
White light is not white light at all
It’s made up of a whole bunch of different wavelengths all mushed together, what we see is the addition of those different colours which appears to us as white light.
Wavelengths are very short.

Convex Lens

• Light rays, when passed through a lens, bend towards the center axis of the lens.

• Rays are all bent towards a focal point

• Those rays passing through the center of the lens aren’t bent at all, but continue straight through.

Colour Systems

•Additive colour system uses light.

•Primaries are red, green, blue (RGB)

•The more you add, the lighter the colour becomes.

•Eventually you get white light.

•Subtractive colour system uses ink or paint.

•Primaries are cyan, magenta, yellow (CMY)

•The more you add, the darker the colour becomes.

•Eventually you get black

•This is really problematic when you want to design something on a computer, that’s going to be a paper print


INKJET PRINTERS

Thermal bubble Jet
· A heating element heats up by applying electricity.
· This causes the ink inside the cartridge to expand, and it squirts out of the nozzle at the bottom.

Piezoelectric Jet
Same as Thermal except instead of heating up the ink the have a transducer at the top or side that when you put electricity to it, it expands and the ink gets pushed down out of the nozzle.

Colour Spaces

H – Hue , how colourful is it
S – Saturation – how saturated it is1
V – Value ( how light or dark it is , Luminance) 

A better way humans can choose colour, including fluorescents ( high saturation, high luminence)


HSL
Painting for Nature, muted tones.
Not much luminance, more natural.

RGB
For computers and television screens

CIE
· What are eyes see.
· A reference to other colour spaces.
· Developed in 1931

• A reference for other colour spaces

• Two-dimensional plot of colours of constant intensity 

• based on human visual response determined by physiological measurements of colour vision

• a full plot of all visible colours is actually a threedimensional figure

• the CIE transformed the three-dimensional colour space into two artificial dimensions of colour (collectively called chromaticity) and one of intensity, and then took a two dimensional slice through this space at the level of maximum intensity

No system is a complete visual system because they cannot produce CIE colours which the human eye can see.




• DIFFERENT COLOUR SPACES ARE BETTER FOR DIFFERENT APPLICATIONS

• Therefore, know your colour spaces and which one is best for your application.


COMPUTER RESOLUTION

Two types

• Pixels  by pixels (x,y picture size)

• Bits of colour depth

Computer Resolution

• Bits of colour depth

• So the more bits (0’s and 1’s) of colour depth you have, the more colours you can express on the screen

• 1 bit = black and white (on or off) (2^1)

• 2 bits = 4 colours (2^2)

• 4 bits = 16 colours (2^4)

• 8 bits = 256 colours (2^8)

• 16 bits = 65,536 colours (2^16)

• 24 bits = 16.7 million colours (2^24)

• In computers, this is split up into eight bits of Red, eight bits of Green, and eight bits of Blue information
You find out how many colours a bit offers by putting 2^ of the sum

Computer Resolution

• Bits of colour depth

• So the more bits (0’s and 1’s) of colour depth you have, 

the more colours you can express on the screen

• THIS IS REALLY EASY TO CALCULATE!

• Just multiply 2’s for the number of the exponent (that little number that’s superscripted)

• E.g., let’s look at a eight-bit colour resolution

• Eight bits:

• Means you have only this many computer memory ‘cells’ to work with: □□□□□□□□

• Is expressed like this: 2^8 colours

• And has this many colours = 2x2x2x2x2x2x2x2 = 256 possible colours

Print Resolution

Halftone screening process.

Bitmap vs. Vector

• Bitmaps have an x by y resolution

• Bitmaps have a colour depth resolution

• As we’ve seen, small bitmaps can’t be enlarged into big bitmaps, because things go all “pixell-y”

• Why don’t the fonts you use in your word processor do this when you choose a huge font size? Because they are Vectors.

Vector graphics are clean, advantages- they are awesome you can make them really big and really small without damaging the quality. ( Font) However the disadvantages are that they do not come in a lot of colours. JPEGS can have many colours, Vector graphics do not.



All pictures are made up of a series of lines, “ scan lines” of light and dark areas.
Lighter areas show a lot of voltage, darker show a lot less voltage.


Persistence of Vision
1/10th of a second.

Number of frames per second for perceived motion: 16 to 20

Number of frames per second that must be presented to get rid of the “flicker”: more than 10
Television runs about 30 frames per second. Film runs 24 frames per second. ( in theatres you can get 48)

SCANNING

Interlaced vs Progressive

Computer screens and video playback on the Internet is progressive scan. Which is simply scanning from top to bottom. One frame after another after another.

Traditional televisions have a strange thing where they scan half of the video lines.
Scan and leave a space and later fill in the missing lines.

Putting those two images together means interlaced. “Interlacing” 
If you see a tearing affect is means interlaced video has been put on a progressive screen.

Why aren’t televisions progressively scanned? And why are computer screens able to be progressively scanned?
· Computer monitors have their Red, Green, and Blue information connected directly to the monitor using discrete separate channels, over a relatively short length of cable. As a result, you can send a lot of information over these wires, and you can send it more often (higher frames per second rate.)

• Television, on the other hand, has to have all the R, G, and B information squished together in what we call a “composite” signal. As well, there’s only so much room in a television channel to send this information. So we have to send it economically, in terms of channel space, and not as often. Therefore, we interlace the fields so you’ll get a perception of a full picture every 1/60thof a second, even though you really don’t get the whole image until a 30th of a second has gone by.

IN SHORT:  Interlaced is old school television, Progressive is all computers and all modern televisions.

Just know the difference between the two.
LCD SCREENS
Liquid Crystal Display

We can turn unpolarized light into polarized light by sending it through a filter.

• The energy of the horizontal components of light is absorbed by the strands, so it can’t pass through. The vertical components can pass through, however, because the horizontal strands cannot absorb their energy. 

• So the filter selects one component from all of the different planes of light and lets that one component get through.

· Once we have light polarized in one direction only, it doesn’t look any different to us.

· • However, if we add a second polarizing filter into the mix, we can vary the amount of light ending up at the other end of the light path

Add more polarizing filters, and you can adjust each one just a little bit at a time, creating a very gradual series of light reductions from no reduction to completely black

Two Things To Remember:

• how often you sample (sampling rate) is important

• The more often you sample, the more accurate the reproduced signal will be

• But, there are memory costs associated with this (the more often you sample, the more memory you’ll need to store the digitized signal)
· How often you sample (sampling rate) is important
· How many bits of resolution you use to do the sample is important to reproduce the rgb

Nyquist Theorem

The sampling rate must always be at least twice the maximum frequency you’re trying to sample

(or…)The maximum frequency you can reproduce is half the sample frequency

But Wait A Minute…Why Digital At All??

· Yeah, we’re analog human beings, after all…

· Digital transmission, recording and processing generates a minimum of degradation, since…
· A zero is a zero and a one is a one in transmission and storage devices…

· Therefore, there’s no problem with noise.

· Plus…interfacing with computers and digital manipulation devices is easier if you’re already working in a digital domain.


FLATBED SCANNERS
	
CCD stands for Charge Coupled Device













Digital Cameras
Black and White (and grey) is made up of:
59% Green
30% Red
11% Blue

So…this isn’t the most efficient use of the CCD cells…
Green: 59%

Yellow (Red + Green) = 89%

Magenta (Red + Blue) = 41%

Cyan (Green + Blue) = 70%

Wait a minute…in both of these cases, you’re using 4 pixels of the CCD to generate a single pixel of full colour. Doesn’t that mean that you’re only getting ¼ the resolution from the CCD chip?

Yep…

3 CCD = Better resolution, pretty pictures but more expensive
1 CCD = Worse Resolution, worse quality pictures, less expensive. ( Camera phones have them)

Compression

Lossless…or lossy?

Lossless: what you want for broadcast video and high quality graphics work

Lossy: okay for “offline” editing, screening, viewing on computer monitors, Internet, CDROM, etc.





Compression Types

• JPEG: for stills

• MPEG 2: full motion, broadcast quality

• MPEG 4: low speed, high compression

Spatial Redundancy– for stills
[bookmark: _GoBack]Temporal and spatial Redundancy – for moving images
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