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Fourier Optics and-BP Image
Formation
In Confocal Microscopy
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| ecture Overview

Antroduction to Fourier Transform
A-ourier Spectrum Approach of Image #D3
AContrast in Reflection and Transmission Microscopy

AEmulated Transmission Confocal Raman Microscopy

Using scanningoptical or acousticalmicroscopesit is possible to
reconstructstructureof threedimensionalobjects How the imagewe
obtainis relatedto the structureof the real object? Is it possibleto
simulate images of simpleshaped bodies obtained by optical or
acousticamicroscopes?



Puplil function

Transducer

For simulation the integral (1) we will use the Debye
approximatiorassuminghatr, << f. In the Debye approximation

in sphericalkcoordinatesystem
C UO fe- f Zﬂah, . ikr coy .- .
—_ p
F (1) =—2—— ffiPU .g)"" Y singdgd/ (1)
> 00
y
wZ whereP(d,d) is the pupil function. In cylindrical coordinate
system the integral (1) becomes
C. ufe™? Pk singcost-
. F (rp) — 02 rﬁlkzpcosy Slnmq rf)(/ ’q)elkrpschos(f fp)df (2)
A ,. 0
z (r.0.0) / o 0 °
0 T\ If the pupil function is an axially symmetrical function ,
| b P(G4,d) = P(d), then
o
| > -ikf a
7 _u fe™ 7 ik : :
o LY R == fP(@e "3, (kr sing)singdg (3
X S 0

Fig. 2. Spherical coordinate system



Examination of the twalimensional pupil function in coherent

scanning microscopes using spherical particles
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Examination of the twalimensional pupil function in coherent

scanning microscopes using spherical particles
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Fig. 2. Effect of the shape of the Pupil function of the structure
the laser beam in focus. (Courtasyitali. Prakapenka,
University ofChicago.)
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Examination of the twalimensional pupil function in coherent

scanning microscopes using spherical particles
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Left. Experimentalmage of the pupil function of the ELSAM 400 MHz lens. Image
was obtained by imaging a steel sphéwse=334), focusing at half radius of the sphere
Right. Experimentalmage of the pupil function with a pencil leadtive raytube,ka=
375, plane scan a&=a/2 (From Weise, W. et alJ. Acoust Soc. Am104, 181 (1998))



Determination of the point spread function of a confocal reflection microscope by

iImaging of a sphere

transducer
101 e ' R
( Z:/O ) X5
kR O, : "
virtual
transducer
X1
0 40 Fig.2. Imageformationwhenfocussingnearthe
kR centerof the spherein paraxialapproximation
the reflectedfield seemsto originate from an
Fig. 1. xz scan through a steel sphere for emitter transducer opposite to the receiver
reflection microscope (OXSAM). transducer
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Determination of the defocused transfer function of a confocal reflection

microscope by imaging of a sphere

emitter/detector

Fig. 1. Scanningpath (dashedline)
for OTF measurementThe solid line
represents the surface of sphere
(From P. Zinin, W. Weise, et al.,
ADet er miofn the idefatused
transfer function of a confocal
.\ reflectionmicroscopeby imagingof a /

%\ s p h eQpikd 07, 45(1997). oo

scannin g
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\l centre of
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Fig. 3. DefocusedOTF obtainedin the LFM by scanningalong an arc at
different defocusingpositionsZ. Defocusingis normilized by w - kZsim.
Solid line for w : O, dottedfor w = 3, dashedor to : w = 6, dashdotted for
tow = 8.
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Fig. 2. r-z scanthrough the top surfaceof steel sphere
obtained by reflection microscope (LFM). Z - O
corresponds$o focusingon thetop of thesphere

Fig. 4. Calculated defocused assumes to be rectangul
a fig.4. OTF (LFM). The pupil function25". Notation
is the same as in



Determination of the defocused transfer function of a confocal reflection

microscope by imaging of a sphere

The MTF can be calculatedas the magnitudeof the Fourier transform of the PSF or as an
autocorrelatiorof the pupil function Notethata diffraction limited imagingsystembehavessa low
pasdfilter thatreproduce$ow spatialfrequenciesvith highercontrasthanhighfrequencies
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lllustration of the optical transfer function and its relation to image quality. The optical transfer
function of a wellfocused (a), and an eof-focus optical imaging system without aberrations (d).
As the optical transfer function of these systems is real and@gative, the optical transfer
function is equal to the modulation transfer function by definition. Images of a point source and
spoke target are shown in (b,e) and (c,f), respectively (Wikipedia).



Point Spread Function

axial resolution
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Calculatedlateral and axial resolutionsof
an SAM operatingat 1 GHz (o= 1.5 O m)
as a function of the apertureangle a.
Waterwaschosenmasthe immersionliquid

Definition: The point spreadfunction for simulations

(PSF) describesthe responseof an
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How a Confocal Image is Formed

Confocal microscope
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Widefield versusconfocal microscopyillumination volumes,demonstratinghe differencein size
betweempoint scanningandwidefield excitationlight beams



Point Spread Function of Confocal Laser Microscope

PFQ. (% ¥ 2= PFR( Xy XT PRX ,Xy)
In reflection microscope
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3-D imaging in Confocal Optical Microscope

Widefield Confocal

Comparison of axial £z) point spread functions for widefield (left) and confocal
(right) microscopy (from Claxton, Fellers, Davids@unfocal Microscopy



Confocal Acoustic Microscope

Theacoustiomicroscopeaevasdevelopedasatool for studyingthe internalmicrostructureof
nontransparengolids or biological materials In acousticmicroscopy,a sampleis imaged

by ultrasound waves, and the contrastin reflection furnishesa map of the spatial
distributionof the mechanicaproperties

_ Radio Frequency Electronics

Swich
- - —_ o Amplifier
Pulse generator

The schematic diagram of the combined optical and acoustic microscope (Weiss, Lemc
al., [IEEE Trans. Ultrason. Ferroelectr. Freq. Contr., 54 2257, 2007).Right: A photograpt
the combined optical (Olympus 1X81) and tiresolved scanning acoustic microscope,
SASAM, Fraunhofetnstitute for Biomedical Technology, St. Ingbert, Germany



Time-Resolved Acoustic Microscope

Vit)

transducer

bufter rod

spherical cavity

coupling liquid

Figurel. The setupfor the quantitativetime-resolvedacousticmicroscopy t; is
the travel time of the echofrom the substratewithout sample.t, is the travel
time of the echofrom the mediumcell interface.t, is the travel time from the

echoof thecell substratenterface
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RF-scan of HelLa cells

30 ym (a) |

=25.5 dBmax

. B-scan taken at the Intensity of the first echo
Acoustical image taken

nfocusg= 0 O m)horizontal line crossing the reflected from the top of
- central bump of the cell  cell.
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Super resolution with STED Microscopy

Comparisonof widefield
and STED images of
microtubulesstainedwith
Alexa Fluor 594
demonstratehe increased
spatialresolutionafforded
by pointspread function
engineeringnethodology

A typical STED optical train configurationis presentedhowingthe phaseplate, excitationand depletionlasers(red
and green beams, respectively), dichromatic mirrors, tube lens, and objectiveExcitation and depletion are
accomplishedvith synchronizedaserpulsesthat arefocusedby the objectiveonto the specimerplane Fluorescence
emissionis registeredbn a photomultiplierdetector(not shown) Thefocal spotsproducedby the STED anddepletion
lasersare simulatedasgreenandred patternsyespectively The greenlaserexcitationspotis superimposeon thered
STED depletionlaser profile to dramatically reducethe size of the effective pointspreadfunction (http://zeiss
campusmagneffsu.edu/articles/superresolution/introductiotml)



