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Diffraction: Origins and Classes
(a) A .lit as a source of wavelets

II

"

Fach trip i~a vourc ~of

IHu\ ~L'Jl\' wavelets./ ' .~
Plane \~iaVCS

incident on the slit

Slit
width
a

IWe dh ide th lit int(

Iimaginal") strips parallel
.J to the Iil\.;lOll!! a is.

(b) Fresnel (near-field) diffraction (c) Fraunhofcr (far-field) diffraction

If the screen is close,
the ra) s from tilL'

I
I different strip" to a
point P on the Treen
are not parallel.

If the crcen i distant.
the rav-, to P arc~

approx imutcly parallel.
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Screen

Single-slit Diffraction - produced by interference from secondary
wavelets from point sources within the slit width.

Fresnel diffraction - "near-field"

Fraunhofer diffraction - "far-field" (this is simpler to analyze! )
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Calculating the Intensity of Single Slit Diffraction
(a)

(d) As in (c).,burin the limit that the sUt is
subdivided inte infitutely many stri'I)S

Slit I
width .'
a ,

~
Plane waves
incident on the slit

(b) At the center of the diffraction pattern
(point 0), the phasors fromall strips within the
slit are in phase.

Radius =
arclength/~

In the limit of many sources,
trail of phasors ~ circular sector
can get the "chord"of circular sector

{c)Phaso'( diag11lmat a poio!. sHghllyoff the
center of the pattern: f3" t()mlph~l$\lui1i'erel1ce
between the first and last phasots.

Ep . Eo sin (~/2)
(~/2)

- 10 sin (~/2) 2
(~/2)

Ep = amplitude of the resultant E field
at point P

= geometrically the "chord"of a
trail of phasors

~ = (2TT/A) a sin 8



The Double Slit Interference Pattern with Diffraction
(a) Single-slit diffraction pattern for a
slit width a

I10

~=-~~--~~~9
md = -2 Tnd = -1 0 Tnd = 1 lnd = 2

(b) Two-slit interference pattern for narrow
slits whose separation d is four times the
width of the slit in (a)

If}

~~~--~~~~~o
m. = -8 m. = -4 0 m. = 4 m. = 8I . It· I

Slit separation = 4 x slit width
d = 4a i.e. slit is "narrow"

This is the familiar interference fringes
• for Young's double slit experiment.

We had a/ways assumed narrow slits.

r = 10 cos'L-t WhUUL cf::: k 6

~

f> :;: 2(1 d 5t'nC)
If; . -y::
~
t-
>L+- Scye,e V1

But what if slits are not narrow?

Then we must factor in diffraction!



(c) Calculated intensity pattern for two slits
of width a and separation d = 4a, including

, ,

both interference and diffraction effects

Diffraction "modulates" the two-slit
interference pattern.

"Envelope" of
intensity function

() 1=

I

o

(d)Actual photograph of the pattern
calculated in (c)

two-slit interference
intensity

<p = (2TT/A) d sin 8
diffraction
factor
(envelope)"'1'-

~, ,-'
For d = 4a~·every feurth interference
maximum at the sides (mi = ±4, +8, ...)
is ,missing,

~ = (2TT/A) a sin 8


