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Unit: quantum

lesson 5: De Broglie Waves / matter waves

· The dual nature of light – as both a particle and a wave – is needed to explain observable phenomena.

· How do X-rays act like particles? – Compton effect. How do x-ray act like waves? X-ray diffraction of crystals. (explain). … the spacing of the atoms is about the same as the wavelength of the x-rays.
Do radiowaves act like particles? Hard to see this. The energy is so small. (Energy levels close enough to this happen exist when the basic levels in an alkali atom (e.g. rubidium) are split by a magnetic field, and radio waves then can flip the atom from one to the other. ) 

Question:

If only one photon goes through a slit at a time, is an interference pattern produced?

YES.

The pattern starts off with random dots,  but …

See diagram …
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(image from http://upload.wikimedia.org/wikipedia/commons/thumb/3/36/Two-Slit_Experiment_Electrons.svg/500px-Two-Slit_Experiment_Electrons.svg.png)

In the double slit experiment, photons (and electrons) act like particles but they are guided by their wavelike nature. The distribution / probability is predicted by wave properties.

See : http://www.launc.tased.edu.au/ONLINE/SCIENCES/physics/debroglie.html
Or more clearly …  http://www.launc.tased.edu.au/ONLINE/SCIENCES/physics/eslits.swf
A guy named Louis deBroglie thought, if an x-ray can act like a particle with a momentum, can a particle act like a wave with a wavelength?

Just simply take   p = h/( and reverse it …

( = h / p
…  ( = h/mv   (this wavelength is called the deBroglie wavelength)

So perhaps matter can actually be waves too!

What is the wavelength of an electron traveling at 104 m/s ?

( =  73 nm

* is this a reasonable speed for the electron?

( ½ mv2 = qV) .. assume V = 20,000 volts (this formula assumes a uniform electric field to accelerate the electron)

…

Note that the wavelength is a lot smaller than the wavelength of visible light. 

*higher speeds = smaller wavelengths.

Applications:

· electron diffraction patterns – exactly the same as Xray diffraction, but closer together.

· electron microscope (images down to 0.5 nm)
http://en.wikibooks.org/wiki/Nanotechnology/Electron_microscopy
· fast neutrons diffract around nuclei in nuclear reactors. Need to slow them down in order to get them to hit the nuclei.

==========================================================

What is the wavelength of a golf ball?

m = 45g, v = 70m/s.   
( = …


Hey, if the ball has a really small speed, will the wavelength be noticeable? This is answered below for a bowling ball:

“One could increase this size by reducing the speed of the bowling ball (recall the wavelength of the de Broglie wave is inversely proportional to the speed of the particle). However, to use a slit of about 10-5 m in width would imply that the bowling ball would have to travel at about 10-29 m/s, which would mean that it would take a very long time (longer than the age of the universe) to pass through the slit. The conclusion we draw from this is that in our everyday lives we are protected from ``quantum weirdness'' by the smallness of Planck's constant, but that this does occur readily at small length scales.”

Diffraction is extremely unlikely. Condition:   (/w >= 1  You need a slit about the same size as the wavelength.  (how did it work for the DSD expt? (=600nm.  d= ? (m)  Wider slits – no diffraction.

[our DSD expt d = 200-1000? * (]

“You can’t get elephants diffraction through a forest – making beams of elephants coming out the other side.”

Need mass or velocity < 10-25  to get a reasonably sized wavelength.

BUT: we can’t get velocities this small (because of vibrations?? , well just because. .: need really small particles.)

Homework: 

Evaluation: this lesson takes less than 1 period.

� http://theory.uwinnipeg.ca/mod_tech/node163.html





