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2.3 Diffraction



2.3.1 Huygens Principle

single spherical wave 500 spherical waves Intensity



2.3.2 Single Slit
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Single Slit Diffraction - Circular Aperture

circular aperture
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Single Slit Diffraction - Circular Aperture



Resolution of a Microscope
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Diffraction Limit - Optical Microscopy

single PS particle with  600 nm emission
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Microscope Resolution - Abbe



Application Holographic Microscopy



Diffraction Grating
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Diffraction Grating
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Diffraction Grating
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Diffraction Grating - Spectral Resolution

λ1 = 532 nm λ2 = 537 nm
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Fresnel Zones

10.6.2 Fresnel’s Zone Plate

The result of the foregoing section can be utilized to concen-
trate more light onto the observation pointP, as is possible with
the simple circular aperture in Fig. 10.49a. For this purpose
one uses instead of the screen a glass plate where opaque cir-
cular rings are vapor deposited which block all Fresnel zones
with odd zone number m (Fig. 10.52). This arrangement
transmits the light from all zones with even m. in the series
(10.59a). Therefore only terms with the same sign appear
which are all in phase. This eliminates destructive interference.

Such an arrangement is called Fresnel’s zone plate. The
diameter and the width of the transmitting rings depend on
the distance LP and on the distance r0 between zone plate
and observation point P. As can be inferred from Fig. 10.51
the radius of the mth zone for r0 ! m " k is obtained from
the relation q2m ¼ ðr0 þm " k=2Þ2 ' r20 ) q2m ¼ r0mkþ
m2k2=4. With r0 ! m " k this can be simplified to

qm ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mr0 " k

p
: ð10:64Þ

The width of the mth zone

Dqm ¼ qmþ 1 ' qm

¼
ffiffiffiffiffiffiffi
r0k

p ffiffiffiffiffiffiffiffiffiffiffiffi
mþ 1

p
'

ffiffiffiffi
m

p" # ð10:65Þ

decreases with increasing m. However, the area of the zones

Am ¼ pðq2mþ 1 ' q2mÞ ¼ pr0k ð10:66Þ

is the same for all zones.

Such a zone plate acts as a lens that collects light
which is incident onto the plate within a certain an-
gular range (Fresnel lens).

If r0 is the distance of the pointP from the center of the zone
plate, then all points of the mth zone have the distance r = r0
+m " k/2. from P. When the zone plate is illuminated with a
parallel light beam from the left side in Fig. 10.52, the sec-
ondary waves in all “open” zones are excited in phase. Since
the path ways from the open zones differ by k between adja-
cent open zones all secondary waves arrive in P with equal
phase, the point P is therefore the focal point of the incident
wave and the focal length f ¼ r0 is obtained from (10.64) as

f ¼ q2m
m " k ¼ q21

k
: ð10:67Þ

The focal length of a Fresnel zone plate is given by the
radius q1 of the first zone and the wavelength k. A zone plate
therefore has a wavelength-dependent focal length.

Such zone plates that represent lenses have gained
increasing importance for imaging wavelength ranges where
no transparent material for classical lenses is available. This
applies in particular to the X-ray region where zone plates
are the only possible lenses. Glass or quartz lenses not only
absorb X-rays but have also a refractive index n ( 1 which
implies that their focusing properties are nearly zero.

The experimental realization of Fresnel lenses for X-rays
uses a thin foil, transparent for X-rays. The opaque zones are
realized by vapor deposition of heavy metals [12]. Special
Fresnel lenses with zones that are transparent for atoms are
also used for focusing mono-energetic atomic beams (see
Vol. 3).

10.7 General Treatment of Diffraction

We will now discuss a general way how to describe and
calculate diffraction by apertures or obstacles of arbitrary
form. Although such calculations are often only possible with
numerical methods, the simplified version of the Fresnel-
Kirchhoff diffraction theory, represented here, can give a
better insight into the basic ideas of the Fresnel diffraction.

10.7.1 The Diffraction Integral

We regard in Fig. 10.53 an arbitrary hole with the area r in a
screen, which is placed in the x-y-plane at z ¼ 0 and which is
illuminated by a light wave. We will calculate the intensity
distribution in the x′-y′-plane at z ¼ z0 (observation plane).
The electric field amplitude can be described by

ESðx; yÞ ¼ E0ðx; yÞ " eiuðx;yÞ ð10:68Þ

A point-like light source placed at L = (0, 0, −g) emits its
radiation with the amplitude A uniformly into all directions
(Fig. 10.53b). At the position of the screen we get the
amplitude

f = r0

zone plate

P

rm= r0+ m · λ/2

Fig. 10.52 Fresnel’s zone plate
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Fresnel Zone Plate



Fresnel Zone Plate
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