
This is pages 2 - 3. It is the LAST chapter! Wohoo! It is mostly 

Regents level material with some Honors/SAT II things tossed 

in. 

We’re cramming the last one hundred years of physics into 

two weeks. We’ll jump around from topic to topic. Ask for help 

as we go. 





Classical Physics           

(pre 1900’s):

• Newtonian mechanics

Deterministic 

 small velocities 
large distances

Classical physics is everything 

we’ve studied so far. You 

always get the same results, 

nothing is random



Classical Physics           

(pre 1900’s):

• Newtonian mechanics

Deterministic 

 small velocities 
large distances



Paradigm Shift

Do you see a duck, a rabbit, or can you see both?

A paradigm shift is a dramatic change in methodology or 

practice. 





Modern 

Physics

(1900’s – Present):

• Special Relativity: 

very fast

• General Relativity: 

very large 
(massive) – gravity

• Quantum Mechanics: 

very small

This is what we’re going to be covering now – the new stuff



“The essence of light is 

white light.

Colors are made up of a 

mixture

of lightness and 

darkness.”

fundamental knowledge 

of optics, such as 

reflection, diffusion and 

vision, into a book called 

“Optics”.

Is light a 
particle or 
a wave?



“The essence of light is 

white light.

Colors are made up of a 
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a wave?

It all starts with light – is it a wave or a particle?



 Diffraction

 Interference

 Doppler Effect

 Polarization



Classical Theory says . . .

 light acts as a wave and the energy 
of a wave depends on its amplitude 
(intensity) not its frequency.



The Photoelectric Effect

When light falls on a metal surface, it emits electrons. But 

only if the light has a high enough energy



The Photoelectric Effect

Watch the video. Normally I would do this demo for you. 

https://www.youtube.com/watch?v=z
-3XaXCvjZw

https://www.youtube.com/watch?v=z-3XaXCvjZw


 The Photoelectric Effect – the 
emission of electrons from a metal 
when electromagnetic radiation of 
high enough frequency (or low 
enough wavelength) falls on the 
surface.



 Practical application: solar cells, CCD 
cameras



 1.  Light of varying frequencies and intensities are shone on 
a metal surface (photoemissive surface).

Photoemissive = ability to give off electrons due to 

photoelectric effect



 2.   Light below a certain frequency will not emit electrons 
(photo-electrons) no matter how intense it is or how long it 
shines on the surface.  Light at or above a certain frequency 
will immediately emit electrons no matter how intense it is.

Below a certain frequency = never works, no matter how 

bright the light is

Above a certain frequency = always gives off electrons 

Photo-electrons = electrons given off during photoelectric 

effect



 Threshold frequency (fo) – minimum 
frequency of light needed to eject 
electrons from the surface of the 
metal.

Below a certain frequency = never works, no matter how 

bright the light is

Above a certain frequency = always gives off electrons 



Einstein noted that careful experiments involving the photoelectric 

effect could show whether light consists of particles or waves.  

Analysis of Results: conflicts 

with the classical theory 

about light

Ha!



Quantum Theory says . . .

 light (and all electromagnetic radiation) 
sometimes acts like a particle whose 
energy depends on its frequency 

• light can exhibit properties of BOTH waves 
and of particles.

Vindicated!



https://www.youtube.com/watch?v=M
FPKwu5vugg

Watch the video. 

https://www.youtube.com/watch?v=MFPKwu5vugg


What kind of energy is heat?



Infrared radiation for human body temperature



Planck wanted an equation that 

related the radiation (energy) to 

the frequency of oscillation. He did 

a lot of research and 

experimentation. 



 In 1900, Max Planck was working on the problem of how 
the radiation an object emits is related to its 
temperature. He came up with a formula that agreed 
very closely with experimental data.

The UV Catastrophe



 Max Planck’s formula only 
made sense if he assumed 
that the energy of a 
vibrating molecule was 
quantized - could only take 
on certain values



Planck didn’t understand his 

equation – why were they grouped 

together? Why not a continuous 

spectrum? Why a weird multiplier 

value?

He asked for help…. from his 

buddy Einstein. 



 Based on Planck’s work, 
Einstein proposed that 
light delivers its energy 
in chunks, meaning light 
consists of little bundles, 
or quanta, called 
photons



Analogy – instead of soaking you 

with a garden hose, I’m pelting you 

with water balloons.

Small bundles of energy instead of 

a continuous stream.



 Photon (γ)– a particle of pure energy 

that has momentum
• massless, and travels at the speed of light, no 

charge

How light delivers its 

energy – in a bundle



Planck went back to his research 

and it made more sense – the 

energy of photon bundle depended 

on two things….



 Frequency

 Planck’s constant (h = 6.63 x 10-34 Js)

The weird multiplier was a 

fundamental constant, so they 

named it after Planck who 

discovered it.



photon

hc
E hf


 

h = 6.63 x 10-34 J•s



Planck’s Constant (h)


