

A computer graphics system

A computer graphics system is a computer system; as such, it must have all the components of a general-purpose computer system. Let us start with the high-level view of a graphics system, as shown in the block diagram in Figure (1).  There are five major elements in our system:

1. Input devices.
2. Processor.
3. Memory.
4. Frame buffer.
5. Output (Display) devices.
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Figure (1) A computer graphics system
Display devices 
A high-resolution, color display monitor is the most important graphics output device. For many years, the cathode-ray tube (CRT) was the main type of display monitor, but liquid crystal displays (LCDs) became available in the 1970s and have steadily improved since. Today (early 2011), LCDs combine low prices with low weight, high resolutions, high contrast, and low power consumption that together make this type the display of choice of most computer users and graphics professionals.

Cathode-Ray Tube  (CRT)
A CRT is the same kind of tube used in older television sets. It has an electron gun (the cathode) that emits a stream of electrons shown in figure (2). The front surface is positively charged, so it attracts the electrons, and is coated with a phosphor compound that emits light when hit by the beam. The flash of light lasts only a fraction of a second, so, in order to achieve a stable, constant display, the picture has to be refreshed about 20 times a second. The electron beam can be turned off and on very rapidly. These operations are performed by special hardware (the CRT controller or graphics interface) that receives information from the program.
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Figure (2) Cathode-Ray Tube  (CRT)

Liquid Crystal Displays (LCD)
Nowadays (in early 2011) LCDs are everywhere. We use them with desktop and laptop computers and we see them in digital clocks and watches, microwave ovens, printers, CD players, cell-phone screens, televisions, and electronic billboards. 
Light understood as either an electromagnetic wave or as a stream of photons. When we think of light as a wave, it has polarization (the direction in which the electric field vibrates). A photon moves at the speed of light and has two attributes, frequency and polarization. A beam of light can be considered a stream of photons with different frequencies and different polarizations (i.e., each photon is polarized in a different direction).
Polarizers are  materials that can transmit only those photons that are polarized in a certain direction, while absorbing all other photons. Light that passes through a polarizer is polarized on one direction and is also normally dimmer than the original light, having lost some of its photons in the polarizer.

Twisted Nematic Liquid Crystal is one of liquid crystal has unusual features that are closer to liquids than to crystals but combine properties of both. Each molecule in it is twisted by a small angle relative to its predecessor (Figure below). Imagine light that is polarized in the direction of the leftmost molecule (vertically in the figure) entering from the left. As the light propagates to the right through layer after layer of molecules, its polarization is gradually twisted. Given enough layers, the light emerging from the right edge of the liquid crystal has twisted its polarization by 90◦ (in the figure, it is polarized horizontally).
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Figure (3) Twisted Nematic Liquid Crystal
When voltage is applied to a TN, its molecules rotate to decrease the angle between them. They become more aligned and thus twist the light’s polarization by a smaller angle, depending on the voltage. With high voltage, it is possible to align the molecules perfectly and end up with no polarization twist. 
Each point in screen have the following components:

· Back vertical Polarizers of the display (b in figure(4))

· Front horizontal Polarizers of the display (e in figure(4))

· The layers of the TN liquid crystal.

· Light is produced by a cold cathode fluorescent lamp located at the back Polarizers of the display( a in figure(4)).
· The supplied voltage on the TN liquid crystal ( the voltage depend on pixel intensity)

The light spread evenly over the entire back area of the display. On its way to the front (top) of the display, passes through a bottom vertical polarizer (b), where half of it is absorbed . The other half emerges vertically polarized (c) and enters the layers (d) of TN liquid crystals. The crystals twist the light’s polarization by 90◦ from vertical to horizontal, and the horizontally polarized light then passes through a top horizontal polarizer (e) and finally hits the front (top) of the display, which then turns bright. 

The liquid crystals are arranged in rows and columns, such that each corresponds to a pixel of the display, and each can be controlled independently by the display hardware.

In order to create a black dot (i.e., a pixel) on the display, electrical voltage must be applied to the appropriate liquid crystal, which causes it to lose its twist property. The narrow beam of light that passes through that crystal is not twisted and emerges from the array vertically polarized, to be absorbed by the top horizontal polarizer. This beam of light never reaches the screen, which results in a black dot, a pixel, displayed on the screen.
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Figure (4)

When lower voltage is applied to a liquid crystal, it twists the polarization of the light that passes through it by less than 90◦, resulting in a gray pixel. 

LCDs vs. CRTs

** LCD monitors are popular nowadays because of the following reasons:

1. They are thin and lightweight, easier to move, and mount on a wall.
2. They consume less than half the power required by a CRT.

3. Some people find LC displays easier on the eyes. 
4. A CRT always has some flicker because of the movements of its electron beam, while an LCD turns individual pixels on and off as needed.

** CRTs have a number of advantages, which make them a better choice for certain users.

1. A CRT is less expensive.
2. CRTs are better at displaying vivid colors.
3. Refresh rates of LCDs are generally lower than those of CRTs, which may result in annoying ghosting and blurring on an LCD.
4. It is easier to vary the resolution of a CRT, because its screen is uniform, whereas the screen of an LCD consists of built-in pixels.
5. A CRT is easier to clean and harder to damage than an LCD.
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