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Double Slit Interference

Purpose:

To verify experimentally the predicted locations of intensity minima and maxima for double slits

Apparatus:

He-Ne laser, optical bench and laser alignment bench, single and double slits, screen with scale, magnetic holders

Introduction

For two small slits separated by a distance d illuminated by coherent light of wavelength  from a single source such as a laser, the angles at which intensity maxima are expected to be observed are given by this equation:





n = dsin  (n = 0,1,2,3,...)

where  is measured from the perpendicular bisector of the line connecting the two slits.  Intensity minima are expected to be observed at angles given by





(2n-1)/2 = dsin  (n = 1,2,3,...)


If the slits are located some distance D from a screen on which the interference pattern is observed, the locations of the intensity minima and maxima can be measured and compared with the predictions derived from the equations for the angles.  If yn denotes the distance from the central maximum (n = 0) to the nth maximum (n = 1,2,3,...), then (see diagram)






tann = yn/D

By measuring D and yn, the angles can be calculated.  If the angles are small, we can use the approximation tan  sin and subsitute yn/D directly into the equation describing the condition for finding the maxima.  Then we are testing





n = d(yn/D) (n = 0,1,2,3,...)

On the other hand, if ym represents the locations of the minima, we can arrive at the following approximate equation for locating them:





(2n-1)2 = d(yn/D)  (n = 1,2,3,...)

Procedure
1.
Place the laser on its alignment bench and place it at one end of the 1-meter optical bench.  Place magnetic holders near each end of the optical bench to hold the slits and the screen.  The wavelength of the laser light is 632.8 nm.

2.
Put the double slit slide on the magnetic holder nearest the laser.  Put the screen on the magnetic holder near the other end of the bench.  For the measurements to be made in this part of the experiment, the holders must not be moved.  Record their positions here and calculate the distance (D) between them:




Position of slit

__________




Position of screen

__________







D =

__________

(UNITS!!!)

3.
Adjust the slit so the laser beam illuminates this pair of slits




slit width = .04 mm



separation = .50 mm
Adjust the screen so that the interference pattern is positioned on the printed scale and is parallel to the scale.

4.
Record the positions of at least six minima or maxima.  Even though it's difficult, you should estimate these to a precision of .1 mm.



 n
  Minima
Maxima



 1

______
______



 2

______
______



 3

______
______



 4

______
______



 5

______
______



 6

______
______

7.
The interference pattern is hard to interpret because the large number of bright and dark spots makes it difficult to find the central maximum.  That's why we measure the positions of many minima and maxima: If we find the average distance between adjacent minima or maxima, that average is the same as the distance from the central maximum to the first minimum, which is equal to dsin1. Go back to the equation predicting the positions of the maxima and minima and show that the distance between any adjacent maxima or minima (i.e., y = yn+1 - yn or 

ym+1 - ym) is equal to y1, the distance from the central maximum to the first maximum.  (This is only true if the angles are small.)



8.
Analyze your data in Part 6 to find the average value of y.  You can report the average to one more significant digit than the individual differences have.  (You can do this with Excel if you wish.  You'll be doing this kind of analysis several times, so it's probably worth investing a few minutes to create the simple spreadsheet needed to find differences so it can be used over and over.)



Average value of y = y1 =
_______

(Units???)

9.
Now use the given wavelength, your value of D, and the average value of y to compute a value for the slit separation d:




d = ___________

10.
Repeat the entire procedure except for the derivation for these slits:




slit width = .04 mm



separation = .25 mm



Position of slit

__________




Position of screen

__________







D =

__________

(UNITS!!!)



 n
  Minima
Maxima



 1

______
______



 2

______
______



 3

______
______



 4

______
______



 5

______
______



 6

______
______



Average value of y = y1 =
_______

(Units???)

11.
Now use the given wavelength, your value of D, and the average value of y to compute a value for the slit separation d:




d = ___________

12.
Summarize your results here:


Given slit separation = .50 mm


Experimental slit separation = __________


Given slit separation = .25 mm


Experimental slit separation = __________

Do your experimentally determined widths agree reasonbly well with the given slit widths?  How do these results tend to support or not support the theoretical description of interference?

yn
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D





Derivation:
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