Focal Lengths of converging and diverging lenses and the Brewster Angle

Revised spring 2005
The Brewster Angle

I only have 2 setups of the Brewster Angle experiment so do other parts of this lab if the equipment is not available until it becomes available.

The Brewster Angle is one of my favorite quantities in physics. There is a tremendous amount of physics contained in a very simple measurement. As part of your lab today, you will make measurements of the Brewster Angle.

One of the properties of the Brewster Angle is that light which reflects off of a surface which is incident at the Brewster Angle will be completely polarized. It follows that if you remove the component of polarization which would be reflected, then what will happen is that ift you will shine light on a surface no reflection will occur. You might think about invisibility here and you would be correct to do so. The other property of the Brewster Angle is that light which is refracted at the Brewster Angle has an angle of 900 between the reflected ray and the refracted ray. This property turns out to be significantly harder to measure than the first property. Thus, we won’t be verifying the 90 degree angle today. In connecting these two properties, we find that the index of refraction is given then in a very simple manner:

[image: image1.wmf](

)

B

ntan

q

=


Optical Alignment Procedure for obtaining Brewster’s Angle measurements
In order to set up your system, you will need to use a polarizer which is mounted on a holder. Set up your cork board as in a previous lab. You will use the laser to optically align your system. The steps are these: (a) pin your protractor to the central end of your board. Leave enough room so that the protractor can rotate through 360 degrees without hindrance. (b) rotate your protractor so that the 900 line points away from the laser (I am trying a variation of an earlier procedure here). Place a second pin directly in front of this mark. (c) Change the position of your board until the laser is shining on the dissecting pin in front of the 90 degree mark. (d) place a pin directly behind the protractor 90 degree mark (outside the interior of the protractor). (e) change the system position until the laser light is striking both pins. At this point, you have the laser light correctly aligned. Now, remove the pin behind the protractor and replace it near the edge of the board so that the protractor will be free to rotate. (f) Place the large glass slab on the protractor edge with the center over the pin holding the protractor to the cork board. (g) Rotate the glass slab until the laser light is reflected back onto the center opening of the laser, or as near the center opening as possible. (h) Place the polarizer on the cork next to the laser edge of the board. Reorient the polarizer until the laser light is reflected back onto the center opening of the laser.

You should now have good optical alignment of your system. Do not move your laser. Now, move in your white light source and place it next to the polarizer so the light is shining through the polarizer. Slowly and gently rotate the glass slab and the polarizer until you reach an angle where the reflected light (from the front surface) is extinguished. This is Brewster’s angle. Place a pin at the 90 degree mark on the protractor to mark the normal angle. The angle between 90 degrees and the first pin you placed is the angle of incidence which is Brewster’s angle. It is best at this point to gently remove your white light source and realign your polarizer with the laser light. Then replace your light and make fine adjustments to the protractor and the polarizer until the light is most completely extinguished. Record your value for Brewster’s angle.

You can now find your index of refraction. Do this for 5 different glass slabs (these slabs are all supposed to be made of the same material). You should then find the mean n, the rms n and the standard deviation in your measurements. In your write-up in this section, be sure to sketch a diagram of the experimental setup. I have included a spreadsheet for this experiment.
Measurement of the focal length of converging and diverging lenses

You will find several cds and several printed sources and screens. Place the cds into small holders on opposite ends of the meter-stick optical bench provided and place your converging lens [L1] on the meter stick.. Now you should make some adjustments to your system. With the light source shining through your source move [L1] until a sharp image results. You will notice that it is perhaps a bit hard to get a reading from the meter stick at this setting. For this reason, I have provided you with metal rulers to help with making your readings. You will also notice that there is not one place where the sharp image definitely forms, but rather several positions. This is in part due to chromatic, spherical or other aberrations. Also, the lens that we are using is not actually a thin lens.

Now record your lens position, your screen position, and the source position. Move your screen closer to the lens by about 0.5 cm at a time. Refocus your image and record the readings but don’t move the source. You need to get 10 reading here. Enter your data into the spreadsheet helper provided and calculate the focal length of the converging lens.

In order to get the position correctly for the second part of the lab, I recommend these steps: (a) place your screen at the 50 cm mark and (b) move [L1] until a sharp image forms at this point. You should not move [L1] again.
Now, move the screen to the maximum distance from the source. Place between the screen and the converging lens the diverging lens which I have provided: the position will be at about 43 cm but it will not be behind the 50 cm mark. Change the position of the diverging lens until you see a sharp image form on the screen. Now if you have done this correctly, the virtual object will be at the 50 cm mark (for [L2]) and the real image ought to be at about the 20 cm mark, but there may be some variation in this.

Record the (virtual) object location, the diverging lens position and the screen position. Move your lens towards the light at 0.5 cm intervals. Move your screen until the image is sharp. Repeat this until your screen is almost at the (virtual) object position. You will need about 5 measurements here. Enter your data into the spreadsheet and determine the focal length for the diverging lens.
In your lab write-up, be sure to include diagrams of the optical situation, experimental setups and a discussion of the thin lens equation. As you might expect, the results vary from actuality because, in part, your lenses are not necessarily thin lenses.
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