
 

 

Formula Dump: 

 
Momentum of photons: 

 
1 eV = 1.6×10-19 J 

h = 6.63 × 10-34 m2 kg / s (for Joules) 
h = 4.14 × 10-15 eV s (for Electron-Volts) 

de Broglie matter waves: 

 
Photoelectric effect: 

Ek(max) = hf - W 
hf0 = W 

Uncertainty: 

 
Voltage/Energy: 

 
Photoelectric Effect: 
The photoelectric effect refers to the 
emission, or ejection, of electrons from 
the surface of a metal in response to 
incident light. 

- Electrons are emitted with 
varying levels of kinetic energy 

E(max) = hf – W 
W is the work function; this is the energy 
required to overcome the pulling 
strength of the metal (freeing the 
electron) 

 
Experiment design: 

 
“Rate of ejection of electrons from surface” = 
Current 

The stopping voltage is defined as the 
opposing potential necessary to stop any 
electron from reaching the anode. 
There is a minimum frequency below 
which no photocurrent is measured. This 
is called the threshold frequency (fo) 
Photocurrent is NOT affected by 
frequency 
The wave model incorrectly predicts 
that: 

- Increasing the intensity of light 
should result in greater kinetic 
energy of photoelectrons  

- Any frequency of light should 
be able to overcome the work 
function to eject electrons, as 
long as the intensity is great 
enough and/or the light shines 
for a long enough time 

Specific details of this experiment refute 
the wave theory of light: 

- No time delay for electron 
ejection 

- Existence of a threshold 
frequency 

- Independence of 
photoelectron kinetic energy 
and intensity (two variables 
are not related) 

Matter Waves: 
All objects can be associated with a 
specific wavelength by rearranging the 
formula for photon momentum: 

 
However, as the mass of an object 
increases this wavelength becomes so 
small that we cannot observe wave 
phenomenon’s such as diffraction. 

- Matter wavelength < 10-10m 
particle properties will be 
observed 

- Matter wavelength > 10-10m 
wave properties will be 
observed 

Electrons are surrounded by a standing 
wave (number of wavelengths that are in 
orbit are proportional to the energy level 
of an electron) 

 

 
Waves surrounding electrons must be 
standing waves as all other kinds of 
waves would destructively interfere and 
then disappear.  
Emission and Absorption of Photons: 
An emission spectrum is the specific set 
of wavelengths produced by an element. 
An absorption spectrum is the specific 
set of wavelengths absorbed by an 
element. 
Electrons only absorb or emit photons 
with energy values equal to the 
difference in energy levels between 
which the electron is transitioning. 
𝐸𝑝ℎ𝑜𝑡𝑜𝑛 = ∆𝐸n 
Ground state refers to the lowest energy 
state 
Excitation states are anything above 
ground state 
Ionisation energy is the energy required 
to completely remove an electron from 
an atom 

Energy levels are unique to each 
element 
Photons with an energy higher than the 
ionisation energy can potentially be 
absorbed by an electron (excess energy 
becomes kinetic energy) 
Diffraction: 

 
Uncertainty: 
Single slit diffraction pattern revolves 
around the central maximum. 
For a wider slit:  

- More uncertainty at the slit 
itself due to its width 

- Less uncertainty in the photons 
momentum due to limited 
diffraction 

For a narrow slit:  
- Less uncertainty at the slit due 

to how narrow it is 
- More uncertainty in photons 

momentum due to the larger 
amount of diffraction 

It is impossible to exactly define a 
particle’s position and momentum at the 
same time. 

 
Δx = uncertainty in position                                       

Δp = uncertainty in momentum 

 


