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Abstract

This thesis provides an in-depth exploration of Light Sheet Fluorescence Microscopy
(LSFM), from its historical development to practical applications, focusing on construct-
ing an efficient LSFM system. Initially, the work covers the fundamental principles
and step-by-step guide to building an LSFM setup, highlighting its advantages for non-
invasive, high-resolution 3D imaging of biological samples. The study then advances
into photostimulation, integrating a Digital Micromirror Device (DMD) to allow precise,
targeted illumination for photoactivation of specific regions within the sample.

The final sections demonstrate the versatility of LSFM through applications involving
Arabidopsis thaliana and Hydra vulgaris. In Arabidopsis thaliana, LSFM reveals insights
into calcium oscillations and growth in root hairs, showing differences between wild-type
and mutant. The photostimulation capabilities of the system are utilized in the study
of plants that express channelrhodopsin, providing a controlled method to study light-
induced activation. Finally, the response of Hydra vulgaris to heat and infrared stimuli
is analyzed, offering potential for future studies on neural adaptability and regenerative
biology.

Overall, this work not only serves as a guide to building and enhancing LSFM sys-
tems but also underscores the potential of LSFM to deepen our understanding of complex
biological responses, setting a foundation for future innovations in live imaging and pho-
tostimulation research.

Keywords: LSFM, photostimulation, Arabidopsis thaliana, Hydra vulgaris
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Abstract in lingua italiana

Questa tesi o�re un'analisi approfondita della Ligth Sheet Fluorescent Microscopy (LSFM),

tracciandone l'evoluzione storica e descrivendone le applicazioni pratiche, con un appro-

fondimento sulla progettazione di un sistema LSFM. Nella prima parte, vengono presentati

i principi fondamentali e una guida dettagliata alla costruzione di un setup LSFM, eviden-

ziando i vantaggi di questa tecnica per l'imaging tridimensionale non invasivo e ad alta

risoluzione di campioni biologici. Successivamente, lo studio esplora l'implementazione

della fotostimolazione tramite l'integrazione di un Digital Micromirror Device (DMD),

che consente un'illuminazione precisa per la fotoattivazione di speci�che aree del campi-

one.

Le sezioni �nali mostrano la versatilità della LSFM attraverso applicazioni suAra-

bidopsis thalianae Hydra vulgaris. Nei campioni diArabidopsis thaliana, la LSFM è stata

utilizzata per osservare le oscillazioni del calcio e la crescita dei peli radicali, mettendo in

luce le di�erenze tra il wild type e i mutanti. Le capacità di fotostimolazione del sistema

è stata utilizzata nello studio di piante che esprimono la channelrhodopsin, o�rendo un

metodo controllato per lo studio dell'attivazione indotta dalla luce. In�ne, viene esami-

nata la risposta diHydra vulgaris a stimoli termici e infrarossi, aprendo nuove prospettive

per lo studio dell'adattabilità neurale e della biologia rigenerativa.

Nel complesso, questo lavoro non solo funge da guida per la costruzione e l'ottimizzazione

dei sistemi LSFM, ma ne evidenzia anche il potenziale per migliorare la comprensione delle

risposte biologiche complesse, ponendo le basi per futuri sviluppi nella ricerca sull'imaging

dal vivo e sulla fotostimolazione.

Parole chiave: LSFM, fotostimolazione,Arabidopsis thaliana, Hydra vulgaris
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Introduction

In recent years, Light Sheet Fluorescence Microscopy (LSFM) has emerged as a ground-

breaking technique in the �eld of biological imaging. By decoupling the illumination and

detection paths and using a thin sheet of light, LSFM enables high-resolution, three-

dimensional imaging of living specimens with minimal photodamage. Its ability to image

large volumes rapidly, while reducing phototoxicity and photobleaching, makes it partic-

ularly well-suited for long-term studies of dynamic biological processes.

The origins of LSFM can be traced back to the early 20th century, but the method

gained signi�cant traction with the development of Selective Plane Illumination Mi-

croscopy (SPIM) in the early 2000s. SPIM revolutionized biological microscopy by al-

lowing researchers to visualize entire organisms in vivo, capturing intricate details of

cellular structures and activities over extended periods. Since then, LSFM has been

widely adopted in various �elds, including developmental biology, neuroscience, and plant

research.

This thesis aims to provide a comprehensive overview of LSFM, beginning with its

historical development and the principles behind its operation. The early sections detail

the steps required to build a functioning LSFM set-up, o�ering insights into key opti-

cal components and system con�gurations. The focus then shifts to enhancing the basic

system with advanced capabilities for photostimulation, achieved through integrating a

Digital Micromirror Device (DMD). This addition allows for the precise targeting of spe-

ci�c regions within the sample for light-induced activation, paving the way for controlled

studies on biological processes.

To demonstrate the versatility and capabilities of LSFM, this thesis presents practical

applications involving Arabidopsis thaliana root hairs and Hydra vulgaris. We begin by

examining root hair growth and calcium dynamics. Although the growth behavior ofAra-

bidopsis thalianaroot hairs has been well documented, our study extends this work by

focusing on genetically modi�ed plants lacking a speci�c gene. Using LSFM, we analyzed

both wild-type and mutant plants, revealing subtle physiological di�erences. We also

investigated the use of channelrhodopsin to induce light-activated neural responses, uti-
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lizing photostimulation to observe plant cell behavior under controlled conditions. Known

responses of guard cells to photoactivation were replicated to con�rm the system's relia-

bility, with the aim of extending this approach to explore root hair responses.

Lastly, we extend the system's capabilities by studyingHydra vulgaris, a simple or-

ganism with remarkable regenerative and neural properties. Through targeted heat and

infrared stimuli, we investigate the neural responses of Hydra, opening new possibilities

for future research on neural plasticity and adaptability.

This thesis not only serves as a guide to constructing and re�ning an LSFM system

but also highlights its vast potential in expanding our understanding of complex biolog-

ical systems through non-invasive imaging and photostimulation techniques. As LSFM

continues to evolve, it promises to remain an invaluable tool for researchers in a wide

range of biological disciplines.
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microscopy

Light-sheet �uorescent microscopy (LSFM) is nowadays a well-established technique for

the study of biological samples. Although it began as a relatively modest technique in the

pre-laser era, LSFM has gained signi�cant attention and re�nement over recent decades,

evolving alongside advancements in laser technology and imaging.

This chapter begins with a comparison of LSFM and other microscopy techniques,

highlighting the unique advantages and limitations of LSFM in biological research. Fol-

lowing this, a concise historical overview traces the development of LSFM, showing how

technological progress has shaped its applications. Finally, the chapter concludes with a

section on LSFM characterization, focusing on its resolution capabilities and detailing the

factors that in�uence imaging quality.

1.1. LSFM innovation

Light Sheet Fluorescence Microscopy (LSFM) o�ers an alternative to wide�eld and

confocal microscopy.

In a wide�eld, or epi�uorescent, microscope, the entire sample is illuminated with light

at a speci�c wavelength, exciting �uorescent molecules within the �eld. This technique is

excellent for generating 2D images, as it captures the entire �eld of view at once, allowing

for fast acquisition and visualization of �uorescent molecules' locations and intensities.

However, wide�eld microscopy lacks optical sectioning, making it unsuitable for imaging

thick or highly scattering samples. Also, as it illuminate a wide area there is the risk of

high background.

To address this limitation, confocal microscopy was developed. Confocal microscopy

adds a pinhole to the optical path to exclude out-of-focus light, improving optical section-

ing and image quality. In this setup, light is focused on a speci�c point in the sample, and

a pinhole in the detection path �lters out-of-focus �uorescence, capturing only the central
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Figure 1.1: Image generation in wide�eld epi�uorescence A) and confocal B) microscopes.

[1]

spot of the Airy disk. Since only one point is illuminated at a time, scanning over a grid

is required for 2D or 3D imaging. This raster-scanning process is slow, making it chal-

lenging to capture dynamic events. While confocal microscopy o�ers high-resolution, thin

optical sectioning and allows for non-invasive, serial imaging of thick, intact specimens,

its point-by-point illumination also increases photobleaching and phototoxicity.

In LSFM, the illumination and detection paths are orthogonal, optimizing photon col-

lection by minimizing out-of-focus �uorescence. Unlike traditional wide�eld and confocal

microscopes, where the illumination and detection cones extend axially, causing signif-

icant out-of-focus excitation, LSFM illuminates only a thin plane of the sample. This

planar illumination reduces out-of-focus �uorescence, increasing the signal-to-noise ratio

(SNR) and reducing sample exposure. Lower illumination intensities can be used with

LSFM, allowing for high frame rates over extended periods with minimal photobleaching

and phototoxicity.

By scanning the light sheet or the sample along the axial direction, LSFM enables rapid,

minimally invasive 3D imaging. This axial con�nement of illumination makes LSFM well-

suited for long-term imaging of live samples, allowing for detailed observation over days

or even weeks.

However, light sheet �uorescence microscopy (LSFM) can be challenging to implement.

First, it typically requires two or more objectives, which increases both the dimensional

complexity and the cost of the setup. Additionally, the sample must be held vertically,
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(a) LSM (b) Epi�uorescence

Figure 1.2: Comparison of light sheet and traditional episcopic illumination [2]

necessitating non-standard sample preparation protocols. This contrasts with decades

of procedures that involve placing samples on glass slides. Aligning the technique can

be complex and requires a well-planned work�ow to handle the large amounts of data

generated.

The �elds that bene�t signi�cantly from LSFM include developmental biology/embry-

ology, neurobiology, drug discovery, plant biology, and more.

1.2. LSFM history

The idea of light-sheet �uorescent microscopy came in 1902 when Richard Zsigmondy

and his colleague Henry Siedentopf developed a technique called ultramicroscopy [3]: they

used a thin sheet of light to illuminate colloidal particles, allowing for the visualization

of objects below the di�raction limit of light. However, it was only in the 1990s and
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early 2000s that researchers started to use this method for the study of biological sam-

ples, and it has garnered increasing interest ever since. The success of this technique is

due to the decrease in photobleaching, phototoxicity, and the need for high resolution in

three-dimensional structures. In 2004, Jan Huisken and his team at the European Molec-

ular Biology Laboratory (EMBL) made signi�cant progress with the creation of selective

plane illumination microscopy (SPIM) [4], another name for Light Sheet Fluorescent Mi-

croscopy (LSFM). This technique enabled 3D imaging of living samples for extended

durations while minimizing sample damage. Since then, numerous adaptations of light-

sheet �uorescent microscopy have emerged, enhancing resolution, sample compatibility,

and imaging depth. [2]

Figure 1.3: History of Light-sheet �uorescent microscopy

The innovation brought about by LSFM was the decoupling of the illumination and

detection optical pathways and the use of a sheet of light. What biologists sought was a

system that could sample entire organisms, enable 3D imaging of cultures with minimal

perturbation, and avoid light-induced photodamage and phototoxicity. LSFM demon-

strated to be an excellent technique that satis�es the needs of the biologist.

1.3. Light-sheet characterization

The working principle of a light-sheet microscope is straightforward: it is well known

that when a collimated laser passes through a spherical lens, it focuses at a single point

(at the lens's focal length). However, with a cylindrical lens, all directions except one are

focused, resulting in the formation of a thin sheet of light.
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It is impossible to create a perfectly planar light sheet; it can only be approximated

over a given range. In fact, the sheet of light is a Gaussian beam characterized by the

beam waist and the Rayleigh length.

Figure 1.4: Gaussian beam

The beam waistw0 is the measure of

the beam size at the point of focusz = 0,

it is given by

w0 =
�

�NA
(1.1)

where� is the wavelength of the beam and

NA is the numerical aperture. In optics,

the numerical aperture (NA) of an optical

system is a dimensionless value that de-

�nes the range of angles from which the system can e�ectively gather or emit light. At

a given positionz along the beam measured from the focus, the spot size parameterw is

given by

w(z) = w0

s

1 +
�

z
zr

� 2

(1.2)

wherezr is the Rayleigh length and it is de�ned as the distance from the center to where

the beam size is
p

2w0; after some calculation it is possible to show that

zr =
�w 2

0n
�

=
b
2

(1.3)

with n the refractive index of the medium where the beam is.

Figure 1.5: Numerical Aperture

The dimensions of the sheet are then given by

twice the beam waist and twice the Rayleigh dis-

tance b. The beam waist de�nes the axial resolu-

tion of the system, while the confocal parameterb

de�nes the distance through which the sheet can be

said to provide near-homogenous planar illumina-

tion, and thus the maximum usable lateral extent

of the light sheet in the direction of propagation.

Notice that by acting on the dimension of the

beam impinging on the objective it is possible to re-

duce the beam waist and consequentially decrease

the confocal parameter leading to a more precise
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but less homogenous sheet of light, so a trade of between the two must be done. In fact,

the numerical aperture (under the paraxial approximation) can be shown to be

NA = nsin(� ) � n
D
2f

(1.4)

whereD is the diameter of the entrance pupil andf is the focal length of the illumination

optics.

For what we have said until now the axial resolution of the LSFM is determined by

twice the beam waist. However we must remember that with this technique we scan a

3D samples. Then, we must consider the Nyquist-Shannon sampling theorem for which

the sampling rate must be at least twice the highest frequency (or smallest feature) of the

signal to prevent aliasing. Therefore, the axial resolution of the system is ultimately set

by the acquisition step size that complies with the sampling theorem.

An imaging system's resolution can be limited by either aberrations or di�raction, both

of which degrade image quality but stem from di�erent causes. Aberrations are explained

by geometrical optics and can, in theory, be minimized by improving the optical quality

of the system. Di�raction, on the other hand, arises from the wave nature of light and is

in�uenced by the �nite aperture of the optical components. The circular aperture of a lens,

for example, functions like a two-dimensional version of a single-slit experiment. Light

passing through the lens interferes with itself, creating a ring-shaped di�raction pattern,

known as the Airy pattern, assuming the transmitted light's wavefront is spherical or

planar over the exit aperture.

The combined e�ect of di�raction and aberration is described by the point spread

function (PSF). The PSF represents the response of a focused optical system to a point

source, more generally known as the system's impulse response or impulse response func-

tion (IRF). In systems with narrower apertures, the PSF is more signi�cantly a�ected by

di�raction. In Light Sheet Fluorescence Microscopy (LSFM), the Point Spread Function

(PSF) is a key factor in determining the resolution and image quality of the system. The

PSF in LSFM is asymmetrical, which a�ects the lateral and axial resolution di�erently. As

noted, the axial resolution is primarily controlled by the thickness of the light sheet, which

con�nes �uorescence excitation to the imaging plane, thereby reducing out-of-focus light

and enhancing optical sectioning. The lateral resolution, on the other hand, is determined

by the detection objective and is similar to that of conventional wide-�eld �uorescence

microscopy, being di�raction-limited. Because LSFM uses separate objectives for illumi-

nation and detection, the numerical apertures (NAs) of both a�ect the overall PSF. A

higher NA in the detection objective enhances lateral resolution, though higher NAs for
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both objectives are often limited by the physical constraints of accessing the sample and

the precision required for proper alignment.

Figure 1.6: Airy disk [5]

The lateral resolution in LSFM is de�ned by the Rayleigh criterion, which states that

two point sources are considered just resolved when the principal di�raction maximum

(center) of one Airy disk aligns with the �rst minimum of the other Airy disk. If the

distance between the points exceeds this value, they are clearly resolved; if it is less, they

appear unresolved. Calculations based on this criterion yield the following expression for

lateral resolution:

�� =
1:22�

2NA det
(1.5)

This represents the radius, within the imaging plane, of the smallest spot to which a

collimated light beam can be focused, corresponding to the smallest feature size the lens

can resolve.

One challenge with LSFM is the appearance of striping artifacts caused by scatter-

ing and absorption in the sample medium. To mitigate this issue, a dual-illumination

technique can be employed. In this approach, the light sheet beam is split using a beam

splitter, allowing the sample to be illuminated from both sides, thereby reducing shadows

and artifacts. Alternatively, the system can be integrated with a galvanometric mirror

operating in sinusoidal mode, which oscillates the light sheet slightly up and down. This

movement improves sample illumination uniformity by averaging out the striping e�ects

across di�erent layers of the sample.





11

2| Portable light-sheet

This chapter provides a detailed guide on constructing a light-sheet microscope, designed

as an educational project aimed at teaching the fundamental principles, strengths, and

limitations of the technique. One of the key requirements was portability, so a major

constraint was that the system had to �t on a 30 � 30cm2 board. In addition, the

project was designed for people with no prior experience in optical systems. As such, it

incorporates some of the most common and straightforward techniques to address common

challenges in optical system design, such as spatial �ltering, telescopes (beam expanders),

and the 4f system.

With this aim in mind, the chapter begins with a theoretical overview of how optical

rays behave, followed by a detailed description of what will henceforth be referred to as the

portable light-sheet system. All the equipment used to construct this portable light-sheet

system is listed in appendix A.

Figure 2.1: Portable light-sheet
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2.1. Theoretical overview

The fundamental concept behind a microscope is to magnify an object using light. This

magni�cation cannot be achieved with just a single lens because of optical aberrations,

so multiple lenses are typically used to correct these issues and improve image quality.

It is well known that if an object is

Figure 2.2: Lens formula

placed at a distance equal to the focal

length of a lensf , the resulting image

will appear at in�nity. This comes af-

ter the well-known lens maker formula

1
p

+
1
q

=
1
f

wherep and q represent the distances

of the object and the image.

If you then place another lens, the

image will be brought into focus at its focal distancef 2. Consequently, the magni�cation

of the system can be expressed as:

y1

y0
= � M = �

q
p

= �
f 2

f 1
(2.1)

Notably, the distance between the two lenses can vary without a�ecting the system's

collimation, as the beam remains collimated between them. However, placing the lenses

too close can result in vignetting, a reduction in image brightness near the edges. The

plane at the focal distance after the lens is known as the Fourier plane of the object

since it shows the Fourier transform of the object's structure. This concept is key to

understanding how spatial �ltering works.

Lasers are the most commonly used light sources in optical systems as a result of their

coherence properties. Spatial coherence allows the laser beam to be tightly focused and

collimated, meaning that it can remain narrow over long distances. Temporal coherence

enables lasers to emit light with a very narrow frequency spectrum, making them ideal

for precision applications. Typically, a laser beam has a Gaussian intensity pro�le, which

is desirable for many optical systems.

If the output of a laser is not ideal, spatial �ltering can be used to remove aberrations

caused by imperfect or dirty optics, damage to the optical elements, or inhomogeneities
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in the laser's gain medium. A spatial �lter is an optical device based on the principles of

Fourier optics that alters the structure of the light beam.

The basic setup for spatial �ltering involves focusing the laser beam with a lens. Due

to di�raction, a non-ideal beam will not focus on a perfect point but will form a pattern of

light and dark regions at the focal plane. For instance, an imperfect beam might produce

an Airy disk pattern consisting of a bright central spot surrounded by concentric rings.

This pattern is essentially the Fourier transform of the transverse intensity distribution

of the beam.

By manipulating the light in this Fourier plane, one can �lter the beam. The most

common method involves placing an aperture, often a pinhole, in the focal plane. The

pinhole allows only the central bright spot (representing the beam's fundamental mode)

to pass through while blocking the surrounding rings and higher-order modes. The result

is a clean, smooth beam with a Gaussian pro�le.

The size of the aperture is determined by several factors, including the focal length of

the lens, the beam diameter, and the wavelength of the laser. The optimal aperture size

is typically one Airy unit. An Airy unit corresponds to the radius of the �rst zero in the

Airy disk. One Airy unit is given by the formula:

1A:U: =
1:22�
2NA

= 1:22�
f
D

(2.2)

where� is the wavelength of the light,NA is the numerical aperture of the lens,f is the

focal length, andD is the diameter of the beam.

If the aperture is too small, the beam quality improves, but signi�cant power is lost.

If too large, the beam quality may not improve as much as desired.

Another e�ective method for cleaning up a laser beam involves passing the light through

a mono-mode optical �ber. The �ber acts as a spatial �lter by allowing only the fundamen-

tal mode to propagate, �ltering out imperfections and higher-order modes. This approach

o�ers a simple and e�ective way to improve beam quality without the need for precise

alignment of lenses and pinholes. Monomode �bers are often preferred when working with

highly imperfect beams or in setups where compactness and ease of use are important

considerations.
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2.2. Illumination

The illumination path begins with a laser that emits at � = 405nm (PL205, Thor-

labs), which had less-than-ideal beam quality and required spatial �ltering. The small-

est available pinhole was50�m , and the beam had an initial diameter of approximately

D in = 3mm, which we aimed to increase. So we con�gured the system as a beam expander

providing spatial �ltering as well.

Figure 2.3: Ra�guration of the illumination light-sheet

After careful consideration, we chosef 1 = 80mm for the �rst lens. Using the formula

(2.2) that gives the radius of the Airy disk, the ideal pinhole diameter is twice the Airy

unit and it was calculated as:

dpinhole = 2 � 1A:U: = 2
�

1:22�
f 1

D

�
� 26�m

Although this was slightly smaller than the 50� m pinhole we had available, it was

acceptable as long as the �rst ring of the Airy disk did not pass through, which was

indeed the case.

For the second lens, we selectedf 2 = 150mm under space constraints, which provided
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a magni�cation of:

M =
f 2

f 1
=

150mm
80mm

� 1:875

Thus, the beam arrived collimated in the �rst mirror with an expanded diameter of:

Dout = MD in � 5:6mm

At this stage, the beam was collimated, allowing the cylindrical lens to be placed at

any desired position along the path. We opted for a cylindrical lens withf cyl = 50mm

positioning it 50mm before the second mirror.

Then, a 4f system usingf = 50mm lenses was introduced to demonstrate that this

con�guration could reproduce the object's image at another point in the setup, speci�cally

at the back focal plane of the objective. This arrangement enabled precise image relay

and manipulation within the system.

Finally, we placed a 5x Mitutoyo air objective with a numerical aperture ofNA = 0:14.

2.3. Detection

As discussed in chapter 1.2, the light-sheet microscope set-up employs an orthogonal

con�guration between the illumination and detection paths. A 10x Mitutoyo air objective

with numerical aperture NA det = 0:28 was used for detection, although it could easily

be swapped for a 5x or even a 2x Mitutoyo air objective (which numerical aperture are

respectively0:14 and 0:055) due to the identical working distances. The working distance

(WD), which is 25:5mm for these objectives, de�nes the optimal distance at which the

sample should be placed to ensure focus at the camera. The ability to change objectives

while maintaining the same working distance is essential in LSFM, as it allows for imaging

of the same sample at di�erent magni�cations without adjusting the illumination path.

In fact, in an LSFM setup the plane in focus for detection coincides precisely with the

position of the light sheet.

The primary role of the detection objective is to capture the light emitted or scattered

by the sample while rejecting the illumination light. To achieve this, a long pass �lter

with cut on wavelength at 450nm was positioned after the objective, speci�cally designed

to block the wavelength of the illumination beam and allow only the desired signal light

to reach the detector.
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Figure 2.4: Ra�guration of the detection light-sheet

Following the emission �lter, a tube lens with a focal length off tl = 200mm was placed

to form the detection image. The magni�cation of the system depends on the relationship

between the tube lens and the objective focal lengths. For the 10x objective, the e�ective

focal length was calculated as:

f ef f =
f tl

10
=

200
10

= 20mm

Given this con�guration, the overall magni�cation of the system was determined by the

ratio of the e�ective focal length to the focal length of the cylindrical lens:

M =
f ef f

f cyl
=

20
50

= 0:4

It is important to note that both the illumination and detection objectives used in

this setup were air objectives, meaning they are designed to operate with air as the

medium between the objective and the sample. However, in this con�guration, the sample

was placed inside a water-�lled cuvette, which altered the optical path and a�ected the

e�ective working distance. Placing the sample in water was essential, as the sample

itself is primarily composed of water, creating an index-matched environment. This setup
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ensures that, when the sample is moved in the water, the light beam follows the same

optical path, maintaining consistent imaging conditions.

In this case, the laser beam passed through the cuvette's glass and then through water

before reaching the sample. Both glass and water have refractive indices higher than those

of air, resulting in a reduction in the working distance. This reduction can be explained

by Snell's law, which describes how light bends when transitioning between materials with

di�erent refractive indices. Speci�cally, as the refractive index increases (in this case, from

air to glass and water), the light beam bends, e�ectively shortening the distance required

to achieve focus.

As a result, the actual working distance of the objective in this setup was slightly less

than its nominal working distance in air, due to the combined e�ects of the refractive

indices of the glass and water.

The camera used was a CMOS Thorlab camera (CS165MU/M) with a resolution of

1440� 1080pixels.

2.4. Characterization

At this stage, a characterization of the system was necessary. The characterization was

performed using the 10x Mitutoyo air objective in the detection path.

By placing a calibrated ruler in the sample holder mounted on a manual translator and

looking at it in a bright �eld to measure the Field of View of the camera. From the image

acquired was possible to see that 100� m corresponded to 297 pixels and so the size of one

pixel wase = 100
297 � 0:336�m . Leading to a �eld of view of 484� 363�m 2. The pixel size

is important to know for the analysis of the samples.

As the translator mounted was manual there was no possibility to check the axial res-

olution as the step size we could have done was too big. However, theoretical calculations

are trustworthy in this case. As previously said the diameter of the laser before the cylin-

drical lens wasDout = 5:6mm, from equation 1.4 we getNA = nair
D out
2f obj

= 0:082that then

can be used to compute the beam waist (see eq 1.1)

w0 =
� laser

�NA
� 1:6�m

and the Rayleigh length (see eq 1.3)

zr =
�w 2

0n
�

� 20�m
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It is then possible to compute the depth of �eld (DOF) that is the distances in which

the sample is in focus. The DOF of a lens is its ability to maintain a desired amount of

image quality (spatial frequency at a speci�ed contrast), without refocusing, if the object

position is moved closer and farther from the plane of best focus.

� z =
n�

NA 2
+

n
MNA

e � 62�m (2.3)

Depth of focus is the image-space complement of DOF and is related to how the quality

of focus changes on the sensor side of the lens as the sensor is moved, while the object

remains in the same position. Depth of focus characterizes how much tip and tilt is

tolerated between the lens image plane and the sensor plane itself.

� Z = e
M

NA
� 7:7�m

Note that the depth of focus is greater than the thickness of the light sheet, so the axial

resolution is determined by twice the beam waist.

Figure 2.5: Lateral resolution

The resolution limit (more precisely the transverse or lateral resolution) in the case of

beads (�uorescent estapor microsphere) with an emission wavelength of� emis = 550nm
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