
Important Note: This lab uses experimental simulations in place of actual physical 
experiments. You are to treat the data collection from these simulations as you would 
any other experimental measurement. i.e. you should take care in recording all 
measured data, with appropriate comments on limitations, assumptions, uncertainties, 
etc. that may be relevant. 

Introduction 

This laboratory will examine two of the main experiments that first indicated 
limitations with “classical” physics, and ultimately led to the development of quantum 
mechanics. They both involve the quantisation of the electromagnetic field, leading to 
a particle-type description; the photon. 

For each part of this laboratory session, you are required to complete the exercises 
and include them in the final report. You are also required to complete the 
“experiments” using the PhET simulations (see note below for more details on how to 
treat these “experiments”. These simulation files should be on the desktop of the 
computer in the laboratory.

For the assessment of this laboratory session you must submit a full scientific report. 
It will contain an experimental aim, details of the methods used and theory referred 
to, experimental results, analysis of results, and, of course, a comprehensive 
conclusion. The report must be your own work – do not copy from anyone, nor allow 
anyone to copy from you. 

Part A: Blackbody Radiation 

The observation that all objects emit electromagnetic radiation was subjected to 
several theoretical approaches. A classical thermodynamic approach by Wien 
suggested a relationship for the energy spectrum as follows: 
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where u is the energy density as a function of frequency () and temperature (T), and 

C and  are constants that could not be determined theoretically. 
As discussed in lectures, the Wien formula was incomplete (it could not explain 

values of C and ) and did not match experimental results at low frequencies (long 
wavelengths). 

A different approach by Rayleigh and Jeans predicted a relationship given by 
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where k is Boltzmann’s constant. While this gave agreement with experiments for 
longer wavelengths, it did not describe the general form of the blackbody spectrum. 

http://phet.colorado.edu/en/simulations/category/physics/quantum-phenomena
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Exercise A1: Show that in the limit of low frequencies (h << kT) the Planck formula 
reduces to the Rayleigh-Jeans equation. 

Hint: use the expansion  ex  1 x   …
2! 3! 

Also show that in the limit of high frequencies, the Planck formula gives the same 

form as the Wien relationship, and thus determine the constants C and  in terms of 
fundamental constants. 

Exercise A2: The data you are collecting involves temperature and wavelength (). 

The total energy emitted over a frequency range (  u, T d ) should equal the

energy emitted over the corresponding wavelength range (  u, T d  ). Use this to

derive expressions for the Wien and Planck radiation formulae (equations 2.1 and 2.3) 

in terms of wavelength( i.e. u(, T)). Hint: you can use c =  to write d in terms of 

d. 

Exercise A3: Use the wavelength-dependent formulae from exercise A2 above to 
derive a relationship between temperature T and the wavelength where the energy 

density reaches a maximum, max. Hint: you will need to use a numerical solution 

when solving the (transcendental) equation for the turning point of u(,T). 

Planck’s approach, which required quantised electromagnetic energy, gave better 
agreement with experiment. It gives 
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where h is the new constant introduced by Planck (“Planck’s constant”). 

Experiment A 

Use the PhET computer simulation “Blackbody Spectrum” to investigate the 
relationship between temperature and the peak wavelength in the blackbody spectrum. 
This will enable you to calculate a value for the Planck constant, h. 

 Use the PhET simulation to make “measurements” of the peak wavelength
for a range of temperatures.

 Use the theory discussed above (particularly equations A.1, A.2, A.3) to
choose a suitable process for graphing the data, and thus extracting an
experimental value for h. Hint: it may be useful to work through Exercises
A2 and A3 (see below) before deciding how to graph and analyse the data.
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Exercise B1: Explore the experimental environment (i.e. “play” with the various 
controls to see what happens!), and then answer the following questions: 

1 – why are the electrodes contained within a vacuum tube? 
2 – what effect does altering the DC voltage across the electrodes have on the emitted 
electrons? In particular, what is the importance of the polarity of the voltage? 

Exercise B2: Choose one set of data from the experiment above, and explain how the 
Einstein interpretation differs to what would be expected classically (i.e. why it 
cannot be explained without a quantised energy assumption). 

Exercise B3: Give a physical description of what the quantity W is measuring. Use 
the table of data at the end of these notes to identify the “unknown” electrode 
material. 

Part B: Photoelectric Effect 

Hertz showed in 1887 that a polished metal surface could emit electrons when 
illuminated with certain light sources. As with any good research, the various 
experimental parameters that could influence the experimental observation were 
identified and varied, resulting in a set of data that should describe the “photoelectric 
effect”. 

Einstein presented a novel interpretation of the results from the photoelectric effect, 
requiring that the energy of the electromagnetic radiation was transferred in a 
quantised manner. This interpretation can be written in the following relationship: 

Emax  h  W (B.1) 

where Emax is the maximum kinetic energy of the emitted electrons, h is Planck’s 

constant,  is the frequency of the light, and W is a constant that depends on the 
material of the illuminated electrode. 

Using the PhET simulation “Photoelectric Effect” you have the ability to explore a 
virtual experiment with the following features: 

 A vacuum tube, with electrodes at each end. The material of one electrode (the
“target”) can be user-selected.

 The electrodes are connected external to the vaccum tube via a series circuit that
also contains an ammeter and a variable DC voltage source.

 The target electrode is illuminated by a light source with user-controllable
intensity and wavelength.

 There are automatic graphing tools for various experimental parameters.

Experiment B 

Use the PhET computer simulation “Photoelectric Effect” to investigate the 
relationships between the various experimental parameters. 

 Develop a method that allows the experimental determination of W, and
make such a determination for at least 2 different electrode materials, as well
as the “unknown” electrode material.

 Develop a method that allows the experimental determination of h, and
make such a determination.



Reference Data 

h  6.626 10
34 

Js 

k  1.38 10
23 

J/K 

c  3.00 10
8 
m/s 

1 eV  1.6 10
19 

J 


