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Experiment 7  
 

SINGLE-SLIT DIFFRACTION, TWO-SLIT INTERFERENCE, 
AND THIN-FILM INTERFERENCE 

 
 

Objec t ives 

¥ Study single slit diffraction 
¥ Study double slit interference and observe other interference patterns 
¥ Learn how to use the optical path difference to analyze thin film interference 
¥ Observe and analyze the interference patterns produced by thin air gaps between flat glass plates 

 
Interference and Diffraction as Superposition of Light Waves 
If two light waves are present at the same place at the same time, their electric and magnetic fields add 
according to the superposition principle.  If the two waves are in phase, they add constructively to 
produce a new wave with greater amplitude.  If the two waves are 180¡ out of phase and have the 
same amplitude, they add destructively - the combined amplitude is zero. The result of adding two light 
wave amplitudes is called interference and can be observed in a variety of situations. 
 
Single Slit Diffraction 
Diffraction is the name we give to interference phenomena that occur when a light wave passes the 
edge of an obstruction. The diffraction of light is usually not noticeable because its effects are often too 
small or too faint to be seen with the naked eye.  We will study diffraction by passing light from a laser 
through an opening with a size on the order of 100 times the wavelength of the light. 
 
Recall from lecture and tutorial that the equation describing the location of single slit diffraction minima 
is  

a sin!  = n" ,         n = 1, 2, 3, ¥¥¥ 
 

where a is the slit width, !  is the angle from the central maximum to the nth minimum, and "  is the 
wavelength of the  light.  In this experiment, we will be using He-Ne gas lasers that emit red light of 
wavelength 633nm, (1 nm = 10-9 m). 
 

1. Locate the diffraction plate from your optics kit and observe the single slits A, B, and C using a magnifying glass.  
Rank the slits widths aA, aB and aC according to width. 

 
 
 
2. Based on your ranking, predict how the diffraction patterns formed by these slits will compare.  In particular, rank 

the distances 2x1(A ), 2x1(B ) and 2x1(C ) between the first minimum on one side of the central maximum to the 
first minimum on the other side, for slits A, B, and C 

 
 
 
Set up the apparatus as shown in Figure 1 on the next page. 
Tape a piece of plain white paper on the front of the screen. Set 
the distance from the front of the component carrier to the 
screen to 1.000m (see diagram). Note the position of the carrier 
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as measured by the scale on the side of the optical bench (necessary so you can return the carrier to 
its original position if it is moved.) Switch on the laser and adjust the position of the diffraction plate so 
that the laser beam passes through slit A. Orient the screen perpendicular to the laser beam. 
 
Record the carrier position and the distance from the diffraction slits to the screen.  
 
 Carrier position    Diffraction slit to screen distance, D=   mm 
 
Caution: Do not look directly into the laser beam. Be careful not to look directly into the reflection of the 
beam off a shiny surface. The surface of the screen is a diffuse reflector and it is safe to look at 
reflections from it. Always be aware of where your beam is directed!  
 

 
Figure 1.  Apparatus for studying diffraction  and interference. 

 
 
Observe the diffraction patterns formed on the screen by the slits marked A, B, and C. 
 

3. Based on your observations, rank the distances 2x1(A), 2x1(B) and 2x1(C) between the first minimum on one side 
of the central maximum to the first minimum on the other side, for slits A, B, and C.  Does this ranking agree with 
your prediction from Question 2?  If not, resolve the inconsistency. 

 
 
 
 

4. Sketch a graph of the intensity of the diffraction pattern observed for slit A that indicates the relative brightness.   
Begin by marking on the axis below a scale in cm and put markers where the intensity is a minimum.  Study the 
intensity pattern on the screen carefully.  Then, freehand, sketch the intensity curve. 

 
 
 
 
 
 
 
 
 
   
 
 
 
 
 TA initials 
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5. Determine the width of slit A using your diffraction pattern.  Show your work and explain your method.  Record 
the distance from the first minimum on the left to the first minimum on the right   
 

         2x1(A) =   mm 
 
 
 
 
 
 
 
 
 
 
 

       a(A) =    mm 
 

6. Determine the width of slit C width by the same method you used for slit A. 
 
         2x1(C) =   mm 
 
 
 
 
 
 
 
 
 

       a(C) =     mm 
 
If you place a thin wire or human hair in a laser beam, the resulting diffraction pattern will be identical  to 
that observed for a single slit. (This is a result of BabinetÕs principle, explained in advanced optics texts.) 

7. Place a hair in the laser beam.  One way of doing this is to tape the hair on the diffraction plate so that it 
is vertical and crosses the clear space above the slit patterns.  It is then easy to place in the beam. 
Describe the resulting diffraction pattern. 

 
 
 
 
 
 

8. Use the diffraction patterns from your and your partnerÕs hair to determine the ratio of the diameters.  Record the 
necessary data and show your work. 

 
 
 
 
 
 
 
 
 

 D(1)/D(2) =   
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Two-Slit Interference 
In this section and the next section you will study two kinds of interference: in light going through two 
narrow slits, and in thin films (responsible for the colors seen in oil films on roadways). 
 
If the single slit is replaced with two slits separated by a small distance d, the equation describing the 
location of the interference maxima is: 

dsin! = n" ; n= 0, 1, 2, 3  ¥¥¥ 
 

In this equation, d is the distance between the centers of the slits, !  is the angle from the center of the 
slits to the nth maximum, and "  is the wavelength of the light. 
 
The pattern for the double slit will contain features of both two-slit interference and single-slit diffraction.  
You must learn to recognize which features in the pattern result from two-slit interference and which 
result from single-slit diffraction. 
 

9. Observe the patterns formed by the double slits marked D, E and F.  Use your observations to rank the slits 
according to the slit separations; dD, dE and dF. Also rank the slits according to the width of the individual slits; aD, 
aE and aF Explain how you determined these rankings. 

 
 
 
 
 
 

10. Use a magnifying glass to observe the slits D, E, and F directly.  Determine and record the rankings of dD, dE, dF 
and aD, aE and aF. Do your rankings in Question 9 agree with these observations?  If not, resolve the 
inconsistency. 

 
 
 
 
 
 

11. Sketch a graph of the intensity pattern observed for slit D, indicating relative brightness, marking off important 
features on a scale of cm.   

 
 
 
 
  
 
 
 
 
 
   
 

12. Determine the slit separation and the slit width for the slit pair marked D.  Show your work and explain your 
method.  Indicate the quantities measured from the pattern on your drawing in Question 11. 

 
 
 
 
 
 dD =  mm aD =  mm 
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Other Observations of Diffraction 
13. Shine the laser light through the crossed slit pattern (+) labeled H.  Describe the pattern on the screen. In what 

ways is it similar to the pattern from a single slit? In what ways is it different? 
 
 
 
 
 
 
 

14. Remove the diffraction plate and replace it with a piece of cloth.  Tape the cloth across the component holder so 
that it does not stretch when you move it.  Rotate the cloth.  Move the cloth from side to side without rotating it.  
Describe the resulting pattern and how it changes with rotation and translation. Explain the major features based  
on your observations of single and double slits. 

 
 
 
 
 
 
 
 
 
 
If the laser beam passes through a small hole or past a small circular object instead of a slit, the resulting 
diffraction pattern is a series of concentric bright and dark circles. 

15. Shine the laser through the grid of circles marked J, and descr ibe the pattern that you see.  Which parts of this 
pattern are caused by diffraction and which by interference? 

 
 
 
 
 
 
 
 

16. Now shine the laser through the random distribution of circles marked I.  How is this pattern the same as the 
pattern in Question 15 and how is it different?  Does the diffraction pattern change?  Does the interference pattern 
change?  Why or why not? 

 
 
 
 
 
 
 
 

17. Describe the pattern you would see if you had a grid of circles that were evenly spaced (as in J) but not all the 
circles were the same size? 
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Air Wedge: Thin Film Interference 
Turn on your sodium lamp now, so it will be warmed up when you are ready to use it. The dominant yellow color 
light has wavelength of  589 nm. 
 
The figure shows the situation that we will study. We will look at the image of the sodium lamp reflected by the 
glass plates. Three rays are shown, reflecting from the top surface, and bottom surfaces of the upper plate, and 
the top surface of the bottom plate. The latter two interfere, causing a pattern of bright and dark bands 
depending on the distance between the plates. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  Interference between rays taking different paths. 
 
As you may recall from your text, for normal incidence, the condition for an interference minimum is that the 
separation between the plates, t, is a multiple of " /2. At zero thickness is a minimum due to the phase change of 
one ray with respect to the other. In this case, there is no phase change for the reflection from the upper glass-
air boundary, since the index of refraction is less in air than glass, but 180o for the lower air-glass boundary. As t 
increases, due to the wedge, you should see a series of parallel bands.  
 

 
You have two 2Ó x 2Ó precision flat glass plates and a blower-brush at your station. It is important that you keep 
these plates clean and dust free. Place a piece of black paper on the table. Remove the precision glass from the 
container and unwrap it. Handle the glass from the edges only. Use the blower brush to clean the surfaces. 
Place one of the cleaned plates on the black paper and the other on top of it. Press gently on the upper plate 
while viewing the reflection of the sodium lamp, which should be warmed up enough for this check. You should 
see a pattern of dark bands, or ÒfringesÓ crossing the plates. The more widely separated the fringes, the more 
parallel are the two glass surfaces in contact. Try all four combinations of surfaces to find the one for which 
the surfaces most nearly match. Rotate the black paper until an edge of the plates faces you and the fringes run 
from side to side. You can probably do this only approximately. If you can, place the paper so the plates are 
further apart on the edge toward you than they are on the opposite edge. 

These two rays interfere 
due to different path 
lengths, and an additional 
# for the difference of the 
two reflections 

t 

glass 

air 

glass 
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18. Sketch the pattern you see in the square provided. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The next step is to make a wedge by inserting a thin piece of metal foil between the plates on the edge facing 
you. The objective is to measure the foil thickness by using the fringe pattern to measure the wedge angle. 
Before inserting the foil, make sure the foil edge is cleanly cut with no rough spots. If there are rough spots, ask 
your TA for another foil.  
 

19. Insert the foil between the plates by about 5mm at the edge nearest to you. Position the paper until you see the 
reflection of the sodium light from the plates. Press firmly on the upper plate above the foil. You should see a 
series of closely spaced fringes running at right angles to your viewing direction that do not get closer together as 
you increase pressure on the upper plate. If you do not see such a pattern, ask your TA for assistance.  Use your 
ruler and the magnifying glass, if necessary, to measure the number of fringes per mm. [One technique is to count 
the number of fringes that cross the image of the sodium light source, then measure the diameter of the image.]  

 
 Number of fringes N =   Distance for N fringes D =   mm 
 

20. Use the data from 19 plus your knowledge that the thickness of the wedge increases by " /2 for each fringe to 
calculate the thickness T of the foil. (Note:  " =589 nm; the thickness increases linearly with distance from the 
contact point.) Also, use the sketch in 18 either to correct for the lack of flatness of the plates in your value for T. 
Show your work. 

 
 
 
 
 
 
 
 
 
 T =   mm 
 
 
 
 TA initials 
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21. Consider perfectly smooth glass plates shaped and oriented in the following ways (note that the plate spacings and 

fringe separations are greatly exaggerated).  For each case, sketch the interference pattern you would observe if the 
plates were illuminated from above with a sodium lamp.  Draw your sketches directly on the top plates, and make 
sure your patterns are consistent with each other.  The top right one is an example. 

 

 
 
 

22. Explain how you could use the fringe pattern you observed with the two square glass plates to determine the 
shapes of the plates.  Be specific.  What are the limitations to your procedure?  Hint: Check your drawings for 
cases with different plate shapes and identical fringe patterns.  (If you donÕt see any, youÕve done something 
wrong!) 
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E. Soap Film 
 
Dip a plastic ring in a soap solution to obtain a thin film.  Orient the film horizontally, shine your desk lamp (or the 
sodium lamp) on the film, and observe the reflected colors.  Next orient the film vertically and again observe the 
reflected colors.  Wait for the bands of color to form on the vertical film and then turn the film back to horizontal 
and watch the bands dissolve in turbulent swirls. 

 
22. Explain why you see horizontal bands of color when the soap film is vertical and not when it is horizontal.  Describe 

how the physics of this situation is similar to the experiment with the glass plates and how is it different? 
 
 
 
 
 
 
 
 
 
23. After a while, the top of the film becomes nearly invisible (no reflected colors are seen).  Explain this observation.  
 
 
 
 
 
 
 
 
 
 
24. Shine your sodium lamp on the vertical soap film and observe the interference fringes.  Sketch the fringe pattern and 

use it to determine the cross-sectional of the soap film intercepted by a vertical plane. Sketch the cross section of the 
soap film with a greatly exaggerated film thickness. 

 
  vertical plane cross section 
 
 
 
 


