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Lesson 2: The PhotoElectric Effect

Preliminaries: can this be demonstrated? an arc lamp onto a charged electroscope?
* students must know eV ( J conversion

In 1885 experiment performed (by Heinrich Hertz)

Here are the observations / results:

1. A negatively charged zinc plate lost its charge when subjected to UV light.
(( implications? Electrons must be leaving the plate and going into the air/vacuum. These electrons will be called photoelectrons.
2. Light of a lower frequency (e.g. red light) has no effect.(recall: lower frequency = lower energy)

3. The minimum frequency of light necessary to produce photoelectrons is called the threshold frequency. (What is a threshold? Define)
4. Below the threshold frequency, no photoelectrons are produced, regardless of the intensity.
What is intensity? How can this be demonstrated?

5. Above the threshold frequency, greater intensity produces more photoelectrons

6. Each different metal has its own threshold frequency. (* greatly affected by surface impurities).

How was this done? Diagram of apparatus:

[image: image1.bmp]
glass tube, evacuated (vacuum)

moderately high voltage

no current detected until UV light hits the zinc plate, then electricity
begins to flow.




Results:
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Graph 1 – this illustrates points 2, 3, 4, 5
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Graph 2 – threshold freq. for different metals. (illustrates point 2,3,4,6)
Explanation:

EINSTEIN came up with an explanation for this in 1905. – got Nobel prize for this (not E=mc2 or relativity).   R. Millikan was finally able to prove it in 1916, by cutting metal surfaces in a vacuum – eliminating the oxide layers on the metal.

Classical wave theory:

· Energy of a wave goes as the square of the amplitude, so a more intense wave has more energy. This jiggles the electrons more, so giving them more energy.  INTENSITY ( ENERGY

· A wave of any frequency jiggles the electrons, so there cannot be a cutoff frequency.

· A low intensity wave will need to shine for a few seconds to give an electron enough energy to escape.

OOPS That’s not how it works.

Photon Model

· Energy comes in lumps – the photon. *** Now energy and photons are quantized. ***
FREQUENCY ( ENERGY
· Only whole photons are absorbed.

· If the energy of the photon is less than the work function, no electrons are ejected.

· If more photons hit the target, more electrons are released / emitted
# of photons ( # of photoelectrons --- (back to particles again!

ANALOGY: tennis balls at a wall, vs bullets at a wall  -- to blast cement out.


 



  E = ½ mv2 
      E = hf 





Photon gets absorbed, photoelectron gets ejected.
 



 




some energy left here. (E = W)


.: hf = ½ mv2 – W 


Work Function

Graph of electron kinetic energy vs frequency of light
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Where does this energy go?
 
 W1


 W2



equation of line:  y = mx + b :: Ek = hf – W  (we want W to be a positive number, so we must use a – sign)

W is called the Work Function.  It is the amount of energy needed to blast the electrons out of the metal (break the attraction between the electrons and the rest of the atom).  This energy comes from light. Only UV light and greater has enough energy to do this.  (** some metals --- visible light)
From a conservation of energy point of view:

The photoelectron gains its energy from the incident light, but before it can be released, some energy must be used to break the electron free from the attractive ion cores. Any left over energy is given to the electron as kinetic energy.
Ei = Ef 
hf = W + Ek

( Ek = hf – W
if hf < W, then Ek is negative?? no, just no photo electron released

Applications:

EPROM, solar cells – NO, the eye? (we can’t see IR), skin cancer (UV only)
photocell / photodetector (how do these work?): smoke alarms, burglar alarms, light meters, sound tracks of films

Practice Questions:
1. The work function for Ca is 3.33 eV. What is the threshold freq. of light?

2. Light of 300 nm hits a sodium surface, what is the speed of the photoelectrons ejected?

Experiment modified: cutoff potential  (stopping voltage) … 








Set a negative voltage on the anode. This will begin to repel the electrons. As the voltage increases, eventually even the fastest electrons are stopped/ turned back. This voltage is called the cutoff potential or stopping potential. 

The cutoff potential = the max. KE of the photoelectrons.

Find Kmax, write it in eV, then 

V = eV  (energy in eV) [divided by charge on electron]

e.g. if Kmax = 1.74 eV, then V stopping = 1.74 V

Summary: Light behaves like a wave and particle, but the wave part is not a normal wave. It has weird properties ... energy of the waves is not related to the intensity (amplitude), but is related to frequency!

Homework: Giancoli: p800 #12, 14, 16,20, 22 (choose some of these)
Nelson: p604 #15

variable R
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� These two paragraphs are from lecture slides _____.ppt from ____ (quark.physics.uwo.ca/ …)





