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PH 113 Laser Interference Lab   MJM    




April 23, 2005  rev 2   

Background

You have already learned about interference 



r1


p

of sound waves: waves starting in phase from
s1
two sources s1 and s2 arriving at point p



    r2
will constructively interfere if the path diff-

s2
erence is an integer number of wavelengths


constructive interference (starting in phase):  (r = r1-r2 = integer (
When the distance d between s1 and s2 is small compared to r1 or r2, the path difference 

can be approximated by (See text by Knight, Section 22.2, especially Fig 22.4, p. 688 ).
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path difference  = r2 - r1 ( d sin ( .

(The paths r1 and r2 are nearly parallel to each other. ( can be taken as the angle of the x-axis to either path, or as the angle from the midpoint.)

For angles which are 'small',  ( (  sin ( ( tan ( .  (When ( = 5.73o = 0.100 rad, sin ( = 0.0988 and 

tan ( = 0.1003.)     In the sketch above, 


path difference ( d sin ( = d tan ( = d (y/L) = m (,   where m = 0, (1, (2, etc. 

For a series of constructive interference points (loud points for sound waves, bright spots for light):

(1)

(d/L) y0 = 0 (      [this means y0 = 0]

(d sin (0 = 0)

(2)

(d/L) y1 = 1 (




(d sin (1 = ()



...



d/L ym = m (.




(d sin (m = m ()

If we take the difference (y of any two of these ( (m is the difference in m values ) we get

(3)
(d/L) (y = (m (.    

In this experiment we will measure y values. For any (y between bright spots it is easy to count (m.

Then if we know (, we can calculate the separation d between the sources. Or if we know the separation d we can calculate the wavelength

In your report:  Write down several equations like (1), (2), for destructive interference.

Would we get a different equation (3) if we let (y = distance between two dark spots ? 

Today's experiment. We'll use a helium-neon (He-Ne) laser putting out bright red light at a wavelength of 632.8 nm. This is in an aluminum box, and connects to the wall via a 12v wall plug. We'll also use a long glass bar containing a set of 1 to 5 adjacent slits, all the same width a and same spacing d.

We'll try to observe and check a couple of features of light interference and diffraction.


(See Knight, section 22.4) Laser (coherent) light through 

a single slit does not spread out uniformly 

in all directions, instead most of its 

light is concentrated in a small angle 

in the forward direction.


A simple way of understanding this                a

is  to assume many little sources of

light are present in the slit. The sketch

shows 8 beams of light headed off 



          (
from the slit to reach a distant point.
Beam 1 is at the top and beam 8 at the 

bottom.  If the angle is right for beam 5 

to travel an extra half wavelength more 

than beam 1 it will cancel it out. If  beam 5 

cancels beam 1, then beam 2 will be cancelled by beam 6, 3 by 7 and beam 4 by beam 8. 

Then there would be no light at all, since total cancellation would occur.

Since beam 1 and beam 5 are separated by a/2, the extra path between 1 and 5 would be a/2 sin (.

So for total cancellation of light from a single slit we would have 

(4)
extra path between 1 and 5 = (/2 = a/2 sin (     (major dark spot from single slit diffraction)

Single slit measurement.  Tape a piece of paper to the wall and place a single slit in the HeNe laser beam. Record the distance L from the slit to the wall. Mark down the distance w (see p. 699) between the estimated location of the major dark spots on either side of the bright area. Then the angle ( is obtained from 

(5)
tan ( = w/(2L)

Calculate tan (.  Is it a 'small' angle? (Determine the angle ( from the tangent. If ( in radians is very close to the tangent, the angle is 'small'.

Use Eq. (4) { ( = a sin ( }, helped out by Eq. (5)  to calculate a, the width of a single slit. (Recall the HeNe wavelength is 632.8 nm). After lab, use uncertainties in w and L to estimate the uncertainty in the slit width a. 

Double slit. For the double slit, you will see the broad bright region due to either single slit, but 'cut up' by dark regions, where waves from the two slits destructively interfere with one another. The bright regions are given by equations like (1), (2), etc.

(6) 
(d/L) ybright,m = m (.

Tape a piece of paper to the wall, then draw a line on it under the pattern of dots. Then mark the location of all the bright spots that you can. Have your partner use another piece of paper and do the same thing.

With the paper removed from the wall, measure the distance between 6 adjacent bright spots. (5 bright-to-bright spacings, to the nearest mm or fraction of a mm. If the first spot is called #1, the last spot will be #6.) Get two different ((y)5 spots values (Pick a different spot to start with.). Have your partner do the same on his/her paper. After lab, obtain the average and standard deviations of these ((y)5 spots values.

Calculate d from

(7) 
(d/L) ((y)5 spots = 5 ( .

You should find a d value smaller than 1/2 mm. Anything larger, and you should look for an error in your calculations or measurements. Use Eq. (7) to calculate uncertainty in d. There is no appreciable uncertainty in (, so you only need to worry about uncertainty in ((. For the uncertainty in ((y)5 spots use the standard deviation of ((y)5 spots.

In your lab notebook, please include the paper with dots on it done by you and your partner. Indicate the number of slits, and if you are measuring bright or dark spots.

Slit measurements using the Vernier Software interface.

1.  Turn on your laptop. 

2.  (should already be done) Plug the photodetector cable into the CH 1 port on the Vernier interface.

3. (should already be done) Plug the rotary motion sensor into the DIG/SONIC1 port on the Vernier interface

4. Plug the Vernier AC adapter into an electrical outlet.

5. Plug the USB cable into the Vernier interface, and then the other end into your laptop .

6. Activate Logger Pro

7. It should say you are connected to the Vernier interface via USB.

8. Click on the LabPro icon. (It's in the bar of icons at the top, to the right, next to 'Collect').

9. Click on Ch1, select sensor, select Raw Voltage 0-5v (It's the one with no icon.)

10 Click on DigSonic1, select sensor, then click on Rotary Motion.

11. When it says you have the Rotary Motion sensor, right click on DigSonic1, and select


Rotary Motion Position 4x    

12. Click on the timer icon just to the left of the LabPro icon. Set it for real time data collection, 10-15 seconds of data collection, and 200 points per second.

13. Place the sensor in the middle of the laser pattern.

14. Right-click on the Rotary Motion Sensor, and select 'Zero.' This zeros the position of the sensor.

15. The graph should read 'Potential' on the vertical axis, and 'Position' on the horizontal axis.

16. The horizontal axis may read 'Time'. If so, click on it and select 'Position'.

IMPORTANT: Distances recorded from your Vernier interface are too big by a factor of 2.1 !!

When you obtain distance information from Vernier plots, it must be divided by a factor of 2.1.

The photodetector is connected to the Vernier interface via a box with several possible resistor settings. Start with 100 k( and see how you do. Higher resistance means higher gain, something you may need, or may not need.

Now you are ready to collect data. The plan is to move the sensor to the position where you want to start, then press 'Collect'. Then slowly move the sensor through the intensity pattern of the slits.

One Slit. First, collect one run through the single slit pattern, the broad intensity going to zero. You may want to turn up the gain (resistance) to see if you can locate the positions of the zeros on the outside. Make sure you have measured the distance L' from the slit to the detector! (It's not the distance to the wall.) Save and label this file. (Remember that distances in this file are 2.1 times as large as the real distances.) .  When you the calculate the slit width a from Vernier data you want to use


a sin ( = (
and 
( = w/(2L'),    remembering to divide w from Vernier by 2.1


Two slits. Next, put two slits in the HeNe laser beam and collect data in the Vernier interface. If your data is choppy, try being a little smoother and slower in moving the sensor through the interference pattern. Save this data file, labelling it so you know it's two slits, and make sure you know L the distance from the slits to the sensor.   Find the distance (y from Vernier between m adjacent max's (or between n adjacent min's).  You can use  Eq. (3) to find the separation d, but instead of L you must use L' the distance from slits to detector, and you must divide Vernier's  (y by 2.1 before doing your calculations.

Analysis and Reflection.

1. Give your results for the results for a, the width of a single slit, based on your estimate of w the distance between big dark spots in the diffraction pattern of a single slit. Include an estimate of uncertainty in the slit width a. Check your Vernier file for the single slit (remembering that distances are too large and must be divided by 2.1), and see if it gives you an improved value of w. If so, use that in calculating a, and report both values of a, one from the wall, and one from Vernier. Was ( a small angle? Explain how you tested it.

2. Calculate d the separation between adjacent slits, based on your bright spot positions measured on the wall. Include an estimate of uncertainty in d.

3. If you were to measure the total distance between 9 adjacent brights (8 bright-bright spacings) instead of doing the distance between 6 adjacent brights (5 bright-bright spacings), your uncertainty in d would be   ( greater than       same as     less than ) the uncertainty you got with 5 bright-brights.  Please explain your answer.

Above and beyond.  

· The lab manual calls for using the diode laser with a double slit and determining the wavelength of the diode laser  from your data. You are welcome to carry this out, and report your results.

· You could also obtain the interference pattern of 3 slits and interpret the results.

