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ώϳήϔΗ��ϱήϤόϟ�ΪϤΤϣ



� Histology is the study of the various
tissues of the body: how these tissues
appear, how they interact with each other
and how they are arranged to constitute an
organ.

� Features of tissues cannot be seen by the
un-aided eye. Therefore, their study is
done by using a magnifying tool ± the
Microscope.
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It¶s one of the most important aspects of histology.. because tissues are too small

ϪμΎμΨΑ�ςΒΗήϣ�ήϬΠϤϟ�ΖΤΗ�ΞϴδϨϟ�άϫ�ϞϜηϭ��Ϋ�ϪϠϜη�ϊϗϮΗ�ϲϨϨϜϤϳ�ΚϴΣ
ϪμΎμΧ�Ζϓήϋ��ϪϠϜη�Ζϳέ�Ϋ�ϪμΎμΧ�ϊϗϮΗ�ϲϨϨϜϤϳϭ



Components of  Tissues

Cells Extracellular Matrix

Fibers

Organic and 
Inorganic 
molecules

Water

Fig.1: Image showing
various components of
tissues.

3
thick red linesThin blue lines

Substances that could be
found outside the cell
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Preparation of tissues for study
1. Fixation: To prevent tissues from being

degraded by tissue or bacterial enzymes, a
suitable fixative must be added. These
prevent the protein enzymes from
functioning. The most famous fixative
used is Formalin (an aqueous solution of
formaldehyde) which is used to preserve
cadavers in anatomy labs.

2. Embedding: To facilitate the cutting
process, the soft tissues must be first
placed into a suitable hard medium
(usually paraffin wax).

After some time

* Before putting the tissue under the microscope I must prepare it.

ϙήΗ�Ύϣ�ϱί
ήΑ�ϞϛϷ

ΐΒδϳ�ΔΟϼΜϟ
Ϧϔόϟ����ϙήΗ

ϥϭΩ�ΔΠδϧϷ
ΎϫήϣΪΑ�φϔΣ

ΚΜΟ �Δϓϭήόϣϭ�ΪΟ�ΔϳϮϗ�ϪΘΤέ�

ϪψϔΤΘϟ�ΔΒϠλ�ΓΩΎϤΑ�ΞϴδϨϟ�ςΤΑ��ΞϴδϨϟ�ϊϴτϘΗ�ϥϮϜΗ�Ρέ�ΔϣΩΎϘϟ�ΓϮτΨϟ�ϥϷ��ϕΰϤΘϳ�Ρέ�Ϯϫ�Ύϣ�ϱί�ϪϴϠϋ�ϞϐΘη�ΖϴΟ�Ϯϟϭ

Used at low temperature 
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3. Sectioning: The thick tissues do not allow light to pass
through them. Therefore they must be cut into thin slices.
This is usually done with a device called the microtome.

�ΞϴδϨϟ�ήΒϋ�ΔόηϷ�ϭ�˯Ϯπϟ�έϮΒϋ�Ϯϫ�ήϬΠϤϟΎΑ�ΔΠδϧϷ�ΔγέΩ�ϲϓ�ϲδϴήϟ�ΪΒϤϟ

ϊϴτϘΘϟ�ΔϠϴγϭ�ϲϫ�ϦϴϜδϟ�ΖϧΎϛ�ΎϤϳΪϗ���ήϜϳΎϤϟ�ίΎϬΟ�ϡΪΨΘδ˵ϳ�ΎϴϟΎΣ�βΑϡϮΗϭ
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4. Staining: Most tissues are colorless. To make them
easily visible, they must be stained.

Unstained Stain 1 Stain 1 +  Stain 2

ΔϔϠΘΨϤϟ�ΔΠδϧϷ�ϦϴΑ�ϖϳήϔΘϠϟ�ΕΎϐΒμϟ�Ϧϣ�έΪϗ�Ύϣ�Ϊϗ�ϡΪΨΘδΑ�ΎϤϳΩ��ώΒλ�ϲϧ·�ΔϠΣήϤϟ�Ϟλϭ�ΐόλ�βΑ
ΔϔϠΘΨϣ�ϥϮϟ΄Α�ΔϔϠΘΨϤϟ�ΔΠδϧϷ�˯ΰΟ�Ϟϛ��ΕΎϐΒλ�ΙϼΛ�ϭ�ϦϴΘϐΒλ�ϡΪΨΘδ˵ϳ�ΓΩΎϋ
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The Main Principle of staining:

Acid + Base Æ Salt + Water
� Components of cells with a net negative charge react

with basic dyes (which are positively charged and
usually blue). These components are, thus, called
Basophilic. Examples: DNA and RNA,
Glycosaminoglycans, and others.

� Components of cells with a net positive charge react
with acidic dyes (which are negatively charged and
usually red). These components are, therefore, called
Acidophilic. Examples: proteins (as in collagen fibers
and mitochondria) and others.

Seen in 
nucleus

Seen in rough
endoplasmic

reticulumΎϳϼΨϟ�ΕΎϤδΠϣ�ϲϓ�ΎΒϳήϘΗ�ϕέί�ϥϮϟ�Ώ�ϢϫέϮϬυ�ΐΒγ�νΎϫϭ

In extracellular
matrix

In extracellular matrixΔΒΟϮϣ�ϥϮϜΗ�ϦϜϤϣ
ΔΒϟΎγ�ϭϰϠϋ�ϱϮΘΤΗ

ΕΎϤϳΰϧ· έΎμΘΧΎΑ���ΔϳΪϋΎϗ�ΕΎϐΒλ�ϊϣ�ϞϋΎϔΘΘΑ�ΔϨΤθϟ�ΔΒϟΎγ�ΞϴδϨϟ�ϭ�ΔϴϠΨϠϟ�Δϧ ˶Ϯ˷Ϝ˴Ϥ˵ϟ�ΓΩΎϤϟ�ΖϧΎϛ�Ϋ�
ΔϴπϤΣ�ΕΎϐΒλ�ϊϣ�ϞϋΎϔΘΘΑ�ΔϨΤθϟ�ΔΒΟϮϣ�ΖϧΎϛ�Ϋ·ϭ�

Not
always



Microscopes and Microscopy

� Several types of microscopes are used in histology.

� They can be generally divided into 2 types:
o Light microscopes: which use the ordinary beam

of light

o Electron microscopes: which use a narrow beam
of electrons

8



The Light Microscope

Fig.2: Image showing various
parts of a Bright-field light
microscope.
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1) Bright-Field Microscope
* It¶s the most common type of
microscopes, used in schools,
collages , research centers and

many places.
It¶s the Simplest , and just uses

an ordinary beam of visible light



� The Resolving power
of the light
microscope is about
0.2µm.

� Resolving power: the
minimum distance
between two points
that enable the device
to recognize them as
two points*.

* This same definition of resolving power can be used for cameras, television sets,
computer monitors, and the human eye.

Seen by the 
light 
microscope 
as two points

Seen by the 
light 
microscope 
as one point

ΕϼμϔϨϣ�ϦϴΘτϘϧ�ϢϬϓϮη�ϲϠΤϤδΘΑ�ϦϴΘτϘϧ�ϦϴΑ�ΔϨϜϤϣ�ΔϓΎδϣ�Ϟϗ�
�ΓΪΣϭ�Δότϗ�ϭ�ΔτϘϧ�ϢϬϓϮη�Ρέ�Ϟϗ�ΔϓΎδϤϟ�Ϯϟ�



11
Fig.3: Resolving power of various optical devices.

0.1mm

݉ߤ0.2

3nm



2) Fluorescence Microscopy

o When certain substances are irradiated by a ray of a
certain wavelength, they emit an electromagnetic
wave of a, usually, longer wavelength. This is called
fluorescence.

o When UV light is used, the emission is in the visible
spectrum.

o During tissue preparation, certain substances with this
characteristic can be added to the tissue. These will
bind to the various structures and make them
fluorescent.

12

ξϳήόΗ�ϰϠϋ�ϡϮϘΘΑ�ΩϮϤϟ�ξόΑ�ϲϓ�ΓΩϮΟϮϣ�ΔϴΎϳΰϴϓ�ΔϴλΎΧ
�ήΧ�ϲΟϮϣ�ϝϮτΑ�ήΧ�ωΎόη·�ϲϨϴτόΘΒϓ�Ϧϴόϣ�ϲΟϮϣ�ϝϮτΑ�ωΎόηϺϟ�ΓΩΎϤϟ�ϝϮρ�ΎΒϟΎϏϭ�

ΔϴΠδϔϨΒϟ�ϕϮϓ�ΔόηϷ�ϲϫ�ΕήΒΘΨϤϟ�ϲϓ�ΔϣΪΨΘδϤϟ�ΔόηϷ

ΎϘΑΎγ�ΓέϮϛάϤϟ�ΕϮτΨϟ�ΐδΣ�ΞϴδϨϟΎΑ�ήπΤΑ�Ύϧϭ��ωΎόηϹΎΑ�ΓήΛ΄ΘϤϟ�ΓΩΎϤϟ�ϪϠϔϴπΑ
ϲήϣ�˯Ϯο�ϲτόΘΒϓ�ωΎόηϺϟ�ΎϬοήόΑ�ήϬΠϤϟ�ΖΤΗ�ΔϨϴόϟ�ςΣ�Ύϣ�ΪόΑϭ



� Example of fluorescent
substances:

1) Diamidinophenylindole
(DAPI) binds to DNA
Æ Blue

2) Phalloidin binds to
actin filaments Æ Red,
Green

3) Tetracycline binds to
newly formed bone Æ
Green
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ΩϮϤϟ�Ϧϣ�ΔϋϮϤΠϣ�ϰϠϋ�ΔϠΜϣ�ϥϮϫϭ
ϲϠϟ�ϥϮϠϟϭ�ωΎόηϹ�ϊϣ�ΔϠϋΎϔΘϤϟ

ωΎόηϺϟ�ϪπϳήόΗ�ΪόΑ�ΎϬϨϣ�ΪΣϭ�Ϟϛ�ϪϴτόΑ



The Electron Microscope

� Uses a beam of electrons instead of light
photons.

� It gives a much higher resolution than the light
microscope (resolving power around 3nm).

� It could be either Transmission Electron
Microscope (TEM) or Scanning Electron
Microscope (SEM).

14



1) TEM

� The beam of electrons
interact differently with
the different parts of the
section.

� Some are deflected,
some pass through, and
some are reflected.

� Electrons passing
through the section are
detected to produce an
image.

Fig.4: Schematic drawing of TEM.
15



Fig.5: (a) A TEM image of the cell membrane.
Note how it appears to be formed of a white line
between two dark lines. In the light microscope
image (b), the cell membrane appears as a very
thin line (arrows). With the electron microscope,
we obtained an image with a higher resolution
giving us more details about the structure
studied.

16

b



2) SEM

� The specimen is first
coated with a metal that
reflects electrons.

� The electron beam
scans the specimen
from end to end.

� The reflected electrons
are captured to produce
a pseudo-3D image of
the coated surface.

Fig.6: Schematic drawing of SEM.
17

Like Au/Ag �Δπϔϟϭ�ΐϫάϟ�

**I¶m not getting an image of
the inside of the tissue



Fig.7: A SEM image of an ant.
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ϝ�ϞΜϤΘΑ�ΓέϮλfront part�ΔϠϤϨϟ���ΡϮοϮΑ�ϑϮη�έΪϘΑϭ3D imageΔϠϤϨϟ�τδϟ

ΕΎϧϭήΘϜϟϹ�αΎϜόϧ·�Ύϳϭί�ϑϼΘΧϹ�ΔΠϴΘϧ�ϥϮϜΘΑ�ΎϬϓϮθΑ�ϲϠϟ�ΓέϮμϟ�ϞϴλΎϔΗϭ
that¶s why it¶s called pseudo-3D not 3D



Other methods of study
1) Autoradiography
� Molecules (amino acids, sugars, nucleotides, etc«) labeled

with radioactive isotopes (usually tritium, 3H) are added to
the living tissue prior to preparation.

� The radioactive molecules are taken up by the tissueÆ The
tissue will give off radiation.

� The slide is covered by an emulsion containing Silver
Bromide to detect the radiation.

� The slide is developed in a dark box and the areas of tissue
containing the radioactive molecules appear as black dots.19

*Some type of radiation that comes out from
the tissue itself

ϞϬγ�ϩΰϴϴϤΗ�ήϴμΑϭ�ϊθ˶ϣ˵�ήϴμΑ�ΩϮϤϟ�ϱΎϫ�Ϫϴϓ�ΖτΑέ�ϲϠϟ�˯ΰΠϟ

ϝ�ΕΎϧϮϳ�ϰϠϋ�ϱϮΘΤΘΑ�ϱΎϫ�ΓΩΎϤϟsilver�
�ϝ�ϝϮΤΘΘΑ�ωΎόηϺϟ�νήόΘΗ�ΎϤϟϭmetallic silverϊθ˶Ϥ˵ϟ�ΞϴδϨϟ�ϰϠϋ�ΐγήΘΘΑϭ���ΞϴδϨϟ�ϰϠϋ�ΎϬϔϴο�ΎϤϠϓ

Ϫϴϓ�Ϧϴόϣ�˯ΰΠΑ�ςΒΗήΗϭ���˯ΩϮγ�ρΎϘϧ�ϞϜη�ϰϠϋ�˯ΰΠϟ�νΎϫ�ήϬψϳ�Ρέ�ωΎόηϺϟ�ΞϴδϨϟ�ξϳήόΗ�ΪόΑ�

ΔϴΗΫ�ΔϴϋΎόη·�ΔϴλΎΧ�ΎϬϟ�ϥϮϜΑ�ΩϮϤϟ�ξόΑ���Ϫϴϓ�ΔϨϴόϣ�˯ΰΟ΄Α�ςΒΗήΘΑϭ�ϩήϴπΤΗ�˯ΎϨΛ�ΞϴδϨϠϟ�ΎϬϔϴπϨΑ�ΎϨΣΈϓ



Fig.8: (a) Mouse salivary gland injected with radioactive fucose which was used in 
the synthesis of saliva. The black dots indicate the site of synthesis. (b) Mouse lymph 
node injected with radioactive thymidine. The thymidine was concentrated in areas 
where DNA synthesis was taking place. The section was also regularly stained.20

�ΓέϮμϟΎΑa���ϝ�ϊϴϨμΗ�ϢΘϳsalivaϝ�ϞΧΩsalivary glandsϝ�ΓΩΎϣ�ϖϳήρ�Ϧϋfucose����ήπΤΑ�Ύϧ΄ϓ
ϝfucose�ΎϬϴϠΨΑϭradioactiveΞϴδϨϠϟ�ΎϬϔϴπΑ�ϦϳΪόΑ�ΎϬϴϠϋ�ϊθ˶ϣ˵�ήμϨϋ�ΔϓΎοΈΑ����ΔμμΨϣ�ΓΩΎϤϟ�Ϫϧ·�ΎϤΑϭ

ϝ�ΔϋΎϨμϟsalivaϞϟ�ΓήηΎΒϣ�ϪΟϮΘΗ�Ρέ�ϑsalivary gland���ϝ�ϒϴο�Ρέ�ϦϳΪόΑsilver bromideΞϴδϨϠϟ���
ϝ�Ϧϣ�ωΎόηϺϟ�νήόΘϳϭ�ϞΧΪϳ�Ύϣ�ΪόΑϭfucoseϝ�ϝϮΤΘϳ�Ρέ�ΎϘΑΎγ�ϪΘϔο�ϲϠϟmetallic silver�ϰϠϋ�ΐγήΘϳϭ

ΞϴδϨϟ�ϞΧΩ�ωΎόηϹ�έΩΎμϣ���ϝ�Ϫϧ�ΎϤΑϭmetallic silver�ϊϴϤΟ�ήϬψΗ�Ρέ�˯Ϯπϟ�έϭήϤΑ�Ϥδϳ�ϻ
�ϰϠϋ�ϱϮΘΤΘΑ�ϲϠϟ�ϖρΎϨϤϟsilver˯ΩϮγ�ρΎϘϧ�ϞϜη�ϰϠϋ

�ΓέϮμϟΎΑb���ΪΒϤϟ�βϔϧ��Ζϔο
Ζϔο�ϦϳΪόΑ�ΞϴδϨϠϟ�Δόθ˶ϣ˵�ΓΩΎϣ

ϝsilver bromide�ϥΎθϋ
�ΕήϬυϭ�ωΎόηϹ�ϖρΎϨϣ�ΩΪΣ

˯ΩϮγ�ρΎϘϧ�ϞϜη�ϰϠϋ����βΑ
�ϞΎγϭ�ϡΪΨΘγ�ϢΗ�Ϫϧ·�ϕήϔϟ
�˯ΰΟ�ΰϴϣ�ϥΎθϋ�ϯήΧ�ώΒλ˴

�ΞϴδϨϟ�Ϧϣ�ϯήΧ



� Chemical reactions occur throughout the body. These
reactions produce soluble, thus, invisible substances.

� In histochemistry, certain Markers are added to the
tissue that will convert the reaction products into
insoluble and, therefore, visible substances that can
be detected.

2) Histochemistry

21

�Δϴήϣ�ήϴϏ�ϥϮϜΗ�Ρέ�ϲϬϓ�ϥΎΑϭάϠϟ�ΔϠΑΎϗ�ΩϮϤϟ�ϡΩ�Ύϣ�ΏϭάΗ�Ρέ�ΎϬϧϹ����ϞΤϟΎϓ
ϥΎΑϭάϠϟ�ΔϠΑΎϗ�ήϴϏ�ΎϬϴϠΨΗ�ΩϮϣ�ΎϬϠϔϴο��Δϴήϣ�ήϴμΘΑ�ϲϟΎΘϟΎΑϭ



Fig.9: Renal tubules. A histochemical method was used to
localize areas with high alkaline phosphatase activity.22

ϝ�Ϧϣ�˯ΰΟ�ϲϠοήόΘΑ�ΓέϮμϟkidneyϝ�Ϯϫϭrenal tubulesϲϠϟ�ϩΎϳϼΧ�αέΩ�ϱΪΑϭ
Ϟϟ�ϲϟΎϋ�ρΎθϧ�ϰϠϋ�ϱϮΘΤΘΑalkaline phosphatase��ϥΎϜϣ�ϑέΎϋ�ϥϮϛ�ϡίϻ�Ύϧ΄ϓ

ϩΪΟϮΗ��ϝ�Ϧϣ�ωϮϧ�ϱέήϗ�έΪϗ�ϥΎθϋ�ϩΰϔΤΑ�ϲϠϟ�ϞϋΎϔΘϟ�Δϴϟ�ζϳ·�ϭmarkersΝΎΘΣ�Ρέ�
ϝ�ϞϋΎϔΗ�ΞΎΘϧ�ϞϳϮΤΗ�Ϯϫ�ϥϮϫ�ϞϤόϧ�ϲϠϟϭalkaline phosphatase�ΔϠΑΎϗ�ήϴϏ�ΩϮϤϟ

ΎϫΩΪΣ�ΕέΪϗϭ�Δϴήϣ�ΕέΎλ�ϲϟΎΘϟΎΑϭ�ϥΎΑϭάϠϟ



� Tagged antibodies 
specific against a 
certain part of a tissue 
are used.

� These bind to the tissue 
causing their staining.

3) Immunocytochemistry

23

Fig.10: Adenocarcinoma of the intestine stained using an antibody 
against a specific substance produced by the tumor. Cancer cells 
are stained brown.

ϪϴϠΧ�αέΪΑ�ϥϮϛ�ΎϤϟ�Ϛϴϫ�ϪϴϤδΑ

ϪϴϤδΑ�Ξϴδϧ�αέΪΑ�ϥϮϛ�ΎϤϟϭ
Immunohistochemistry

Ϧϴόϣ�νήϣ�ϊϣ�ϞϣΎόΗ�ΎϤϟ���ΓΩΎπϣ�ϡΎδΟ�ΝΎΘΤΑ�νήϤϟ�νΎϫ
ϪΠϟΎόΗ��ϥΎθϋ�ΔϘΑΎδϟ�ϕήτϟ�ΪΣ�ϞϤόΘδΑ�Δϴήϣ�ήϴϏ�ΎϬϧ·�ΎϤΑ�βΑ

ϲήϣ�ϪϴϠΧ��ϡΪΨΘδΑ�νήϤϟ�βϔϧ�ϞϤΤϳ�ϦϜϤϣ�ξϳήϣ�ϲΠϴϳ�ΎϤϟ
ύϮΒμϤϟ�ΩΎπϤϟ�βϔϧ����ΞϴδϨϟ�ϞΧΩ�ΔϐΒμϟ�ϥϮϟ�ϱΪϨϋ�ήϬυ�Ϯϟ

�ϪϋΎΗ�ΰϔΤϤϠϟ�ΏΎΠΘγ�ΩΎπϤϟ�Ϫϧ�ϩΎϨόϣ�νΎϫ�νήϤϟ��κΨθϟϭ
ΏΎμϣ



Problems with tissue preparation
1) Artifacts: (something wrong that happen during the

preparation) these include :
- precipitation of stains :

- breakage in the tissue :

- shrinkage of tissues :

24

ϝΎΑ�ΏήδΗ�ήϴμϳ�ϦϜϤϣ�ΎϧΎϴΣstain�ήϴπΤΗ�ϝϼΧ
ϝslide�Ϟϟ�ϲόϴΒρ�ήϴϏ�ϊϤΠΗ�ϱΪϨϋ�ήϬψΑ�ϑstainήϬΠϤϟ�ΖΤΗ�ϦϴΒΘΑ�ΔϨϴόϣ�ϖρΎϨϤΑ��Ϫϧ·�ϱί

ήϤΣ�ϥϮϟ�ϱΪϨϋ�ήϬψϳ�ϩήϜϓ�Ύϧ΄ϓacidophilic�ΩήΠϣ�Ϯϫϭartifact

ϝΎϋ�Ϟϐθϟ�ϝϼΧtissue�Ϧϣ�ϪϠϘϧ�ΎϧΎϴΣ�ήτο�Ρέ
ϲϧΎΜϠϟ�ϥΎϜϣ���ϩήδϜΑ�ΐΒδΗ�ϦϜϤϣ�ϪϜϳήΤΗ�ϭ�ϪϠϘϧ�ϝϼΧ�ϭ

˯ΎϤϟ�ϰϠϋ�ϱϮΘΤΘΑ�ϡΎϋ�ϞϜθΑ�ΔΠδϧϷϭ�ΎϳϼΨϟ����ϲϠϟ�Ϯϫϭ
ΎϬϤΠΣϭ�ΎϬϠϜη�ΔϴϠΨϟ�ϲτόΑ��Δϣ˴ΪΨΘδϤ˵ϟ�ΔϴΎϴϤϴϜϟ�ΩϮϤϟ�ΐΒδΑ�˯ΎϤϟ�Ϧϣ�ήϴΒϛ�˯ΰΟ�ήΨΒΘΑ�ΎϧΎϴΣ�βΑ�

ΞϴδϨϟ�ϭ�ΔϴϠΨϟ�ϢΠΣ�ϞϴϠϘΘϟ�ϱΩΆϳ�νΎϫϭ��ΪϳΰΗ�Ρέ�ΎϬϨϴΑ�ΕΎϓΎδϤϟ�ΎϳϼΨϟ�ϢΠΣ�ϞϘϳ�ΎϤϟϭ���ΔϓΎδϤϟ
�ΎϬϴϤδΑ�ϱΎϫ�Artificial Space��ΞϴδϨϟ�κΎμΧ�Ϧϣ�Ζδϴϟ�ϲϫϭ

**Artificial space causes : - breakage in the tissue
- shrinkage of tissues



�) Totality of tissues: it¶s almost certainly impossible to 
differentially stain the different parts of a cell or a 
tissue at the same time. Therefore, several sections 
must be studied and different methods may be used.

25

�ΓΪΣϭ�ΓΪΣϭ�ΔΌϴϫ�ϰϠϋ�ϥϮϜϳ�Ύϣ�ΎϤΩ�ΞϴδϨϟ�the tissue is one��Ϛϴϫ�ϥΎθϋ
ΖϗϮϟ�βϔϨΑ�ΔϔϠΘΨϤϟ�ϩ΅ΰΟ�ΰϴϴϤΘϟ�ΓΪΣϭ�ΔϐΒλ�ϡΪΨΘγ�ϦϜϤϳ�ϻ��

�ΔϐΒλ�Ϧϣ�ήΜϛ�ϡΪΨΘγ�ϡίϻ�ϪγέΩ�έΪϗ�ϥΎθϋ�ϑ���Ϣϗέ�ΪϳϼδΑ�ΎϨϠϤϋ�Ύϣ�ϱί��
�ΔϘϳήρ�Ϧϣ�ήΜϛ�ϞϤόΘγ�ϭ�ΎϘΑΎγ�ήϛ˵˶Ϋ�Ύϣ�ϱί�



3) 3D vs 2D: a section will give us a 2D image of a 3D
object. A sphere appears as a circle and a tube may
appear as a ring (a sphere appear as circle). Different
planes of sectioning will give the same object
different appearances in the section. So, it¶s,
sometimes, necessary to create sections in different
planes to get the true shape of the object.

Fig.11: A tube sectioned in 
several planes.26

�ϥϮϜΑ�ΎϴϧΪϟΎΑ�ϲθϠϛ3D object���ϪϓϮη�ΎϤϟ�βΑ
�ϥϮϜϳ�Ρέ�ήϬΠϤϟΎΑ2D��ϪϨϋ�ΞΘϨϳ�ϲηϹ�νΎϫϭ

ϞϜθϟ�βϔϨΑ�ΔϔϠΘΨϣ�ϡΎδΟ�ϑϮη�ϲϧ·��έΪϗ�Ύϣ�ϭ
ΡϮοϮΑ�ϭ�ΔϠϣΎϛ�ϢδΠϟ�κΎμΧ�ϑϮη��ϥΎθϋϭ

ΎϬϓϮη�ϡίϻ�ΔϨϴόϟ�Ϧϋ�ϩΎϳ·�ϱΪΑ�ϲθϠϛ�ϑήϋ�έΪϗ
�ϢϬϠϛ�ϢϬόϤΟ�ϭ�ΔϬΟ�ϭ�έϮψϨϣ�Ϧϣ�ήΜϛ�Ϧϣ

ήΧϻΎΑ



Fig.12: Lactophrys trigonus
27

ϝ�ΔϜϤγ�ϑϮθϨΑ�ϥϮϫ�ΓέϮμϟΎΑlactophrys trigonus
ΚϠΜϤϟ�ΎϬϠϜθϟ�ήψϧ�ϢγϹ�νΎϬΑ�ΎϬΘϴϤδΗ�ΖϤΗ�ϲϠϟϭ��
ΎϤϟ�ϻ·�ΎϬϠϜθΑ�ΔϴλΎΨϟ�ϱΎϫ�ϑϮη�ΕέΪϗ�Ύϣ�Ύϧ�βΑ
ΔϜϤδϠϟ�ϲϣΎϣϷ�ϪΟϮϟ�ϲϟήϬυ�ϲϧΎΛ�έϮψϨϣ�Ϧϣ�ΎϬΘϔη

Lateral side

Front side
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Atomic Force Microscope (AFM)
� In this type of microscopes, the surface of the

specimen is scanned by a nano-sized probe at a very
short distance (few nanometers).

� At such distances, the
surface and the probe
interact with each other
through atomic forces
(mainly the van der
Waals force).

Fig.13: The relation between force and 
distance in an AFM.AFM was invented at IBM.

ήΒϛ�ΔϓΎδϤϟ�ΔϠΣήϤϟ�ϱΎϫ�ϲϓ
Ϟόϓ�Ωέ�ϭ�ΏΫΎΠΗ�ήϴμϳ�Ϫϧ·�Ϧϣ

�ΔϓΎδϤϟ�ϞΜϤΘΑ�ΔϠΣήϤϟ�ϱΎϫ
ϝ�Γ˯ήϘϟ�ΔΒγΎϨϤϟslide

�ΪΟ�ΔΒϳήϗ�ΔϓΎδϤϟ
ήϓΎϨΗ�ήϴμϳ�Ρέ�ϑ

ϝ�δϣ�ΪΒϤΑ�ϞϐΘθΑ�ήϬΠϤϟ�νΎϫslide�ΔτγϮΑnano-sized probe���ΚϴΤΑ�ΪΟ�ΔϘϴϗΩ�ΔϓΎδϤϋϭ
ΔϨϴόϟ�δϤϳ�έΪϘϳ�Ρέ�Ύϣ�ϱϮη�Ώήϗ�ϭ�ΪόΑ�Ϯϟ���ϰϤδΗ�ΓϮϘΑ�δϤϟ�ϢΘΑϭVan Der Waals Force



29

� The probe consist of a spring (cantilever) 
and a tip. As the tip moves over the 
specimen, the cantilever will bend 
according to the contours of the surface.

� A laser directed at the back-surface of
the cantilever is reflected onto a
photodiode. The position of the laser
depends on the position of the cantilever.

Fig.14: A SEM image 
of the cantilever and 
tip of the AFM.

� A computer will create an image of the surface based on the
varying position of the laser.

� The image obtained is a true 3D image of the surface with a
resolving power of 0.1nm (1Å).

Ϟϟ�ΓέϮλ�ϲϫ�ΓέϮμϟΎΑ�ΎϨϋ�ϲϠϟAFMϝ�ΔτγϮΑSEM���Ϧϣ�ϥϮϜΘΑcantilever
ϭtipϪΘϳΎϬϨΑ��ϝ�ήϤϳ�ΚϴΣtipΓήϤΘδϣ�ΔϛήΣ�ϊϣ�ΪΟ�Γήϴϐλ�ΔϓΎδϣ�ϰϠϋ�ΔϨϴόϟ�ϕϮϓϞϟcantilever�ϰϠϋϸϟ

ΔϨϴόϟ�ϕϮϓ�ϞϔγϷϭ���ϲϓ�ϥϮϜΑ�ϪΘϛήΣ�ϝϼΧϭlaserϝ�ήϬυ�ϰϠϋ�ϪΟϮϣcantilever�ϰϠϋ�βϜόϨϳϭphotodiode
ϝ�αΎϜόϧ�ϞϳϮΤΘΑ�ϡϮϘΑ�ϩέϭΪΑ�ϲϠϟlaser�ΓέϮμϟ3DΔϨϴόϟ�τδϟ��ϊϗϮϣ�ϑϼΘΧ�ϰϠϋ�ΓΪϤΘόϣ�ΔϨϴόϟ�ϞϴλΎϔΗ

ϝ�αΎϜόϧlaserϝ�ϙήΤΗ�έήϤΘγ�ΐΒδΑcantilever��ΐϧϮϜΘΑ�ΓέϮμϟϭResolving Power�ΎϫέΪϘϣ0.1nm
�ϱϭΎδϳ�Ύϣ��ϡϭήΘδϴΠϧ·(1Å)��ϝ�ϝϼΧ�Ϧϣ�έΪϘΑϭAFMϝ�˯ΎϨΜΘγΎΑ�Εέ˷άϟ�Ϟϛ�ϑϮηHϝϭHe
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Fig.15: Components and mode of action of AFM. In the top-right, an image of 
a single molecule of DNA seen by AFM. 
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" Some men see things as they are and say: WHY?
I dream things that never were and say: WHY NOT? ³


