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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.



comparison between single and double slits diffraction



Ex:  What is the distance on the viewing screen between adjacent minima near the 
center of the interference pattern? The light has wavelength λ = 546, the slit width is 
a = 0.12, and the slit-screen separation is D = 55.0 cm.





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.



36-5 Diffraction Gratings

A diffraction grating is a series of “slits” used to 
separate an incident wave into its component 
wavelengths by separating and displaying their 
diffraction maxima. Diffraction by N (multiple) slits 
results in maxima (lines) at angles θ such that

 A line’s half-width is the angle from its center to the 
point where it disappears into the darkness and is 
given by

Note that for light of a given wavelength λ and a given ruling separation d, the 
widths of the lines decrease with an increase in the number N of rulings. Thus, of 
two diffraction gratings, the grating with the larger value of N is better able to 
distinguish between wavelengths because its diffraction lines are narrower and 
so produce less overlap.





The dispersion D of a diffraction grating is a measure 
of the angular separation Δθ of the lines it produces for 
two wavelengths differing by Δλ. For order number m, 
at angle θ, the dispersion is given by

Thus, to achieve higher dispersion we must use a 
grating of smaller grating spacing d and work in a 
higher-order m. Note that the dispersion does not 
depend on the number of rulings N in the grating. The 
SI unit for D is the degree per meter or the radian per 
meter.

The fine rulings, each 0.5 μm 
wide, on a compact disc 
function as a diffraction grating. 
When a small source of white 
light illuminates a disc, the 
diffracted light forms colored 
“lanes” that are the composite 
of the diffraction patterns from 
the rulings.

36-6 Gratings: Dispersion and Resolving Power



The resolving power R of a diffraction grating is a 
measure of its ability to make the emission lines of two 
close wavelengths distinguishable. For two wavelengths 
differing by Δλ and with an average value of λavg, the 
resolving power is given by

The intensity patterns for 
light of two wavelengths sent 
through the gratings of Table 
36-1. Grating B has the 
highest resolving power, and 
grating C the highest 
dispersion.

36-6 Gratings: Dispersion and Resolving Power





36-7 X-Ray Diffraction

(a) The cubic structure of NaCl, showing the 
sodium and chlorine ions and a unit cell 
(shaded). (b) Incident x rays undergo 
diffraction by the structure of (a). The x rays 
are diffracted as if they were reflected by a 
family of parallel planes, with angles 
measured relative to the planes (not relative 
to a normal as in optics). (c) The path length 
difference between waves effectively reflected 
by two adjacent planes is 2dsin θ. (d) A 
different orientation of the incident x rays 
relative to the structure. A different family of 
parallel planes now effectively reflects the x 
rays.

X rays are electromagnetic radiation whose 
wavelengths are of the order of 1 Å (=10-10 m). 
Figure (right) shows that x rays are produced 
when electrons escaping from a heated filament 
F are accelerated by a potential difference V and 
strike a metal target T.



36-7 X-Ray Diffraction

(a) The cubic structure of NaCl, showing the 
sodium and chlorine ions and a unit cell 
(shaded). (b) Incident x rays undergo diffraction 
by the structure of (a). The x rays are diffracted 
as if they were reflected by a family of parallel 
planes, with angles measured relative to the 
planes (not relative to a normal as in optics). (c) 
The path length difference between waves 
effectively reflected by two adjacent planes is 
2dsin θ. (d) A different orientation of the incident 
x rays relative to the structure. A different family 
of parallel planes now effectively reflects the x 
rays.

As shown in figure below if x rays are directed toward a crystal structure, they 
undergo Bragg scattering, which is easiest to visualize if the crystal atoms are 
considered to be in parallel planes.
For x rays of wavelength λ scattering from crystal planes with separation d, the 
angles θ at which the scattered intensity is maximum are given by Bragg’s law:





36  Summary

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.

Circular Aperture Diffraction
• Diffraction by a circular aperture or 

a lens with diameter d produces a 
central maximum and concentric 
maxima and minima, with the first 
minimum at an angle θ given by 

Single-Slit Diffraction
• A single-slit diffraction patterns 

satisfy

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

 where

Eq. 36-3

Eq. 35-14
Eq. 36-5

Eq. 36-6

Eq. 36-12

Rayleigh’s Criterion
• 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



36  Summary

Double-Slit Diffraction
• Waves passing through two slits, each 

of width a, whose centers are a 
distance d apart, display diffraction 
patterns whose intensity I at angle θ is

X-Ray Diffraction
• Diffraction maxima (due to constructive 

interference) occur if the incident 
direction of the wave, measured from 
the surfaces of these planes, and the 
wavelength of the radiation satisfy 
Bragg’s law:

Diffraction Gratings
• Diffraction by N (multiple) slits 

results in maxima (lines) at angles θ 
such that

 with the half-widths of the lines 
given by

 and

Eq. 36-25

Eq. 36-28

Eq. 36-31&32

Eq. 36-12

Eq. 36-19

Eq. 36-29&30


