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Exercise 12: Single-slit and double-slit experiments 

Purpose: to investigate double-slit interference and single-slit diffraction patterns. 

Introduction 
Double-slit interference 

Under certain circumstances, light behaves exactly as if it were a wave. In two-slit interference, 
light falls on an opaque screen with two closely spaced, narrow slits. As Huygen's principle tells us, each 
slit acts as a new source. of light. Since the slits are illuminated by the same wave front, these sources 
are in phase. Where the wave fronts from the two sources overlap, an interference pattern is formed. 

The essential geometry of the double-slit experiment is shown in Fig. 1(a). At the zeroth 
maxima, light rays from slits A and B have traveled the same distance from the slits to your eye, so they 
are in phase and interfere constructively on your retina. At the first order maxima (to the left of the 
viewer) light from slit B has traveled one wavelength further than light from slit A, so the rays are again 
in phase, and constructive interference occurs at this position as well. 

 
Fig. 1: (a) Double slit experiment and (b) the far-field approximation. 

When viewed far away from the slit, the rays are approximately parallel as shown in Fig. 1(b). 
The resultant equation for the angles at which the constructive interference is at a maximum is given by 

𝑑 sin 𝜃 = 𝑚𝜆     where     𝑚 = 0, ±1, ±2, … 

When the angle between adjacent maxima is small, 𝜃 ≪ 1 radians, we may make the approximation 
𝜃 ≈ sin 𝜃 ≈ tan 𝜃. By definition, tan 𝜃 = , where 𝑦 is the distance above or below the center 

maximum of the interference pattern on the viewing screen. Thus, the above approximation at small 
angles allows us to write  

𝑑
𝑦

𝑅
≈ 𝑚𝜆     where     𝑚 = 0, ±1, ±2, … 

Single-slit diffraction 

Unlike double-slit intereference, the intensity of the fringes varies in a single-slit experiment. 
This variation in intensity forms an interference pattern (called a diffraction pattern) of its own that is 
independent of the number of slits or the separation between the slits. In fact, two slits are not required 
to see this pattern; it can be seen most clearly when light passes through a single, narrow slit. 

The single slit pattern can be explained using Huygen's theory. When a plane wave front strikes 
the slit, each point on the slit acts as a point source of light as illustrated in Fig. 2(a). Because light from 
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the above point travels a different distance than the light from the below point (except at an angle of 
𝜃 = 0), the light from different points across the slit interfer. 

 
Fig. 2: (a) diffraction through a single slit and (b) the far-field approximation. 

When viewed from a distance far greater than the slit width 𝑎 as shown in Fig. 2(b), the diffraction 
pattern minima are at the angles 𝜃 , given by the equation 

𝑎 sin 𝜃 = 𝑛𝜆     where     𝑛 = ±1, ±2, ±3, … 

Note that there is no minimum at the center, and therefore 𝑛 ≠ 0.For small angles, we may make the 
same approximation as we did with the double-slit experiment, which results in the approximate 
relationship 

𝑎
𝑦

𝑅
≈ 𝑛𝜆     where     𝑛 = ±1, ±2, ±3, … 

 
Laboratory assignment 
Part 1: Double-slit experiment 

1. Place the laser pointing towards the wall of the classroom from the edge of the lab table 
(roughly a meter away). 

2. Set the double slit “D” pattern in front of the laser. You should see a line of dots on the wall. 
Place a piece of white paper on the wall so that you can mark the locations with a pencil. 

3. Adjust the distance from the brightest dot in the center of the pattern to the mask to within a 
few centimeters of being 1 meter in length. Record the precise distance below. 

𝑅 = ______________________. 

4. Measure the distance between the center bright dot to the nearest three dots on either side 
and record the values in Table I. 

Table I: maxima locations for the double slit pattern. 
𝑚 −3 −2 −1 0 1 2 3 

𝑦  (mm)    0    

 

 

 



PHYS 2053 

 

5. Knowing that the wavelength of a HeNe laser is 632.8 nm, plot 𝑚𝜆 as a function of 𝑦 /𝑅 in the 
space below. 

 

 

 

 

 

 

 

 

 

 

 

6. Use the slope and uncertainty in the slope of the graph to determine the distance between the 
two slits (and the uncertainty). Include units. 

𝑑 = ______________________. 

7. Suppose the space between the slits was smaller than the wavelength of light you were trying to 
measure. What are the possible values of m that are allowed? Explain. 

 
_____________________________________________________________________________________ 
 
_____________________________________________________________________________________ 
 
____________________________________________________________________________________. 

Part 2: Single-slit experiment 

8. Remove the double slit pattern and set the single slit “A” pattern in front of the laser in place of 
the old pattern. You should see a line of dots on the wall again, but with evenly spaced minima. 

9. Measure the precise distance between the pattern and wall 

𝑅 = __________________________. 

10. Measure the distance between the center bright dot to the nearest three dark spots on either 
side and record the values in Table II. 

Table II: minima locations for the single slit pattern. 
𝑛 −3 −2 −1 1 2 3 

𝑦  (mm)       
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11. Plot 𝑛𝜆 as a function of 𝑦 /𝑅 in the space below. 

 

 

 

 

 

 

 

 

 

 

 

12. Use the slope and uncertainty in the slope to determine the width of the single slit and its 
uncertainty (include units). 

𝑎 = ______________________. 

13. Write a brief conclusion to this laboratory. 
 
_____________________________________________________________________________________ 

 
_____________________________________________________________________________________ 
 
_____________________________________________________________________________________ 
 
_____________________________________________________________________________________ 
 
_____________________________________________________________________________________ 
 
_____________________________________________________________________________________ 
 
_____________________________________________________________________________________ 
 
_____________________________________________________________________________________ 
 
____________________________________________________________________________________. 
 

Equipment list: Pasco optics kit, HeNe laser, white paper, tape, ruler, meter stick. 


