Quantum Theory

Maxwell’s theory could explain all the optics except

1. Light spectrum from hot bodies

2. UV light discharges negatively charged plates

1. Question: How does the intensity from an incandescent solid depend on the frequency?

· According to classical physics as frequency increases so does intensity
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· Actually there is a maximum intensity for each temperature at different 
frequencies.

· Maxwell Plank fit an equation to the spectrum but in order for that he proposed:

· Oscillating objects have quantized energies (eg: certain values)

· The energy of an oscillating object can only have certain frequencies


(eg: energy only comes in packages of certain sizes)
· Staircase 
VS
 ramp analogy
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· Allowed energies are given by
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· Also, oscillating objects only emit EMR when frequency changes



[image: image8.wmf]nhf

E

=




[image: image9.wmf]hf

3

( 
[image: image10.wmf]hf

2

 (
[image: image11.wmf]hf

1


2. Negative charged metal was discharged when (UV) light feel on it (but not 
when  ordinary light)

· Found that 
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 were leaving called photoelectrons & photoelectric effect
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· Theory: 
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 gained E from light waves, when enough E was obtained, 
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could 
escape the metal
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brighter light = greater E = 
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 leave sooner
· 
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 left as soon as light hit the metal; no time to gain wave energy
· If light is below a certain frequency, no 
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 left the metal, no matter how bright it 
was but if it was above the “threshold frequency” 
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left regardless of the 
intensity.

· Different metals have different “threshold frequencies”

· The energy of the 
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depends on the frequency
· As the intensity increases, so does the current

· Couldn’t be explained with wave model but Einstein used Plank’s hypothesis by 
extending it to light.

· Light energy comes in the form of bundled quota called photons of energy



[image: image21.wmf]-

\

e

 absorb one photon with enough E (frequency) & becomes free

· The intensity increases (# of photons), so does the # of 
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 (current)

· The energy of the 
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 leaving is given by



[image: image24.wmf]W

hf

E

k

-

=





W ( Work function = 
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(Energy for 
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 to leave/escape)







[image: image28.wmf]s

V

 ( Voltage to stop 
[image: image29.wmf]-

e















[image: image30.wmf]k

E



[image: image31.wmf]=

D

D

=

f

E

slope

plank’s constant
Compton Effect

· If photon has 
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it must have momentum


[image: image33.wmf]l

h

c

hf

p

=

=

\

 


[image: image34.wmf]mv

p

=

 ; 
[image: image35.wmf]2

C

E

m

=

 ; 
[image: image36.wmf]c

v

=








[image: image37.wmf]c

c

E

p

2

=

\

 ; 
[image: image38.wmf]hf

E

=

 or 
[image: image39.wmf]l

hc

E

=








[image: image40.wmf]c

E

p

=



[image: image41.wmf]c

hf

p

=

\

or 
[image: image42.wmf]l

h


· During the experiment, Compton irradiated metal with x-ray of a certain 
frequency
· The emergent x-rays were of lower energy/frequency and 
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 had been ejected
· The energy of the ejected 
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 was equal to 
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· Incident photon has so much more energy then the work function that it isn’t 
taken into account
· Most of the incident energy is found in the deflected photon, the 
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has very little 
energy and may not even escape from its atom let alone the surface
Wave Nature Of Matter

· ** Light is both wave & particle, why can’t ordinary particles behave like 
waves?
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de Broglie wavelength 
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Radical hypthesis ( Graduation was postponed 1yr 




     ( Einstein agreed 
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Example 1
Find the wavelength of a 0.1 Kg ball traveling 20m/s ( 
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Example 2
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 accelerated through 50V
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 (comparable to an atom)
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 The 
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 have a wavelength comparable to the spacing of atoms, properties such as 
diffraction and interference can be seen
· This was shown by shooting 
[image: image60.wmf]-

e

 at a graphite crystal and using the crystal lattice 
of the atoms as a diffraction grating
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produces a diffraction pattern

Heisenberg Uncertainty Principle

· To see an 
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 you have to reflect light off of it

· If you sine light on an 
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, you can change it’s momentum & move it
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 to find its position changes its position

Atomic Structure

Dalton

· Dalton propose atomic theory
1. All matter consists of small, indivisible indestructible particles called 
atoms 

2. All atoms of a given type are the same

3. Atomic mass is unique to each element

4. Atoms combine to form compounds

5. During a chemical reaction, atom are rearranged
· His theory explained

1. Law of conservation of matter

2. Law of definite composition

3. Law of multiple proportion

· “Billiard Ball” model

Thompson
· 
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 are embedded in the atom with the protons being a “positive fluid”
· “Raisin Bum” model
Rutherford

· Shot alpha particles at a thin gold foil

· Most went through however some bounced back

· Shot a gun at a klenek & bullet bounce back
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 atom was mostly empty space with concentrated mass in the center ( nucleus

· “Planetary Model”
· ***Problem: 
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 are moving
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Giving off MER
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Losing energy
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Bohr Model

· 
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 are quantized in energy levels

· 
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 must have the correct amount of E to be in that level, cant be in between levels

· Can gain/lose energy to move up/down orbits
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Hydrogen Atom
· Bohr’s model: Books can only be put on shelves
· Have certain 
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· Books can move up/down shelves but gain/lose 
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· Hydrogen’s bright line spectrum provided  puzzle for Balmer who used the 
equation to solve it
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n = 2,3,4,5,6
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read, green, blue violet
· It explained the 4 bright lines and predicted others (in can be 78, etc..)
· Other lines were detected & the equation became
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 lower energy value
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Why certain energies/orbits?
· According to deBrolie, 
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 is a circular standing wave & constructive interference
· Standing waves occur in whole number of wavelengths
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 circumference = whole # of 
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Frank-Hertz

· Shot 
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 with different energies at mercury vapors & found that the current dropped (atoms absorb the 
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energy) at 4.9eV, 6.7eV, 8.8eV, 10.4eV
· This supported Bohr’s theory

Nuclear Binding Energy

· Nuclear binding energy is the energy required to separate the nucleons of a 
nucleus
· The mass of an atom and the sum of the mass of the indivisible components is 
different


Ie: 
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But 
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VS
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· Difference in mass is 
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· Mass is called mass deflect

· Some mass is used to bind the nucleons together

· This binding energy is the “lost” mass

· Found using 
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 binding energy of 
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Half Life
· Time required for a sample to decay to half it’s original mass
· Activity is the # of nuclei that changes in a given time (unit Bq)
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· Activity is proportional to size (# of nuclei)/half life

[image: image120.jpg]Am-242
Half-Life
B~ Decay

o oo mm a6

Time (ars)




· 
[image: image121.wmf]n

N

N

)

2

1

(

0

=



N  ( # of nuclei remaining



Mass remaining



Activity



[image: image122.wmf]0

N

 ( original # of nuclei mass of activity


n ( # of half lives
Fission

· Fission must be initiated by slow moving neutrons
· In the process mass is lost ( energy 
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released
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· The 
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· If controlled ( power station, if not ( BOMB!!!!!!!!! (WOW)

Fusion
· Fusion is the opposite of fission
· Going 2 small nuclei VS splitting big nuclei
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 Both particles are positive, it is hard to bring them close
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 Need high kinetic energy, this comes from heat 
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