Heisenberg’s Uncertainty Principle

Name ___________________________ 

.

1) A laser is pointed at the wall and forms a spot as shown in Figure1. 



2) You will be forming a long horizontal slit from two pencils and two elastics as shown in Figure 2. The elastic will be wound between the pencils several times. On a whiteboard draw a large version of Figure 1 and sketch on it what you think the spot will look like when viewed through the horizontal slit. Draw your answer below and explain why you think this will happen. 


3) Find students with different answers. Record their answers below and their reasons.


4) Make the slit and sketch what happens in the space below. Sketch what happens when you squeeze the pencils closer and closer. 


5) What is this behaviour called? Where else can it be seen?

6) A laser pointer is shone onto a screen through slits of different widths, w. The width, d, of the central spot on a screen ___ m away is measured. 

a) When w is graphed against d, what will you see? Sketch this on a whiteboard.  

b) Record the data in the table below.

	w(mm)
	
	
	
	
	

	d(mm)
	
	
	
	
	


c) When w is graphed against 1/d what do you expect to see? 

d) Graph the data and find the slope of the line.

7) Describe how the behaviour of waves passing through a slit is different from particles, like sand, falling through a slit.

8) If you turn the intensity of light down, you find that the light is detected as a series of discrete bundles of energy called photons. We can’t do this with the school’s equipment so we will use a simulation. Go to http://phys.educ.ksu.edu/vqm/html/singleslit.html and select the source that is the second from the right.  This source produces photons – light particles. Make the wavelength as small as possible (300 nm) and the slit width as wide as possible (10 000 nm) and press start. 

a) How wide is the central spot? 

b) What happens to the size of this width if you turn the intensity of the light down and then wait for more time until the same number of photons is detected? 

9) Describe the behaviour of light going through a single slit in terms of wave-like behaviour and particle-like behaviour. Is light a particle or a wave?

10) Go back to the simulation and look at the behaviour of the other objects: protons, neutrons, electrons and pions. Do they behave like particles or waves?

11) One of your classmates thinks that the diffraction can be explained by particles bumping into each other as they go through the slits. How can you use this simulation to convince your classmate that this is not occurring?

12) Another classmate thinks that the diffraction occurs because of collisions off the edges of the slit. How can you convince your classmate that this is not occurring?

13) When we narrow the slit, we have a better idea of where the photon was. What effect does this have on our ability to predict where it will go? 

14) This relationship between position and momentum is one example of the Heisenberg Uncertainty Principle, which states the limits of our knowledge of quantum objects. Specifically, x p >= h/2. The uncertainty in position is +/- the half width of the slit, or x  = w/2. The uncertainty in momentum, p, is related to the spread of the central spot. This uncertainty can be calculated by considering similar triangles. The triangles below represent the light’s path in the diffraction experiment. The height is the distance to the first minimum, x1, and the length is the distance to the screen, L. The triangles also could represent the momentum of the photon. The length is the momentum of the photon as it heads toward the slit, p = h/. The height is the uncertainty in momentum afterwards, +/-p. Solve for x p. Does it satisfy the uncertainty relation?
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