Laser Reflection Lab

Physics 413

Objective: to determine the index of refraction of a specific piece of glass by measuring the coefficient of reflection as a function of angle for light polarized parallel to and perpendicular to the plane of incidence. 

Theory: The reflection and transmission of electromagnetic plane waves from the surface of a dielectric is described in Griffiths “Introduction to Electrodynamics”, section 9.3.3. The reflection coefficient, R, as a function of incident angle, θI, for waves polarized parallel to the plane of incidence is given in equation 9.115

R = (E0R/E0I)2 = ((α-β) / (α+β))2
where 

α = sqrt(1 – sin2 θT) / cos θI

and β = n2/n1 where n2 is the index of refraction of the glass and n1 is the index of refraction of air.  θT is the angle of the transmitted wave in the material and can be calculated from θI.

Brewster’s angle is the angle where the reflected wave is completely extinguished.  This occurs when α = β.

For waves polarized perpendicular to the plane of incidence, 

R = (E0R/E0I)2 = ((1-αβ) / (1+αβ))2

Brewster’s angle will occur when αβ = 1.  

Material: In order to measure the reflection coefficient, you will need a light source, polarizing filter, reflecting surface, and measurement device, plus ways to align the apparatus.  In this case we will use the following:

· Laser pointer

· Polarizing filter (to be taped to the rotation stage) 
· Vertical rotation stage for filter
· Glass wedge (in optical holder)
· Horizontal rotation stage for glass wedge
· Photodiode
· Ammeter
· Various holders and mounting brackets for components

The holder system is modular.  You can use it to adjust the locations of the various components.  You can use the bolts supplied to fasten the holders to the optical table.  Please make sure that you use washers when bolting down the components. 

Procedure: You get to figure this out!  

The photodiode current is proportional to the average intensity of the Poynting vector, S, which is proportional to E2.  The reflection coefficient, R, is just the ratio of the direct intensity of the laser measured by the photodiode to the reflected intensity of the laser as measured by the photodiode.  Note that you need to correct the measured photodiode currents for the background current, the current measured with the laser off.  Note that the background current can be affected by the ambient room lighting and the locations of the experimental apparatus and the experimenters.

You want to end up with a measurement of reflection coefficient as a function of angle over as wide an angular range as possible.

You should repeat your measurements and calibrations as often as necessary to reduce the experimental uncertainty and to measure the experimental uncertainty.

Data analysis: Calculate the reflection coefficient from the measured photodiode currents for each angle at both polarizations.  Make sure that you also calculate the uncertainty of each reflection coefficient (including the measurement uncertainties of the direct and reflected laser intensities and the photodiode background).  Fit the reflection equations to the reflection coefficients in order to determine the index of refraction of the glass.  Make sure you include the uncertainties in the reflection coefficients so you get a meaningful uncertainty in the fitted value of the index of refraction.

Plot the raw data, the reflection coefficients, and the fitted curves.
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