
Updated: May 2005

Course: sph 4u1

Unit: light

Lesson 4: Diffraction

Apparatus needed: laser, slit plates

Preliminaries: students need to bring in laser pointers tomorrow

Lesson:

Young’s Double Slit Diffraction Experiment 
– rename to double slit interference
     In 1807 Thomas Young decisively proved that light was a wave, thus ending 100 years of controversy. After this experiment, the wave theory was accepted because of Occam’s Razor – the simplest explanation is the best. The wave theory could explain so many of the properties of light without complicated schemes, even though there were a few things that it couldn’t explain (like how it gets here through a vacuum from the sun). 

     In order to explain how light gets here from the sun, it was imagined that the universe was filled with some invisible, undetectable fluid called ether. Light goes through this as a wave, rippling in the ether. For some reason, it exerts no drag on the earth as the earth orbits the sun, so that the earth does not slow down as it goes around the sun. It was only in 1887 the Michelson-Morely experiment (p565) ‘proved’ that there was no ether. (more on this later).

Other people had tried unsuccessfully to demonstrate that light can diffract. 

· show two candles in front of two tiny slits, what do you expect to see – yes, two dots.

· show one candle in front of one pinhole, then two pinholes, then a screen. What do you expect to see? two dots. What do you see? A whole lot of dots, brightest in the centre and fading off to the sides! 

· The only explanation for this is diffraction, and only waves can diffract! ergo, light is a wave!
(Note: I think that Young used a filter to get only one colour of light so it would be easier to see the diffraction.)

Diffraction:

You can have diffraction through a tiny opening or around a tiny object.

Diffraction only occurs when the object is about the same size of as the wavelength or smaller. If the object/opening is a lot larger than the wavelength (of water, light, etc) then you don’t see any diffraction effects. This implies that the wavelength of light is quite small. 
For observable diffraction 
[image: image4.bmp]  ( check this!  (( = d …. 10d)
· Try putting your fingers closer together right in front of your eye. Just before they touch you may see a lot of alternating light and dark lines – diffraction.  

· With just one finger, or something really out of focus you may see that one edge of the shadow is yellowish and the other is bluish. Is this diffraction?

Diffraction and Interference at Distant Points

Recall our examination of interference of waves from two point sources yesterday. We will continue today, but move point P very far away.

If the point P is very far away compared to the separation (d) of the two sources, then PS1 and PS2 are essentially parallel  (  right angles. Wait! if they are parallel then they can’t interfere!
[OR: The following also works if it is far away … the two lines are the same length and so make an equilateral triangle.  The calculations work if you approximate the two larger angles as right angles.]
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Draw a perpendicular to PS1 that goes through S2 called AS2. This line corresponds to the line of the wavefronts heading towards P. 
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If AS1 = n( then constructive interference occurs at P. AS1S2 makes a right triangle. Defining ( as the angle from the perpendicular (right bisector) to P, we then have 
sin( = AS1/d

or dsin( = AS1

or n( = dsin(

Thus the equation to determine locations of constructive interference for distant locations is n( = dsin(.
Locations of nodal lines are (n–½)( = dsin(
Example 1: Two sources are separated by 5 cm. At what angles do you get constructive interference if (=14 cm?

· This problem does not work: n( = dsin(

(/d must be less than 1.

Change the wavelength to 1.4 cm. 


The wavelength must be significantly less than the source (or slit) separation. 

For interference from two (or more) sources, (/d < 1  Check this. But if d is too big, then nothing!
Why is this necessary? In order to get many maxima. Otherwise you just have one smeared out wide maximum. [Easy to see with the two concentric circle overheads – also in textbook diagrams.]

answers: ( = 0, 16, 34, 57 … degrees.

NOTE: these angles are really large. You won’t see the largest angles (rarely more than 45o).

Do another example here

** Take an AP physics example

>>>> insert calculations here.
Consider: two slits that are separated by distance d. The width, w, of the slit is very small. We won’t need this number right now.

Light of wavelength ( hits the two slits. These slits now act as sources of circular waves - because light is acting as a wave. There will be constructive interference at a point P some distance away.

Measuring small angles in the lab is annoying. .:  …

… tan ( …

small angle approximation tan( = sin( 

….

Note that when white light goes through a diffraction grating, the angles of the bright fringes varies depending on wavelength, so you see rainbow colours.

Example:  

I. Double Slit Diffraction
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1. slit separation is d. 

2. for the two rays to have constructive interference, the path difference will have to be ( 
(or n().

3. What is the ratio: (/d =?  (sin()

4. .: ( = d sin( .
What you’ll see is a central bright spot (or line), and then at an angle of (, another bright spot (on each side)

5. More generally, you can get more bright spots (lines) when the path difference is a multiple of (.   ( n( = d sin(
This is the general formula for bright spots (maxima) for two slits up to hundreds of slits.

6. Dark spots (nodal lines) …. (n – ½)( = d sin(
DEMO : laser and CD

Q. Why do you see rainbow colours in the CD? Many lines close together – circular rings that hold data (or maybe spiral). 

What are the wavelengths of visible light?

400 nm (violet) – 700 nm (dark red).

n( = d sin(
What effect does a changing wavelength have? e.g. if the colour of the light changes? The angle changes .: a diffraction grating splits light up into its individual wavelengths.

That's why you see rainbows in a CD.

Find the spacing of the lines on a CD using a HeNe laser (( = 633 nm).

You can scratch the silver foil off and then use it as a transmission grating – it's easier that way.

Find theta (it's about 24 degrees). then d = 1.5 (m

	
	wavelength of laser
	spacing 
	capacity

	CD
	780 nm (IR)
	1.6 +/- 0.1 (m
	700 MB

	DVD
	650 nm
	0.74 (m
	4.7 GB

	blue-ray
	405 nm
	0.32 (m
	25 GB


DEMO with laser and slit plates.

>>> Note: this is not really a diffraction pattern, it is diffraction AND interference. 
 (elaborate with diagrams)

>>> Note: you can prove that this pattern is not just a light shining through 10 holes making 10 spots on a screen because (i) you can get a lot of spots with just 2 or 3 holes, (ii) if you look at white light, the colours separate (because changing ( changes () ! 

X-Ray Diffraction // X-ray crystallography

Homework p 473 #1,2,5,6 (which textbook?)

**********************************************************************

More stuff:




 





we see a brighter section here, but no interference









We should see interference only here – from light from one source. But the slits are so close together, that the whole area (centre shaded area) is filled with interference, the sections on the edges are so small that we don’t notice them.







Homework: Problems involving path differences// two source interference: do page 459 #2-3.
read page 461-468 

Assignment: Martindale p512 #17, 18, 19, 20.
(or make this homework)

<scan in Martindale – pages 512,513 as well as diagrams from previous pages>
Diagram for #18:
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Evaluation: 

· insert X-ray crystallography photos and data

· list of effects that depend on light being a wave

· diffraction (spectrometers, diffraction grating, limitations to telescope resolution and optical storage, x-ray crystallography)

· polarization  (LCDs)

· coherence (lasers)

· thin film interference (anti-reflection coatings, dichroic mirrors)

The laws of physics dictate that the lenses used to direct light beams cannot focus them onto a spot whose diameter is less than half the light's wavelength.  Diffraction when  d < (/2

From How It Works:

As of 2001, deep-ultraviolet lithography uses a wavelength of 240 nanometers. A nanometer is one-billionth of a meter. As chipmakers reduce to 100-nanometer wavelengths, they will need a new chipmaking technology. The problem posed by using deep-ultraviolet lithography is that as the light's wavelengths get smaller, the light gets absorbed by the glass lenses that are intended to focus it. The result is that the light doesn't make it to the silicon, so no circuit pattern is created on the wafer.

This is where EUVL will take over. In EUVL, glass lenses will be replaced by mirrors to focus light. In the next section, you will learn just how EUVL will be used to produce chips that are at least five times more powerful than the most powerful chips made in 2001.

S1








S2








_1142517571.unknown

