build its transmitting antenna to match.
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