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10.2.3 Fraunhofer Diffraction 
by many Slits
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Many Slits
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10.2.4 2D Aperture

𝐸 = 
ℇ𝐴
𝑟
𝑒𝑖(𝑘𝑟−𝜔𝑡)𝑑𝑆
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Rectangular Aperture
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Rectangular Slit

𝐼 = 𝐼0 sinc
2 𝛽𝑥 sinc
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) sin 𝜃𝑥,𝑦
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Rectangular Slit
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Circular Aperture
𝐸 ≅
ℇ𝐴
𝑅
𝑒𝑖 𝑘𝑅−𝜔𝑡  𝑒−𝑖𝑘 𝑋𝑥+𝑌𝑦 /𝑅𝑑𝑆

𝑥 = 𝜌 cos𝜙 𝑦 = 𝜌 sin𝜙

X= 𝑞 cosΦ Y= 𝑞 sinΦ
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The Bessel function (of the first kind) of order zero
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Airy Disk𝐼0
𝐽1 𝑘𝑎 sin 𝜃
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Airy Disk 𝐼0
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Optical Imaging, Diffraction 
Limit, & Resolution

 Wave Nature of Light

Image Resolution

 Sensor resolution (pixel resolution)

 Spatial resolution
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Optical Imaging
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Optical Imaging 
Principle

Geometric Optics:  point (object plane)  point (imaging 
plane)

Object
Image
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Imaging Resolution: How 
small are we able to see?
Remember: light is wave!

Wave Optics:  point (object plane)  spot (imaging plane)

Object
Image

For illustration, we set image amplification as 1 to show the resolution.  
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How small can we make 
a light spot? 

2D ideal sizeless point at (x, y): 
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=
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However…
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1D

𝛿 𝑥 =
1

2𝜋
 
−∞

+∞

𝑒𝑖𝑘𝑥𝑑𝑘

Let’s start with 1D case for simple math

𝑠 𝑥 =
1

2𝜋
 −2𝜋/𝜆
+2𝜋/𝜆
𝑒𝑖𝑘𝑥𝑑𝑘=
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2𝜋𝑥

𝜆
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𝜆
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x/

P(x)/P(0)

FWHM=0.44

k2/-2/
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2D

kx

ky

2/
𝑠 𝜌 =

𝐽1(2𝜋𝜌/𝜆)

𝜌

𝜌 = 𝑥2 + 𝑦2

𝐽1(2𝜋𝜌/𝜆): Bessel function of the first kind, order 1

𝑃 𝜌 = 𝑠 𝜌 2 =
𝐽1(2𝜋𝜌/𝜆)

𝜌

2

/
FWHM=0.5

Airy disk pattern

//upload.wikimedia.org/wikipedia/commons/1/14/Airy-pattern.svg
//upload.wikimedia.org/wikipedia/commons/1/14/Airy-pattern.svg
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A Real Imaging System 
with Numerical Aperature

(NA=nsin) 
Object

Image



R=D/2

𝑘𝑥
2
+ 𝑘𝑦

2
≤
2𝜋

𝜆

2

sin2 𝜃 =
2𝜋

𝜆
sin 𝜃

2

FWHM=0.5 /sin = /(2sin)

By replacing  with /sin , we get 

Further including the refractive index n of the imaging medium (/n), we obtain

FWHM=Abbe Resolution= /(2nsin)=/(2NA)
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A Real Imaging System 
with Numerical Aperature (NA) 

NA=nsinn

FWHM=/(2NA) /(2n)  /2 in air

Optical microscope (: 400 nm – 1000 nm): 
best achievable resolution is 200 nm 
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Optical Microscope

Nikon inverted microscope
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Magnification vs. 
Resolution

In principle, one can achieve a magnification as large as possible 
by combining different lenses (then the FWHM of the image spot 
we discussed previously should also multiply the same 
magnification factor). There is a limit to the resolution no matter 
how big the magnification is. This is because light is wave.

d=/(2NA) 200 nm for visible light

Diffraction Limit


