
FYSP1082/K7 (FYSP103/K2)    FRAUNHOFER’S DIFFRACTION 

 

Goals for the measurement 

 To illustrate the phenomena related to diffraction and interference with different 

slit systems 

 To deepen the understanding of the theory behind these phenomena 

 

The understanding the wave nature of light is difficult, because in case of light the waves 

are electromagnetic and therefore they can’t be sensed. With mirrors and lenses, the so 

called geometric optics and light-ray model is used, but it doesn’t explain the peculiar 

phenomena in narrow slits. That’s why another approach is needed, so called physical 

optics, where the wave motion is very strongly present. The goal of this measurement is 

to illustrate the concepts of diffraction and interference and therefore the error analysis 

has a smaller role. 

 

1. Introduction 

 

Separating the concepts interference and diffraction in case of slit systems is quite 

misleading. This is because in these systems the diffraction (bending of the light) occurs 

every time, and the pattern on the shade is formed because of the interference of light-

waves. 

 

In this measurement you get familiarized with the behavior of the (laser) light in different 

kind of slit systems. In the beginning the wave length of the laser is determined with a 

known grating. After this you’ll observe the behaviour of the light in the slit, which width 

can be adjusted. In the end, different slit systems (the number of slits varies while the 

width and distance are constant) are compared. The exercise (below) must be done before 

coming to the laboratory. 

 

The theory should be revised from either the lecture notes or the course books 

 



 Randall D. Knight, Physics for Scientists and Engineers (4
th

  edition), chapters 33.2 -

33.4  

 Young & Freedman, University Physics, 11
th 

or 12
th

 ed., chapters 35.2, 35.3, 36.2 – 

36.5 

 

Exercise: 

a) When a laser beam (green light with nm532 ) hits the grating with 610 slits/mm, 

a pattern is formed on the shade. The center maximum of the pattern is where the 

beam would hit without the grating. How far from the center is the second maximum 

of the pattern? The distance between the grating and the shade is 55,0 cm. 

b) When the same beam hits a single slit (width 65 µm) an interference pattern is formed 

on the shade (distance the same 55,0 cm), where there is a broader middle line and on 

both sides more narrow and dimmer lines. How far from the center of the center 

maximum are the first and second intensity minimums (1. and 2. dark spots)? Sketch 

the intensity as a function of the distance from the center maximum to the second 

minimum. 

c) How would the pattern change if the laser beam would hit simultaneously to another 

slit (width 65 µm) which is 260 nm from the first one (from center to center)? Explain 

the possible changes and draw the picture as in b). 

 

 

2. The equipment 

 

The equipment includes the laser, a slit system (options: a grating, an adjustable single 

slit and system of 1-5 slits), light detector (+amplifier) and Capstone software with Pasco 

voltage sensor. The slit system and the light detector are attached on an optical bench. 

The patterns can be seen on the shade (behind the light detector) and the intensities can 

be measured with the light detector. 



 

Figure 1: The measurement set up 

 

The light detector consists of light diode and amplifier which are place in a box having a 

small hole (fig. 2) for coming light. The box can be moved at a constant speed 10 

mm/min with an engine. The voltage source for the detector is a 9 V battery which is on 

top of the box. The active area of the light diode is very small, so be patient when aiming 

the laser. The diode converts the luminous flux into an electric current which is amplified. 

The voltage from the amplifier is measured with Pasco voltage sensor which is connected 

via interface into computer. The voltage graph is drawn with Capstone. In other words, 

instead of the intensity we measure the voltage is which is directly proportional with 

intensity.  

 

Figure 2: The light detector box 

 

 

 

 



3. The measurements 

 

In some measurements you have to observe the intensities of the interference patterns. 

That’s why we first prepare the Capstone software. Select the voltage sensor in Capstone 

and set the Sample rate: 2 Hz and Sensitivity: Low. 

Notice: 

1) Intensity is directly proportional to voltage 

2) Time on x –axis can be converted into distance with the velocity of the detector 

3) You can’t calculate the places or distances of maximums (or minimums) 

statistically with several maximums (or minimums)! 

 

Measurement 1: The grating tilted relative to the laser beam 

The grating is placed on the optical bench and the interference pattern can be seen on the 

shade. Set the bench and the laser perpendicular to the shade but rotate the grating. How 

does the pattern change when you rotate the grating away from the situation where the 

grading is perpendicular to the shade? What are your conclusions for the following 

measurements? 

Keep the lights turned off during the measurements! 

 

Measurement 2: The wave length of the laser 

The wave length of the laser is determined with the grating used in previous measurement. 

The needed values are measured from the interference pattern and the measurement set-

up and the wave length of the laser is calculated (including error analyses). In the grating 

there are 600 slits/mm. 

 

Measurement 3: The adjustable slit 

Next we study the interference pattern from an adjustable system (Pasco OS-8523 Sigle 

slit set, variable slit). First think what happens to the interference pattern (and intensities) 

when the slit is broadened. Justify your arguments. Then see what really happens (switch 

off the lights). 

 



Select the slit with width of 40 μm and study the pattern on shade. Sketch the pattern on 

shade.  

 

Next place the light detector system in front of the laser light and aim the laser to hit the 

detector. Make sure that the slit is vertical. Why is it important that the slit is at vertical 

position especially when using a detector? After this, measure the intensity distribution 

by using the light detector and Capstone software. From the graph on the computer 

screen, the relative intensities of maximums are determined and compared to literature 

values. Also determine the width of the slit based on your measurement (don’t forget 

error analyses). The speed of the detector is 10 mm/60 s. 

 

Measurement 4: Interference patterns of the slit systems 

The adjustable slit is replaced with a slit system (Pasco Multiple slit set), where there are 

separate systems of 2-5 slits. The width of the slits is 40 μm and distance between two 

slits remains constant. Make sure that slits are vertical. 

 

Measure the interference pattern for the two-slit system and plot it together with that from 

Measurement 3 (one slit). Take care that the graphs are easy to compare (center maxima 

at same position and time scales same number of seconds).  

 

Remove the detector system. Sketch the interference pattern on shade underneath the 

pattern for single slit in Measurement 3.  

 

Calculate/deduce the following features: 

 What is the width of a single slit based on your measurement? 

 What is the distance between two slits based on your measurement? 

 Why the interference patterns are different in the cases of one and two slits 

although the width of the slits is the same? 

 Why the intensity is greater in case of two slits? 

 

 



Measurement 5:  Further study of the slit system 

Observe the interference patterns of the 3-5 slits both from the shade and by the computer. 

How does the interference pattern change when the number of slits is increased? What 

causes the difference? Compare your results with theory. When using the computer, it is 

enough to draw the interference patterns starting from the center maximum (symmetry).  

 

In the end, if time allows, have a little bit fun and observe beautiful interference patterns 

from holes having different shapes. 


