
Quantum Physics 

ENERGY OF PHOTON 

Due to inability of classical wave theory to explain the 

blackbody radiation, Max Planck postulated that light waves 

carry energy in packets called photons. The energy of a photon 

is given by: 

� = ℎ� 

THE PHOTOELECTRIC  EFFECT 

According to quantum theory, light is just a collection of photons. When 

light shines on a metal surface, photons ‘collide’ with the electrons of 

the metal.  

The amount of energy needed to liberate one electron from the 

metal surface is called the work function ∅ of the metal.  

If the energy of one photon (� = ℎ�) is sufficient, it is able to impart all 

its energy to the electron to liberate it from the metal surface.  

Can you see that this means the frequency f of the incoming 

light wave must be above a certain value? We call the minimum 

threshold frequency ��. 

Note: 1) The photons no longer exists after it has imparted its energy to the 

electron. 2) For some reason explored later, each electron can only absorb 

energy from one photon. 

 

Photoelectric Equation 

The electron now leaves the metal surface with some kinetic energy 

(�� =
�

	

�	). The amount of k.e.  depends on the energy remaining  

after overcoming the work function of the metal.  
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(The Nobel prize was awarded to Einstein for writing out this equation to 

successfully explain the photoelectric effect for the first time. You can thus be 

sure that this equation is really important.) 

  



GRAPHS OF PHOTOELECTRIC EFFECT 

The experimental findings of the photoelectric effect 

experiment is summarized by these graphs. 

Current i vs Potential �� (vary frequency f; vary Intensity I) 

 

 

 

 

 

Kinetic Energy �� vs Work function ∅ 

 

 

 

 

Intensity I vs Current i  

 

 

 

 

Stopping Potential (��) 

The stopping potential is that voltage required to stop all the photo-

electrons from reaching the other side of the plate (no electrons, no 

current).  
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Since the kinetic energy (
�

	

�	 ) of an photo-electron cannot be 

measured directed, this is an experimental technique to 

measure its energy by taking the voltmeter reading ��when the 

current I is zero and using the above formula to find the kinetic 

energy (
�

	

�	)  



PHOTOELECTRIC EFFECT IS EVIDENCE FOR  

WAVE-NATURE OF LIGHT 

At the turn of the 19
th

 century, two major experiments left 

physicists baffled. One was the blackbody radiation. The other 

was the photoelectric effect. Both involved waves. Both 

contradicted with the predictions of classical wave theory.  

 

Einstein finally explained the photoelectric effect by assuming 

that light exists as particles (as opposed to waves).  Some years 

later, scientist finally accepted Einstein’s explanation and 

awarded him the Nobel Prize in 1921.  

 

Three observations which proves the particle nature of light.  

1. Emission of photo-electrons is only observed when the 

frequency of incident light is above a certain threshold 

frequency.   

(Classical wave theory predicts  photoelectrons will be emitted 

regardless of the frequency of light.) 

 

2. Increasing the intensity of light does not change the stopping 

potential.   

(Classical wave theory predicts that increasing the intensity of light 

should give more energy to the photo-electrons and hence a greater 

stopping potential is required to stop the electrons.) 

 

3. Emission of photo-electrons is instantaneous once light is 

shined on the metal.  

(Classical wave theory predicts that it should require >1hr after light is 

shined on the metal before photo-electrons are detected.) 

 

 

 

 

 

 

(Note: Focus on learning to 1) apply the photo-electric equation, 2)  interpret 

the graphs, and 3) explain how the photo-electric effect proves the particle 

nature of light.)  

 

  



WAVE-PARTICLE DUALITY 

Classical wave theory of light cannot explain the photoelectric effect.  

Quantum theory of light (light is a particle) cannot explain wave 

phenomenon such as interference and diffraction. 

Wave-particle Duality: Light is both a wave and a particle.  

Electron Diffraction proves wave nature of particle 

Wave -particle duality applies to everything. In 1929, a team 

managed to observe diffraction patterns from a beam of 

electron passing through a slit with of suitable size  

The wavelength of this “electron wave” was just as De Broglie predicted 

3 years prior to the experiment: 
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ℎ
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According to the above equation,  am I a wave too? 

Incredibly, the answer is YES. According to quantum physics, all 

particles are waves, and all waves are particles. (Why do we not 

exhibit wave properties?) 

 

What really is this “particle” and “wave” thingies? 

The easiest way to understand the difference between an wave and particle is 

to take find out what happens when they meet. 

• When two particles meet, they collide and rebound (according to the 

law of conservation of momentum) 

• When two waves meet, they undergo superposition and result in 

interference patterns.  

 

Summery Table 

 

All Matter Proven by Property 
De Broglie 

Wavelength 

Wave 
Diffraction / 

Interference 

Wavelength 

= �  
� =

ℎ

�
 

Particle 
Photoelectric 

Effect 

Momentum 

= p 

 

(Note:1) Apply the De Broglie equation and 2) explain how the electron 

diffraction experiment proves the wave nature of particles.) 

 

 

  



ENERGY LEVELS / LINE SPECTRUM 

Electrons in a atom can only be in certain fixed orbits around the 

nucleus. Each orbit is represented by a certain amount of orbital energy 

called energy levels. This is how the energy levels of the electron orbits 

are represented for an hydrogen atom. 

 

Excitation of electrons 

When an electron absorbs a energy (eg, from a photon), it becomes 

excited and moves into an orbit further away from the nucleus (Why? -> 

g-field, circular motion).   

It doesn’t stay excited for long. Very soon, it loses energy (how else? by 

emitting a photon!) and moves back into its original orbit.  

 

Emission Spectrum (i.e., colors of light emitted) 

Since photon is a light particle, the atom is observed to emit 

light of a certain color. 

The color of light given out by the atom depends on the frequency of 

light emitted (why?). The frequency of light emitted depends on the 

energy of the photon (� = ℎ�).  

The energy of the photon ℎ� depends on the energy lost (�� − ��) by 

the electron when it moved from a higher to lower orbit (energy level 

diagram above). 

ℎ� = �� − ��  

 

Emission spectrum is represented by colored lines (emitted 

colors) in dark background  

 

Absorption Spectrum (i.e., colors of light absorbed) 

When white light (all colors, all frequencies) shines on the atom, its 

electrons can only absorb the colors of light which correspond to 

frequencies (ℎ� = �� − ��) given by all the different orbit transitions 

possible ( refer: energy level diagram).  

Absorption spectrum is represented by dark lines (absorbed 

colors) in a colored background.  



UNCERTAINTY PRINCIPLE 

Uncertainty in taking measurements in is part and parcel of physics 

experimentation due to limitation of human error or equipment. But 

who would have guessed that no matter how good our measuring 

equipment is, uncertainty we cannot totally eliminate uncertainly in 

measurement because uncertainly is a fundamental law of nature! 

 

Heisenberg Uncertainty Principle 

In 1927, Heisenberg showed that the simultaneous 

measurement of some pairs of physical quantities have an 

unavoidable uncertainty involved. 

E.g. The more accurately we know/measure the position � of a particle, 

the less  accurately we know/measure its momentum p. Vice versa. 

Uh-huh… So what? 

Imagine if I were to measure and know the momentum of a particle extremely 

accurately. The uncertainty principle implies that the position of the particle is 

now extremely uncertain. In fact, its position (location) is now so uncertain that 

it can exist in two places at once! 

Scientists have been able to detect electrons existing in more than one place at 

a time using this technique. (What other bizarre consequence scientists have 

produced with the knowledge of the uncertainty principle?) 

 

Position (∆�)–Momentum (∆�) Uncertainty 

The error in position ∆� and momentum ∆� multiplied together 

must be at least 
�

��
. 

∆�∆� ≥
ℎ

4!
 

Energy (∆")–Time(∆#) Uncertainty 

The error in energy ∆� of an object and duration of time ∆$ in 

which it possesses this energy multiplied together must be at 

least 
�

��
. 

∆�∆$ ≥
ℎ

4!
 

 

(Note: You need to solve numerical problems using the uncertainty 

relation and interpret the results.) 


