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structure

1. today: in-person lecture;

2. Thursday: experiments
(handouts/data provided);
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Interferometry

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

2. wave interference and interferometry;

3. interferometric imaging;
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physics of optical imaging
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why optical imaging?
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-’ You can observe
~aaia lot by watching"

— Yogi Berra




why optical imaging?
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why optical imaging?
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the beginning....
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Antony van Leeuwenhoek (1632-1723)

qood bad
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the beginning....

"In the year of 1657 1
discovered very small
living creatures in rain
water."

Antonie van Leeuwenhoek
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the present....

oL 4 [)y;mnu'z'al Theory of the Electromagnetic Field. ByJ. Cerk MAXWELL, FRS.
Reotivéd October 27,—Read December 8, 1864.

PART I—INTRODUCTORY.

1) Ta most obvious mechanical ph in electrical and magnetical experiments
i the mutual action by which bodies in certain states set each other in motion while
4l ot » sensible distance from each other. - The first step, therefore, in reducing these
phenomena into scientific form, is to.ascertain the maguitude and direction of the force
acting between the bodies, and .when it is found that this force depends in a certain
way upon the relative position of the bodies and on their electric or magnetic condition,
it seems at first sight natural to explain the facts by assuming the existence of some-
thing either at rest or in motion in each body, ituting its electric or magnetic state,
wd capable of acting at a distance according to mathematical laws.

In this way mathematical theories of statical electricity, of magnetism, of the mecha-
sical action between conductors carrying currents, and of the induction of currents have
been formed.  In these theories the force acting between the two bodiesis treated with
wfernce only to the condition. of. the bodies and their relative position, and without
wy express consideration of the surrounding medium.

These theories assume, more or less explicitly, the existence of substances the parti-
cles [of which have the property of acting on one another at a distance by attraction
or repulsion. The most complete development of a theory of this kind is that of
M. W. Weser*, who has made the same theory include electrostatic and electromagnetic
phenomena.

In doing so, however, he has found it necessary to assume that the force between
two electric particles depends on their relative. velocity, as well as on their distance.

This theory, as developed by MM. W. Weser and C. Nguaasxt, is exceedingly
ingenious, and wonderfully comprehensive in its application to .the. phenomena of
statical electricity, electromagnetic attractions, induction of currents and diamagnetic
phenomena; and it comes to us with the more authority, as it has served to guide the
speculations of one who has made so great an advance in the practical part of electric
xience, both by introducing a consistent system of units in electrical measurement, and
by ectually determining electrical quantities with an accuracy hitherto unknown.

840, and Tavwon's Scientific Memoirs, vol.v.

mische Masssbestimmungen. Leipsic Trans.
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https://www.olympus-lifescience.com/fr/microscope-resource/primer/anatomy/components
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the present....

https://doi.org/10.1093/neuros/nyx322
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the present....
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the present....

Eyepiece

)

Objective

Intermediate

https://onlinelibrary.wiley.com/doi/epdf/10.1002/0pph.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....

OBJECT

DI.

IMAGING LENS

Ty
Lt

L}

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 vyielding a distinct Airy pattern shown in the figure.
Which objective (a, or b) exhibits a larger aperture?

ll ©)

- (a) exhibits the larger aperture since it diffracts the transmitted light to a lesser degree. In contrast, b
yields larger and overlapping Airy patterns.

' (b)
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the resolution limit....

Quiz 4: . (b)
Which objective a or b yields higher resolution? | | (a)

- (a), the larger aperture one.

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



the resolution limit....

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: L
0.61-A
d= ——— (@) ®
n - sin(p)
—_ﬂ

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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interferometry

wave 1: E; = E, - el'(®1 - o)

wave 2: E, = E, - el'(®2- @1

constructive interference
for @:-¢2=2-1m - n, with n ={0,1,2,...}
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interferometry

wave 1:E; = E, - e'(®1 - @1

wave 2:E, = E, - el'(®z2~®1)

destructive interference
for @i-@2 =1 (2 - N+1)

e
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interferometry

/mirror:
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interferometry
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tricking light — transmission
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tricking light — transmission

C C c/n c/n
N
2T 2-T-n 2-1-An
Po=—— = — Pr=—F— — A =——
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interferometry
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interferometry

s

End-station @ 4 km-

Mid-station @ 2 km
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interferometry
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Interferometric imaging
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interferometry — imaging by transmission
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tricking light — transmission

Eyepiece

Infinity Space
< ity op
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interferometry —imaging by transmission

interferometric imaging
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interferometry —imaging by transmission

transmission interferometric
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tricking light — transmission

spatial light modulator (d(x,y))

camera

1(x,3:0) =|Us| +|U, (e, 9| + 2|0, ||U, (%, )| cos[Ag(x, )} @]
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tricking light — transmission

spatial light modulator (d(x,y))

camera

1(x,3:0) =|Us| +|U, (e, 9| + 2|0, ||U, (%, )| cos[Ag(x, )} @]
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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 4 groups of 2

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 ym and we used a 63x objective at A = 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?

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



home | news | docs | download | plugins | resources | list | links

Imaged

| | Search |

Image Processing and Analysis in Java

Features

Release Notes
Documentation

Download

Run ImageJ in Browser! New
Plugins

Developer Resources
Mailing List

Links

o 0o 0o o 0o 0 O o ©

Support is available on the mailing list and on the image.sc
forum. Disclaimer

Vulnerability Disclosure

[° (Fiji Is Just) Image) — O *
File Edit Image Process Analyze Plugins Window Help
|c|ol /4| +]NA]a|o] 4 D«\sw\wr\ﬁ\ﬂ&\ |

Command finished: There are updates available

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

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

how to use: https://www.youtube.com/watch?v=xXE7MBIWJIc
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