
Diffraction

Chapter 36



36-1 Single-Slit Diffraction
When waves encounter an edge, an obstacle, or an aperture the size of which is 

comparable to the wavelength of the waves, those waves spread out as they travel 

and, as a result, undergo interference. This type of interference is called diffraction.

Waves passing through a long 

narrow slit of width a produce, 

on a viewing screen, a single-

slit diffraction pattern that 

includes a central maximum 

(bright fringe) and other 

maxima. They are separated by 

minima that are located relative 

to the central axis by angles θ:

The maxima are located 

approximately halfway between 

minima. (a) Waves from the top points of four zones of width 

a/4 undergo fully destructive interference at point P2. 

(b) For D >> a, we can approximate rays r1, r2, r3, and

r4 as being parallel, at angle θ to the central axis.







36-2 Intensity in Single-Slit Diffraction

The intensity of the diffraction pattern at any given angle θ 
is

where, Im is the intensity at the center of the pattern and

The plots show the relative intensity in single-slit 

diffraction for three values of the ratio a/λ. The wider the 

slit is, the narrower is the central diffraction maximum.

Answer

(a) 650 nm

(b) 430 nm





36-3 Diffraction by a Circular Aperture

The diffraction pattern of a circular 

aperture. Note the central maximum 

and the circular secondary maxima. 

The figure has been overexposed to 

bring out these secondary maxima, 

which are much less intense than the 

central maximum.

Diffraction by a circular aperture or a lens with 

diameter d produces a central maximum and 

concentric maxima and minima, given by

The angle θ here is the angle from the central 

axis to any point on that (circular) minimum.

which locates the first minimum for a long 

narrow slit of width a. The main difference is 

the factor 1.22, which enters because of the 

circular shape of the aperture.



36-3 Diffraction by a Circular Aperture

The images of two point sources 

(stars) formed by a converging 

lens. At the bottom, 

representations of the image 

intensities. In (a) the angular 

separation of the sources is too 

small for them to be 

distinguished, in (b) they can be 

marginally distinguished, and in 

(c) they are clearly 

distinguished. Rayleigh’s 

criterion is satisfied in (b), with 

the central maximum of one 

diffraction pattern coinciding with 

the first minimum of the other.

Resolvability

Rayleigh’s criterion suggests that two objects are on the verge of resolvability if the 

central diffraction maximum of one is at the first minimum of the other. Their angular 

separation can then be no less than

in which d is the diameter of the aperture through which the light passes.



36-3 Diffraction by a Circular Aperture

Pointillism Rayleigh’s criterion can explain 

the arresting illusions of color in 

the style of painting known as 

pointillism. In this style, a 

painting is made not with brush 

strokes in the usual sense but 

rather with a myriad of small 

colored dots. One fascinating 

aspect of a pointillistic painting 

is that when you change your 

distance from it, the colors shift 

in subtle, almost subconscious 

ways. This color shifting has to 

do with whether you can resolve 

the colored dots. 





36-4 Diffraction by a Double Slit

(a) The intensity plot to be expected in a double-slit interference experiment with vanishingly narrow slits. (b) 

The intensity plot for diffraction by a typical slit of width a (not vanishingly narrow). (c) The intensity plot to be 

expected for two slits of width a. The curve of (b) acts as an envelope, limiting the intensity of the double-slit 

fringes in (a). Note that the first minima of the diffraction pattern of (b) eliminate the double-slit fringes that 

would occur near 12° in (c).

Waves passing through two slits produce a combination of double-slit interference 

and diffraction by each slit.



36-4 Diffraction by a Double Slit

Waves passing through two slits produce a combination of double-slit interference 

and diffraction by each slit.

For identical slits with width a and center-to-center 

separation d, the intensity in the pattern varies with the 

angle θ from the central axis as

in which

and

Note carefully that the right side of double slit equation  is the product of Im and two 

factors. (1) The interference factor cos2β is due to the interference between two slits with 

slit separation d. (2) The diffraction factor [(sin a)/a]2 is due to diffraction by a single slit of 

width a.




