AP Physics – Quantum Mechanics LP

Problems with planetary model

Problems with behavior of electrons 

Problems with behavior of light

Electrons emit light when accelerated, losing E

Electrons orbiting nucleus 

constant acceleration 

should emit light

lose E

spiral into nucleus

Black Body Problem
All object emit EM waves

Higher the temp,  greater the freq, shorter the wavelength
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Total radiation is the area under the curve

Increases with T 

Classical physics could not explain this
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Classical mechanics works well for long wavelengths

As wavelength nears zero, Energy falls to zero
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Classical mechanics predicted the E would approach infinity

Photoelectric Effect

Light incident on certain metals cause electrons to be emitted

Photoelectrons
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Planck’s Theory

Classical

 Theory


Plate connected to neg side of battery,  emitter

Light strikes emitter

Electrons emitted

Electrons collected at collector

Positive charge from battery
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Current generated across E and C.

If wavelength is varied and intensity kept constant, current behaves as shown in curve

(0  (  photo-electric threshold wavelength

any wavelength longer than (0  --  no current

any wavelenth shorter than (0 --  current

Increase voltage, get max current

Reverse the current so that the collector is negative
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Collector Repels electrons

Current drops to low value

Electrons repelled by collector

Only electrons with  KE greater than (Vs will reach C

(V  less than or equal to (Vs  no electrons reach C

(Vs    (   Stopping potential


cutoff voltage

current is zero

no electrons reach C

Stopping potential independent of light intensity

Max KE related to stopping potential by:


[image: image40.wmf]Ehf

=



[image: image2.wmf]Max

s

KeV

=D

   
e  is charge of single 






electron

Classical Mechanics or wave theory cannot explain:

· No electrons emitted if light freq falls below cutoff freq,   fC
· Max KE independent of light intensity

· Electrons emitted almost instantaneously

Einstein explained in 1905  (Noble Prize)

Photon gives all its energy to single electron
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Imagine Electrons have KMax
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(  is the work function

(  is the minimum energy with which electron is bound to the metal

Depends on metal

Value in handout

Photon theory explains all

· Effect not observed below cutoff freq because photon energy must be greater than work function

· KEMax independent of light intensity, KEMax depends only on hf and work function

· KEMax increases with increasing freq as it is function of  hf
· Happens so fast because it is a one to one photon/electron deal
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Slope of curve is h
fC is the cutoff frequency or threshold frequency

Cutoff wavelength:
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Minimum work to tear electron loose:
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· 500.0 nm light is incident on a metal surface.  The stopping potential is found to be 0.440 V.  Find the work function for this material and the longest wavelength that will eject electrons from the metal.
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(b)  longest wavelength
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Stopping Potential versus frequency
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Stopping potential depends only on frequency of incident radiation

At the cutoff frequency, the total energy is equal to the work function, so  
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So can find the work function if the cutoff freq is known

At the stopping potential, the energy of the electron is equal to the electron charge times the voltage.  
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But the energy has to equal the energy of the photon
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   solving for h/e
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Thus,  h/e is simply the slope of the graph

� EMBED Equation.DSMT4  ���
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