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INTERFERENCE & DIFFRACTION (Using a Laser) 
 
 
LYou may find the complete guide sheet at 
http://faraday.physics.utoronto.ca/IYearLab/intdif.pdf 
 
 

Light can be considered to be an electromagnetic wave and different rays of light can interfere with each 
other.  If two waves are exactly “in phase”, they will reinforce each other. This is called constructive 
interference.  In this case, the difference in phase angle is 0E, 360E (one full wavelength), or 720E (two 
wavelengths), etc. 
  
If, however, they are exactly “out of phase”, they will cancel each other. This is destructive interference.  If 
their phase relationship is somewhere between these two extremes, some intermediate result will be 
observed. In this case, the difference in phase angle is 180E (half a wavelength) or 540E (one and a half 
wavelengths), etc. 
 
The well-known phenomena of diffraction and interference are easily demonstrated and measured using a 
laser light source. Laser light is much more coherent than light from conventional sources. Coherence, 
which is the extent in time and/or space to which the beam of light is in phase with itself, is necessary for 
the observation of interference. 
 
Several experiments are suggested: 
 
a) Interference from a Double Slit system (Thomas Young’s classic interference experiment)   
 
b) Diffraction from a Single Slit   
 
c) Interference with Three or more Slit Systems (When the number of slits intercepting the beam 
becomes large, the system is called a diffraction grating.)  
 
D. Halliday, R. Resnick, and J. Walker. Fundamentals of Physics, 6th edition. Wiley, 2003.  
E. Hecht. Physics (Calculus). Brooks/Cole, 1996. 
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REFRACTION OF LIGHT 
 

 
LYou may find the complete guide sheet at 
http://faraday.physics.utoronto.ca/IYearLab/refraction.pdf 
 
 
 

An important optical property of any transparent material is the refractive index (n), the 
ratio of the speed of light in a vacuum (cvac) to the speed of light in the transparent 
material (vmat): 

                                          
       (1) 
 
Light always travels more slowly in a material than in a vacuum, so the refractive index 
is always greater than 1.0. 
 
Although light usually travels in straight lines through optical materials, something 
different happens at surfaces. Light is bent as it passes through a surface where the 
refractive index changes, for example, as it passes from air into glass. The amount of 
bending depends on the refractive indexes of the two media and the angle at which the 
light strikes the surface between them. 
 
If light passes from a medium with a lower n (n1) to one with a higher n (n2) the light is 
bent toward the normal. If the light passes from n2 to n1 it is bent away from the normal. 
Snell’s Law determines the amount the light is bent, and for the passage from air to glass 
shown in Figure 1 it is given by: 
 
              (2) 
 
At the upper surface, θ1 is called angle of incidence and θ2 the angle of refraction. The 
goal of this experiment is to use Snell’s Law to determine the index of refraction of a 
glass prism, as well as the refractive index of a liquid. 
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MICROWAVE OPTICS 
 
 
LYou may find the complete guide sheet at 
http://faraday.physics.utoronto.ca/IYearLab/microwav.pdf 
 

The Microwave Optics set is essentially a sophisticated toy that can be employed to illustrate, in a 
qualitative and often quantitative fashion, many of the phenomena associated with wave propagation 
in general and electromagnetic wave propagation (including polarization) in particular. 
 
In this experiment you should make qualitative observations to the best of your, or the apparatus’, 
ability. There are several possible experiments you can do with the apparatus: 
 
- Polarization 
- Law of Reflection 
- Standing Waves      
- Arrangement in Michelson Interferometer 
- Thickness of a Thin Film          
- Single Slit Diffraction 
- Double Slit Diffraction  
- Index of Refraction 
 
Your work will be counted as one to three weights, according to the following guidelines: 
- One weight: experiments 1-3. 
- Two weights: experiments 1-6.  
- Three weights: all experiments. 
 
D. Halliday, R. Resnick, and J. Walker. Fundamentals of Physics, 6th edition. Wiley, 2003. 
R.A. Serway. Physics for Scientists and Engineers, 4th edition, vol. 2. Saunders College Publ., 1996. 
E. Hecht. Physics (Calculus). Brooks/Cole, 1996. 
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OPTICAL ACTIVITY 
 

 
 You may find the complete guide sheet at 

http://faraday.physics.utoronto.ca/IYearLab/OpticalActivity.pdf 
 
 
 
 

“Optical Activity” refers to the property of some materials, particularly biological ones, 
to rotate the plane of polarization of light waves. In this experiment you will 
 
• explore the phenomenon of polarization of light and 
• study the optical activity of some biological materials. 
 
The experiment will be counted for two weights. 
 
Background information on the polarization of light may be found in virtually any first 
year university physics textbook. 
 
Information on the optical activity of biological molecules may be found in: 
Mikhail V. Vol’kenshtein. Molecules and Life. Plenum/Rosetta, 1974. p. 91. 
(ISBN 0-306-20007-4) 
Russell K. Hobbie. Intermediate Physics for Medicine and Biology. Wiley, 1978. 
p. 359. (ISBN 0-471-03213-0) 
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ELECTRON DIFFRACTION 

 
 

 
 
LYou may find the complete guide sheet at 
http://faraday.physics.utoronto.ca/IYearLab/elecdiff.pdf 
 

 
This experiment is a demonstration of the wave nature of the electron and provides a confirmation of 
the de Broglie relationship: 

 
p
h = λ   

where λ is the electron wavelength, h  is Planck's constant, and p is the electron momentum.  It also 
provides an introduction to the use of diffraction in the analysis of crystals. 
 
The guide sheet outlines a method for the analysis of cubic crystal forms, this being useful to you for 
interpreting the transmission diffraction pattern produced by scattering electrons off a thin film 
target of polycrystalline aluminum. The apparatus also contains samples with hexagonal structures.  
These are pyrolytic graphite targets and are available both as single crystals and in polycrystalline 
form. 
 
We suggest you do a full analysis of the polycrystalline aluminum. The diffraction pattern will look 
like a series of concentric rings resulting from many spots very close together. From the diffraction 
pattern one can determine the type of crystal structure and the lattice parameter. You should also 
look at a single crystal of pyrolytic graphite, identify the pattern and obtain the lattice constant. 
 
D. Halliday, R. Resnick, and J. Walker. Fundamentals of Physics, 6th edition. Wiley, 2003. 
Electron Diffraction Tube (Instruction Manual) - Welch Scientific Co. Cat. No. 2639. A copy is 
available at the Resource Centre. 
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OPTICAL FIBERS 
 
 

LYou may find the complete guide sheet at 
http://faraday.physics.utoronto.ca/IYearLab/optical_fibres.pdf 
 

 
Optical fibers offer a faster, clearer, and more efficient method of transmission of information than 
copper wires. They are lighter, cheaper and provide a better signal quality than any other cable 
alternative. In the field of medicine, the ability to insert optical fibers inside small hollow tubes that 
are pushed through small incisions in the body has provided a number of successful surgical 
procedures that do not call for large cuts of tissues. 
 
In the first part of this experiment you will learn how an optical fiber is built and how the fiber 
geometry and mechanical properties may influence the signal transmission. You will also prepare 
the fiber ends to ensure an optimal coupling with a light source and a detector. You will then 
investigate some of the physical properties of a fiber such as the index of refraction and speed of 
light propagation. 
 
Optical scattering and absorption usually reduce the efficiency of optical power transmission 
through an optical fiber. You will study the attenuation along a fiber as a function of distance and 
you will determine the specific attenuation coefficient of the fiber material.  
 
In this study, you will also get familiar with a modern type of oscilloscope, a digital Tektronix 
model. A number of preliminary exercises are recommended before you start using the oscilloscope 
in your measurements. 
 
D.R. Goff. Fiber Optic Reference Guide, second edition. Focal Press, 1999. 
E. Hecht. Understanding Fiber Optics. Sams, 1989. 
Projects in Fiber Optics (Applications Handbook), Newport Corporation (1986). A copy is 
available at the Resource Center. 
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SPECTRA 
You may find the complete, interactive guide sheet of this experiment at 

http://faraday.physics.utoronto.ca/IYearLab/Intros/Spectra/Spectra.html 
 

ABSTRACT 
 

Atomic systems can be studied by observing the electromagnetic waves they emit. Suppose an 
evacuated gas tube is filled with some gas. If a high voltage is applied between metal 
electrodes in the tube, there will be an electric current in the gas which will determine the 
emission of light with specific colours (characteristic wavelengths). A prism spectrometer 
uses the principle of light diffraction and “breaks” the light into single colours or spectral 
lines that can be analyzed. 
 
In this experiment you will calibrate a prism spectrometer and use this calibration curve to 
obtain a several numerical results.   
 
You can study the spectral lines of atomic hydrogen (Balmer series) and determine the 
Rydberg constant RH.  
  
You can also use the calibration curve to identify an “unknown” gas by measuring its spectral 
lines. The apparatus consists of a spectrometer and a variety of spectral “tubes” which are the 
sources of the line spectra to be studied. 


