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1. today: in-person lecture;

2. Thursday: experiments 

(handouts/data provided); 
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structure



1. Physics of Optical Imaging (an intro to…);

2. wave interference and interferometry;

3. interferometric imaging;

interferometry
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physics of optical imaging
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why optical imaging?
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why optical imaging?
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why optical imaging?
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sources…
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Antony van Leeuwenhoek (1632-1723)

the beginning….

http://www.ucmp.berkeley.edu/history/leeuwenhoek.html PHYS- 411, A. E. Vasdekis 
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the beginning….
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the present….

https://www.olympus-lifescience.com/fr/microscope-resource/primer/anatomy/components

James Clark Maxwell

𝜕2E
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= 𝜇𝑜 ∙ 𝜀𝑜 ∙

𝜕2E
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E, B orthogonal oscillating waves

travelling wave velocity

momentum

energy
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the present….

http://spie.org/newsroom/5170-shrinking-optical-endoscopes?ArticleID=x103748&SSO=1
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the present….

https://www.olympus-lifescience.com/fr/microscope-resource/primer/anatomy/components
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the present….

https://onlinelibrary.wiley.com/doi/epdf/10.1002/opph.201600002 PHYS- 411, A. E. Vasdekis 
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the resolution limit….

Quiz 1: 

What happens when a light wave passes through a narrow 

aperture?

→ light will diffract. According to the Huygens-Fresnel principle, every point on a light wave(front)

acts as a source of wavefronts that interact with neighboring ones. As such, wavefronts at the

edges of the slit generate new wavefronts at various directions (light bending at the slit’s edges).
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the resolution limit….

Quiz 2: 

Back to the aperture, when does light diffract more, when 

passing through a small or large aperture? 

→ smaller...
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the resolution limit….

similar effects occur when light passes

through a lens (all lenses or objectives

are/have apertures) results in a ring shaped

diffraction pattern, the Airy disk pattern.

the smaller the aperture of a lens the greater

the diffraction mediated ‘spreading’ of light.
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the resolution limit….

Quiz 3:

Two spherical objects are sitting on a transparent substrate at

distance d. We use two different objectives to image them,

each yielding a distinct Airy pattern shown in the figure.

Which objective (a, or b) exhibits a larger aperture?

→ (a) exhibits the larger aperture since it diffracts the transmitted light to a lesser degree. In contrast, b

yields larger and overlapping Airy patterns.

(a)

(b)
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the resolution limit….

Quiz 4:

Which objective a or b yields higher resolution?

→ (a), the larger aperture one.

(b)

(a)
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the resolution limit….

d =
0.61 ∙ λ

n ∙ sin(μ)

Rayleigh’s criterion

Two neighboring points of an object are distinguishable

if the main intensity peak from one point is located on

the first dark fringe of the second point’s Airy pattern.

This is satisfied for distances ‘d’ equal or greater than:

https://micro.magnet.fsu.edu/primer/anatomy/numaperture.html

d can never be smaller than ~200nm unless we ‘trick’ light
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interferometry
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wave 1: E1 = Eo ∙ e
i∙(φ1 −ω∙t)

wave 2: E2 = Eo ∙ e
i∙(φ2 −ω∙t)

constructive interference 

for φ1-φ2 = 2·π · n, with n = {0,1,2,…}

interferometry
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wave 1:E1 = Eo ∙ e
i∙(φ1 −ω∙t)

destructive interference 

for φ1-φ2 = π (2 · n+1)

wave 2:E2 = Eo ∙ e
i∙(φ2 −ω∙t)

interferometry
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laser

camera

mirror

mirror

beam-splitter

path 1

path 2

interferometry
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interferometry
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cccc

tricking light – transmission
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n

c/nc/ncc

ϕo =
2 ∙ π

λ
ϕ1 =

2 ∙ π ∙ n

λ
Δϕ =

2 ∙ π ∙ Δn

λ

tricking light – transmission
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interferometry
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interferometry

PHYS- 411, A. E. Vasdekis 
University of Idaho, 2022



interferometry
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interferometric imaging

PHYS- 411, A. E. Vasdekis 
University of Idaho, 2022



transmission-brightfield

https://www.olympus-lifescience.com

5 µm

interferometry – imaging by transmission
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tricking light – transmission
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interferometric imaging

https://www.olympus-lifescience.com

5 µm

interferometry – imaging by transmission
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transmission interferometric
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interferometry – imaging by transmission
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tricking light – transmission
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tricking light – transmission
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tricking light – transmission

label-free organelle detection

(PLoS ONE 2021)
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tricking light – transmission

label-free cell detection, H.

Alanazi Cytometry A (2017)
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THURSDAY

EP305: 1:30 pm – 2:30 pm

Questions to answer in your report:

[1] Which one, “image1_a” or “image1_b” is an intensity image and which one is a phase image?

[2] Using image2, determine the diameter of the particle and its refractive index (camera pixel size 

is 3.65 μm and we used a 63x objective at λ = 550 nm)?

[3] Can you determine if the two particles are made of the same material in image3?

[4] Can you determine if the four particles are made of the same material in image4?

4 groups of 2



PHYS- 411, A. E. Vasdekis 
University of Idaho, 2022

download: https://imagej.nih.gov/ij/download.html

how to use: https://imagej.nih.gov/ij/docs/index.html

how to use: https://www.youtube.com/watch?v=xXE7MBiWJIc

https://imagej.nih.gov/ij/download.html
https://imagej.nih.gov/ij/docs/index.html
https://www.youtube.com/watch?v=xXE7MBiWJIc

