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We will investigate thermal expansion of two 

metals, aluminum and copper using a laser 

diffraction method.

Two razor blades are attached to ceramic posts 

10 cm apart, which are anchored in either a copper

slab or an aluminum bar.       

         




 metal bar

A laser is shined through the narrow slit of width d formed by the two razor blades. This forms a diffraction pattern on the wall a distance D from the slit. The pattern is from diffraction of a single slit of width d. When the slab is covered with hot water or icy water, d changes, and the diffraction pattern changes. Since the minima in the diffraction pattern are given by


n ( = d sin (,

we can determine d at room temperature and then again when the slab is hotter or colder.
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The angle ( is given by tan ( = h/D, where h is measured from the center to one of the dark spots on either side of center. It is good practice to measure 2h rather than h, by measuring from a dark spot on one side, to the corresponding dark on the other side.

For the case illustrated above,  2 ( = d sin (, because ( is for the 2nd dark spot away from the center.

(One can calculate ( knowing h and D.) The plan is to measure ( for the 2nd or 3rd dark spots at room temperature, then heat the slab by covering it with water, and measuring a ( value when hot.

The linear expansion coefficient ( is given by  (L = L ( (T.  L is the original length and (L is the amount it changes when the sample undergoes a temperature difference (T. You are to come up with the linear expansion coefficient ( for both copper and aluminum.  (Nominal values: ( = 17 x 10-6 /K for copper, and ( = 24 x 10-6 /K for aluminum.)

This version of the experiment suggests heating each bar from room temperature as explained below. 

(Cooling with ice instead of heating with hot water can also be done.)
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Remarks. The blade fixture with its metal bar sits in a somewhat deep paper plate, which is on top of a larger, shallower plate (to catch any spills).  You can adjust the height of the laser, and you can shim the plates and fixture up or down to get the right height. The laser should be at the end of the lab bench away from the wall, and the slit should be about 2 m from the wall, and some 60 cm from the laser. The wavelength of the little solid-state lasers should be 670 nm and should be written someplace on the laser itself. 

Check that the blades are as far above the metal bar as possible. (You don't want to be heating the blade assembly, only the bar, which will be in the water. The laser beam should hit the blades close to the top, maybe 2 or 3 mm down. You want the blades to be less than 1 mm apart where the laser beam goes through, maybe less than 1/2 mm. (You will find two halves of a styrofoam picnic plate, cut so as to fit in the space between the support posts. The job of these plates when in place is to retard the flow of heat from the water to the blade assembly.) Place one of the two half-styrofoam plates in between the posts. 

Now check that the blade spacing is still ok.  Record the room temperature reading on the thermometer. Attach a piece of paper to the wall on which to record the dark spots of the diffraction pattern. The pattern should be symmetric on both sides of center. When the pattern is looks satisfactory, record as many dark spots on both sides as you can (not just the first one!). The room lights have to be all the way out, and you have to block off stray light from the little lamps other people may be using.  When you have recorded a pattern, move the paper on the wall up or down a little bit so that your next diffraction pattern from heated metal won't fall on top of the room-temperature one.

Then draw a large cup of hot water from the coffee urn. You would like the temperature of this water to be 50-55 oC, no hotter. (The hotter water is more likely to warm the blade assembly.)

Put the thermometer next to the metal plate, and then gently pour the water into the open side of the deep plate, and make sure you have covered the metal bar and the bulb of the thermometer. Right after this, insert the other half of the styrofoam plate carefully in between the posts, trying not to disturb the spacing of the razor blades!  The thermometer temperature should rise, and then fall into the high or middle 40s as the metal (aluminum or copper) bar is heated. When you figure the temperature is fairly constant, record the temperature, then record the diffraction pattern with the lights completely out, and shielded from other light sources. Be sure to record as many darks as you can on both sides of the central maximum. (When determining (, don't try to measure from the center to a dark, instead measure a dark-dark distance and divide by 2.)

Report. There are two other length measurements you have to make in addition to the lengths marked on the paper on the wall. What are these measurements?   For small angles, sin ( ( tan ( ( (.    For the angles ( in this experiment are you ok in this approximation?

Your report needs to show all measurements, clearly identifying what each one means. It is a good idea to use a sketch so the reader does not misunderstand what was measured. Record equipment numbers for all items where an identification can be found.

You must include a proper sample calculation for each type of parameter in the report (see Intro lab manual, p. 1-19 and 1-20 for examples). Symbols must all be there and individual numerical values with their units.

Your conclusion should indicate the value of ( and its uncertainty for both aluminum and copper.

