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SOFTWARE

ZEISS ZEN lite

Your Free Version of ZEN for
Basic Image Acquisition and
Analysis

Download ZEN lite, your free copy of the powerful ZEN microscopy
software. Use ZEN lite as a viewer for your CZI files or other
standard file types. Perform image acquisition or fundamental
image analysis and processing tasks.

@ Control of Axiocam microscope cameras

@ Image transformation and measurements

@ Essential image processing
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The Applications of Light Microscopy
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The Different Types Of Light Microscopes

Upright Inverted Stereo
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The Different Types Of Light Microscopes

Upright Inverted Stereo
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Sample size
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The Different Types Of Light Microscopes

Upright Inverted Stereo

LN _

Sample size
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Upright Microscopes
Tuberculosis

Tuberculosis was one of the most dangerous diseases in the 19t
century - causing millions of deaths worldwide.

[t was the ambition of leading scientists
and doctors to find a treatment.




Upright Microscopes

In 1857, Carl Zeiss developed his first microscope with an assembled optical system.

Microscopy Solutions from ZEISS helped Robert Koch, 1dentify Tuberculosis bacteria. And
this was a key to fighting it.

i
(N{ W

Wal\es

M

Carl Zeiss
Founder



Upright Microscopes
Tuberculosis

Tuberculosis was one of the most dangerous diseases in the 19t
century - causing millions of deaths worldwide.

[t was the ambition of leading scientists
and doctors to find a treatment.
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hieved in the name of science, to your

Robert Koch
Scientist & Nobel Laureate




Upright Microscopes

Objective

Stage

~ Transmitted light
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Upright Microscopes

@ Highest BF resolution
@ Shortest working distance

Suitable for slide observation
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Upright Microscopes

Highest BF resolution
Shortest working distance

Suitable for slide observation
How about culture dishes?
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Upright Microscopes
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Upright Microscopes




Inverted Microscopes

1818-1883 A.D John Lawrence Smith
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Inverted Microscopes

1818-1883 A.D John Lawrence Smith

Stage
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Inverted Microscopes
The Best Choice for Multi-tasking

@ Live cell imaging
© Long working distance
" BF resolution < Upright Microscope

(Max. Condenser N.A.=0.55)

* Slides

* Petridish

*  Multiwell plate
* Flask

Transmitted light

Stage

/ Objectives
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Inverted Microscopes
Live Cell Imaging

Lung epithelial cell

37°C, 5% CO,, Living cell Incubation System
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Inverted Microscopes
Micro Manipulation

In Vitro Fertilization (IVF) centers
Intracytoplasmic sperm injection (ICSI)

Intracytoplasmic morphologically selected sperm injection (IMSI)
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Stereo Microscopes
3D Vision
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Stereo Microscopes
3D Vision
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Stereo Microscopes
Versitile 3D Vision

3D vision
Longest working distance
Flexible illumination

Low magnification

Large object observation
 Plant
e Zebrafish

* Drosophila

* Mouse dissection.....
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Stereo Microscopes

Illumination

Reflected light

Transmitted light
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Stereo Microscopes

Illumination

Reflected light

Transmitted light

Flat transmitted light base for brightfield and darkfield illumination Tiltable mirror base for brightfield,
darkfield and obligue light illumination.

Lo LR
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Stereo Microscopes
[llumination

Transmitted-light

brightfield
(diffused brightfield)

Oblique illumination
(“positive” relief contrast)

_hx
o 9\
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E =
=1
Transmitted-light e, = 7
brightfield B T ?’
(directional brightfield) w

Oblique illumination
(“negative” relief contrast)

Transmitted-light

darkfield
(circular darkfield)
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The Different Types Of Light Microscopes

Upright Inverted Stereo
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Sample size
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Magnification And Resolution

Magnification? 100x? 1000x? 999999999x ?
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Magnification And Resolution

*  Magnification? 100x? 1000x? 999999999x ?
*  ~1500x 1s the limit of Light Microscopes, magnification above 1500x 1s meaningless

e Why?.
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Magnification And Resolution

Lltra HD
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Magnification And Resolution

U lira HD

—

Magnification alone is not enough:
Resolution determines what we see.

Lltra HD

Ultra HD
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Resolution Of Your Eyes

Definition:

The resolution limit 18 reached,
when two point-like objects can
not be imaged as two distinct
structures anymore.

The distance between the objects M
1s called the resolution limit. d=10cm d=01cm
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Resolution Of The Microscopes

Definition:

The resolution limit 18 reached,

when two point-like objects can

not be imaged as two distinct

structures anymore. -

The distance between the objects
1s called the resolution limit.

—
v

d=10 um d=0.1 yum
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Resolution - N.A.
Numerical Aperture

ACH
5x

N.A. value: The angle of light (a) into objective



Resolution - N.A.
Numerical Aperture

NA = (n)sin (a
(a)a =7° NA=012
(b) @ = 20°NA = 0.34
(c) g = 60° NA = 0.87

—~ Q
(a) ® | * @ R
Magnification: Low “High
Working distance: Long Short

N.A. value: Low High
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Resolution - N.A.

Immersion Qil in Optical Microscopy

Opﬂcalek;
Figure 2 1
« 5
Light Ra
tnednas
Objective

Objective
ront
Lens

Cover Slip

Light Rays Not Entering Objective -

Numerical Aperture (NA) = n ¢ sin a
Airn=1 Oil/Glassn =151
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Resolution - N.A.

Immersion Qil in Optical Microscopy

Optical Axis
Figure 2 I

Light Rays
ntering
Objective

Objective
ront
Lens

Light Rays Not Entering Objective Microscope Slide

Numerical Aperture (NA) = n ¢ sin a
Airn=1 Oil/Glassn =151
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Resolution - N.A.
A

or more simply d;, =
2N.A

1.22A
I"--.I..-'E-.I:ltII + NA -
wavelength of light, e.g. 550 nm (green}

A

NS

ijj|
\e

Immersion
Qil
\\\\ §
§
Ernst Abbe

Partner
Page 67
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Resolution - N.A.
or more simply d "
1 o —
P A

1.224

NA + NA
wavelength of light, e.g. 550 nm (green}

A

The resolution of light microscope dy=200~300 nm

///////////’/’//‘////M

Immersion
Qil

Ernst Abbe

Partner
Page 68
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Resolution - N.A.

1.22h A
d, = or more simply dy = ——

NAgy + NACgng £NA

Ty, A = wavelength of light, e.g. 550 nm (green)

/////////7/////M

Ernst Abbe
Partner
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Aberrations Of Light
Distortion

e Distortion M5

No distortion Pincusion Barrel
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Aberrations Of Light
Distortion

Distortion Corrected
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Aberrations Of Light

it PR o=

Field curvature Spherical aberrations Color aberrations

Cover glass thickness Refractive index High N.A.
Specimen thickness Specimen thickness High Magnification
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Aberrations Of Light
Color / Chromatic aberration
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Aberrations Of Light

10 1 4
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The Objective

Labeling of the Objective Color of writing
Objective class, special desgnations Contrast method
ate used for this e g :
LD for Long Working Distance staccto: [N
ol / O [
, Ph0123
S ZEIS
Numerical Aperture s
plus additsonal detads on - Color Coding of Magnification
* immarsion medium (O /W/ Giyc) '
* adjustable cover glass correction Plan > NE U 1'0“'22: =
(Kor) /1,3 DIC Korr |
* contrast method a5 _
©/0,19-0 N
Tube Length / — , 10 )
Ct;m Glass Thickness (mm) : 16/20/25/32 (I
ICS opbics: ©C -
Infinity Color Corrected Systers . i —————
standard covet glass: 0.17 B —
without cover glass: 0 wonso ]
Insensitive: -
Mechanical Correction Collar — A
* cover glass thickness correction QN t——
o ditferent immeision water ]
o gifferant temperature Glycerin :

* adusting an iris diaphragm

o fwater / Giveer
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Contrast Methods
Vivid and Brilliant Colors

v\

Objects v.s Background




Contrast Methods
Light Is The Messenger of Information

102 meters 10°¢ 10° 103 10° 10°
1 nanometer 1000 nanometer 1 millimeter 1 meter 1 kilometer

Cosmic X-rays Microwaves Broadcast

EVES band
Gamma Ultraviolet Infrared Radar

rays (UV) (IR)

YW NN ~—_— =

Short Wavelenghts Long Wavelengths

Visible Light

Infrared
(IR)

Ultraviolet
(UV)

400 nanometers 500 nanometers 600 nanometers 700 nanometers




Contrast Methods
Light Is The Messenger of Information

* Visible light (400 nm - 750nm)
* Light 1s particle. - Issacs Newton
* Light 1s wave. - Robert Hooke, Christiaan Huygens, Leonhard Paul Euler

* Light could be polarized. - 7homas Young




Contrast Methods
Bright Field (H)

 Light from the bulb or LED
« Sample should be colorful

» Dyes were applied on sample

Algae with green color Tissue slide with immune staines




Contrast Methods
Dark Field (D)

 Block the light from the bulb or LED

» Dark background

* Only light diffracted by the sample was observed
» Darkfield objectives, annlar stop

» Tiny thin seams, filaments, edges




Contrast Methods
Phase Contrast (Ph)

_ Hela cell, 10x, AXi0\



Contrast Methods
Phase Contrast (Ph)

* Nobel Prize for Physics, Dutch, 1953
» The most popular contrast method among cell biology labs

* Lights were “retarded” due to the thickness of the sample

* Need a Phase Stop
* Phase contrast objectives

* Colorless samples

Photo from the Nobel
Foundation archive.

Frits Zernike




Contrast Methods
Phase Contrast (Ph)

Phase contrast

New path el

Incident
Transmitted
— Light lllumination —

Phase ring

Phase stop



Contrast Methods
Phase Contrast (Ph)

(c)

Aq

Nucleus
(Thickest Portion)
e"}" s
(Th?:)\

Incident Coverslip
Transmitted

— Light lllumination —

Figure 2

. Axiovert Al




Contrast Methods
Differential Interference Contrast (DIC)

* Installed on high-end microscopes L
i
* Looks “ relief” E
) ) Analyzer | ' E |
* High resolution :
2nd Wollaston I_—H
Prism L
* Polarizer, analyzer, Wollaston prism x2 Objective :
« POL objectives :
Specimen !—é—i
Condenser / I \
15t Wollaston F:—-T
Prism ~— L
Polariser | - E l

=—= Orientation of polar



Contrast Methods
Differential Interference Contrast (DIC)

» Installed on high-end microscopes
* Looks “relief”
« High resolution

« Polarizer, analyzer, Wollaston prism x2

 POL objectives
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Contrast Methods
Fluorescence Contrast (FL)

« Specific, precision to molecule level
* Multiple staining

* High resolution

* 4D imaging

* Fluorescence bleaching ®

» Gene transfection, fluorescent dyes
* Fluorescence filters

» Fluorescent light sources

.4

Oéamu Shimomura Martin Chalfie Roger Y. Tsien Hela Cen, LSM 980 Airyscan




Contrast Methods
Fluorescence Contrast (FL)

excited state

‘\’%ﬁvﬂuﬁ heat

Excitation Emission
3

Fluorescence

Absorbed light ‘ Emitted light

oround state

VAR TR

350nm 550nm 750nm




Fluorescence Hardwares
The Filter Sets




Fluorescence Hardwares
The Filter Sets
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Fluorescence Filters

1. Shortpass filter

3. Bandpass filter

Transmission
N
w

>V

Wavelength
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Fluorescence Filters

EGFP (Ex. 488 nm, Em. 507 nm)

Emission filter %0 m | ' W

70

T

Excitation filter

a 50

40

Fluorescence
filter cube

Lo d |
20
10 k
i -
400 450 500 550
Wavelength (nm)

® ET470/40x EX

Beam Splitter

® ET525/50m EM

Séﬁﬁﬂe
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Components of Axiovert 5

AR S R NS

- Light shield
- Stage
 Mounting frame
- Filter set

Microscope

Objectives
[1lumination
Camera

Accessories




Starting Axiovert 5 in 3 steps

1. Computer
2. Microscope
3. Illumination

Click the ZEN icon on the
desktop to enter the software




Seeing beyond



Seeing beyond



