Practical Activities
1.
Electrons in Electric and Magnetic Fields

2.
Modelling Synchrotron radiation with Visible Light
3.
Line Spacing on a CD and a DVD
4.
Simple experiment to demonstrate Synchrotron data analysis
5.
Two Dimensional Diffraction Effects with Microwave apparatus
6.
Modelling Bragg diffraction with Microwaves
1.
Electrons in Electric and Magnetic Fields

Accelerating Electrons

Equipment:
· Power pack (set at 6V DC)

· Ruhmkoff Coil

· Maltese Cross Tube

· Paddle wheel tube

· Deflection tube

· CRO

· Magnet

Instructions

· Connect the power pack to the input of the Ruhmkoff coil. Set the voltage to 6V

· Connect each of the terminals on the top of the Ruhmkoff coil to one of the connections on the Maltese Cross tube.  Ensure that the terminals are at their maximum distance apart.  The terminals are not normally labelled as positive or negative, so you will need to try each of the two possibilities to identify the correct one.

· Turn on the power pack.  If there is not a green glow at the Cross end of the tube with a silhouette of the Maltese Cross, then turn off the power pack and reverse the connections to the tube. And try again.

a)
The sharp shadow of the Maltese Cross indicates that the electrons travel in straight lines.  This experiment was first done by William Crookes in 1887 using a Maltese Cross.
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Figure 1: Maltese Cross



Figure 2: Maltese Cross

Fig 1: http://buphy.bu.edu/~duffy/modern/7D10_10.html
Fig 2: http://www.scienceandsociety.co.uk/results.asp?image=10311226&wwwflag=&imagepos=8
Place a magnet near the end of the tube and note the effect on the pattern.  Try a horseshoe magnet as well.

b)
Now connect the coil to the paddle wheel tube.
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Figure 3: Paddle wheel

Fig 3: http://www.physics.brown.edu/physics/demopages/Demo/modern/demo/7b3550.htm

As the electron beam strikes the paddle wheel it begins to rotate and move up the tube at an increasing speed.  This demonstrates that the electron has momentum.

c)
Deflection of an electron beam can also be demonstrated with a CRO.

First turn of the X-scale on the CRO so that there si a single dot in the centre of the screen.

Now bring the end of the magnet up to the edge of the screen.  Try the top then the sides. Also try the other end of the magnet.

In the picture below a south end of a magnet has deflected the electron beam to the right of the screen.
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Figure 4

http://columbia-physics.net/lecture_demonstrations/..%5Cimages%5Clecturedemo%5C5-Electricity%20and%20Magnetism%5C5H30-2_1_crt.jpg

A useful video from MIT: A horseshoe magnet acting on a colour TV screen (1.5 min) http://scripts.mit.edu/~tsg/www/demo.php?letnum=G 6&show=0

2.
Modelling synchrotron radiation using visible light

Warning

Keep direct laser light out of your eyes. Point the laser away from you and from other people. Look away from bright reflections.

Light interference and diffraction

Student investigations: Diffraction effects

A.
Use laser light to observe the diffraction pattern formed by different fibres.  Sketch each pattern and take any measurements that you could use to calculate the diameter of each fibre.

Fibres and wires
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1. Put the objects in order of fibre diameter from thickest to thinnest.  Sketch the diffraction patterns relative to the first fibre that you test or measure the dimensions of the pattern that you observe.

	Object
	Diffraction pattern : sketch or measurements
	Relative diameter of one fibre

	Paint brush
	
	

	Feather
	
	

	hair
	
	

	Single strand of insect screen wire
	
	

	
	
	

	
	
	

	
	
	


Order

B.
Use laser light to observe the diffraction pattern formed by different materials.  Sketch each pattern and take any measurements that you could use to calculate the spacing of strands in the material.

[image: image7.bmp][image: image8.bmp]Two dimensional grids

Two dimensional helix model

Pair of bolts or screws

The laser beam must line up with the gap between the threads.

[image: image9.bmp]
	Object
	Observations

	Top bend of a needle threader
	

	Insect screen mesh


	

	Gauze ribbon 1


	

	Gauze ribbon 2


	

	Artificial flower petal


	

	Tea strainer


	

	Pair of bolts or screws


	


2. What is the effect of turning the material or object in front of the laser?

3. What is the effect of two layers of the material?

4. For each material, what conclusions can you make about

· the structure of the material?

· the size of the fibres in the material?

Teaching notes

Diffraction: Spreading of light when it passes through a gap or around a narrow object.  The spreading results in a diffraction pattern of light and dark spots or bands.

Interference: Pattern of bright and dark formed when two or more light beams from the one source intersect. 



Measurements

The diameter of a wire or fibre can be calculated using the wavelength of the laser light, the spacing of the dark bands and the distance from the object to the screen.
Equipment and materials

Laser (laser pointer, laser level, school laboratory laser)

Source:

laser pointers: electronics shops, novelty shops, markets; Cost $5-$60

laser levels: hardware shops; Cost $25-$100. NB: get one that makes a spot, not one that makes a line.

Materials to test

Insect mesh, plastic and metal; kitchen sieves and tea strainers; fine mesh such as the strainer in a dishwasher; fine, see-through gauze curtains; feathers; gauze ribbons and hair decorations, chiffon/gauze gift bags, artificial flowers; needles; needle threader, cotton wool, wool duster, furry cat toy, etc.  Small diameter screws or bolts.

Blutac, masking tape, scissors etc.

Sources:
Supermarket, craft shop, newsagent, bargain shop, hardware store, department store, dress-ups at home, garage sale.

Patterns

	Vertical fibre


	Narrow fibre: wider dark bands more widely spaced. Whole pattern more spread out along a line.

	Horizontal fibre


	crossed wires in a grid

	Double layer 


	Zigzag gap between screws

	finer fibre, closer spacing of mesh




	Central pattern indicates the spacing of the fibres horizontally and vertically


X-ray diffraction pattern of DNA
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3.
Line Spacing on a CD

Aim: 

To measure the line spacing on a CD
Equipment:
Laser (lab or pointer, wavelength must be known), CD, DVD,  tape measure, ruler, retort stands & clamps, room which can be darkened.

Method:

1. Challenge the students to design an arrangement which will demonstrate the diffraction of a laser from the CD.  A good method is as follows:

2. Clamp the CD in a vertical position and clamp laser to produce a horizontal beam onto the CD.

3. Reflect the light to a suitable screen (white board etc).  If set up correctly, there should be a line of red dots on the screen, where the “diffraction grating” pattern has formed.

4. Measure accurately the distance CD – screen and the dot spacing.

5. The spacing is calculated from D =  / sin  = 2 / sin , where D = CD groove spacing, and the values for ,  etc, can be obtained from the distance measurements x and L.

6. Repeat the experiment with a DVD and observe the difference in the diffraction effect due to the different groove spacing.
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4.
Simple experiment to demonstrate Synchrotron data analysis
Compare using grating, diffraction fringes obtained using red filtered light and a 3mW red laser.  Notice the sharpness of fringe edges and the intensity of bands.  This correlates to principles of data accuracy, data resolution and signal to noise ratio in a synchrotron compared to that of a typical laboratory machine. 

Additional Diffraction Grating Activities

The South Australian website has a practical skills activity on diffraction gratings. See address: http://www.ssabsa.sa.edu.au/support/science/2phy/documents/2phy-ae-006.doc  and http://www.ssabsa.sa.edu.au/support/science/2phy/2phy-ae-difgra.pdf
5.
Two Dimension Diffraction Effects with Microwave apparatus

Equipment: 
A microwave transmitter and receiver, a square piece of polystyrene or foam (about 15cm x 15 cm x 2cm), thumb tacks

Procedure

Put the thumb tacks in the polystyrene or foam in a grid arrangement.

Place the grid in front of the transmitter, about 20 cms away with the head of the tack facing the transmitter.

Place the detector on the other side of the grid by a similar distance.

Move the detector around in an arc and measure the intensity every five degrees.

6.
Modelling Bragg Diffraction with Microwave Apparatus

Equipment: 
A microwave transmitter and receiver. Two strips of foam about 10 – 15 cm long, each with three equally spaces flat metal objects such as thumb tacks, coins, metal washers.

Procedure
Arrange the transmitter, receiver and one of the foam strips so that the reflected beam from the foam strip is picked up by the receiver and shows a strong signal.

Place the second foam strip above and behind the first strip, but parallel to it and positioned so that it will receive also receive the signal.  Now two signals, each travelling a different path will be arriving at the receiver. 

Now move the back strip towards and away from the front strip.  Fluctuation in the signal strength at the receiver should be noticed as the path difference between the two beams produces cancellation or  reinforcement.
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Central spots form at the overlap of the diffraction patterns of fibres.
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