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SUMMARY
14.1 

Analogue and digital signals (4h) 


In the decimal system, the value of each place increases to the left by a factor of 10.


In the binary system, the value of each place increases to the left by a factor of 2.



The least significant digit is the one on the right hand end and the most significant digit is the one 

on the left hand end. 


The binary system is used to store information in electronic systems as only two states are required, 

the 1 state and the zero state.


Storing information in analogue form is to store a continuous range of information.



Storing in digital form means storing information as a string of numbers where only certain 


numbers are possible.



Storing of digital numbers is done using the binary numeral system. 


Text, numbers, pictures, music, 
video and nearly any other form of information can be converted 

into a string of binary digits. 


Each digit is called a bit which can have a value of 1 or 0. Eight bits form a byte.



In dynamic random access memory (DRAM), a transistor/capacitor combination form a memory 

cell, called bit of data. 


When the capacitor is storing charge it represents a 1 and when no charge is stored it represents a 0. 

The transistor controls how much charge is stored.  


In DRAM, the charge stored by the capacitor leaks away and has to be continually topped up. 


DRAM slow but is inexpensive due to only one transistor and one capacitor needed to create 1 bit.


Static RAM uses 4 or 6 transistors to form a circuit called a flip flop. Each circuit forms a bit and 

can be in one of two states, one state stores a 1 and the other stores a 0.



Static RAM is much faster than DRAM but requiring many more transistors, is more expensive.


Recording tape has a thin plastic base coated with ferric oxide powder that can be permanently 


magnetized. 


The tape can be erased and store a different recording. 





The strength and direction of magnetization of the tape and its frequency of change varies 


continuously so is an analogue system. 



A record contains a wiggly groove that varies in amplitude and frequency of wiggle. 


A needle in the groove oscillates as the wiggles of the groove pass underneath it. The oscillations of 

the needle cause a magnet to move near a coil of wire. An analogue current is induced in the coil.


A CD contains a continuous spiral of bumps and flats on its surface. A thin laser beam is reflected as either bright or dim depending on which part of the bumps and flats it reflects from.  


When all the light reflects from bump or a flat, a bright beam arrives at the light sensor and no change occurs.  This is read as a 0.


Bumps are raised /4 above the flats. When the light partly reflects from a bump and partly from a  flat, the light reflected from the flat travels /2 extra distance so is out of phase with the light reflecting off the flat. 



Destructive interference occurs and the light reaching the sensor is dimmer.  This is read as 1.  


One advantage of this system is that each bump/flat pair stores two 1's and 2 0's resulting in more data storage.  



A DVD can store more information because the width of each track is smaller and the tracks are closer together.
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Each bump/flat change, which is read as 1, must be separated from each other by a minimum of two 0's so changes in intensity can be recognized.  


To merge the letters into a word the code is 000.  


The channel bit length is the distance in the track assigned to each channel bit.  


The reading device determines the number of 0's between the 1's by determining the time between changes in intensity of the reflected light.  


The number of channel bits is equal to the time for no change divided by the speed of the disk.  If this comes to 4, then the readout is 10001.



The aluminium that contains the bumps and flats has a plastic protective coating with a refractive index of 1.55. 


The wavelength of the laser light when moving through the plastic coating is the wavelength in the air divided by the refractive index of the plastic.



The depth of a pit/height of a bump equals a quarter of the wavelength of the light in the plastic.  



The magnetic fields on magnetic tape weaken over time. Storing data in analogue form means it is corrupted when the fields change strength. 


Storing the data on the tape in digital form as just two distinctly different fields, improves the situation as small changes in the fields will not alter the difference significantly.



Bringing a strong magnet near the tape whether it has data in analogue or digital form, results in corruption.  


Retrieval of data from magnetic tape is slow as the right place on the tape must be found.



Records with wiggly grooves can be scratched and dust getting stuck in the grooves results in clicks and crackles during playback. 
 

CD/DVD storage of data is much less likely to have the pattern changed and this results in the same information retrieved time after time. 


They are small, easily portable and can store large amounts of data. Retrieving data in digital form on a CD is quick as the address of the data can be encoded on the disk and be read almost immediately.  



Digital data storage has natural application in computers. No analogue to digital conversion is needed before the data can be used.

14.2

Data capture; digital imaging using charge-coupled devices (CCDs) (4h)



A capacitor can store and release charge. ﻿Think of it as two metal plates near each other but not touching.
﻿

The positive terminal of a supply pulls electrons off one plate making it positively charged. The negative terminal pushes electrons onto the other plate making it negatively charged. 


The greater the amount of charge stored, the greater the potential energy stored.



The potential difference across the capacitor increases as it stores more charge. 


When the PD across the plates is the same as the PD across the power supply, the capacitor stops charging.



If the PD of the power supply is increased the amount of charge stored increases and if the PD is decreased, some of the stored charge comes out of the capacitor.



If the PD of the power supply is too big, a spark jumps across the plates and the capacitor is ruined.
﻿



﻿

A capacitor has a size of 1 Farad if it stores 1 Coulomb of charge when connected to a 1 V supply and fully charged i.e. 1 Coulomb of electrons are removed from the positive plate and 1 Coulomb of electrons are added to the negative plate.



Such a capacitor is enormous in size, as 1 Coulomb of charge is difficult to store. Capacitors in electronic circuits have sizes measured in microFarad F (10-6 Farad), nanoFarad nF (10-9 Farad) and picoFarad pF (10-12 Farad). 


A 10 F capacitor can store 10 C of charge when connected to a 1 Volt supply and fully charged.



Charged stored Q equals the size of the capacitor times the PD across it.
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A 10 F capacitor can store 10 C of charge when connected to a 1 Volt supply and fully charged.



Charged stored Q equals the size of the capacitor times the PD across it.


Rearranging gives C = Q/V.  Hence capacitance is the amount of charge that can be stored per Volt of Potential difference across the capacitor.



A charge-coupled device (CCD) is a small integrated circuit that is light sensitive and stores images. It consists of many tiny light sensitive regions called pixels that act like capacitors and store electric charge when light falls on them.

 

The more light hitting it, the more charge stored. 


CCDs are used in digital cameras, astronomical telescopes, scanners, and bar code readers. 


Each pixel is not sensitive to colour.  


Professional cameras split the light onto three CDD's. One has a red filter over it, another has a blue filter and the third has a green filter. 
The three CCD's record three images that are later combined. 



In amateur cameras, a mask is put over the CCD that puts a coloured filter over each tiny pixel. Some of the filters are red, some are green and some are blue.  


This is a cheaper but less effective method as the distance between each pixel and the next one sensitive to the same colour is bigger and there is a loss of resolution.



After taking a picture with a digital camera that has 10 megapixels in its CCD, there are 10 million charged capacitors that need to be read.  



Each capacitor is discharged.  A potential difference occurs across a resistor and this potential difference is read, converted to binary code and stored.



Quantum efficieny is the number of electron/hole pairs produced divided by the number of incident photons. It ranges from just below 50% to nearly 90%.  


Astronomers use CCD's  because their quantum efficiency is much higher than film in low light conditions. 






Magnification is the ratio of the size of the image to the size of the object.  When magnification is small, the picture will have poor resolution of the fine detail. But more of the scene is shown.



Large magnification means the image falls on a larger number of pixels which can record the detail.  The drawbacks are the field of view is smaller and the image less sharp.


Two points on an object may be just resolved on a CCD if the images of the points are at least two pixels apart. 



If the quantum efficiency is low, too few electrons are released from the silicon and stored in the capacitor and the image is be dark. 


If the magnification is too low, minute details fall on the same pixel so minute details are lost. r.  


Uses of CCD's include cameras, photography down a microscope, X-ray pictures in dentistry and taking pictures of deep space objects by astronomers


The process of reading the charge stored in each pixel involves the transfer of the charge across the CCD a row at a time into the row on the end that is not light sensitive. 


The charge is moved down the end row one pixel at a time into the readout pixel that converts the amount of charge into a PD that is stored in digital form in a position in an array that matches the position of the pixel on the CCD.  




The final picture on a computer screen or a print out consists of many tiny little squares that make up a bitmap.  


In a black and white bitmap, the larger the amount of light that reached the corresponding pixel on the CCD, the greater the amount of charge stored in the pixel, the greater the PD stored in digital form in the address of that pixel and the more white is the square in the bitmap.
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